


Only QUIMBY can make a ROTEX pump. If 
it’s a genuine Rotex, it has these seven 
advantages:

Full herringbone driving gears for quiet, efficient, 
smooth transmission of power.

Full herringbone rotors for pumping only . . . 
no contact between rotors . . .  no wear except 
from liquid pumped.

Oversize precision anti-friction bearings for 
close tolerance . . .  no misalignment due to wear.

Extra-deep stuffing box with space for 6 to 8 
rings and seal cage.

Every Quimby Rotex is thoroughly engineered 
for each job application and service-tested at the 
factory.

R EM EM B ER , THERE IS NO SUBSTITUTE FOR A QUIMBY
P O S T E R

Experiments are costly! Be sure it’s a genuine ROTEX. ^BetNrBuM'/
Quimby has been making pumps exclusively since 1 894. e q u i p m e n t

Heavier body construction. 

Extra heavy shafts.
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liver oils below 10 microns for 
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which discusses high vacuum tech
nology. Photo courtesy Distilla
tion Products, Inc., Rochester, N. y .
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l/l/hieh of these 
colloidal impurities 
must m  m ove ?

1. O rg an ics— cane w a x , protein  
m atter, ta rs , gums, etc.

2 . Inorg an ics—calcium sulfate, 
ferric  h y d ra te , etc.

3 . P lant or anim al cell debris

4 . C arbon , Sulfur, S ilver

5 . Silt or c lay , floe and a lg ae

6 . Cysts of Endam oeba Histolytica

7 . N ickel and o ther catalysts

8 . Y east and  Trub, A rgols (Tartar)

9 . W a x e s  and Stearin

10 . Emulsified M ineral O il, 
C ondensate

Filtering them with € E IJ ¥ 1  Has proved 

the surest, fastest, most economical method
Regardless of your present clari
fication method—if you must re
move any impurity listed above— 
investigate Celite*. Our more than 
thirty years of research and ex
tensive field experience assure 
you that filtration with Celite 
should be the time- and money- 
saving method.

Celite produces clearer filtrates 
at faster flow rates, for longer 
filtering runs—makes shutdowns 
fewer and shorter. O d orless, 
tasteless and chemically inert, it 
does not affect the chemical or 
physical properties of the filtrate.

Introduced into the filtering 
cycle, Celite builds a cake upon

the filter cloth. This cake con
sists of microscopic particles— 
skeletons of fossilized diatoms, 
so small that there are upward of
35,000,000 to the cubic inch. 
T h ese particles interlace and 
overlap to form a screen many 
times finer than the finest filter 
cloth . . .  trapping the suspended 
impurities.

The Celite cake protects the 
cloth from gums and slimes.Thus, 
it lengthens cloth life, saves clean
ing and repairing, permits the 
use of cheaper cloths.

Practically every industrial fil
tering requirement is covered by 
the nine standard grades o f Celite.

For additional information and 
engineering consultation, write 
Joh n s-M an v ille , Box  
2 9 0 , N e w  Y o rk  16,
N ew  York.

JO H N S -MAKVllt l

«SIP k - O D U C T »

THE CAKE not the doth DOES THE WORK

These two photom icrographs show 
that a Celite filter cake has smaller 
openings than the finest filter cloth— 
It is the Celite cake that does the 
w ork of rem oving the suspended 
impurities.

* Hr t:. II. S. Pat. OH,

I Filter Aids 

f and Fillers
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INDUSTRIAL and ENGINEERING CHEMISTRY....

R e p o r t s

ON THE CHEMICAL WORLD TODAY

The liver is an im portant organ in any ani
mal ; but th a t of a shark is especially impor
tan t to fishermen around the mouth of the 
Columbia River in the Pacific Northwest. 

The livers of two species of sharks, soup fin (Galeorhinus zy- 
opterus) and dogfish (Squalus suckleyi), are rich sources of vi
tamin A.

Before World War II  about 75% of the liver oil consumed 
in the United States was imported from Norway and Japan. 
Wien war came, the disruption was severe. Imports of cod 
liver oil alone from all sources fell from 29 trillion units in 
1939 to about 4 trillion units in 1940, 3.5 trillion of which were 
used for poultry and fur animal feeds.

When need developed for a domestic supply, the Seafoods 
Laboratory of the Oregon Agricultural Experimental Station 
in Astoria, Ore., looked for rich sources of vitamin A in na
tive fish. I t  was found th a t rock fish, soles, and flounders 
could be used at certain times of the 
year, depending on seasonal abund
ance and potency values. The viscera 
of these fish are also processed to re
cover vitamin-containing oils. The 
laboratory did not hit the jackpot, 
however, until they tested the dog
fish and the sharks.

Six or seven years ago dogfish livers 
sold for SO.01 a pound and those of 
soup-fin sharks for S0.015 a pound.
At present all fish livers are 
sold on a potency basis. Dog
fish livers now sell for about
51.00 a pound; soup-fin shark livers,
59.00 a pound. The liver of the soup-fin shark represents 
about 15% of the total body weight. I t  contains 62% vita
min A-rich oil, the average potency of which is 100,000 Inter-

v national Units per gram. The liver of the more common dog
fish comprises about 72% oil, with a potency of 14,000 I.U. 
per gram. M any of the low potency oils from the Northwest 
are now being processed by molecular distillation in eastern 
plants. A molecular distillation unit being used for such a pur
pose is shown on this month's cover.

The shark population has suffered distinctly under this on
slaught, but the extent of depletion is difficult to estimate.- 
Indications can be judged only by decreased catches and 
smaller size of individual fish caught. There is considerable 
evidence of this nature to support the pessimistic forecast of

an early extinction of sharks in the waters off northwest 
Oregon.

On a quantity basis, the principal fish caught and processed 
in northwest Oregon are tuna, salmon, and rock fish. These 
are filleted, canned, or frozen for wide distribution. Tuna liv
ers are being used for their vitamin D content; however, the 
synthetic product has largely displaced the marine extract. 
Salmon livers are not used a t present for vitamin extraction 
because the total oil and vitamin A contents are low. In 
filleting operations, two thirds of the fish is considered waste 
which is selling for S3.00 a ton. Several firms in the 
area purchase this waste, press it, remove the oil, and grind, 
dry, and sell it for cattle feed. A premium grade animal feed 
is made by putting back into the ground fish substance some 
of the “stick water"—the liquor pressed out of the fish waste. 
This increases the vitamin and protein content of the feed. 
At present several companies are vitally interested in stick 
water concentration and utilization. The fish body oil con
tains some vitamin A but not enough to make recovery 

economical; its sale as a technical oil 
brings a much better price. In this 
form it is used for making soaps, de
tergents, linoleum, etc.

Fish waste represents a large, 
readily available, and cheap source 
of amino acids. These are chemi
cal building blocks which are im
portant in the growth and regenera
tive processes of animal bodies. 
Much work is being done by a 
few companies—for example, The 
Borden Company, Van Camp Labo
ratories—in hydrolyzing fish pro
teins to amino acids. Arginine is 

an important one produced.
The low cost of the amino acids is assured by the fact tha t 

the raw material fish waste (80% water) sells for S3 a ton. 
Fish meal (about 60% protein) sells for 8130 a ton. Other 
competing sources, such as meat waste and casein, are much 
more expensive. For example, casein costs S0.40 a pound.

Fish proteins afford superior growth to casein in weaning 
rats when fed a t levels which give suboptimal growth with 
casein. (Casein is generally used as the basic standard in 
testing proteins.) The superiority of fish protein is further 
attested by the fact tha t it causes greater recovery in weight 
and a more pronounced stimulation in hemoglobin regenera
tion than casein in rats rendered hypoproteinemic. It has 
been suggested tha t the amino (Continued on page 8 /I)

FISH TAL

© C

An interpretative monthly digest for chemists, chemical engineers, and 
executives in the chemical producing and chemical consuming industries
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when you insulate with B-H Mono-Block

DIVIDEND *2 —Mono-Block lias exceptionally high efficiency pro
viding extra insulating protection thanks to the patented felting 
process used in its manufacture.
DIVIDEND n  —Mono-Block saves time and material—one block 
efficiently serves the full temperature range to 1700° F.

Send DIVIDEND #4—Mono-Block is easy to install — fits snugly over
, rivet heads and other irregularities, cuts to shape with a knife

where necessary.
Sample Tile coupon brings descriptive literature and a sample.

On boilers, ovens, furnaces, tanks—wayward BTU’s are costing 
you money. Stop this heat loss with Baldwin-Hill Mono-Block 
and you earn four extra dividends in the bargain.
DIVIDEND #1 —Mono-Block stands up under severe service, up 
to 1700° F—because it is produced of resilient, heat-resistant 
fibres of black Rockwool.

Baldwin-llill Company 
522 Breunig Avenue 
Trenton 2, N. J.
Send free sample of B-1I Mono-Block and data _ 
book "Industria l Insulations’’

N am e..........................................Position......................  g

F irm ..................................  1

A ddress............................................................................. g

...................................................................................... I .

Baldwin-If ill
Specialists in Thermal Insulation

OTHER B-H IN SU L A T IO N  M ATER IALS

B-H No. 1 Cemenf — a fast-covering, rust-inhibited plastic 
insulation effective to  1800° F . B-H Blankets— For wrap
a ro u n d  i n su la tio n  o f  la rg e  a re a s , e f fe c tiv e  to  1200° F. 
B-H Weatherseal—A weatherproof compound for protecting 
insulated surfaces.



Move Bulk Materials cheaper

September 1947

LIN K -B ELT
makes conveyors 
for every purpose —
. . .  for lifting materials  
or lowering them —
. . .  for moving parts 
and packaged materials —  
. . . f o r  co n v e y in g  p arts  into  
machines for processing —

OVERHEAD
CONVEYORS

. .  by Screw Conveyor-------
Link-Belt manufactures Helicoid, the orig

in Ä  J  inal continuous flight screw conveyor.
m. -.......... *«j|L........... tH Other Link-Belt screw conveyor equip-

ment includes sectional-flight, ribbon and 
\ w  paddle conveyors, as well as a complete

line of accessories, such as collars, cou
plings, hangers, troughs, box ends, flanges, thrusts and drives.

by Belt Conveyor
Link-Belt makes all types of troughing, 
flat-roll, return and self-aligning idlers, in- 
eluding all accessories, such as trippers, 
belts, pulleys, bearings, take-ups, etc., for 
handling a wide range of materials, for 

light, medium and heavy-duty service.

APRON & SLAT 
CONVEYORS

BUCKET
ELEVATORS

by Bucket Carrier
!iThere is a type of Link-Belt bucket car

rier and bucket elevator for every serv
ice— horizontal, vertical or inclined— for 
handling all kinds of materials at desired 
capacities. Illustrated is the Peck Over
lapping Pivoted Bucket Carrier.

FLIGHT
CONVEYORS

by Bulk-Flo Conveyor
OSCILLATING-TROUGH 
^  CONVEYORSSimple . . .  Versatile . . .  Compact. . .  Enclosed. Economically 

handles flowable, granular, crushed, ground or pulverized ma
terials of a non-abrasive, non-corrosive nature in a continuous 
mass, horizontally, vertically or on an incline, in a single unit 
Bulk-Flo is easily adaptable to practically any surroundings.

L I N K - B E L T  C O M P A N Y ,  The Leading Manufacturer of 
Conveying and Mechanical Power Transmission Machinery

Chicago 9, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, r- , . - ,
Minneapolis 5, San Francisco 24, Los Angeles 33, Seattle 4,

Toronto 8. Offices in Principal Cities. 10,600

•  •  •  m m m  H  B  v
Conveyors and elevators are called upon to  do a n  [ /  H rJ EM Hk
endless varie ty  of tasks. Each p resen ts its own prob
lems . . . each requires its own solution. F rom  th e  M § |||
design to  the  erection  of your conveyor system  . . . f M t t r
Link-Belt offer experience, backed by  thousands of j,~ J  i ' - W r f  $ j f /
installations and foresight th a t has established th e ir  to a L
reputation  as pioneers in  the field of continuous 
m ovem ent of m aterials.



4on EASY HANDLING and 
P O S I T I V E  RESULTS
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A L S O P  " S e a l e d - D i s c "  F I L T E R
Engineered in every detail to provide maximum efficiency 
on your toughest filtering job. It is completely enclosed and 
air-tight preventing leakage or evaporation, yet permits quick, 
easy dismantling for cleaning. Compactness and extreme 
portability assure convenience and speed in handling batch 
filtration work in different locations.

For a dependable filtration system with low operating and 
maintenance cost, use an Alsop " Sealed-Disc" Filter. Recom
mended for chemicals, liquid plastics, plating solutions, alcohol, 
acids, drugs, extracts, syrups, water, etc. Sizes, with or without 
pumps, from 1 g.p.m. to many thousands of g.p.h. Our bulletin 
#745 gives complete details, we'll gladly send you a copy.

Stainless Steel " S e a le d -D is c "  Filters
"Sealed-Disc" Filters are available in Stainless Steel, Monel 
Metal or Nickel Plated Brass and Bronze at surprisingly low cost.

ENGINEERING CORPORATION
Filters-Filter Discs * Sheets-Mixers-Aq/ta fors 

209 Black Road, M illdale, Connecticut

acid distribution in fish may be responsible for the high bio
logical value of this product.

The appetite of cows is largely governed by sense of smell. 
They will not eat a feed which contains a high content of fish 
protein. Hogs and chickens which have been fed too much of 
it will produce meat and eggs, respectively, with a fishy taste. 
To eliminate these conditions and to get optimum food value, 
it has been found tha t chickens can be fed fish protein up to 
10% of the ration; for cattle, 1 to 2 pounds a day and up to 
3 to 5 pounds for each 1000 pounds of body weight.

Research workers a t the Seafoods Laboratory are working 
on several other projects involving the use of fish wastes. The 
value of fish as a natural resource which must be conserved is 
being realized more and more. F.G.S.

P R O FIT A B LE  IM PA LPA B LE
Machine shop steel scrap has long been con
sidered the most useless form of metal salvage. 
The war-born scrap shortage forced some steel 
makers to attem pt to use it, but they found, 

as they had always suspected, th a t when charged into a fur
nace most of it went up the stack and annoyed the neighbors. 
However, a Tacoma metallurgical engineer, Jacob Schoder, 
has recently brought into production a  process whereby this 
type of waste can be converted into high purity powdered 
iron, suitable for use in powdered metal molding. With a 
36,000-ton annual scrap supply in the Puget Sound area and 
cheap Bonneville power a t its disposal, this new plant promises 
to become a substantial supplier of this heretofore short raw 
material.

In  the Schoder process scrap steel is dissolved in an acid 
solution of ferric chloride held between pH 1.5 and 2.0 in a 
series of concrete tanks arranged stepwise, so th a t the solution 
cascades from tank to tank and is finally drawn off at the 
last step. The solution process is continuous, additional 
scrap being added into the open tops of the tanks as the initial 
charge is eroded. The discharged solution is in a reduced state 
and has the characteristic brilliant green color of ferrous solu
tions.

The ferrous solution is conveyed through wooden pipes to a 
bank of forty wooden electrolytic cells equipped with copper 
anodes and stainless steel cathodes. An electrolyzing current 
of four volts e.m.f. drop for each cell, obtained by rectifying 
municipal current with mercury arc rectifiers, is applied for 4 
hours to deposit a flaky coat of pure iron on the cathodes. 
There is no observable erosion on the anodes, so tha t presum
ably the copper plates initially installed will last indefinitely. 
The alloying metals present in the scrap fall to the bottom of 
the cell in the form of a sludge and are carried away when 
the electrolyte is discharged from the cell. This sludge has 
been allowed to accumulate in the bottoms of the dissolv
ing tanks. However, as soon as an aeidproof filter can be ob
tained, it will be installed to remove the solid material from 
the solution in the normal course of the cycle. Preliminary 
data now available indicate th a t 5 kilowatt-hours are ex
pended in reducing 1 pound of iron and th a t the present in
stallation will produce about 10 to 12 tons of the metal a day.

The solution discharged from (Continued on page 10 A)

8 A
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what HYDROGEN process is best
for your purpose?

THI S B O O K  WI LL  HELP Y OU C OME  UP WI TH THE A N S W E R

H E R E  is a  book you will w an t to  keep 
handy  for reference. I t  is th e  only 

book in which all the com m ercially im 
p o r ta n t hydrogen processes are reviewed 
in  concise an d  readable form  for easy com
parison. T h e  32 pages of the book give 
you  fa c tu a l in fo rm a tio n  su p p o rte d  by 
photographs, flow diagram s, tables and 
graphs ab o u t all o f th e  following subjects 
concerning hydrogen production  an d  pu r
ification:

e  Th e  W ate r Gas Process 
«  The Ste am -Iro n  Process
•  The M ethanol-Ste am  Process 
9 The Electrolytic Process
•  The Hydrocarbo n-Ste am  Process
a Carbon Monoxide Rem oval by Conversion to 

Hydrogen and Carbon Dioxide
•  Carbon Monoxide Rem oval by Methanation
® Carbon Monoxide Removal by Cuprous S a lt Solutions
•  Carbon Dioxide Rem oval by the Girbotol Process
•  Carbon Dioxide Rem oval by Soda Solutions
a Carbon Dioxide Rem oval by W ater Scrubbing
•  Dehydration of Hydrogen
e  Deoxidation of Electrolytic Hydrogen
•  Liquefication of Hydrogen fo r Purification
o  Special Gas Mixtures Containing Hydrogen
•  Special Ca ta lysts fo r the Practuction 

and Purification of Hydrogen
•  An alysis of Hydrogen
•  Properties of Hydrogen

P ublished as a service to  in d u stry  by  th e  
Gas Processes D ivision of T h e  G irdler 
C orporation, Louisville 1, K en tucky . D is
tr ic t  Offices: 150 B roadw ay, N ew  York 
C ity  7; 2612 R uss Building, S an  Francisco 
4; 311 T u lom a Building, T u lsa  3.

S E N D
F O R  Y O U R  C O P Y  

T O D A Y

T h e  G irdler C orporation, Gas Processes D ivision, Louisville 1, K en tucky  
j Please mail a free copy of your H Y D R O G E N  BO O K  to:

I N am e_________________________ _____________  T itle   ______________
I
| F irm  N am e______________________ :_____________________________________

1 A ddress_____________ -_____________________________________________________
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/  I f  A  I  1V A L V E S
JACKETED CAST IRON VALVES

Reed Jacketed Cast Iron Valves have jackets cast integral with 
the body and are furnished with flanged ends only.

Flanges are the next nominal size larger than the valve size, that is: 
1" valves have 2 "  end flanges, etc. All valves are F & D to A. S. A. 
standard dimensions.

Available only in sizes 1;/, 2", 4 "  and 6", line working pressure
125 p. s. i. at 450 °F. maximum.

JACKETED STEEL VALVES
Reed Jacketed Steel Valves have fabricated jackets and can be 
furnished in Standard Series 300. Flanged valves can be furnished 
in sizes 1 V i" , 2 " , 3" , 4 "  and 6", F & D to A. S. A. standard dimen
sions. Screwed valves in sizes 1 Z i", 2"  and 3" only.

Deep stuffing boxes assure effective sealing, and wear on the pack
ing is minimized, as the stem makes only a quarter-turn when the 
valve is operated.

JACKETED
STEEL

Series — 150 
Series — 300

JACKETED 
CAST IRON
Con be tupplied with 

BODY ONLY
JACKETED or 

WITH BOTH BODY 

AND BONNET 
JACKETED

V A L V E  D I V I S I O N
of  t h e  R E E D  R O L L E R  BIT  C O M P A N Y

P. O . DRAWER 2119 HOUSTON 1, TEXAS
^ A A A A A A A A A A A A A A A A A A

the cells is again in the oxidized s ta te  and has a brown color 
which is due to the presence of the insoluble sludge. Com
mercial strength hydrochloric acid is added in the amount of 
about one half pound per pound of iron removed, to bring the 
pH down to the specified value, and the solution is reintro
duced in to  th e  
dissolving vats to 
repeat the cycle.

T h e  s ta in le s s  
steel cathodes are 
removed from the 
cells by a specially 
designed machine 
w hich  s t r ip s  off 
th e  nonadhesive 
iron deposit with 
r o t a r y  w i r e  
brushes and con
ducts it to a con
tinuous belt con
veyer for transfer 
to w ash in g  an d  
drying machinery.
The dry powder is 
fed to a conven
tional ball mill and 
then to a hammer 
mill which operate 
continuously, dis
charging particles 
of a predetermined 
size by means of 
an air blast of con
trolled in te n s i ty
tha t canies them Leach Tanks (above)
to holding bins. C athodes (below)

In  the final step 
of the process the fine pow4er is placed in a continuous electric 
furnace in an atmosphere of hydrogen a t 1700° to 1S00° F. 
The material is retained in the reducing atmosphere during 
both the heating and cooling stages of the reduction, the en
tire cycle requiring about 7 hours. Four to five per cent of 
the reducing atmosphere is reacted with the powder during 
this cycle. The final product is shipped in air-tight containers 
to metal powder molders.

The producer of this powdered iron reports tha t it is con
sistently superior in purity to the 9 9 + %  iron obtained by 
other electrolytic processes. The only iron of greater purity is 
carbonyl iron which runs from 99.6 to 99.8% Fe. Ordinary 
reduced iron made from foundry scale averages only slightly 
over 96% iron. Although the plant is still running on an ex
perimental basis, low operating costs are expected to enable it 
to compete with the SO.35 to $0.37 per pound f.o.b. charged 
by eastern manufacturers, even with the shipping cost to 
eastern markets included. I t  is possible tha t the superior 
purity of this product will also make it suitable for substitu
tion in some cases for the expensive carbonyl iron which is 
now selling between $0.90 and SI.75 per pound. M.L.K.

0Continued on page 14  A)
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HOW

helps a Ball Pen

R P R O C E S S I N G S Y S T E M S

DE  L A V A L  C en trifu g a l C larifiers are  used  to  
rem ove u n w an ted  solid  partic les  from  th e  ink 

supplied fo r E v e rsh a rp  C apillary  A ction  ball pens. C en
trifugal force keeps th is  ink  perfectly  clean and  th u s  p re 
vents c logg ing  th e  ball “p o in ts” of these  fam ous pens.

This is ju s t an o th e r specific in stance  of how  D e L aval 
centrifugal m achines speed up a process by m ak in g  it 
continuous. F req u en tly  th e  app lication  is for a m uch 
more difficult separa tion , b u t a w ide ran g e  of types and  
sizes of D e L av a l cen trifu g a ls  assu res th e  co rrec t m achine 
for the job.

The D e L av a l “N ozzle-M atic” , fo r exam ple, sep ara tes  tw o 
liquids con tinuously , and  a t th e  sam e tim e rem oves and 
continuously d ischarges solids p re sen t in  qu an titie s  once 

, thought im possible fo r cen trifu g a l sep ara to rs .

W rite for add itio n a l in fo rm ation . I t  m ay  pay  you w ell 
and it p u ts  you  u n d er no ob liga tion  w hatsoever.

TH E DE L A V A L  S E P A R A T O R  C O M P A N Y
1 65 Broadway, New York 6 427 Randolph St., Chicago 6
DE L A V A L  PACIFIC CO ., 61 Beale St., San Francisco 5 
THE D ELA VALCO M PAN Y,Lim ited ,Peterboroush ,O nt.

W hy the turtle? 
T h e  s t o r y  i s  i n  
De  L a v a l  C e n 
t r i f u g a l  Review 
No. 2. W rite  for 
your copy.
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Swenson Evaporators for Phosphoric Acid

Swenson gained its present stature in Process Engineering by 
tackling some of the chemical industry’s toughest problem s — 
then w ork ing  out satisfactory answ ers.

W hen others said, " I t’s im possible—it can’t be done,” Swenson 
engineers have alw ays m anaged to come up w ith a new approach  
o r new equipm ent tha t attained the principal objectives.

N o chemical process has ever been devised which cannot be 
im proved by the application o f g rea ter skill, experience, research, 
and know -how .” Reducing costs and sim plifying procedures 
in present processes are as much our business as w ork ing  out 
entirely new flow sheets. W e welcome the challenge in either 
case. The m ore difficult the assignm ent, the m ore satisfying it is 
to meet it.

If your problem  has to do w ith evaporation, crystallization, 
filtration, o r  spray drying, Swenson Process Engineering can 
probably  help you. Ask us.
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PeriodicTest
O peration

Manufacture of 
Equipment

Design and 
Layout

H.l.f/LTRArE 
69.304 *SOL*M

VAtoa IWQ'/H*. VELfZj n/,M 
CtrtOEHfMe . COHOES

Sectional Drawing of Swenson 
Horizontal Tube Cast Lead Evaporator

How s o l v e d
e v a p o r a t io n  p r o b le m s  of  
CORROSION, SUBLIMATION, and 
SCALING in the wet process  
production of Phosphoric Acid

Phosphoric acid for use in detergents, rust- 
proofing compounds, fertilizers, and similar 
products can be produced at lowest cost by the 
wet process, which consists of digesting phos
phate rock with sulfuric acid. The dilute phos
phoric acid thus obtained is concentrated to 
commercial strength by evaporation—a proc
ess which is beset with special difficulties.

First is the highly corrosive nature of the acid 
solution itself, which contains numerous impu
rities, including fluorides.

Second is the relatively large amount of gyp
sum. The inverse solubility curve of gypsum 
makes it a notoriously bad scaling agent!

A third difficulty, not quite so important, is

the sublimation which occurs inside evaporator 
equipment.

Swenson Process Engineering was called 
upon to recommend evaporators which would 
best meet these difficulties. The answer—Swen
son Cast Lead Evaporators of the submerged 
tube type. They were furnished with a special 
feed arrangement and hook-up which could be 
recommended only as the result of "know-how” 
gained from experience in handling many dif
ferent kinds of rock—minerals indigenous to 
numerous foreign countries as well as the 
United States.

The phosphoric acid evaporators which 
Swenson furnished have been in service for 
many years with eminent success.

S W E N S O N  E V A P O R A T O R  C O M P A N Y
15671 Lathrop Ave. Division of W hiting Corporation Harvey, Illinois

Export Department: 30 Church Street, New Y ork 7, N. Y.

Analysis of 
Requirem ents

P R O V I D E S  T H I S  F I V E - W A YS W E N S O N
Check-Ups

S E R V I C E
SW ENSON EVAPORATOR CO

HARVEY, ILL., U.S.A.

Rcq. Title- F lO W  S H £ £ r
MA7EM4L BAL4HCE 1

K a r a * * ' - - '  ^ Capacity J
For f l



P O L Y B U T E N E S

P L AS T I C I Z E R S

H Y D R O C A R B O N S

s w m I

Available in 
Research quantities

Alkane Sulfonic Acid
(mixed)

p-DI-tert Butylbenzene

OUR  R E A L  WE A L T H
T hat exhaustive statistical and editorial vol- 

— ume on the N ation’s mineral resources, the
E 6 1 (  Minerals Yearbook, issued once a year by the

U. S. Department of the Interior, does not ap
pear to support arguments for or against stringent conserva
tion of our underground wealth. The country’s mineral pro
duction is shown to be declining, bu t as the data in this study 
cover the situation in 1945, a year of severe labor shortages 
and retarded postwar transition, the over-all output loss of 
3.3% may not have real significance.

United States’ mineral production receded to $8,143,000,-
000 in value, bu t it was 47% above the World War I  record of 
$5,540,708,000 attained in 1918. The loss from the preceding 
year was due to a 15.6% decline in metallic minerals output. 
The production of fuels was actually 0.66% higher, and that 
of nonmetallics 6.10% higher. D ata for 1946 and 1947, when 
finally completed, probably will show total production gains.

Business men and scientific workers, however, want to know 
just how long these mineral reserves are going to last, and the 
answer cannot be given with any assurance. A New York 
bank last year found th a t the United States still has abundant 
resources of most minerals, even after meeting the tremendous 
demands of two wars. For materials essential to national 
security a program of stockpiling and imports was urged.

In  this connection it is interesting to compare our mineral 
reserves from a table compiled by E. W. Pehrson of the U. S. 
Bureau of Mines on the basis of remaining percentages during 
1944:

Approx.
%

Remaining

Approx.

Remaining
Magnesium 100« Antimony 45
Nitrogen 100« Petroleum 426
Bituminous coal 98 Copper 40
Salt 98 Zinc 34
Phosphate rock 94 Tungsten 30
Potash 93 Manganese 30
Molybdenum 92 Bauxite (prewar grade) 29
Iron ore 69 Vanadium 29
N atural gas CG Chromium 23
Anthracite G6 Gold 22
Sulfur 60 Lead 15
Fluorspar 55 Silver

Mercury
15
3

a Inexhaustible.
* Proved reserves only.

The six most ample resources, nitrogen, magnesium, soft 
coal, salt, phosphate, and potash, are essential to various 
forms of chemical manufacture. Two others vital to chemical 
processing, sulfur and fluorspar, are not yet a t the half-way 
point. Petroleum reserves are less than one half.

Compilations of this kind are valuable for making compari
sons, but their percentages should not be taken too literally. 
In the preparation of such a table some reserves were actually 
measured, some were indicated, and others were inferred. 
New discoveries change the picture. In petroleum the proved 
reserves increased from 20,064,000,000 barrels in 1944 to
20,827,000,000 barrels in 1946. Also, consuming rates vary. 
The domestic demand for all oils in 1946 had gained 44% since 
the prewar year of 1939. The rate may increase further.

Comparatively small reserves remain for such metallic min
erals as copper, lead, ziuc, tungsten, and manganese, but do
mestic production of these necessary items was never suffi
cient. We have been importing them for many years. The 
future may find the [Continued on page 16 /I)

Address inquiries to

STANDARD OIL COMPANY
( I N D I A N A )

C H E MI C AL  P R O D U C T S  DE PARTME NT

910 South M ichigan Avenue Chicago 80, Illinois

3 —



CONTINUOUS PROCESSES 
Require Both 

ACCURATE MEASUREMENT and 
POSITIVE CONTROL

Sspiember 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

CONTRiBUT/NG TO PRECISION MEASUREMENT
PRESSURE-TIGHT BEARING 

AND SHAFT
The connection between float and lever assembly, 
a Chrome-Vanadium steel shaft is lapped to 
clearance o f  .00005" at bearing surfaces. N o 
stuffing box o r  packing required. Bearing is 
filled w ith suitable grease fo r the particular 
service and pressure.

^^O NTINU O U S operation of chemical and refining processes 

has imposed a need for positive control, if higher yields, 

lower costs and unvarying quality of product are to be realized. 

To accomplish these results a flow controller must first measure , 

precisely—for precise measurement is the sine qua non of positive 

control.

The Brown Air-o-Line Flow Controller is an instrument in 

which advanced design, precision craftsmanship and painstaking 

assembly of component parts all contribute to optimum sensi

tivity. This precision measurement, co-ordinated with the full 

automatic control of the Brown Air-o-Line unit, results in a degree 

of operating excellence not otherwise possible.

Look twice . . . look at the measuring features . . . look at the 

control features of Brown Air-o-Line Flow Controllers. . . . 

Remember, positive control begins with precision measurement. 

Write for the Brown Flow Control Catalog No. 2221.

THE BROWN INSTRUMENT COMPANY, 4480 WAYNE AVENUE, PHILADELPHIA 44 , PA.

DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR CO.
Offices in all principal cities

S U B S I D I A R Y  C O M P A N I E S  I N  T O R O N T O ,  M E X I C O  C I T Y .  L O N D O N .  S T O C K H O L M .  A M S T E R O A M .  » R U 9 S E L «

CONTRIBUTING TO POSITIVE CONTROL
STA TION A RY  NOZZLE

Fixed nozzle eliminates swivel type air connec
tions and additional bellows. Extreme stability 
of control unit makes th is simplified construction

Simple means provided to change contro ller from 
direct to reverse-acting o r  vice versa.

P low Coiitrollers
A ir-o -t/n e—THE CO M M O N  DENOM INATOR O F PRO CESS CO NTRO L



WE ALSO MANUFACTURE LIQUID PUMPS, CLUTCHES 
AND BITUMINOUS DISTRIBUTORS

IT'S DONE WITH

m à t& o to , , ,

K I N
United States increasingly dependent upon other countries 
for metals, and, with growing consumption, it will also be 
necessary to bring in larger imports of fuels, or resort to 
natural gas or oil shales.

Our mineral reserves have been increased through techno- 
■ logical advances. The Nation’s real wealth is its ability to 
utilize materials most efficiently. According to  R. T. Haslam, 
the belief tha t we are endowed with abundant natural resources 
is a widespread misconception. Only 6%  of the world’s popu
lation is within the United States. We have but 5% of the 
potential water power for generating electric current, 7% of 
the world’s forest products, and little or no natural rubber, 
tin, nickel, manganese, mercury, cobalt, industrial diamonds, 
or quartz crystal.

Still our use of the world’s products is unparalleled by any 
other nation. We use 75% of all automobiles, 50% of all 
radios, and 54% of all refrigerators. We never thought much 
of the boast tha t we have the most bathtubs, but it is no small 
consideration th a t America consumes one third of all soap 
made, more than half of the rubber, and 35% of all leather 
tanned. The industrial economy th a t underlies our high stand
ard of living probably could not succeed without the indis- 
pensables of coal and iron, bu t with them  we have experienced 
little difficulty in obtaining other materials not available here 
th a t are also required.

For a country th a t is strictlj’- a have-not nation in so many 
things, minerals included, the United States is doing very well, 
thanks to an energetic and progressive technology. H.S.

A P IPE WITHIN A P IPE
Quite a few years ago a western sewer con- 

I g g  struction company decided tha t what this
R a P *  country needed was a better sewer pipe. The

concrete pipe used a t tha t time disintegrated 
under the action of hydrogen sulfide released from the sewage. 
This disintegration often attained the rate of two inches a 
year. This phenomenon introduced a recurrent character 
into their business but generated no good will whatsoever; 
consequently an acidproof paint was developed to coat the in
side of the pipe. I t  worked—but not quite perfectly. In due 
time a better formulation replaced it, and then a better one 
yet. Other types of pipe were coated. Synthetic resins were

I introduced into the formulas and the coatings became thicker.
! They kept getting thicker until now the coating for steel pipe 

is extruded in the form of a tube, slipped into the pipe, and 
bonded in place.

This new coating is actually a polyvinyl chloride thermo
plastic extruded as a tube slightly smaller than the pipe to be 
protected and having a wall 0.06 inch thick. The liner is coated 
with a solution of vinyl resin-type adhesive which is allowed 
to dry before the tube is inserted in the pipe. Once assem
bled, an induction coil heats the pipe and resoftens the ad
hesive, and air pressure expands the liner to effect a uniform 
bond. The liner is actually enlarged by this process. Thus, 
there are no strains in the final product. To ensure that the 
contents of the pipe do not come in contact with metal a t any 
point, the flange faces are covered with a specially formulated 
vinyl resin composition having the properties of a synthetic 
rubber gasket. At the same (Continued on page 22 A)

Looting of front surface mirrors — another wonder product of 
low pressure processing—is done automatically in this National 
Research Corporation installation using a KINNEY Vacuum 
Pump. The KINNEY Single Stage Vacuum Pumps, used in con
junction with diffusion pumps, maintain the low absolute pres- 
sures essential for this high vacuum evaporation process. In 
all parts of the world the uses of KINNEY Pumps are countless 
— from dehydrating foods to producing penicillin; from 
exhausting lamps and tubes to sintering alloy metals. Wher

ever low absolute pressures must be 
created and maintained, KINNEY 
Pumps are giving reliable service. 
KINNEY Single Stage Pumps, avail
able in 8 sizes with displacements of 

' 13 to 702 cu. ft. per
min., maintain low abso
lute pressures to 10 mi
crons; Compound Pumps 
in 2 sizes, 15 and 46 
cu. ft. per min., main
tain low pressures to 
0.5 micron.

Ask for Catalog V45.
KINNEY 

Single Stage 
Vacuum Pump

KINNEY MANUFACTURING COMPANY
3549 W ASH IN G TO N  ST., BOSTON 30 , MASS.

NEW YORK • CHICAGO • PHILADELPHIA • LOS ANGELES • SAN FRANCISCO 

FOREIGN REPRESENTATIVES 
General Engineering Co. (Radcliffe) Ltd., Station Works, Bury Road, 

Radcliffe, Lancashire, England

Horrocks, Roxburgh Pty„ Ltd., Melbourne, C. I. Australia 
W. S. Thomas & Taylor Pty., Ltd., Johannesburg, Union of South Africa

16A



°F “ K A I  R I  B A  ,"IMPERVIOUS graphite

FOR CONVEYING, processing, and storage 
of corrosive fluids, whole systems are now 

built 100% of “Karbate” impervious graphite. 
Complete equipment is available — the pipe 
itself, fittings, valves, pumps, heat exchangers, 
towers — for processing HF, HC1, H 2S 0 4, and 
many other chemicals.

This lightweight equipment is easy to  in
stall. The pipe is readily cut and fitted in the 
field.

Standard “Karbate” pipe sizes range from 
1" to 10" i.d. A full assortment of fittings can 
be shipped for each size. All parts made of 
“Karbate” impervious graphite are strong . . .  
immune to thermal shock . . . and offer the

highest resistance to corrosion of any practical 
high heat-transfer material.

For additional information on “Karbate” 
impervious graphite for handling corrosive 
fluids, write to National Carbon Company, 
Inc., Dept. IE .

The term  " K a r i a t o "  i s  a  re g is te re d  trade-m ark  o f

NATIONAL CARBON COMPANY, INC.
U nit o f U nion C a rb id e  a n d  C arb o n  C o rp o ra tio n

0 H 3
3 0  E a s t  42nd  S tre e t , N ew York  1 7 , N. Y .

Division Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco

I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

Type FC 
coupling

_--- - . ,

September 1947

Type V flanged 
“Karbate" valve connection



JL JLosy to simplify a complicated 

six-step sequence o f washing and drying 

a cellular metal “sponge”, so porous 

that it floats in water —  was the problem 

faced by this well-known firm.

the answ er is CENTRIFUGING

This case study, one of m any in our files, offers convincing 
evidence th a t A T& M  centrifuging saves tim e, space and money 
in chem ical processing. A cost com parison between your present 
m ethods and centrifuging involves neither expense nor obliga
tion . I t  w ill pay you to  m ake use of th is confidential service of 
A T& M 's experienced engineers. In the  m eanw hile, for the 
latest inform ation about A T& M  Centrifugals and the  savings 
th e ir  unique features bring  you , m ail the coupon below  today. 
AM ERICAN TOOL & M A C H IN E CO M PA N Y , 1421 Hyde 
Park Avenue, Boston 36, M ass., 30C Church Street, N ew  Y ork 7, 
N ew  Y ork.

AN  AT& M  PLUS
PBfeSMi JgL \  One reason for AT&M Centrifugal

! • (/— ....’T l)  superiority is the Automatic
V  iLJl S fh Sprayer element . . . which is

precisely engineered to function 
at pre-determined time and pressure . . . assuring exact meas
urement of liquid at all times.

To handle the cadmium, AT&M Installed a centrifugal 
with a large, thin-walled perforate basket and a 
specific loading speed to build up a thin, even cake.

An automatic sprayer washes the cake down to the 
proper acidity (pH) while centrifugal force spin-dries it, 
forcing the liquid out through the basket perforations.

AMERICAN TO O L & MACHINE COM PANY  
1 4 2 1  H yde P a rk  A v e ., Boston 3 6 , M ass.

W rite  h e re  a n y  o ther process

Com pany

At a positive unloading speed, and with a special 
discharger, the load is plowed out through the bottom 
of the basket.
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USI CONTRACTS FOR TOTAL 
CHEMICAL OUTPUT OF FIRST 
FISCHER-TROPSCH PLANTS
large Quantities of Alcohols, 

Ketones9 Acids, Aldehydes 
And Esters Will Benefit the 

Entire Chemical Industry

An event of the utmost importance to all chemical consuming 
industries was the recent announcement of a long-term contract 
between Stanolind Oil & Gas Company and U. S. Industrial Chemi
cals, Inc., for the sale of all of the water soluble oxygenated chemi
cals that will he produced at the first two synthetic gasoline and oil 
plants using the much publicized Fischer-Tropsch process. The 
plants are being undertaken by the Stanolind Oil & Gas Company 
(subsidiary of the Standard Oil Co. of Indiana) and Carthage 
Hydrocol Corporation. The plans also call for the erection of U.S.I. 
plants at the two locations for the production of other products 
using some of the Fischer-Tropsch chemicals as raw materials.

Expect at Least 3 0 0 ,0 0 0 ,0 0 0  P o u n d s  o f  C hem ica ls  A n n u a lly

It is estimated that the chemicals produced from these Fischer-Tropsch plants 
may exceed a total of 300,000,000 pounds annually, and include ethyl alcohol, 
methyl alcohol, normal propyl alcohol, normal butyl alcohol, normal amyl 
alcohol, acetone, methyl ethyl ketone, acetic acid, propionic acid, butyric 
acid, acetaldehyde, propionaldehyde and butyraldehyde. In additipn, U.S.I.
"ill produce esters, higher alcohols and other chemicals from some of the 
primary products which will add substantially to the number of products made 
available by this development.

Fite effect on the chemical industry of large quantities of these important 
organic chemicals from this new basic process is obvious.

It will mean a dependable new source of much needed chemicals at prices 
competitive with those from any other synthetic or fermentation process. It 
"ill open up new fields by making available for the first time, large quantities

of such products as normal propyl al
cohol, normal amyl alcohol, propionic 
acid, and butyric acid and it will stimu
late development of new solvents, plas- 
ticizers, pharmaceuticals, plastics and a 
host of other chemical products.

It is important to note that all of the 
alcohols, acids, ketones and aldehydes 
produced by this process are the nor
mal compounds. These normal com
pounds are generally preferred but 
heretofore only the lower members of 
the series have been available in quan
tity at reasonable prices.

A ‘Natural’ fo r U.S.I.

U.S.I. is in a particularly favorable 
position to handle these products from 
the Fischer-Tropsch process. With its 
many years of experience in serving 
the industries using these chemicals, its 
strategically located, nation-wide dis
tribution facilities, its highly trained 
technical personnel and well developed 
production techniques, it will offer 
very valuable service to all users.

Important contributions will also be 
made by the use of processes devel
oped by U.S.I. for the conversion of 
some of the primary products into 
other chemicals.

During the time the plants are being 
completed, which it is estimated will 
be approximately two years, U.S.I. will 
supply all possible technical assist
ance to users of these chemicals, par
ticularly the new products, so that ade
quate data will be obtained in sufficient 
time to take full advantage of their 
availability.
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ACETIC ESTERS
Amyl Acetóte 
Butyl Acetóte 
Ethyl Acetóte 

OXALIC ESTERS 
Dibutyl Oxolote 
Diethyl Oxolote 

PHTHALIC ESTERS 
DJomyl Phthalofe 
Dibutyl Phlhalafe 
Diethyl Phtholate

OTHER ESTERS
•Diotol

Diethyl Carbonate 
Ethyl Chloroformote 
Ethyl Formate

INTERMEDIATES
Acetoacetonilide 
Acetoocet-orfho-anisidide 
Acetoacet-ortho-chloranilide 
Acetoacet-ortho-toluidide 
Acetoacet-pora-chloranilide 
Alpha-occtylbutyrolacfone 
5-Chloro-2-penfanone 
5-Diethylamino*2*pentonone 
Ethyl Acetoacetate 
Ethyl Benzoylacetate 
Ethyl Alpha-Oxalpropionate 
Ethyl Sodium Oxolacetate 
Methyl Cydopropyl Ketone 

ETHERS 
Ethyl Ether
Ethyl Ether A b io lu te-A .C .S .

High-Purity Caustic Made 
By New-Type Mercury Cell

A stationary mercury cell which produces 
caustic soda of high purity and offers certain 
operating economies is now ready for licens
ing, it was announced recently. High-purity 
caustic is essential to the manufacture of 
rayon.

The new apparatus is said to produce 50 
per cent liquor directly at the cell, a much 
more concentrated solution than is ordinarily 
obtained.

Develops Rapid Method 
For Water Assay o f Paints

An accurate, speedy method for determin
ing the volume of water in paints and var
nishes has been announced by a government 
bureau. The method, said to require only 
small samples, is claimed to determine water 
content to a tenth of one percent within one 
hour. It may also be used for water deter
mination in oils, fats, waxes, glues, plasticiz- 
ers, paper, dry foods, and many other sub
stances, according to government scientists.

ELECTRONIC CIRCUITS “ POTTED” BY NEW RESIN

Electronic circuits or even complete plug-in sub-assemblies may be easily embedded or “ potted”  
in a new casting resin developed recently. To “ pot”  an electronic circuit, it is only necessary to 
pour the resin into a suitable mold, and then "cure" for a few days until it has solidified.

The resin Is said to provide excellent electrical insulation as well as protection against rough 
handling and deteriorating atmospheric conditions. It should be especially useful in high- 
impedance control devices in heavy industry to provide adequate protection against vibration, 
acid fumes, high humidity, and salt spray.

on these items 
may be obtained by writing to U.S.I.

To provide termite- and  rot-protection, a  new
product h as been m arketed w hich is claimed to 
protect an y  w ood w hich comes in contact with 
the soil. A quart of the p reservative is said to 
cover about 200 sq ua re  feet of wood surface.

USf lNo- 234)
To m ark g lass, cellophane, m etal and wood, 
a  new  pencil has been developed w hich is stated 
to d ry  instantly . (N0l 235!

■USI
A now  Inorganic plastic, is sa id  to be unaf- 
fected by  oil, sunlight, a lka li, ag e , an d  tempera
ture up to 900 degrees F. The m akers claim it is 
useful in molding articles for the electrical, 
a rchitectura l, genera l industrial, and  consumer 
goods fields. (No. 236)

USI
A now  high-speed mill, designed for grinding, 
emulsifying, homogenizing, mixing, dispersing, 
d isintegrating, an d  m any o ther uses, is now 
av a ilab le . M ade of sta in less steel, it is said to be 
useful in the processing of foods, corrosive chem
icals, an d  other m aterials. (No. 237)

USI
To secure labels perm anently , a  new  bottle- 
labeling  adhesive h as been  developed which is 
claim ed to be h ighly resistan t to w ater and 
hum idity. (N0. 238)

USI
A new  principle of color-matching panels has
been developed w hich is sa id  to compensate for 
the error caused  by  the fact that in most people 
the right eye is stronger than  the left which 
m akes panels on the right seem  deeper and
darker. (No. 239)

USI
A new  gum from South Am erica is announced 
w hich is designed to increase the bulk of liquid 
a rab ic  gum glue. (No. 240)

USI
A now  cure for motion sickness, described as a 
mixture of three drugs, a llay s the apprehension 
an d  excitem ent w hich contribute to sea  and air 
sickness, the m akers sta te , (No. 241)

USI
A new  tem perature m easuring  system, for meas
urem ent an d  control of g as tem perature up to 
5,000 degrees Ream ur, h as been  announced. It 
is sa id  to be accu ra te  to ±  1 p er cent to 2,500
degrees R., an d  ±  2 p er cent from 2,500 to 5,000
degrees R. (No. 242)

USI
U nusual fatty  acids form a  sw eet-odored, pasty, 
pa le  cream  compound, su itab le for creme sham
poos an d  other products in the san ita ry  chemi
cals field. (No. 243)

USI
A w aterproofing m em brane, consisting of an 
open-m esh fabric, can  be used  on roofing appli- ] 
cations a n d  m any w aterproofing operations in 
the construction industry. (No. 244)

( I  C  I n d u s t r i a l  C h e m i c a l s , I n c

6 0  E A S T  4 2 N O  S T ., N E W  Y O R K  1 7 , N . Y. (usi) B R A N C H E S  IN  A L L  P R IN C IP A L  C I T I E S

ALCOHOLS
Amyl Alcohol
Butanol (Normal Butyl Alcohol) 
Fusel O il—Refined

Ithanol (Ethyl Alcohol)
Specially Denatured—all regular 

and anhydrous formulas 
Completely Denatured—all regular 

and anhydrous formulas 
P u re -190 proof, C.P. 9 6 %  

Absolute 
•Super Pyro Anti-freeze 
•Solox proprietory Solvent

*ANSOlS
Ansol M 
Ansol PR

•Registered Trade Mork

FEED CONCENTRATES
Riboflavin Concentrates 

•Vacotone 40
•Curbay B-G 'Curbay Special Liquid 

ACETONE 
Chemically Pure 

RESINS
Ester Gums—all lypes 
Congo Gum s—raw, fused & esterified 

•A roplaz—alkyds and allied materials 
•Arofene—pure phenolic»
•Arochem—modified types 

Natural Resins—all standard grades 

OTHER PRODUCTS 
Collodions Ethylene
Ethylene Glycol Urethan
Nitrocellulose Solutions d/*MethSonine 

Printed in U.S.A.

September ★ U.S.I. CHEMICAL NEWS
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T h is  R e b o lle r generates process steam  by pa ss -

I ing m olten s a lt ,  a t a p p ro x im ate ly  750° F. 
through the tubes, b o il in g  the w ater in  the 
she ll. T u b es are  Carb on  M o ly  . . . other con

struction, C arb on  Steo l.

Downingtown are specialists in the 
design and fabrication . . .  of Heat 

Exchangers . . .  of various alloys . . . 
for the process, chemical and food 

industries.

Our engineers and skilled crafts
men — thoroughly experienced and 
trained in the field — are competent 

to fabricate to your specifications or 
to build Heat' Exchangers of Down
ingtown design to fit your particular 

requirements. Consult us about your 
Heat Transfer Problems.

Downingtown specializes in the design and fabrication of 
Heat Exchangers of the following:

KARBATE * THE STAINLESS STEELS • THE BRONZES 

NICKEL «  MONEL • FINNED & BIMETALLIC TUBES

time the liner is molded around the turn  of the flange, ami 
blended with the gasket material under heat and pressure, 
as shown in the accompanying sketch, to form a continuous 
corrosion-resistant surface throughout the joint. This pro
cedure necessitates plant processing, as it is not feasible to 
cut and flange this type of pipe in the field.

o.o so " t h ic k  
P L A JT IC  LINING

The lining material is stable to water a t 20U° F. Testi- 
lasting 90 days a t room temperature indicate tha t it is not 
affected by any of a long list of industrial liquids, including 
concentrated and dilute acids, organic acids and solvents, 
petroleum and vegetable oils, soaps, and alkali solutions. 
Strong caustic solutions tend to embrittle the material 
slightly, but, for special installations where continued resist
ance to such solutions is required, formulations containing 
different plasticizers can be made which will be caustic stable, 
according to the producers.

An electrical conductivity method is used to detect possible 
pinholes in the liner before it is inserted in the pipe. After 
the bonding operation each completed section of the pipe is 
plugged a t one end, filled with 10% hydrochloric acid, and 
checked for resistance to electric current from the solution 
to the pipe to ensure tha t the coating is continuous.

Initial production of the pipe will be in sizes between '2 
and 4 inches. However, eventually all sizes of common 
welded-steel pipe will be available with this lining. There are 
as yet insufficient data to determine the exact projected selling 
price of the material. However, the American Pipe and Con
struction Company, Los Angeles, Calif., the producers, say 
that it will compare with rubber pipe now selling a t around 
SI.50 a foot in the 2-inch-diameter size. In  the same size, 
Saran is priced a t $3.50 a  foot, and Pyrex is about $1.40. The 
outstanding advantage claimed for the lined product is its 
steel-imparted strength. Essentially the same resistance to 
chemical attack offered with the plastic-lined pipe may be 
given almost any metal or concrete surface by direct applica
tion of a fluid preparation th a t may be applied with a brush 
or spray gun. M.L.ft

P L A 5T /C  G A S K E T



WAR ASSETS ADMINISTRATION
OFFICE OF REAL PROPERTY D ISPO SAL

W INGDALE, NEW YORK

. . .  a v a ila b le  4  w a y s  . . .
This large, fully-equipped plant was designed for magnesium 
metals production from  dolom ite by the Ferro Silicon Process. 
Furnaces, kilns and processing equipm ent are in place, ready now 
for full-scale production. Its ow n raw  m aterial (dolom ite) quarry 
site lies two miles S. E. of the plant. An overhead tram  is installed 
which operates on a right-of-way between the plant and quarry. 
A self-contained unit, it’s complete to the last detail.

The buildings and structures of this p lant are readily adaptable 
for use in a variety of ligh t metal m anufacturing purposes. Reduc
tions of such light metals as calcium and barium  can be m ade by 
the thermal vacuum m ethod, the sm elting process of this plant.

pro x im a te ly  2 2 0 ,0 0 0  sq. ft. A t quarry  
s ite  a re  th e  fo llo w in g  struc tu res: 
s to rag e , c ru sh e r b u ild in g , sh o p s, 
pum phouse , co m p re sso r  h o u se , field 
office.
EQUIPMENT: Q u arry in g , lim e  ca lc in 
in g , th e rm a l red u c tio n , m e ltin g  an d  
a llo y in g  fu n c tio n a l item s, c ru sh e rs , 
g r in d e rs , pu lverizers, ro ta ry  lim e 
k iln s , 20  r e to r t  re d u c tio n  fu rnaces, 6 
m e ltin g  an d  a llo y in g  fu rn aces , 3 
b riq u e ttin g  m ach in es , 5 g as  p r o 
ducers, vacuum  p u m p s, various belt 
a n d  b u ck e t eleva to rs an d  conveyors, 
a n d  o n e  2-m ile o v erh ead  tram . A lso  
in c lu d ed  a re  various m a in ten an ce  
m ach in e  to o ls , s ta tio n a ry  an d  p o r t
able; la b o ra to ry  a n d  office fu rn itu re  
an d  fixtures.
SEALED BIDS: Y o u r sea led  b id s , o n  th e  
S tan d a rd  B id  F o rm s p ro v id ed , m ust 
be rece ived  n o t la te r  th a n  3 :00  P .M .,
E.S.T., O c to b e r  1, 1947 . B ids a re  to  
be  ad d ressed : W a r A ssets A d m in is
tra tio n , Office o f  R ea l P ro p e r ty  D is 
posa l, P . O . B ox 22 5 , W all S tree t 
S tation , N ew  Y o rk  5, N e w  Y o rk . 
C red it te rm s w ill b e  g iven  qualify ing  
sm all business.

S tan d ard  B id  F orm s a n d  com plete  
p ro p erty  d esc rip tio n s  a re  available. 
W rite:

L O C A T I O N :  T h e  2 0 3 -ac re  p la n t site 
and its 105-acre d o lo m ite  q u arry  a re  
strategically lo c a te d  w ith in  100 m iles 
of such d is tr ib u tio n  p o in ts  as: N ew  
York City (60  m ile s ) ; H a rtfo rd , 
Conn. (50 m ile s); B r id g e p o rt, C onn . 
(45 m iles); P o u g h k e e p s ie  (2 0  m iles). 
Most n o r th e rn  N e w  J e rse y  c ities are 
within 60 o r  70  m iles. The p la n t is 
served by th re e  b ra n c h  s id in g s  o f  the  
New Y o rk  Central R a ilro a d ; in n e r  
plant ro ad s  c o n n e c t w ith  N ew  Y o rk  
State Highway N o . 22. All u tilitie s  
are available.

BUILDINGS: A t th e  p la n t site  a re  20 
buildings a n d  s tru c tu res , la rg e s t o f  
which is th e  R e to r t  F u rnace  B u ild in g , 
a 2-story, fully f ire p ro o f  s tru c tu re  o f  
reinforced c o n c re te  co n s tru c tio n , 
with c in d er b lo c k  w alls , s tee l truss 
roof fram ing  a n d  c o rru g a te d  asb esto s  
roof. I t has 1 0 ' to  1 4 ' h e a d ro o m  o n  
1st floor a n d  2 3 ' c lea ran ce  to  truss 
on 2nd floo r. T h e  se co n d  flo o r c o n 
sists o f tw o  5 0 ' bays w ith  a  d es ig n ed  
floor load  o f  120 lb s . p e r  sq . ft. I t  is 
provided w ith  4  o n e-to n  ov erh ead  
traveling cran es a n d  a ll necessary  
utilities. O th e r  s tru c tu re s  in c lu d e  
office, lab o ra to ry , sh o p s , sh ip p in g  
and m iscellaneous p ro ce ss  space. 
Total floor area  a ll b u ild in g s— a p 
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STILL in GOOD SHAPE-

T h is  p u m p , used to  em p ty  vats of 
dy e  i n t e r m e d ia t e s ,  is m a d e  of 
co rro sio n -re sis tan t H astelloy alloy 
C. T h e  p u m p  fo rm erly  used lasted  
only  7 w eeks; th is  H astelloy alloy 
p u m p  is expected to  la s t 10 years.

.Hastelloy Alloy C 
Parts Resist Corrosive 
Action of Dye 
Intermediates

H astelloy  a l lo y  C a g i t a t o r  
sh a f t a n d  b lades a re  used  in  a re 
ac tion  vat. W hip an d  un b a lan ce  
in  th e  ag ita ted  fluid o ften  places 
considerab le s tress  on  th e  sh a ft; 
h ig h -s tre n g th  H astelloy alloy 
is n o t affected by th is  stress.

T h i s  s t e a m  j e t  o f  c a s t  
Hastelloy alloy C is also used 
in  a r e a c t i o n  v a t .  A f t e r  
6 years service in  acids, a l
kalies, an d  s tro n g  oxidizing 
ag en ts , th e  je t  is s till in  good 
op era tin g  cond ition .

Write for the booklet 

“ H A S T E L L O Y  H igh -  

Strength Nickel-Base 

C o r ro s io n -R e s is ta n t  

Alloys" for information 

on available forms and 

methods of fabrication.

Haynes Stellite Company
Unit o f Union Carbide and Carbon Corporation

General Offices and Works, Kokomo, Indiana
C hicago— C leveland— D etro it— H o u sto n — Los Angeles- 

New Y ork — San F ranc isco—Tulsa

“  H a s te l lo y ** is a r e g is te re d  t r a d e - m a r k  or H a y n e s  S te l li te  C o m p a n y .



A struggle
on the 30 YARD LINE!

OT H E R G E N E R A L  A M E R CAN P R O D U C T S
D ryers K iln s Evaporators
Filters T a n k s Pressure Vessels

Tu rb o -M ix e rs To w ers

If these two largest fighters in the 
world had fought it out on a football 
field, the struggle could have been 
staged inside one of the two largest 
thickeners in the world.

Their bones now mingle with those 
of millions of marine animals to make 
up the almost inexhaustible deposit of 
pebble phosphate ip the "Billion Dollar 
Valley of Bones” in Florida.

Two General American Thickeners, 
383 feet in diameter, in addition to 
eleven other General American Thick
ener and Hydroseparator Units, will 
form an integral part of the equipment 
installed to assist International Minerals 
and Chemicals Corporation to increase 
their production of high grade phos
phates for industry and agriculture.

September 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

/  a .
R T A T I O N  C O R P O R A T I O N

p ro c e s s  e q u ip m e n t  • s t e e l  a n d  a l l o y  p la t e  f a b r ic a t io n

S A L E S  O F F I C E :  10 East 49th St., Dept. 800a, New York 17 , N .Y .
W O R K S : Sharon, P a , East Chicago, Ind.

O F F I C E S :  Chicago, Sharon, Louisville, Orlando, Washington, D. C.
Pittsburgh, S t  Louis, Salt Lake City, Cleveland.
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cenirifugal speeds chlorine condensing
R efrigeration supplied by a C arrier 
centrifugal compressor enables T he 
P en n sy lv an ia  S a lt  M a n u fa c tu r in g  
Com pany to condense 65 tons of chlo
rine gas every 24 hours. T h e  gas is led 
directly from  a  fractionating tow er to 
the centrifugal unit. H ere it is liquefied 
in a  shell an d  tube cooler by the 
evaporating refrigerant, inert to the 
c h e m ic a lly  a c tiv e  c h lo r in e . T h is  
m ethod gives Pennsylvania Salt 95 
per cen t chlorine recovery.

C a rr ie r  cen trifu g a l re fr ig e ra tin g  
units are used today in m any different 
industries for economical and  efficient 
condensing of vapors a t low tem pera
tures. T hey  take less space than  recip
rocating machines of equal capacity 
. . . operate a t lower cost . . .  do the 
jo b  better.

T he centrifugal refrigerating m a
chine was developed by C arrier . . . 
and  m ore Carrier-designed units are 
in use today than any other kind.

T hey offer such dollar-saving features 
as “ Lo-Fin” tubing to reduce size and 
increase efficiency . . .  an  economizer 
to reduce horsepower . . . and the exclu
sive Carrier shaft seal to minimize refrig
erant loss.

T hey’re available in  sizes from 100 
to. 1200 tons—using m any types of 
refrigerants. C arrier engineers will be 
glad to study your refrigeration or 
gas compression needs. C arrier Cor
poration, Syracuse, New York.
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Rubber-protected  
storage and pro
cess ing  tanks oi 
all'-descriptions

ACE hard rub
ber pumps, cen- 
t r i f u g  a 1 a n d  
g e a r ,  s i n g l e  or 
double acting

ACE Saran  tub
ing, pipe, fittings 
a n d  m o l d e d  
parts

AMERICAN HARD RUBBER COMPANY *11 MERCER STREET - NEW YORK 13, N.Y.
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STOP STOPPAGES
with A C E  Hard Rubber

There's plenty of proof—it's just 
not safe to guess about corrosion. 
But there is no guesswork when  
you specify ACE hard rubber pro
tection for your equipment.

That's because our conservative 
recom m endations and  m odern  
techniques are based  on 75 years 
of experience in storage, circula
tion and processing applications— 
many of them similar to your prob
lems. We apply natural or syn
thetic rubber, hard or soft, or Saran  
plastics to best advantage, for 
chemical re s is ta n ce , h ea t r e s is 
tance, and m echanical s tr e n g th  
that meet job requirements. Let us 
show you now  where ACE equip
ment can safeguard thé vital spots 
in your plant. Send for Catalog 
300-6.

hard rubber & 
RUBBER uned 
ms «  FITTING

RUBBER PROTECTED PUMPS MOLDED HARD RUBBER 
-  AND SARAN

VALVES RUBBER ^  
UNED TANKS HARD RUBBER

AND SARAN
SPECIAL RUBBER '  
COVERED EQUIPMENT
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NORTH AMERICAN PHILIPS COMPANY, INC. D!" 'i ä K r , s"
IN CANADA: PHILIPS INDUSTRIES LTD., 1203 PHILIPS SQUARE, MONTREAL

X-ray 
Spectrometer

The NORELCO 
Spectrom eter in use 

in the
D epartm ent o f  Chemistry 

Stanford University

How Stanford University 
uses the

r l o r e l c o
“  Reg. U. S. Pjt. Off

The N O R E L C O  Geiger Counter X-ray Spectrometer is used in the Department of 
Chemistry, Stanford University, in attacking problems relating to a special class 
of organic compounds and fatty acid derivatives. •  They advise that, “The 
special virtues o f the N O R E L C O  instrument (as contrasted with conventional photo

graphic techniques) in  these studies are: (1) that it gives the shape  as well 
as the position and intensities o f diffraction maxima; (2) the spectrum 
itself is  m uch more quickly obtainable; and (3) a great deal o f  the arithmetic 
involved in  interpretation o f  photographs is done away with.” •  They 
have also found it useful to employ the Spectrometer to study diffraction 
maxima at Bragg angles as low as 0.5°. In addition, it shows promise of 
usefulness in  the Hanawalt method o f qualitative analysis. Good residts 
have been achieved from very small amounts o f material lodged in the pores 
of filter paper, which is indicative o f the potential o f this apparatus. •  
Equipped with an automatic chart recorder as illustrated at left, the N O R E L C O  

Geiger Counter Spectrometer can be used for many phases o f product 
control and analysis. Research and institutional laboratories everywhere 
are finding new and unique ways to adapt the N O R E L C O  Spectrometer to 
their problems. North American Philips will accept one o f  your problems 
and determine its possible solution by spectrometric technique in its 
application laboratories. In addition, facilities are offered in training 
personnel. Write today for full data.
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further proof of
O cto b e r

C h ica g o  6 .

Ltlemeivi

,urc^ase^

i s  T>ep&r

iL e p e a t  orders based on perform ance mean one thing . . . 
com plete  sa tisfaction  ! In the case of Simpson Intensive Mixers, 

increasing product acceptance stems from the fact that 
users are assured  of better, faster, controlled  m ixing at less 

cost . . . w ith definite im provem ent in product quality . . . 
On all types of dry, semi-dry and plastic materials.

Put National's w ide experience with chem ical process 
m ixing operations to work in your  p lant or laboratory . . . ask 

to have a National Engineer outline all the advantages 
offered with SIMPSON Intensive MIXERS.

NATIONAL E N G I N E E R I N G  COMPANY
6 0 9  M a c h i n e r y  Ha  11 B l d g .  * C h i c a g o  6 ,  HI .

Manufacturers and Selling Agents for Continental European Countries-The George Fischer Steel 4  Iron Works, Schaffhausen Swlueriand. 
For the British Possessions. Excluding Canada and A u strate-A u g u sfs Limited. Halifax. England For Canada-D om inion  Engineering Co.. 

Ltd., Montreal, Canada. For Australia and New Zealand — Gibson, Battle & Co., Pty., Ltd., Sydney, Austra
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The shoulder provides a permanent leakproof seal 
—and the ferrule does the complete job; you won’t 

need any special tools.
When the nut is first pulled up, this controlled 

cut on the outside of the tube wall is formed once 
and for all—regardless of draw marks or surface 

scratches on the tubing. The ferrule locks into 
position and stays there, even through repeated 

reassembly.
For heavy wall or hard tubing, the new 

PARKER Ferulok fitting is the last word in an 

easy-to-assemble, vibration-proof, pressure-tight 

joint. Write for bulletin A57.

F RE E  F L O W

a c o m p a r i s o n

OLD METHOD — Each connection 
threaded—requires numerous fittings— 
system not flexible or easy to  install and 
service. Connections not smooth inside— 
pockets obstruct flow.

THE PARKER APPLIANCE COMPANY
17325 Euclid Avenue • Cleveland 12, Ohio

Offices: New York, Chicago, Los Angeles, Dallas, Atlanta 

Distributors in Principal Cities

MODERN METHOD-B en d a b le  tub-
ing needs fewer fittings—no “ threading 
on the job“ —system light and compact— 
easy to install or service—no internal 
pockets or obstructions to free How.

T U B E  F I T T I N G S  • V A L V E S

OH FERULOK FLARELESS FITTINGS
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FEED SPOUT

CONTROL VALVESCIRCULATING  FAN

UPPER DISTR IBU T IN GSELECTOR BLA D ES
PLATE

LOWER D ISTR IBU T IN GSEPARATING  ZONE
PLATE

AIR CIRCULATION
RETURN A IR  VANES

TAILINGS CONEF IN ES  CONE

TAILINGS

TA IL ING S DISCHARGEFINES

FINES DISCHARGE

RING ROLL MILL

Capacities from 12 to 18 
tons per hour. Range 10 
to 200 mesh. Use this 
mill in dosed  circuit 
with Sturtevant Air Sep
arators.

STURTEVANT
M I L L  C O M P A N Y

10 5  C layton  S tre e t , Boston 2 2 , M assachusetts
Designers and Manufacturers of 

CRUSHERS • GRINDERS • SEPARATORS • CONVEYORS 
MECHANICAL DENS and EXCAVATORS • ELEVATORS • MIXERS

STURTEVANT AIR SEPARATORS
Produce accurate fines with increased output up to 300%

Vol. 39, No. 9

Exact regulation and control of centrifugal forces 
and air currents, one counteracting and over
balancing the other so precisely that by simple 
adjustments a product of almost any desired 
fineness is selected and collected, while coarser 
sizes are rejected . ^. that’s the principle of 
operation of Sturtevant Air Separators.
The benefits you derive from this separator a r e -  
increased output by as much as 2 5% to 300%

. . . lower power costs by 10% to 50% . . .  re
duced maintenance.
A typical on-the-job example is as follow s—a 
16 ft. separator takes a feed of 750 tons per hour 
containing only a small percentage of the de
sired product and delivers 30 tons of material 
90%, minus 200 mesh.
Investigate Sturtevant Air Separators today. 
Write for information and bulletin.
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Perhaps no 

product is 

im provem ent. . .  

the fact remains that 

WeldELLS do com

bine features (listed 

below) which place 

them beyond all 

other fittings for pipe
1 n •

- - :

I  f t  1 1  ®  *  f :o  *  #  f  A  P *' * w o s « s  ^ « , 1 ^
_ . - -



THESE ARE SOME of the uses that have brought fur

fural to a position of paramount importance in industry. 

The versatility of this compound, the cheapest pure alde

hyde today, indicates other uses along many different

paths. W e suggest that you investigate the possibilities 

along lines in which you are interested. W rite for Bulle

tin 204 describing the uses of furfural.

34 A Vol. 39, No. 9

Going by way of furfural to reach dieir 
destination has paid off for petroleum 
refiners who use furfural’s selective sol
vent properties in producing lubricants 
of improved quality. This selective sol
vent property is likewise a well traveled 
road in the purification of butadiene.

Resinoid-bonded grinding wheels roll 
off production lines that utilize furfural’s 
solvent and wetting properties.

Furfural-phenolic resins as well as res
inous products from furfural with urea, 
casein, lignin or amines are of interest.

And now nylon will soon be traveling 
the furfural highway by way of adi- 
ponitrile using furfural’s properties as 
a versatile chemical intermediate.

141 W. JACKSON  BLVD., CHICAGO 4, ILLINOIS

In th® United Kingdom, Quaker Oats Ltd., Southall, Middlesex, England In Europe, Quaker Oats-Graanproducten N. V., Rotterdam, The Netherlands
In Australia, Swiff & Company, Pty. Ltd., Sydney

FURFURAL .  FURFURYL ALCOHOL (FA) . FUROIC ACID . TETRAHYDROFURFURYL ALCOHOL (THFA)
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Alcoa Alcla(1 Aluminum Condenser Tubes are 
specifically designed to resist corrosion, especially 
under conditions which might normally cause per
foration. Outstanding performance has been ob
tained with many types of aggressive waters on 
the interior of these tubes, and they have been 

' successfully used with ammonia, hydrogen sulfide,
carbon dioxide, and many organic compounds. - 

Aluminum has high thermal conductivity... con
densers and heat exchangers work at high efficiency. 

It’s easy to expand the tubes into the tube sheets

MORE people want

. . . aluminum weighs only one-third as much as 
other metals . . . you can save on erection and 
handling costs.

And most important! Alcoa Aluminum Con
denser Tubes cost less than other tubes. Compare 
their cost with that of the tubes you are now using.

May we tell you more about how and where you 
can use Alcoa Aluminum Condenser Tubes? Write 
to A l u m i n u m  C o m p a n y  o f  A m e r i c a ,  2154 Gulf 
Building, Pittsburgh 19, Pennsylvania. Sales 
offices in leading cities.

uses than ever
J ALCO Al

MORE aluminum for MORE

ALUMINUM
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S tl t

Photos Courtesy Gulf Research & Development Co

Pilot Plant Uses Speedomax Pyrometer 
For Ultra-Prompt Records of Temperature

T o  help satisfy  its need for tem p era tu re  d a ta , G u lf R esearch & D evelopm ent 
Co. is using a several-couples per-m inu te  Speedom ax R ecorder for the  P ilo t-p lan t 
C ontro l P anel show n above.

T h is h igh-pressure u n it is liberally  stu d d ed  w ith therm ocouples, in o rder to 
de tec t tem pera tu res a t all po in ts needed for the design of petro-chem icals and  of 
processing equipm ent. Speedom ax has several features which m ake it ideal for 
m easuring and  recording these im p o rta n t facts:

Because it is fully sensitive and  accura te  a t  bo th  sh o rt and  low ranges, Speedo
m ax can collect bo th  high and  low tem p era tu res  on one ch a rt. In  pho to  above, for 
exam ple, iron-constan tan  couples are being recorded from 50 F  to  575 F.

Speedom ax uses m any  of the  tim e-tested  p a rts  used in M icrom ax P yrom eters, 
and  standard izes itself au tom atica lly . I ts  perform ance is highly dependable.

Speedom ax is fully reliable when its couples are sub jec t to  the  conditions found 
in e lectrically -heated  furnaces or towers.

W hen you need Speedom ax perform ance, there  is no su b stitu te !

LEEDS A. NORTHRUP COMPANY, 4920 STENTON AVE.. PH ILA .. PA.

LEEDS & NORTHRUP
MEASURING INSTRUMENTS • TELEM ETERS • AUTOMATIC CONTROLS • HEAT-TREATING FURNACES

Jrl. Ad N-33A-702(64)

SEE THIS C A TA LO G
Com pressed in to  16 pages 
are th e  facts you’ll need to 
know  ab o u t the Speedom ax 
M odel G P yrom eter. How 
it w orks— w h at it  looks like 
—  its size and the  panels 
available for i t—-the various 
types o f control for which 
i t ’s availab le— all are here. 
A copy will be sen t free on 
request.
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Chemicals • Ores • Metals  • AI toys

Hon,» Office. 516  GERMANTOW N TRUST COM PANY BtD G ., PHILA. 4 4 , PA. 
West Coast Representative: Griffin Chemical Co., San Francisco, Col.
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Nothing is more precious 
than the Purity of your products

O f course you won’t take chances 
on the purity o f your product — 
that’s the m ost important reason 
for using stainless steel tubing in 
your p rocessing  m achinery and 
equipment.

At the same time don’t overlook the costs involved 
in the operation and maintenance o f  processing equipment. 
N o other tubing equals stainless steel in long service life 
and resistance to  corrosion in most food and chemical pro

cessing applications — no other tubing is so easily kept clean 
and sanitary w ithout impairment o f the tubes themselves.

To gain the most in stainless tube advantages, select 
with care — not just any stainless steel analysis will do for 
all jobs. Consult with G lobe — as specialists in tubing 
manufacture and a broad experience record in stainless steel 
tubing (both seamless and welded) we offer valuable advi
sor)' technical service to both builder and user of process
ing equipment.

Globe Steel Tubes Co., Milwaukee 4, Wisconsin.
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Types of Reactions
you cm  curry out with Sulfuryl Chloride

1. C hlorination  o f  arom atic com p ou n d s
2 . C hlorination  o f  aliphatic com p ou nd s
3 . Su lfon ation  o f  aliphatic com p ou n d s
4 .  S u lfon ation  o f  arom atic com p ou nd s
5 . A cylation  (preparation  o f  esters, acid  ch lorides, anhydrides, etc .)

Chlorination
Sulfuryl C h lo rid e  offers certa in  advantages 
as a ch lo rin a tin g  agen t th a t  a re  q u ite  u n i
versally recognized. T h ey  arc p rinc ipally :

1. T h e  h e a t of c h lo rin a tio n  is fa r less th an  
th a t u sing  e lem entary  ch lorine.

2. I t  is possible by using  d ifferen t catalysts, 
re ac tin g  a t  d ifferen t tem p era tu res  and  
by carefully  co n tro llin g  p ro p o rtio n s of 
reactan ts, to  ch lo rin a te  selectively.

Sulfonation
T h e  availab ility  of su lfu r in  the  com pound  
m akes i t  equally  v aluab le  in  the  su lfona
tio n  of arom atics a n d  aliphatics. Sull'onyl 
ch lo ride  derivatives m ay be o b ta in ed  by 
the ad d itio n  of sm all q u a n titie s  of a lu m i
n u m  ch lo ride  to  a cooled reac tio n  m ix tu re  
of su lfu ry l ch lo ride  an d  a rom atic  hyd ro 
carbons.

F o rm a tio n  of alkyl sulfonyl chlorides 
w ith  yields as h ig h  as 70%  are  rep o rted  in  
the su lfo n a tio n  of paraffin hydrocarbons in 
the  presence of lig h t an d  a catalyst.

Acylation
Alkyl ch lorsu lfonates are the  p roduc ts of 
reactions of su lfury l ch lo ride  w ith  m any 
a lip a th ic  alcohols. A  n u m b er of in teresting  
a c y la te d  p ro d u c ts  m ay  b e  p ro d u c e d  
th ro u g h  the reac tio n  of th is versatile  chem 
ical w ith  a lip h a tic  a n d  a rom atic  am ines.

-x- -x- *
You w ho are in terested  in  the  synthesis of 
o rganic  chem icals w ill find Sulfury l C h lo r
ide a va luab le  reagen t. W ith  H ooker Sul
furyl C h lo ride  you w ill be w ork ing  w ith  a 
p articu la rly  p u re  p ro d u c t th a t tends to 
increase yield a n d  e lim in a te  side reactions.

F or m o r e  in fo rm atio n  on  Sulfury l C h lo r
ide as a c h lo rin a tin g  agen t w rite  on  your 
le tte rh ead  for B u lle tin  328A. I t  also in 
cludes d a ta  o n  o th e r H ooker ch lo rin a tin g  
agents. For in fo rm atio n  concern ing  o ther 
reactions of Sulfuryl C h lo ride  send for 
B u lle tin  330, a re p r in t  o f an  a rtic le  on 
“Sulfury l C h lo rid e  in  O rg an ic  C hem istry .” 
T ech n ica l D ata  Sheet 717 con ta ins typical 
p roperties an d  specifications o f H ooker 
Sulfuryl C hloride.

7-358

H O O K E R  
E L E C T R O C H E M I C A L  

C O M P A N Y
9 F o r ty -S e v e n th  S t.,  N ia g a ra  F a lls , N . Y . 

New Y o rk , N . Y . W ilm in g to n , C alif. T a c o m a , W ash . iiooKER
c h e m i c a l s

Caustic Soda M u r ia tic  A cid  S o d iu m  S u lfide  P a ra d ic h lo rb e n z e n e  C h lo r in e  S o d iu m  S u lfh y d ra te
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Keeps its bearings
In a “ dust bowl”

Ordinarily, we wouldn't recommend that you 
use an open motor on a job like this. This 
Tri-Clad motor drives a boiler-feed pump in 
the National Gypsum Company plant at 
Clarence Center, N. Y. The air surrounding 
the motor is constantly filled with gypsum 
dust which must be kept out of the bearings. 
And it has been kept out of the bearings of 
this Tri-Clad motor, thanks to its specially 
designed bearing housing and seals. W e be
lieve that the Tri-Clad motor you see here 
proves that even where dust, moisture, or 
some other hazard is extremely severe for 
open-motor applications, the extra protection 
affo rded  by T ri-C lad  m otor construc tion  
results in longer motor life and lower upkeep.

a n d  m w -tw e . toughest 
t r IJ c la d  yet

Newest addition to the Tri-Clad motor family is the 
Tri-Clad totally enclosed, fan-cooled motor. It is designed 
for use in adverse atmospheres—in iron dust, out-of-doors, 
in hazardous areas, and chemical atmospheres. Available in 
both standard and explosion-proof types, this Tri-Clad 
motor gives you these important construction features:

•  A cast-iron, double-wall frame which completely en
closes and protects the windings and punchings.

•  A nonshrinking compound around motor leads which 
protects motor interior from dust and moisture.

•  A rotating labyrinth seal which further protects the 
motor interior from damage by foreign matter.
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M O T O R S

t r T c l a d

/  _____  — — —— T

THE SY M B O L  OF

EXTRA PROTECTION
Announcement of the Tri-Clad motor, back in 1940, ushered in a new 
concept of general-purpose motor design. Substantially increased horse- 
power-per-frame-size, was one feature. Smarter appearance was another. 
But what really sold more than a million Tri-Clad motors is the extra 
protection we built into them.

Often operating under conditions no general-purpose motor should be 
asked to meet, Tri-Clad motors built up an enviable record of war-time- 
service.Today, with the “family” including dripproof motors, vertical motors, 
gear-motors, capacitor-motors, and totally enclosed motors, the Tri-Clad 
motor is, more than ever, the motor that means basic protection, dependable 
performance, and minimum upkeep. Apparatus Dept., General Electric 
Company, Schenectady 5, N. Y.

tXTRA PROTECTION. . .  AGAINST PHYSICAL D A M A G E!
Rigid cast-iron frame and end shields protect vital motor parts from external 
abuse and prevent resonance. Because they’re not at the mercy of a coat of paint, 
they strongly resist chemical attack and dampness. Cast iron also gives you tight, 
metal-to-metal fits between end shields and frame.

CXTRA PROTECTION. . .  AGAINST  ELECTRICAL B R EA KD O W N !
Motor windings of Formex* wire, together w ith improved insulating materials, 
reduce the chances of electrical failure. H eat is dissipated quickly — motor stays 
young for years and years!

iXTRA PROTECTION. . .  AGAINST OPERATING WEAR AND TEAR !
Bearing design affords longer life, greater capacity, improved lubrication features. 
Bearing seals retain lubricant, keep out dirt. One-piece, cast-aluminum rotor is 

practically indestructible. •Trade-mark re&. V . S. P a , OH.

T M  C LA D
R (C . U.S. P»T. O f f .

M O T O R S
•  OPEN (DRIPPROOF)

® TOTALLY ENCLOSED 

« EXPLOSION-PROOF
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TURBINES • H ELICA L GEARS • WORM SEAR SPEED REDUCERS • CENTRIFUGAL PUMPS • CENTRIFUGAL BLOW ERS AND COM PRESSORS • IMO OIL PUMPS

SUES OFFICES: HUKU ■ BOSTON • CKiRlOITE • CHICISO • CIEVEUND • DENVER • OETROIT ■ DUIUTH • E0M0NT0H • 6REH FUIS • UlUi • HELEM • HOUSIOK • KUSU CITT • LOS 1HSELES • IMNJREU 
KEW ORLEàNS • HEW TORK • PHIUDELPHli • PHTSBUREH • ROCHESTER • ST. PlUL ■ SHI LUE CIII • SU FRUCISCO • SEATTLE • TOROMTO ■ TUISI • YMCOUTER • WASHIIISTOH. D.C. • WIHHIPES

ONE OF THE FIRST

Built by De Laval in 1902

SINGLE STAGE, DOUBLE SUCTION PUMP

FOUR STAGE, OPPOSED IMPELLER PUMP

MIXED FLOW PUMP

PUMP

dern De Laval centrifugal pumps represent the culmina- _y 

tion of more than 45 years of continual improvement and per

fection. This long period of concentration upon the problems 

of centrifugal pump design and application places at the users 

command a complete line of modern, high quality pumps and a 

vast store of knowledge concerning pump application problems.

CLOGLESS PUMP HIGH PRESSURE, MULTI-STAGE PUMP
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KIMBLE
Blue Line <ĵ >  Retested

VOLUMETRIC 
PIPETTES

M ade from  autom atic-m achine-draw n 
ex tra  heavy tubing.

E xpertly  an n ealed  for g reatest stu rd in ess.

In d iv id u a lly  HETESTED to a ssu re  a c cu ra c y .

3 7 0 0 0  V O L U ME T R I C  OR TRANS FE R  PIPETTE

Capacity
ml

Price,
Each

1 $0.44
2 .44
3 .50
4 .52
5 .52

10 .56
15 .66
20 .70
25 .70
50 1.00

100 1.40
200 3.00

L e a d in g  L a b o ra to ry  S u p p ly  houses th ro u g h o u t the  
U nited  S ta tes  a n d  C an a d a  w ill be g la d  to quote  

q u a n ti ty  p r ic e s  a n d  fu r th e r  de ta ils .
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E V E R Y T H IN G  F R O M  .  . .

One order to CRANE fills all 
your piping equipment needs

VALVES • FITTINGS 

PIPE • PLUMBING 

AND HEATING

NEW DOUBLE-DUTY VALVE
Crane A lloy P Iu ^G a ted e -  
sign. W orks w ith  e q u a l  
efficiency in  either throt

tlin g  service or in  p rov id ing  unrestric ted  
flow . E lim ina tes valve misapplication; 
easily repaired; id e a l fo r  process indus
tries. M a d e  in  two corrosion-resisting a l
loys— 18-8 M o or M onel M etal.
B o lted  bonnet, outside screw a n d  
yoke; j la n g e d  or screw ed  ends.
Sizes Vi to 2 in. Complete sp ed  
fica tions on request.

H aving  C rane supply everything m eans much m ore 
than just simplified specifying and  buying. I t  means 
that every step of the job  w ill go sm o o th ly ... from 
design to  erection to m aintenance.

Take the case o f this synthetic dye and color 
plant, for instance. H ere you’ll find not only the 
common fluids to be controlled, but also the tough 
problem s of hand ling  liquids and gases of co rro 
sive, volatile, o r toxic nature. In  an  operation  like 
this, s tandard ization  on  the w idest possib le scale 
is desirable.

So it’s no w onder tha t this plan t, like m any others, 
relies on C rane for p ip ing  m aterials. Because stand
ardizing on  C rane offers this 3-way advantage:

ONE SOURCE OF SUPPLY offers you the w o rld ’s 
m ost com plete selection o f  brass, iron , steel, 
an d  alloy  p ip in g  m ateria ls—for all pow er, 
process, and  g en era l services.

ONE RESPONSIBILITY helps you to  get the best 
in s ta lla tio n  and  to  avo id  needless delays.

OUTSTANDING QUALITY o f every item  assures 
un iform  excellence and  dependab le  perfo rm 
ance in  every p a r t o f  p ip in g  system s.

CRANE CO., 836 S. M ichigan Ave., Chicago 5, 111. 
Branches and  Wholesalers Serving A ll Industrial Areas

R e 
s o u r c e  OF SUPPLY
’ ! B lO l f ;-

RESPONSIBILITY
!V i Î i

STANDARD OF QUALITY
U  \  .

Synthetic 
dye and color 

p la n t. .. pipin s 
materials from  the 

complete Crane lint.
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We actually mean water, for when hot summer 
days come along, the problem of securing large 
quantities of chilled water is a serious one in many 
industries . . .  Especially if river or pond water is 
the main source of supply.

If you’ve been having trouble with your cooling 
water supply--if its not cold enough or if you need 
more of it—then you should investigate Ingersoll- 
Rand Water-Vapor Refrigeration.
HERE ARE A  FEW IMPORTANT FEATURES:
20 to 1200 tons of refrigeration in a single unit. 
Chilled water temperatures of approx. 45 °F.
Water is the only refrigerant. . .  there are no ex- 

pensive, dangerous or toxic refrigerants to worry 
about.

There are no moving parts in the cooler itself. 
Cooling is obtained by direct evaporation of 
water in a high vacuum.

Units are entirely self supporting and can be in
stalled out doors.

HERE'S HOW TO GET MORE INFORMATION:
First, ask the-nearest Inger- 
soll-Rand Branch Office for 
a copy of bulletin No. 
9143-A. If you would pre
fer to discuss your problem 
in detail, one of our engi
neers will be glad to call 
on you.

R a n d
11 BROADWAY, NEW YORK 4 , N. Y . 28-13
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SEE OUR  

PU LSATIO N  DAM PEN ER EXH IBIT

P A C I F I C
C H E M I C A L

E X P O S I T I O N
S A N  F R A N C IS C O  C IV IC  A U D IT O R IU M  

O C T O B E R  2 1 - 2 5

If you could eliminate the necessity of compensating for conditions caused by pulsative 
flow as you design and engineer your new plant, you would not only avoid a tough problem; 
you would actually save money. Steady flow in gas, air or vapor lines makes it possible to 
size vessels, pipe lines and other equipment for optimum efficiency instead of having to 
allow for oversizes to take care of the high side of the pulsation cycle, with corresponding 
losses in capacity and efficiency on the low side.

For example —In designing and engineering a Cycling Plant for operation by a group of 
major Oil Companies, all problems pertaining to pulsative flow were eliminated at the 
start by installing FLUOR Pulsation Dampeners on all lines from the compressors. This 
made possible substantial savings in piping costs, more accurate meter measurement, accu
rate sizing of gas scrubbers, vessels, etc., savings in compressor power and the positive 
elimination of vibration and danger of pipe line breakage due to pulsative flow.

W W  T T ^ ^ U  P R O D U C T S  — Cooling Eq u ip m e n t, M u ld e rs , G a s Cleaners, Pulsation D am p eners

•  fisS w  J * »  S E R V I C E S - D e s i g n e r s  &  Constructors of R e fin e ry, Chem ical &  N a tu ra l G a s  Processing Units

«gsm £"-3 jÆ SgK U. S . PAT. NO. 2 . 405.100

F  L U O R

If you are planning a new plant, you can probably save more than enough to pay for the 
FLUOR Pulsation Dampeners you need in the savings you can effect in plant equipm ent. 

The operating economies you gain after the plant goes into operation are extra dividends 
you enjoy year after year. It will pay you to investigate the FLUOR Pulsation Dampener.

T H E  FLUOR C O R PO R A TIO N  LTD., Los Angeles 22, California • n e w  YORK • P i t t s b u r g h  • KANSAS c i t y  • HOUSTON • TULSA • BOSTON
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G u a r d  A g a i n s t

PRODUCT CONTAMINATION

WITH ELECTRUNITE 
S T A IN L E S S  STEEL  

TUBING

Before specifying tubing for new equipment that 
comes in contact with delicate, easily contaminated 
chemical products, consider the many cost-saving 
advantages of ELECTRUNITE Tubing-m ade of 
Republic ENDURO Stainless Steel.
For more than 25 years, ENDURO Stainless Steel 
has proved itself inherently clean, sanitary and easy 
to keep clean. It resists corrosion . . . does not con
taminate metallically . . .  is strong and long lasting 
because it is solid stainless steel throughout.

Add the fabricating economies of all tubing made 
by the ELECTRUNITE Process of electric resistance 
welding—uniform wall thickness, diameter and con
centricity—in d  you w ill see why it pays always 
to specify ELECTRUNITE Stainless Steel Tubing.
For further information—including an up-to-date 
list of sizes, gauges, finishes and analyses — write 
today to:

REPUBLIC STEEL CORPORATION
STEEL A N D  TUB E S D I V I S I O N  • C L E V E L A N D  8, OHI O
E x p o rt D e p a r tm e n t:  C h ry sle r  B u ild in g , N ew  Y ork 17, N . Y .



Fü l l e r  1~° m  P A N y
C A T A S A U  Q U A  — P E N N S Y L V A N I A

Chicago 3 - 1 2 0  So. LaSalle St.
San Francisco 4 - 420 Chancery Bldg.

FULLER-KINYON, FULLER-FLUXO ÄND THE AIRVEYOR CONVEYING SYSTEMS 
. . . ROTARY FEEDERS AND DISCHARGE GATES . . . ROTARY AIR COMPRESSORS 
AND VACUUM PUMPS . . . AIR-QUENCHING INCLINED-GRATE COOLERS . . .  DRY 
PULVERIZED-MATERIAL COOLER . . . AERATION UNITS . . .  MATERIAL-LEVEL 

INDICATORS . . . MOTION SAFETY SWITCH . . . SLURRY VALVES . . . SAMPLERS

Vol. 39, No. 9

U N L OA D I N G
A N D

C O N V E Y I N G
T O

S T O R A G E
A N D

P R O C E S S

F U L L E R - K I N Y O N  S Y S T E M S  
I N S T A L L E D  T O  M E E T  C O N 
D I T I O N S  OF  P L A N T  L A Y O U T
The Fuller-Kinyon System illustrated is used for unloading and 
conveying cement and precipitator dust for the manufacture of 
asbestos shingles. The system was purchased and installed after 
the plant had been erected, and, therefore, had to be engineered 
and built to fit in with the existing building layout.
. There are really two systems installed. One system unloads 

materials from hopper-bottom cars, upper photo right, and conveys 
materials to the two storage bins, foreground upper photo, or 
through the use of a two-way valve in the conveying line, direct 
to process bins shown on building. Materials are also conveyed 
from storage bins to process bins by another Fuller-Kinyon Pump, 
housed in the building underneath the storage bins. This pump 
is shown in photo, lower right.

A very flexible and simple system, economically possible 
only with a Fuller-Kinyon System. When your problem is con
veying of dry pulverized materials, get in touch with us. Our 
engineering department is at your service.



EXPERIENCE KNOWS THE SHORT-CUTS

I N the n o rth  w oods, th e  g u id e  is fo llow ed b ecau se  of h is  
experience , h is  kn o w led g e  of th e  ex is tin g  sho rt-cu ts, 

his ability  to " g e t th e re ” w ith  le a s t e x p e n d itu re  of tim e and  
energy. E x p e rie n ce  an d  k n o w led g e  an d  su ccessfu l accom 
plishm ents g iv e  to  th e  e n g in e e rs  an d  te c h n ic ia n s  of 
Chemical P la n ts  D iv is io n  a s ta tu s  as g u id e s  in  th e  w orld  of 
the process in d u s tr ie s . O u t of th e ir  ex p e rien ce , th e y  know  
the short-cuts to  p ro fitab le  new  process  p la n n in g  an d  
plant co n stru c tio n .

T he C h em ica l P la n ts  D iv is io n  is  a co m p le te , s e lf-c o n ta in e d  
e n g in e e r in g  a n d  c o n s tru c tio n  o rg a n iza tio n . I t s  e x c e p t io n 
a l ly  c a p a b le  s e r v ic e s  con fo rm  in  e v e r y  re s p e c t w ith  the  
h ig h e s t  te c h n ic a l a n d  p r o fe s s io n a l s ta n d a rd s . I t  d e s ig n s ,  
b u ild s  a n d  p la c e s  in to  o p era tio n  e n tire  p ro c e s s  p la n ts .

CHEMICAL PLANTS DIVISION
of B law -K nox  C o n stru c tio n  C o m p an y

3 2 1  P e n n  A v e n u e ,  P i t t s b u r g h  2 2 ,  P a .
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The ability of Nash Compressors to maintain original performance 
over long periods is no accident. Nash Compressors have but a single 
moving element, the Nash Rotor. This rotor is precision balanced for 
long bearing life, and it revolves in the pump casing without metallic 
contact. Internal lubrication, frequent cause of gas contamination, is 
not employed in a Nash. Yet, these simple pumps maintain 75 lbs. 
pressure in a single stage, and afford capacities to 6 million cu. ft. 
per day in a single compact structure.

Nash Compressors have no valves, gears, pistons, sliding vanes or 
other enemies of long life. Compression is secured by an entirely dif
ferent principle of operation, which offers important advantages often 
the answer to gas handling problems difficult with ordinary equipment.

Nash Compressors are compact and save space. They run without 
vibration, and compression is without pulsation. Because there are no 
internal wearing parts, maintenance is low. Service is assured by a 
nation-w ide network of Engineering Service offices. Write for 
bulletins now. /

No internal w ealing parts.
No v a lv es, pistons, or vanes.
No internal lubrication.
Low maintenance cost.
Saves floor space.
Desired delivery temperature 
A u tom atically  m aintained .
Slugs of liquid entering pump 
w ill do no harm.
75 pounds in a single stage.

NASH E N G I N E E R I N G  C O M P A N Y
3 1 2  W I L S O N ,  S O .  N O R W A L K ,  C O N N .

* ) ú  t i e
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Secondary Aromatic Amines
O-Ç0 Phenyl B-Naphthylamine 

O nQ oh p-Hydroxy Diphenylamine

OWOoc,h7 p-lsopropoxy Diphenylamine

O nO c?Hi5 Diheptyl
QH,s0N0CrH,r Diphenylamines

These amines are suggested for use as stabilizers, anti
oxidants, polymerization inhibitors, and for organic 
synthesis. It is believed that they w ill find wide usage in 
the fo llo w in g  industries: Dyes, exp lo sives, p lastics, 
petroleum, photographic, drug, medicinal, and soap.

Other organic chemicals
Di-secondary Aromatic Amines Ethers of Hydroquinone

Oit0 nO  Diphenyl p-Phenylenediamine hoO ocĥo  Monobenzyl Ether of Hydroquinone 

H h Di B-Naphthyl p-Phenylenedia- ochpO°ch,0  Dibenzy| Ether of Hydr0(,uin0ne
00*o«c0
Miscellaneous

( c h a c h o

Di-Isopropyl Dixanthogen
C H 3-  C -N

C -  C - S '  

Cz H5- C - N %

H - C - S /

C 5 H

C <S H

Mixed Ethyl and Dimethyl 
Mercaptothiazoles

. H CH3
/ X / W V ''

C H 3

\  / \  CH 

Cl—13

Trimethyl Dihydro Quinoline 
Polymer

C H . - C - N . ,
3 ii x; c-s

c  h5-  C - S  7

C 2 H5 - C - N ^

H - C - S / c - s

Mixed Aliphatic Thiazyl 
Disulfides

0 * 0
N-Nitroso Diphenylamine

A ll m a te ria ls  lis ted  h e re  a re  ava ilab le  in  co m m erc ia l qu an titie s . 
P ric e s  a n d  tech n ica l in fo rm a tio n  a re  ava ilab le  o n  request. 
P lea se  w rite  D ep t. CC-9, B. F. G o o d ric h  C hem ical C om pany, 

R o se  B u ild in g , C leveland  15, O h io .

B. F. Goodrich Chemical Company A  D IV IS IO N  O F 

TH E  B . F . G O O D R IC H  C O M P A N Y

GEON polyvinyl malarial* • HYCAR Amarican rvbbar • KRISTON !h.rm o»H!ng ra .in . • GOOD-RITE ch.m leal*
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are hard, dense refractories o f low  porosity and high 
corrosion-resistance, made by m elting selected clays, ores 
o r  oxides in electric furnaces, then casting into molds of 
any reasonable shape and size. They offer unusual advan
tages in certain continuously-operated industrial furnaces 
and processes in which high tem peratures and corrosion 
or erosion are factors. Full inform ation on request.

Corhart Refractories Company, Inc., 1630 W . Lee Street, 
Louisville, Ky. . . . In  Europe: L’Electro Refractaire, Paris
*  ‘'C orhart” is a trade-m ark, Registered U .S. Pat. Off.



September 1947

Learn...at the start... 
If your contemplated 

process has.. ■

In BUFLOVAK'S Research and Testing laboratories you can 
learn the commercial possibilities of your contemplated process, 
with data on production cost, capacity, and the characteristics 
of the finished product. BUFLOVAK'S Research and Testing 
Plant embodies the latest and most advanced design to solve 
processing problems, involving drying, evaporation, extraction, 
impregnation, solvent recovery, ¿crystallization and food 
processing.

O v e r  5 ,0 0 0  research processing problem s 

have  b een -stud ied  and  com pleted in the 

past 3 0  years. W ith  this background  o f 

experience, the h igh ly specia lized  staff offer 

their mature counsel, without obligation. 

Your technicians a re  at liberty to w ork with 

our staff, and the results are  held in strictest 

confidence.

Buflovak’s long line o f processing 

equipment for the chemical indus

try includes E V A P O R A T O R S ,  

A T M O S P H E R IC  A N D  V A C U U M  

DRYERS, S O L V E N T  R EC O V ER Y  

A N D  D IST ILLAT IO N  EQ U IPM EN T , 

C A S T IN G S ,  CRYSTALLIZERS, A N D  

C H E M IC A L  PLANT EQ U IPM EN T .
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000001

—|SEVENTY-FIFTH~ f | ^  ANNlVERSARp-

C OMPRESSORS .  AIR TOOLS • ROCK DRILLS  
TURBO BLOWERS  « C O N D E N S E R S  

C E N T R I F U G A L  PUMPS  * OIL AND GAS E N GI N E S

I n g e n s o l l - R a r t d
i f  11 B RO A D W A Y, N EW  YO RK 4 , N . Y . 10-931

• CAM ERO N  PUMP DIV ISIO N

Degrees come the hard way in the corrosive field. They mean years of lab research and 
more years of field testing. I-R chemical pumps have plenty of both behind them. They 
have what it takes to run the whole pH scale with distinction in any chemical plant.

These features contribute to the success of I-R chemical pumps:—
"IRCAM ET” , a special corrosion-resistant alloy, containing high chromium and nickel 

with molybdenum and low carbon, that has proved itself on a long list of corrosives. 
(Other materials available for special services.)

HYDRAULIC DESIGN that results in the utmost in economy and power savings. 
"LEA KO LLEG TO R”,  the new I-R patented gland, collects all stuffing-box leakage and 

leads it to a convenient point.
•'CAMERON SH AFT-SEA L” - 1 -R pumps may be equipped with this modern solution 

to stuffing-box problems that is the talk of the pump world. It is the mechanical seal 
that really performs its function.
Learn more about I-R chemical pumps from an I-R engineer near you who will gladly 

help you with your problems. Ask for chemical pump catalog No. 7095 and Shaft Seal 
bulletin No. 7100.

Water solution- 
hydrochloric acid 
sulfuric a c id _ , -  jjfcpg 
phosphoric acid 

acetic acid (vine^ 
carbonic acid 
boric acid (e)|
milk_________
pure water- 
baking soda. 
borax.

milk of magnesia 
ammonia solution 

lime
washing soda-----
caustic soda (lye).

0001
.00001

-.0000001 
.00000001 

000000001 
.0000000001 

.00000000001 
_ . 0 0 0 0 0 0 0 0 0 0 0 1  

_ _ .0 0 0 0 0 0 0 0 0 0 0 0 1  

„ 0 0 0 0 0 0 0 0 0 0 0 0 0 1

DOCTOR



streptomycin may be as available as ,
Less dramatically, but like the producer of strepto

mycin, a manufacturer of water purification systems for 
homes, institutions, and industries tested every avail
able adsorbent and then selected a Pittsburgh activated 
carbon which was specifically designed to meet the 
exacting requirements of his purification systems.

If your “problem” involves the use of an adsorbent, 
in gas or liquid phase, for purification, solvent recovery, 
decolorization, deodorization, fractionation, isolation, 
catalysis or air conditioning, you should investigate the 
adaptability of activated carbon to your processes. 
Pittsburgh activated carbon is produced in the types and 
grades usually required, or a special type can be de
veloped for your specific need. Your inquiries are 
invited. Write for latest price list.

P I T T S B U R G H  C O K E  & C H E M I C A L  C O M P A N Y
Grant Building • Pittsburgh 30, Pa.

Fantastic as it seems, the effective absorbent surfaces 
of a pound of activated carbon are actually equal in 
area to about 125 acres.

We don’t pretend to know how this can be possible, 
but our research men, who understand such things, 
have figured it out scientifically. We like to think of 
what it does rather than how it does it.

For example, when used to isolate streptomycin from 
the mold liquor in which it is produced, a Pittsburgh 

activated carbon, tailor-made for this 
purpose and with greater adsorptive 
capacity, assisted materially in the 
rapid development of a process with 
a capacity sufficient to permit re
moval of the “wonder drug” from 
the government’s critical list. Soon
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N e w

B e t t e r

G r e a t e r  E c o n o m y
CALCIUM STEA RA TE

* BULK—6 lbs. per cubic foot 

t  FINENESS—99Vi% through 325 mesh 

H HEAVY METALS—Meets food standards 

^  WATER SOLUBLE SALTS—Less than 0.1% as chloride

*  When packed, 11.5 lbs. per cubic foot. Easily fluffed back to 6 lbs. per cubic foot.

t  This means that all aggregates will pass the finest commercially used screen. Actually the 
ultimate particles are of the order of 3 to 5 microns in size. This insures smoothness and

freedom from grit.

1\ This means that the excellent properties of the new material can be applied to food
and pharmaceutical uses.

^  This means that, with the use of this lubricant, electrical parts can be molded without 
affecting electrical resistance. It also means that emulsions are easily made and permanent when

this compound is used in them.

A refinement of manufacturing techniques—backed by 80 years of experience—gives industry a 
new and better Calcium Stearate Impalpable Powder Grade A, with enhanced use values at greater 
economy than ever before. O ther stearates are also improved correspondingly. For further

information ask your nearest Mallinckrodt office.

MALLINCKRODT
8 0  c ß  ¿ P ektfiice

M allinckrodt St., St. Louis 7, Mo 
C H IC A G O  • P H IL A D E L P H IA

CHEMICAL WORKS
/o  ^ o /te m è c a / fy /â e te  

72 Gold St., New York 8, N. Y. 
LO S A N G E L E S  • M O N T R EA L

U N I F O R M D E P E N D A B L E P U R I T Y
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F o r a u to m a t ic  t r a m p  iro n  re m o v a l  
f ro m  y o u r  m a te r ia ls  . . . T h e  E r ie z  

N o n -E le c t r ic  M a g n e t ic  P u lle y .

' « f t ?

E Z  N o n - E l e c t r i c

N iA G N E T S  "P/iotcct

__________________________________________________________________________
C LIP  AN D  M A IL  T O D A Y  ,
D ear S ir: We are  in te re s te d  in  rem oving  tra m p  iro n  or ferrous partic les

from  th e  following m a te ria ls  : -------- - - - - - - - -------- - „  - - - - ............ - - - --
We w ould  like to  know  m ore a b o u t in s ta lla tio n  o f  L K lh ./ . on . IEC -9
n  G rav ity  Conveyors □  M echanical Conveyors U  P n eu m a tic  Conveyors 
□  L iqu id  P ipelines M agnetic  T ra p  □  E q u ip m e n t or P rocessing M achines

TTERE is an  Eriez P e rm a n e n t N on-E lectric M agnetic
S ep ara to r rem oving sp a rk  producing  tra m p  iron  in  

a coal processing line a t th e  G eneral E lectric C om pany, 
Erie, P enna.

In sta lled  on th e  Hoppers ahead  of R aym ond Coal 
Pulverizers in  an  area  w here no electrical connections or 
ou tle ts  are p e rm itted  due to  ex trem e danger of explosions 
—these  Eriez M agnets p ro tec t m ach inery , p ro p erty  an d  
w orking personnel.

Saving m an y  tim es  th e ir  in itia l cost, Eriez M agnetic  
S epara to rs  pu ll all tra m p  iron  from  m a te ria ls  being p ro 
cessed. The econom y and  dependab ility  of Eriez p ro te c 
tio n  is know n th ro u g h o u t in d u s try  . . . no cu rre n t, w iring  
or a t te n d a n t  e lec trica l eq u ip m en t needed, an d  th ey  cost 
n o th in g  to  m a in ta in  . . . They are powered by g ia n t Almco 
m ag n e ts  p roduced u n d e r G eneral E lectric  P a te n ts .

Leading in d u s tr ia l p la n ts  specify Eriez because th ey  
w an t safe, reliable P e rm a n e n t M agnetic P ro tec tio n . Clip 
an d  m ail th e  coupon  today  for fu ll details.
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H o w ’ s  t h i s

G O O D

D I G E S T I O N S

TCC UNIT CHARGES 

8  DIFFERENT STOCKS 

ON 8  

SUCCESSIVE DAYS !

The remarkable flexibility of the T C C  process is well illustrated by the following 
record from the daily log sheets of a T C C plant:

Date CHARGE TO T C C  PLANT CONTAINED:
Full Crude Reduced Crude Virgin Gas Oil Kerosene

June 7 — — 100% _
8 — — 75% 25%
9 — — — 100%

10 25% 50% 25% —

11 70% — 30% —
12 50% — 30% 20%
13 50% 30% — 20%
14 50% 50% — —

Only a Houdry-licensed catalytic cracking unit could possibly accommodate such 

frequent changes of charge stock without shutdown and consequent considerable 

(and costly) loss of production. In the case of the T C C  unit reported above, no 

major reduction in throughput, or in output of catalytic gasoline, resulted from 
the daily and drastic variations in feed charge.

H O U D RY P R O C E S S  C O R P O R A T I O K  J
25 Broad Street, New York 4 , N. Y.



B A LA N C IN G  C A PA C ITO R  
S T A T O R

B E A R IN G S

•  THE GREATER accuracy, sensitivity, and speed 
of the new Foxboro DYNALOG Controller are 
made even more impressive by the utter sim
plicity of its design. Such a combination is get
ting enthusiastic approval everywhere, from 
operating men as well as process engineers.

The heart of the instrument, illustrated at right, 
is typical of its simplified construction. In one 
gearless, rugged unit are all moving parts . . .  
the STEPLESS balancing capacitor, the power
ful Dynapoise Drive, the short, patented ball 
linkage. There is practically no chance of this 
unit getting out of order . . . and its very sim
plicity assures longer life.

THE NEW DYNALOG CONTROLLER
the Marvel of Maintenance Men

NO S L I D E W I R E  — c o m p le te  s l id e w ir e  m e c h a n ism  is 
replaced by sim ple b a lan cin g  cap ac ito r.

NO M O V I N G  C O N T A C T S  — s l id e w ir e  c o n ta c t  is e l im 
inated by positive-connected cap ac ito r.

NO G EA RS — only sim ple , d irect lin kag e .

NO R O T A R Y  M O T O R S  — b alancing  d rive motor is sim
ple push-pull, m agnetic type . No brushes, com m utator or 
bearings.

NO G A L V A N O M E T E R  — not affected  by v ib ra tio n .

NO BATTERIES — no s tan d a rd iz in g . M easured vo ltage is 
compared d irectly  to standard  ce ll.

NO S E R V IC IN G  — except sim ple rep lacem ent of stan d ard , 
widely-used type vacuum  tubes.

Write for Bulletin 397 containing full details of 
DYNALOG Controllers in air-operated (Model 
40) and electric (Rotax) types. The Foxboro Co., 
40 Neponset Avenue, Foxboro, Mass., U. S. A.

September 1947

ES 62

S i m p l i c i t y -
TO THE N *  DEGREE

* r n n t r o l l ® * 1® i n  E l e c t r o n i c  C o n t r

f o r  T h e r m o c o u p l e s

E3Ü

B A LA N C IN G
C A P A C ITO R
RO TO R

L IN K  
T O  PEN  

A S S E M B L Y

D A M PIN G  U N IT

B A LA N C IN G  
C A PA C ITO R  
D R IV E  C R O SS A R M

B A L L

P IG T A IL  
C O N N ECTIO N  

TO  ROTOR

C O R E

D R IV E  C O IL S

The h eart of a ll D ynalog  Instrum erits is the exclusive 
D ynapo ise Drive shown here . The b a lan c in g  cap ac ito r 
e lim inates contact and clean ing  problem s. H o  lu b ric a 
tion or m aintenance of an y  k ind needed .



ALL TYPES OF VAPORIZED SOLVENTS CAN BE RECOVERED — alone or in combination, in 
very I o a v  concentra lions, and in ihe presence of water vapor.

RECOVERY IS EFFICIENT — often better than 99 per cent of all solvent passed through the 
adsorbers is recovered.

THE COST IS VERY LOW — initial investment is moderate and the plants quickly pay for 
themselves. Solvent is usually recovered a t a cost of less than one cent 

per pound.

A COMPLETE SOLVENT-RECOVERY PLANT to meet the specific requirements of your process can 
he designed and supplied by Carbide and Carbon Chemicals Corporation. 
The equipment may be completely automatic in operation.

For further information write for the booklet Carbide and Carbon Chemicals Corporation 
"Solvent Recovery ” (Form 4410). Uni, of Union Carbide and Carbon Corporation

[IQ3
30 East 42nd Street, New York 17, N. V.

COLUMBIA

SOLVENT RECO VERY CATALYSIS • G A S  AND A IR  PU RIFICA TIO N

Vol. 39, No. 9
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^U iC tC K t.cost-sav ing  h a n d lin g  of 

acids, corrosives, hot liquids and m ild 

abrasives is characteristic of WILFLEY 

Acid Pumps. This is the trouble-free 

pump that delivers full production on 

a 24-hour schedule without attention 

-on in term itten t as well as co n tin u 

ous operations. 1 0 - to 2 ,000-G .P . 

capacities; 15- to 150-ft. heads and 

higher. It's  a com panion to the well- 

known WILFLEY Sand  Pum p. Both 

pumps are famous cost savers. Individ

ual engineering on every a 

Write or w ire for c o m p le te  d e ta ils

t w n M i a K W
« ¡ ¡ ¡ s s f f f f i j s i i  m a t>



What’s happened to the candy scoop?

Remember those glorious moments spent deciding 
which candy was the biggest buy for your penny?

Remember how the store keeper shoveled up your 
filial choice with a little scoop that never held quite 
enough?

That little candy scoop has gone the way of the 
cracker barrel—packaged goods have replaced them 
both in modern merchandising.

Ventilation, too, has made tremendous strides in every 
business since 1881, when American Blower entered 
the air handling field. Progressive businessmen today 
use air to build sales, improve working conditions and 
reduce costs.

Packaged air-handling equipment, designed and built 
by American Blower, will cover all your jobs. Large 
or small installation—an involved or simple problem

—ventilation, air conditioning, heating and cooling, 
dehumidification—there’s an American Blower prod
uct to fill the bill.

These products give you the economies of standardiza
tion, and the advantages of American Blower quality. 
And American Blower will send you, on request, bul
letins that will greatly simplify your problems of 
selection, sizing and application.

Good air is good business! Contact the nearest Ameri
can Blower Branch Office for authoritative help 011 
all questions involving air handling.

AMERICAN BLOWER
DETROIT 32, M ICH IGAN  

C A N A D IA N  SIR O CCO  CO M PA N Y, LTD., W INDSOR, ONTARIO

D iv in o n  of A m fh ic a x  R a d ia t o r  $1 S t a n d a r d  S a n i t a r y  cohpoha-tion

Vo!. 39, No. 9

Ventilating Fans Heating and Cooling Coils Unit Heaters Air Conditioning Equipment
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S h o w  t h i s  m o t o r  y o u r

Wilson EP Series 
Air Motor with 
Model F Cutter 
Head.

W I L S O N

on your clogged up tubes with the heavy deposits
scale! , . .

tubes are "duck soup for this extra
Wilson EP Series motor. Size for size, it gener-

up to 4 0 % more power—on the curves or in the
straightaway—than ordinary motors. It drives through
heavy deposits without stalling or slipping.

Yes after years of proven performance, this same 
Wilson EP Series motor still leads the field for power,
speed and economy.

The secret of these extras in power, speed and econ
omy? It’s in the six-bladed, light-bladed construction 
W ith the EP motor you get higher torque at any speed 
because six blades produce a smoother flow of power 

12 powerful impulses per revolution. Light blades 
eliminate the need for expensive cylinder replacement. 
Automatic valving of operating air means less air-con- 
sumption . . .  a minimum of back pressure. Its six blades 
eliminate "dead” center . . . make it easy to start—hard 
to stall. W hy not see your local Wilson Representative 
about cost cutting EP Motors today?

THOMAS C. W ILSON, INC.
21-11 44th Avenue, Long Island City 1, N. Y .

C a b le  A d d re ss : “ T U B E C IE A N " , N ew  Y o rk
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EA G LE-P ICH ER

. . .  an important 
producer of both 
lead and zinc 
pigments

Eagle-Picher Sublimed Blue Lead
. . .an outstanding rust-inhibitive pigment

THE
EAGLE-PICHER

COMPANY

Other Eagle-Picher 
Industrial Pigments include:
Red Lead 
Li charge
Sublimed Litharge 
Orange Mineral 
White Lead Carbonate 
Sublimed White Lead 
Zinc Oxide 
Leaded Zinc Oxides 
Lithopone 
Lead Silicate

Eagle-Picher Sublimed Blue Lead is a fumed basic 
lead sulfate manufactured as a prime product in a 
specially designed lead ore smelting furnace. It has 
been extensively specified by various Federal, State 
and Municipal Governments for use on structural steel 
because it is an outstanding rust-inhibitive pigment. 
Three grades are made, all of which conform to the 
A. S. T. M. and all other specifications. You are invited 
to write us for free samples and complete literature.
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The function of waste heat boilers in 
chemical processing operations is two-fold 
—to provide close control over tem perature 
and rate of cooling of hot, corrosive gases, 
and to recover heat from these gases which 
would otherwise be wasted.

T em perature control by  other m ethods 
has proved generally uneconomical, while 
heat recovery and re-use to  generate steam  
or heat w ater m eans lower fuel cost.

Constructed to resist corrosion, tubes of 
Foster W heeler waste heat boilers are pro-

tected by a sheath of cast iron. Extended 
surface elements speed cooling and reduce 
gas-travel time and distance through the 
unit.

The complete story of waste heat boiler 
application in many plants is in Catalog 
W HB 47-4. Send for a  copy to determine 
whether such possibilities for economy 
exist in your own plant.

f o s t e r  w h e e l e r  c o r p o r a t i o n

1 6 5  B R O A D W A Y ,  N E W  Y O R K  6 ,  N E W  Y O R K

This w aste  heat b o ile r, shown d uring  in s ta lla tio n , recovers heat from tunnel k i ln s - a  new 
Com pactness of design and d eta ils  of cast-iron , extended  surface  elem ent construction a re  show n.

WASTE HEAT BOILERS G IV E  B O T L



The National Radiator Company
2 2 1  C E N T R A L  A V E N U E  . . . J O H N S T O W N ,  P E N N S Y L V A N I A
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STANDARDIZE

S t a n d a r d iz a t io n  through
simplification is the keynote of 
modern process design and oper
ation. Successful plant executives, 
engineers and purchasing agents 
know by experience the advan
tages and economies to be gained 
by reduction in the number of sizes 
and types of process equipment.

National CAST IRON Condens
ing and Cooling Sections are man
ufactured in only four basic types. 
Many of the world's foremost com
panies in the petroleum, chemical 
and by-product coke industries 
now specify and use National 
CAST IRON Condensing and Cool
ing Sections, thereby reducing 
their inventories of spare or re
placement parts to a minimum.

We s u g g e s t th a t  you in 
vestigate the economies of Na
tional CAST IRON Condensing 
and Cooling Sections. Learn how 
this standardized process equip
m en t c a n  h e lp  so lve  y o u r  

cooling and condensing problems. 
National industrial engineers will 
be glad to consult with you at any 
time, and  w ithout obligation. 
WRITE FOR CATALOG CP-16.
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T R I C L O V E R  O F F E R S

W E L D IN G  F I T T I N G S

. . .  in sizes from Vf tHru 1 8 "  O . D., fabricated 

in ga u g e s  from 16 to 10, for use with stainless steel 

light g a u ge  O .D. tubing, under/broad  corrosive conditions 

requiring sem i-perm anent' or perm anent w elded line 

installation . . . a va ilab le  in' a complete line of ells, tees, 

crosses, adapters, etc., ir( stainless steel types 304, 316, 347.

S T A I N L E S S  S T E E L  F I T T I N G  T Y P E S

FLAN GED TYPE FITTINGS

. . fabricated from stainless steel type 316  

for use with c o m m e n d -to le ra n c e  i,ight g a u g e  tubing 

having  outside d iam eter?1 from 1 "  thru 10." 

Easily  assem bled with light weight, high strength couplings, 

which provide an  extremely compact, flush, leak- 

tight union^for w ork ing pressures up to 250  psi. 

Com plete line of ells, tees, crosses, adapters, etc.

1 .. .. .

| J F O R  C O R R O S I O I N - R E S I S T A N T  C O N V E Y I N G  L I N E S

THE UlftLLflCI PIPE UNION*

. . . .  fabricated from  stainless steel type 316, 

permits the use of thin y/all stainless steel tubing 

in connection with standard  threaded iron pipe size fittings 

of all kinds . . . saving from 2 5 %  to 4 5 %  in material 

w ithout any  loss of effectiveness.

*Patenf No. 1953665

S e n v  f o r  c o m p le te  
FACTUAL CATALOGS

All 3 types of TRf-ClOVER fittings are fully 
described and illustrated in individual catalogs, 
just off the press. Send for your copies 
today, mentioning in which of the 
types you are interested.

t r ia l l o y  a n d  s t a i n l e s s  s t e e l
SA N ITA RY FITTIN G S, V A LV ES. 
PUMPS, TU B IN G , SPEC IA LT IES

FABRICATED STAIN LESS STEEL. 
INDUSTRIAL FITTIN GS AND 

IN DUSTRIAL PUMPS

THE Comp/e te LIN E



F O R  Y O U R  I N F O R  c r i

Cheek Ust of 
a few  applications 
of Santom erse No, I

Fruit and vegetable 
washing

Automobile cleaning
Dairy equipment clean

ing

Dishwashing
Dry cleaning
Glass cleaning

Household cleaners
Commercial laundries
Household laundries
Milk bottle cleaning
Painted surface clean

ing

Railroad car cleaning
Rug cleaner
Wall cleaner

Bubble bath prepara
tions

Fur processing

Leather processing

Metal cleaning

Cold water paint 
manufacture

Paper manufacture

Paper stock de-inking

Cotton dyeing, bleach
ing and finishing

Rayon dyeing, bleach
ing and finishing

Silk dyeing, bleaching 
and finishing

Nylon dyeing, bleach
ing and finishing

Jute, straw, hair and 
feather processing

Wool processing

Wallpaper remover

E x tre m e ly  h igh  d e te r g e n c y  u n d e r  

a d v e r s e  o p e ra t in g  co n d itio n s

in b e a d  o r f la k e  form  

n o w  r e a d ily  a v a ila b le

In c!l cleansing, scouring and  w ashing 

operctions, Santom erse No. 1 —  is imme

d iately active in penetrating and  loosen

ing soil deposits. A s  these deposits are 

freed, they are  m aintained in suspension, 

so that subsequent action and  rinsing re

move soil without redeposition. This mul

tiple detergent action is on ly one o f  the 

many properties o f  Santom erse No. 1 that 

m akes it the truly modern, a ll-purpose  

synthetic detergent and  wetting agent.

A  prominent characteristic o f Santomerse 

No. 1 is its detersive action in extrem ely 

hard  water. It is outstandingly effective 

at any  pH  in hot o r cold solutions.

The washing, wetting, d ispersing and emul

sifying properties o f Santom erse No. 1 —  

and their superiorities in industrial and 

household app lica t ion s— are  fully d is

cussed in M onsan to 's  new  Application 

Data  Bulletin No. P-118. Send  fo r your 

copy —  also request add itiona l copies 

for others in your o rgan ization  w ho m ay 

be  interested . . . Contact the nearest 

M onsanto District Sa le s Office, or write 

to M O N S A N T O  C H E M IC A L  C O M P A N Y ,  

Phosphate Division, 1705 South Second 

Street, St. Louis 4, Missouri.

Sardomerse: lira . U. S . P at . Off.



I M P R O V E D  A D H E S I O N
Monsanto Toluene Sulfonam id-Type Plasticizers an d  Resins

If you a re  looking fo r plastic izers to increase the adhesion o f your coating 
or to make adhesives o f the solvent o r heat-sealing ty p e , you should consider 
Monsanto's sulfonam ide plastic izers and resins. They o ffe r im proved ad he
sion in combination with a  la rg e  v a r ie ty  o f resins. In addition , they g ive 

excellent plasticizing va lu e .

One of the unique properties o f these sulfonamids is their com patib ility with 
thermo-setting resins. In addition , they a re  com patible with proteins such as 
casein, zein , soybean protein , h ide and bone glue —  synthetic rubbers such 
as butadiene and acry lo  nitrjle —  cellulose d e riva tives , po lyv iny l acetate  

and polyam ids.

While some Monsanto p lastic izers a re  not y e t com m ercially p lentifu l, others 
are becoming more a v a ila b le . In a n y  case , it  is  quite possible th a t Monsanto 
con ofFer va lu a b le  suggestions on d ifferent phases o f your present o r con
templated p lastic izer and  resin app lications. Contact the n ea re st Monsanto 
Office, o r address O rg an ic  Chem icals Division, M O N SA N TO  C H EM ICAL 
COMPANY, 1705  South Second Stree t, S t. Louis 4 , M issouri.

Santicizer* 3, Sanficizer 8, Santicizer 9, Santo- 
lite* M S  (8 0 % ), Santolite M HP, Santolite K5H, 
Aroclors,* Dibutyl Phthalate, Diethyl Phthalate, 
Dimethyl Phthalate, Diphenyl Phthalate, HB-40, 
Ortho-Nitrobiphenyl, Santicizer 1-H, Santicizer 
B-16, Santicizer E-15, Santicizer M-17, Santicizer 
140, Triphenyl Phosphate, Tricresyl Phosphate.

SEND F O R  

SAM PLES O F  

T H E S E

M O N S A N T O

PLASTICIZERS

SERVING INDUSTRY ...W HICH SERVES MANKIND

MONSANTO CHEMICAL COMPANY, 1705 South 
Second Street, St. Louis 4, Missouri. District Sales 
Offices: New York Philadelphia, Chicago, Boston, 
Detroit, Cleveland, Cincinnati, Charlotte, Birming
ham, Houston; Los Angeles, San Francisco, Seattle. 
In Canada: Monsanto (Canada) Limited, Montreal.

M o n san to  R u b b er C h e m ic a ls

At Akron, Ohio, Monsanto maintains its 
Rubber Service Laboratories, the scene of 
continuing experiments to determine im
proved techniques for the application of 
the following Monsanto chemicals widely 
used in natural, synthetic and reclaimed 
rubber stocks:

ACCELERATORS Metha^an* (Zinc salt of
Santocure* dimethyl dilhiocar-
El-Sixty* bamic acid)
Ureka* Ethasan* (Zinc salf of
Ureka C diethyl dithiocar-
Ureka Blend B bamic acid)
Thiotax (2-Mercapto Butasan* (Zinc salt of 

benzo thiazole) dibutyl dithiocar-
Thioflde* (2,2* dithio- bamic acid)

bis benzo thiazole) ANlT|OXIDANTS
A . 1 9*  Flectol* H
A_32 Santoflex* B
A-77* Santoflex BX
A-100 Perflectol*
Diphenylguanidina Santowhite*

(D.P.G.) Santovar* A
Guantal* MISCELLANEOUS
R;2 crystals MATERIALS
t Í ? "  IT  ir* Thiocarbanilide ("A -l")Thiurad* (Tetra methyl |nso|ublo SuIfur

thiuram disulfide) . „  ,
Ethyl Thiurad (Tetra ethyl WETTING AGENTS

thiuram disulfide) STABILIZERS
Mono Thiurad* (Tetra r n |n p ( .

methyl thiuram mono
sulfide) REODORANTS

For complete information on any of these 
Monsanto products, or experienced assist
ance in your particular rubber chemical 
problems, address: MONSANTO CHEM
ICAL COMPANY, Rubber Service Dept., 
Second National Bldg., Akron 8 , Ohio.

•Reo. U. S .  P at . Off.



“S e n d  H e lp  to M a n h o le  8 3 ”

Strung out a long  every Bell System co 

ax ia l cable, electronic watchmen con

stantly mount gua rd  over your voice. 

Som e are in m anholes under city 

streets; some are  in little huts on the 

desert. M ost situations they can deal 

with; if things threaten to get out of 

hand, they signa l the nearest testboard.

P r in c ip a l c a re  o f the e lectron ic  

watchm an is the transmission level. Sun- 

w arm ed cab les use up more energy 

than cold ones, so a transcontinental 

call m ay take a millionfold more en

e rgy  to carry it b y  d ay  than by  night.

Each wctchmcn —  an electronic regu 

lator —  checks the transmission level 

and adjusts the amplification which 

sends your voice clong to the next 

point. M a n y  hundreds of regulators 

m ay be ct work on a single long 

distance call.

W ithout automatic regulation, the 

precise control of energy in the Boll 

System 's long distance circuits would be 

a superhum an task. So Bell Laborato

ries, which in 1913 developed the first 

high vacuum  electronic amplifier, went 

on to devise the means to m ake them

self-regulating in telephone systems. 

Th is is on e  re a so n  w h y  y o u r  long 

d is tan c e  ca ll g o e s  th ro u g h  clearly, 

summer or winter.

B E L L  T E L E P H O N E  

L A B O R A T O R I E S

Exploring and inventing, devising and 
perfecting for continued improvements 
and economies in telephone service.

72 A Vol. 39, j No. 9

A t P h ila d e lp h ia , a  testboard  man answ ers as an e lectron ic watchm an ca lls  attention to conditions on one of the co a x ia l systems to Baltim ore and Washington.
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BARRETT CHEMICALS FOR INDUSTRY.
Phenols
Cresols
Cresylic Acids 
Chlorinated Tar Adds 
Xylenols
Pickling Inhibitors 
Benzol

Toluol 
Xy lo l
N aphtha lene 
H i-F lash Solvent 
Phthalic A nhyd ride  
Dibutyl Ph tha la te  
D icvc lo hexy l Phthalate  

* Reg. U. S. Pat Off.

Plastic izer 5 0  B
N iacin  (N icotinic Acid )
Pyrid ines
Picolines
Quinoline
T a r  A cid  O ils
N eutra l C o a l-T a r O ils

Creosote  O il 
C um ar* Paraco um arone- 

Indene Resin 
C a rb o n e x*  Rubber

Com pounding M a te r ia l 
B a rd o l*  Rubber

Com pounding M a te r ia l

C yc lo h exan o l 
Flotation Agents 
Anhydrous Ammonia 
Ammonia Liquor 
Su lphate o f Ammonia 
Ammonium N itrate  
A rc a d ia n *  The American 

N itra te  o f Soda

PLASTICS are what you make ’em! There are plastics like leather, like rubber, like metal and 
are better than nature’s own materials for their specific purposes. Many of these

for which Barrett is a key source of supply.

HOW BARRETT SERVES THE PLASTICS INDUSTRY: B arre tt is a key source of supply 
for Dibutyl P h thalate  and other plasticizcrs used in the manufacture of plastics for 
raincoats, luggage, handbags, umbrellas, shoes, chair, floor and wall coverings, and hun
dreds of o ther products from m otor parts  to costume jewelry. B arrett also supplies 
the Plastics Industry with Phenols, Cresols, Phthalic Anhydride. Cumar* resin and other 
chemicals widely used in plastics of many varied types. These and o ther im portant 
B arrett products establish B arrett as ONE OF AMERICA'S GREAT BASIC BUSINESSES.

THE BARRETT DIVISION
A ll lE D  CHEMICAL Ł. DYE CORPORATION 

<0 Reilor Słfe*t, N«w York 6, N. Y.
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Recorders • Controllers * Combustion Safeguards
V i c i t  t h e »  \ A / h p o l r n  D n n i U ,  “ in s t r u m e n t s  f o r  t o m o r r o w "  - n a t i o n a l  m e t a l  s h o w ; 
V I 5 I I  T r i e  w n e e i c o  D O O m .  C h ic a g o , se p t . s - i 2 ih *  c h i c a g o ,  o c t .  i B - 2 4 ih

U U h e e l c o  C f l P R C I L O Gr~ 2 ~7 f iW
SC R /B E R

H  Wheelco, in creating the ''E L E C T R O N IC  P R IN 

C IP L E " for pyrom etric C ontrol paved the way for 
faster, simpler and more accurate industrial Process 
Regulation.

Years of research, engineering and experience 
in practical application of Electronic Controls all 
over the w orld, now culminate in the production 
of the WHEELCO CAPACILOG, an electronic 
recording indicating o r controlling instrument.

Thi s  sim plified  "EL EC T R O N IC  SCRIBER” 
combines the "no-contact” features of the univer
sally accepted W heelco Capacitrol with a revolu
tionary mechanical design of rugged construction, 
perfected to fine w atchm akers’ precision.

The CAPACILOG is available as a Deflection, 

P oten tiom eter  or Resistance T h erm o m eter  T ype Re

corder, R ecording  C ontroller or In d ica tin g  Controller.

C A P A C IL O G  FEATURES
• Wheelco “Electronic Principle”

• Direct Reading

* No Converters—No Relays 

• Plug-In Chassis Design

• Multi-Tube Safety Factor

• Voltage Selector Plug 

» Swing-Out Chart

• Automatic Chart ReroII

• Backlash Breaker

• Standard Electronic Tubes
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• o r  S u n g M e d [  B j  c o r t h n  g

o f  I n d u s t r i a l  P r o c e s s e s
In the CAPACILOG W heelco adds the R ecord in g  

junction w ith  a positive P O W E R  D R IV E N  PEN 
to the “ Electronic Link”  betw een M easurem ent 

and C ontro l.

N o Amplification, Physical Contact or D isturb
ance in M easuring Circuit—N o Converters 
No Relays result in Accurate Simple and Instan 
taneous Response.

S i mp l i c i t y  of  O p e r a t i o n
A. M etal Vane, m ounted on Indicating Poin ter of M easuring 

System, rem ains w ithin the field of oscillating current flow

ing between

B. Tw o Coils, m ounted on Follow-up Arm, driven by a M otor, 
which also operates double w orm  gear drive, to cause

C. Pen to w rite the perm anent record w ithout loss of m otion 
between M easuring and Scribing Systems.

S i mp l i c i t y  of  De s i g n
1. Unique coupling allows quick separation of V erti

cal Shaft for rem oval of the Plug-in M easuring 
System.

2. Single M otor drives Scriber mechanism and V erti
cal Shaft simultaneously, preventing backlash.

3. Swing-out C hart Assembly is hinged to the stand 
of the Scriber Assembly with two rem ovable stain
less steel pins.

Backview of Chart Assembly Shows 
Chart and Reroll M otors

Open View of Capacilog Illustrates 
Design Simplicity

I WHEELCO INSTRUM ENTS COMPANY 
I 847 W . H arrison Street, Chicago 7, III.
1 Please send your literature on the CAPACILOG.

j n a m e .___________________________________________  __________T1TLE-
1 COMPANY.--------------------------------- — -----------------------

j STREET---------- -------------------------- ---- --------------------
j CITY_____ _________________________ ZONE----------- STATE_
!------— --------------------------------------------
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MARBLEHEAD LIME CO
59 EAST MADISON ST. • CHICAGO 2, ILL

I T ’S the high calcium percentage in M arblehead Chemical 
Lime that speeds up lime using processes and assures 

constant, thorough and uniform  reaction. But w hat isn’t 
present is equally important. M arblehead is notably low in 
the impurities that impair quality and slam the brakes on 
production.

For example, silica  is harm ful in metallurgy and wire 
drawing. Sulphur may show detrim ental effects w hen only 
1% is present. Iron oxide  causes discoloration in  the m anu
facture of glass, leather, paint and varnish. A lum ina  is un
desirable in calcium carbide, insecticides and disinfectants. 
Magnesia impairs paper and pulp processes, soap and grease 
manufacture, water treatment and softening.

Note that Marblehead is relatively free from pernicious 
substances. It is kept that way by rigid inspections and dailv 
laboratory tests. T hat’s why M arblehead, in any of its four 
convenient forms, is consistently safe, sure and dependable 
wherever pure, high quality chemical lime is required.

FOUR FORMS

POWDERED
QUICK LIM E PEBBLE LIME

m m

HYDRATED
L IM E LUMP LIME
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S o l v a y  p r o d u c t s

FOR SO A P M A N U FA CTU RERS

Caustic Potash 

Caustic Soda 

Soda Ash

Potassium Carbonate 

Calcium Chloride

S O L V A Y  S A L E S  C O R P O R A T I O N
Alkalies and Chemical Products Manufactured by The Solvay Process Company 

4 0  R E C T O R  S T R E E T  NE W Y O R K  6,  i>. Y,
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NEW M E C H A N I S M

B risto l’s great new “ Series 500” Instru 
ments, for recording temperatures and pres
sures, operate on the same basic principles 
tha t have made B risto l Instruments so 
successful in 50 years of service to industry 
. . . and now the working elements have 
been completely redesigned fo r:
•  Unsurpassed Accuracy
•  Ruggedness and Simplicity
•  Ease of Use
•  Convenience In Servicing
• Ready Convertibility from One Type to 

Another

NEW  C A S E

The new case provides fu ll protection, ex
cellent accessibility and attractive appear
ance in harmony w ith  modern trends.

IN V E S T I G A T E  NOW

I f  you use recording thermometers and 
gauges, keep up to the m inute in the field 
by sending fo r B ulle tin  T835 . . . the inside 
story on the “ Series 500” . T H E  BRISTO L 
CO M PANY, 110 B risto l Road, Waterbury 
91, Conn. The B ristol Co. of Canada, Ltd., 
Toronto, Ont. B ris to l’s Instrum ent Co., 
Ltd ., London, N. W . 10, England.
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A U T O M A T I C  C O N T R O L L I N G  

AND R E C O R D I N G  INS T RUME NT S

f n q / r t e e r s  p r o c e s s  c 0 /7  f r o /  

fo r ¿ > e ffe rp ro < / c / c fs  p r o f i t s



THE "CU SH ION ED  C L O S IN G

CHAPMANS SCHECK VALVES

The smooth performance of a balanced hinge-pinned disc gives 
Chapman Tilting Disc Check Valves a quiet, “cushioned closing.” 
There’s no slamming, as in ordinary check valves, and therefore 
no destructive pipe-line stresses. This means that water hammer and 
its resultant vibrations and strains in pipe lines are eliminated.

This unique check valve not only reduces maintenance
costs but effects savings of from 65% to 80% in head
losses over conventional type check valves. And f
Chapman Check Valves are available in either iron
or steel. SI fiM S
Send fo r  bulletin containing complete information.

ŵ \̂\X\NN\NS\\\n\Ŝ \>v<\\n\\Vćv

Cross-section o f the Chapman T ilting Disc 
Check Valve illustrating the way that the 
balanced disc is supported on the pivot, with 
arrow s showing the travel o f the disc. A fea
ture o f the design is that the disc seat lifts away 
from the body seat when opening, and drops 
into contact when closing, with no sliding or The Chapman Valve Mfg. Co
wearing of the scats. INDIAN ORCHARD ,  M A SS.



Gives complete information on properties, and 
characteristics, suggesting adaptability to wide 
range of applications. Highest quality a type 
for every service. Prompt delivery.

Mail, phone or wire order; write Dept. JE for 
Technical Data Filé P, or send coupon below.

If You Are in Any of These Businesses, Get Data on SONNEBORN Petrolatums

COSMETIC AND 
PHARMACEUTICAL

Animal remedies 
Cosmetic creams 
Hair preparations 
Pharmaceutical ointments 
Protective creams for industry 
Soap

EQUIPMENT

Batteries
Bearings
Cable
Condensers 
Electric coils 
Wire
Wire rope

PACKAGING

Collapsible tubes

Container linings 
Cork specialties 
Dehydrated food packaging 
Heat sealing 
Frozen food packaging

PAPER

Butcher paper 
Carbon paper 
Food wraps 
Fruit wraps 
Waxed paper

PETROLEUM PRODUCTS

Belt dressings 
Buffing compounds 
Lubricating grease 
Lubricating sticks 
Rust preventive compounds

MISCELLANEOUS

Artificial leather
Candy
Chemicals
Cordage
Explosives
Insulation
Leather
Linoleum
Metal working
Metallurgical
Oils and fats
Oil cloth
Paint
Plastics
Plug tobacco
Powder metallurgy
Printing inks
Rubber
Typewriter ribbons

SONNEBORN
PETROLATUMS U.S.P.

White Oil and Petrolatum Division

L. SON NEBORN  SON S, IN C .
New York 16, N. Y... _

- ' D evelop ing  Basic M ateria ls for Basic Industries

I
II 
11 
\\
\ \
\\
\\
\ \  
\ \  
\ \  
\ \  
\ \  
\\

*  . peuola.um «■ «■ Y '
'While O il so N S . IN C -  s 0 !^ E B ° b ^

I t a d l c o w  u s o  O t

■ H a in o -  

Com pan'>r-

A d d i e s s _____ _______ _ Z o n e _

C U Y -

September 1947

W r i t e  f o r  F r e e  D a t a  F i l e  o n

SONNEBORN PETROLATUMS



Vol. 39, No. 9

Good design channels the flow to smooth Excess turbulence friction and 
streamlined exit. back pressure are present due to

angularity of design.

TROUBLE WITH TURBULENCE? Theoretical argument or calculation 
to the contrary, a perfectly designed tank vent valve, when installed 
on an open nipple, will ease the exit conditions of flow of the nipple 
so as to increase its actual flow capacity. Scientific flow tests have 
proved that the combination of such a valve and nipple will flow more 
than the open nipple alone. By installing a venturi type nozzle instead 
of a nipple, entrance conditions of flow to such a valve will be greatly 
eased. Under these conditions the flow capacity of the valve is further 
increased.

Additional engineering data and other pertinent information about 
vent valves, tank fittings, etc., will be found in Varec's new P-7 Catalog, 
a 200 page volume packed full of practical experience and sound 
technical knowledge.

Reprints of this ed for department discussion

‘ 'Varec" Testing Laboratory includes what we believe to be one of the largest and 
most up*to-date capacity finding apparatus in existence. It accurately determines 
pressure loss and flow capacities up to 500,000 cu. ft. of air per hour. It is here where 
great engineering studies have been made.

It is the sincere belief of the Vapor Recovery 
Systems Company that "Varec" approved 
Streamlined Tank Vent Valves with expanding 
passageways and patented hyperbolic inner 
valves more nearly approach this degree of 
turbulent-free perfection than other possible 
designs. Illustrated here is the "Varec" ap
proved Pressure Relief and Vacuum Breaker 
Valve with Flame Arrester.

Fig. No. 58C

THE VAPOR RECOVERY SY ST E M S COMPANY
CO M PTO N  — C A L IFO R N IA  — U. S. A .

N EW  Y O R K  CITY — C H IC A G O , I L L .  —  C L E V E L A N D , O H IO  —  HOUSTON, 
T E X A S  — T U L S A , O K L A .

Agencies Everywhere, Cable Address V A R E C  C O M P T O N  (a ll Codes)

may be obtained “ V arec ," Compton California.

IN FULL OPEN POSITION WILL FLOW MORE 
THAN AN OPEN NIPPLE
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B*C-

The Biggest Quantities in History. . . 
The Lowest Cost You Ever Heard Of

Stacey-Dresser Engineering has designed and is super

vising the construction of the largest oxygen producing 

plant ever built for the chemical industry.

We are ready to serve the gas, oil, chemical and steel 

industries with oxygen plants. These plants aie oidinanly 

built to produce 95% pure oxygen, can also be built to 

produce a sidestream of 99.5% pure oxygen. Or, to produce 

99.5% pure oxygen entirely.

Plant capacities from 10 tons to 1000 tons a day.

The cost of producing oxygen— now $5 a ton* for small 

plants: much less for large plants.

*Ton 0 2 = 2-1,000 cu. ft. standard conditions.



So there’s no guessing in the statement tha t you get up to 30 per cent 
more flow through new Edward steel valve designs. There’s proof aplenty— 
the evidence of actual field operation and cross-checked laboratory tests . . . the cold 
facts of pure mathematics, and even the convincing testimony 
of visual pre-testing.

H ere you see p laster casts shaped by  half-section p lastic  valve models. E ac h  m odel, 
molded in  a  steel box and  frozen hard , has been flow-tested to  develop ideal flow contours.
T o  com pute flow te st resu lts E dw ard technicians even developed com pletely new slide rules, 
like the one shown. T h e  p laster casts serve as  m asters from  w hich sectional models and  then  
the ac tu a l p a tte rn s  for Edw ard valve castings are developed.

N o valve sei'ies has ever been designed with more extensive flow research . . 
on no other valves is there more proven flow data.

F ro m  a c tu a l  p la s te r  c a s ts , checked  a g a in s t 
m a ss  of flow d a ta ,  m odel cross sec tio n  te m 
p la te s  a re  b u il t .  T hese gu ide  design  o£ p a t 
te rn s  fo r E d w ard  s te e l valve body cas tin g s .

11 !

SUBSIDIARY OF ROCKWELL MANUFACTURING CO.

EAST CHICAGO,  INDIANA

r  m i v u u  : inore now.

r y
/  o be sure th a t  E dw ard engineers were on 

/  /  th e  rig h t track  in th e ir  efforts to  cu t 
( pressure loss and  w ear-producing tu rbu lence 

and  to increase flow in new steel valve 
designs, th e  E dw ard  laboratories se t up an  en tire  new set 
o f  research procedures and developed a whole range o f new 
te s t equ ipm ent, m uch of i t  n o t duplicated  anywhere.

Less rressure Loss com

S T E E L  V A L V E  D E S I G N S

H alf sec tio n  su p e r-s tre a m lin e d  E dw ard  globe 
valve of p la s tic  i3 u sed  in  flow te s ts .  A fte r 
id e a l c o n to u rs  for h i^ h  vo lum e e n d  m in im u m  
tu rb u le n c e  a re  e s tab lish ed , c a s ts  a re  m a d e  of 
flow passages.



A s  W e  S e e  I t

Much Ado abou t N ext to N o th ing . And no slight in
tended! For high vacuum operations present problems worthy 
of the best talent. In our first article Morse reviews recent do- ■ 
velopments; be convincingly supports the confident statement 
that “high vacuum is now at the state of advancement where the 
problems of vacuum per se are usually secondary to other ques
tions of the process. No longer need the engineer assume that a 
process is economically or technically unsound merely because it 
involves the use of free air pressures below 100 microns, even in 
conjunction with valves and vacuum-tight shafts, or tempera
tures ranging from —100° to -(-1000° C.” Morse refers to some 
of the vacuum requirements of the atomic energy program, dis
cusses vacuum distillation and metallurgy, and describes several 
industrial scale applications of high vacuum for drying operations 
in penicillin manufacture and orange powder production. Num
erous photographs and charts accompany the article.

Morse’s paper should prove a good background to indicate the 
scope of a 2-day symposium scheduled for October 30 and 31 to 
be held in Cambridge, Mass. The symposium, sponsored jointly 
by the National Research Corporation and the A.C.S. Division 
of Industrial and Engineering Chemistry, is divided into the 
following five sections: Scientific Aspects of High Vacuum,
High Vacuum Engineering, Vacuum Distillation, Vacuum Metal
lurgy, and Vacuum Dehydration. Objective of the symposium is 
to stimulate discussion among technical people concerned with 
industrial applications of high vacuum, and attendance is limited 
to this group.

Acid f rom A p p l e s .  In 1045 Buck and M ottern told us how 
malic acid could be separated from apple juice by adsorption on 
an anion exchanger, a desirable procedure in the manufacture of 
bland apple sirup. On page 10S7 of this issue they describe a 
method for its recovery from the exchanger. The by-product 
can be used as a food acidulant for preparations where its pres
ence is appreciated more than in apple sirup.

Low Flow K now -H ow . Piret, James, and Stacy tell how
water velocities as low as 0.02 foot per second can be measured 
to ail accuracy of about 2%. A fine wire, electrically heated, is 
the sensitive element in the rig. The experimental work was 
initially inspired by the desire to develop a device more suited 
than the P itot tube for measurement of low velocities; however, 
by the time the investigation had been resolved into the article 
presented here, our reviewers considered th a t its greatest value 
lay in the fundamental contributions the authors had made to 
our knowledge of heat transmission. Results are compared with 
those of previous investigations, and equations are developed.

Plastics D ope. W hat sulfonamide plasticizers do to resins is 
reported by Bergen and Craver starting on page 1082. The effect 
on a number of resins is measured in such terms as tensile strength, 
elongation, water permeability, and flexibility. Our reviewers 
rate the contribution as containing many useful data on a subject 
of timely interest.

Tall D rink. The lengths to which investigators will go to 
trap a fact is aptly illustrated by Mair, Gaboriault, and Rossini 
(page 1072). They start in a laboratory penthouse and finish in 
a basement four stories below with experiments on a 52-foot, ad
sorption column 3/ 4 inch in diameter and filled with silica gel. Ad
sorption has been utilized for hydrocarbon analysis in previous 
work. The report given here is an investigation of the fraction
ating capabilities of the system on hydrocarbon mixtures as a 
Potential process for large scale production. A number of con
clusions are stated about the capabilities and limitations of the

method, and the relative adsorbability of various hydrocarbons. 
This paper will be of substantial interest to the petroleum tech
nologist and those interested in the unit operation of adsorption.

Alum By A lcohol. Our second offering in t he new pilot plant 
section is an article by Gee, Cunningham, and Heindl for a proc
ess of removing iron from crude alum. The process ex
ploits the fact th a t pure alum can be precipitated from a solu
tion also containing ferrous sulfate by addition of ethyl alcohol. 
The 2-ton-per-day continuous pilot plant described here was used 
in experiments to see how low the critical factor of alcohol loss 
could be brought in engineering scale operations. Losses of less 
than 0.5% were attained, but even this was too much to make 
the process economically feasible under present conditions. Op
erating data and cost estimates arc included.

High p re s su re  va lves that are mechanically operated claim 
the spotlight in Brown’s column this month. He first de
scribes motor-driven and hydraulic regulating valves; then he 
takes up a recent design for pressures up to 6000 pounds per 
square inch, actuated by the fluid under pressure. The design 
is limited to nonregulating valves—th a t is, those either fully 
open or completely shut. lie voices the need for a similar 
simple high pressure valve with regulating characteristics.

The in s tru m e n t m an, Munch points out, constitutes the 
reason why instrumentation can benefit a chemical operation. 
Munch urges members of management not to underestimate the 
vital assistance which a well-qualified instrument man can give in 
recommending suitable instrumentation for a new plant, in 
checking to see tha t instruments are most efficiently utilized 
when the plant first begins to function, and in maintaining or im
proving the instruments when the plant has settled into the 
routine of day-to-day operation.

P assiv a tio n  of m eta ls  ¡s a  phenomenon important to under
stand in combating corrosion successfully. Fontana describes 
recent work to indicate th a t physically adsorbed gas may account 
for the phenomenon. He also questions the value of ‘•passivat
ing” stainless steel equipment with dilute warm nitric acid, 
believing that the only effect of this treatm ent is removal of iron 
particles embedded in the surface during fabrication.

P am p h le ts  on m an ag em en t, published by the American
Management Association, are recommended by von Pechmann 
as excellent background material for the chemical executive. He 
discusses in some detail the contents of pamphlets dealing with 
labor productivity, the foreman, and suggestion system*.
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Offices in Principal Cities 
In Canada:

Carbide and Carbon Chemicals, Limited, Toronto

MORE INFORMATION: I f  you would l ik e  te c h n ic a l 
d a ta  on g lyoxal—w rite  fo r  Form 5654—p lease  
address Department H-9 .

“ C e llo s ize" is a  reg iste red  tra d e -m a rk  o f  C a rb id e  and C a rb o n  Chem icals Corporation
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INDUSTRIAL and ENGINEERING

C h e m istry
W A LT ER  J. M U RPH Y, Editor

r/ie W orld  Outlook for Scientific Publications
W HEN two or more scientists meet nowadays, the con

versation is very likely to turn to the subject of the status 
of scientific publications. No problem received greater atten
tion at the reccnt meetings in London of the International Con
gress of Pure and Applied Chemistry and the International Union 
of Chemistry. In  and out of committee rooms chemists dis
cussed formally and informally the outlook for chemical publica
tions during the next few years. Many suggestions were made, 
some of which were of a most practical nature; others regretfully 
must be cataloged as mere wishful thinking.

Chemists the world over correctly feel that research is seriously 
handicapped a t present by a lack of definite knowledge concern
ing the revival of chemical journals in Europe, particularly in 
Germany and those countries which were under Axis domination 
prior to and during World War II. Furthermore, stringent cur
rency and exchange regulations which now prevail in many 
countries make it difficult, if not wholly impossible, for scientists 
to obtain anything like an adequate selection of important jour
nals. Science cannot flourish under such adverse conditions.

The July 18 issue of Science contains two excellent summaries of 
conditions of publications in Europe which we strongly recom
mend to our readers. James S. Thompson, executive chairman 
of the Board of Directors of the McGraw-Hill Book Company, 
has written his impressions of the technical book publishing field 
following visits to eleven countries in Europe and considerable 
correspondence with informed individuals in several others. 
Charles H.' Brown, associate director of the Iowa State College 
Library, has reviewed in quite some detail the present status of 
scientific journals in most of the European countries.

Both writers agree th a t interest in scientific publications in 
Kurope is a t a new high. In war-ravished countries intensive 
efforts are being made to revive old established journals and 
many new ones have been started, but insufficient supplies of 
paper and inadequate production facilities are serious handicaps 
which will not be eliminated for some time. N ot only is paper 
scarce in Germany and much of tha t nation’s printing equipment 
destroyed, but the fact th a t technically Germany is still a t war 
multiplies the difficulties. In  addition, the obvious lack of co
operation and coordination between activities in the American 
and British zones on the one hand, and in the Russian zone on the 
other, is leading to duplication in a number of instances.

The German picture is not all black by any means. A t the 
meetings in London it was indicated tha t work on both Beilstein 
and Gmelin is progressing in a reasonably satisfactory manner 
when existing conditions are considered. However, it was quite 
apparent that any hope of English language editions is entirely 
out of the question for a variety of practical reasons, any one of 
which would be sufficient to postpone indefinitely plans in this 
direction. Certain other important chemical compendia are 
being continued by permission of the occupation forces. I t  is 
essential that some degree of supervision of the scientific aspects 
of this work be provided by a qualified international group of 
chemists. Fortunately there is now every reason to expect that 
such direction will be provided. Also, it appears tha t adequate

provision will be made for full consideration of a more modern 
approach to such problems as nomenclature.

One must be realistic in approaching the question o£ reviving 
scientific publications in Europe. No immediate panacea is ¡11 

the offing. There are those who feel th a t some international 
body, for example, UNESCO, should provide the necessary 
funds. Those who think so do not have any tangible ideas con
cerning such matters ¡vs costs, to say nothing of the operational 
problems involved in obtaining sufficient quantities of paper and 
production. This is just one of the many penalties the world is 
paying and will continue to pay, for years to come; further 
proof th a t everyone loses when nations unsheath the sword.

One can easily become very pessimistic concerning the outlook 
for scientific literature during the next decade. Even in the 
United States, we are woefully short of paper and production fa
cilities. At this moment, most scientific publications face dis
couraging delays in publishing current scientific developments. 
Add to these factors rapidly mounting costs and the fact that t he 
international political outlook is uncertain to say the least, and 
the picture is a most discouraging one.

Internationally the situation is much worse than it is in this 
country. In discussing scientific m atters with scientists in at 
least six countries in Europe this summer, the question of paper 
supplies was raised again and again. Occasionally pleas were 
made th a t the United States allocate a portion of its paper for 
use abroad in publishing scientific data. Whether or not such a 
plan is feasible is beyond the scope of this discussion. I t  does 
indicate, though, the desperate straits in which publishers of 
scientific literature abroad find themselves.

A  certain amount of delay, perhaps several years, in restoring 
the scientific literature of the world to anything like prewar levels 
is inevitable. B ut even this objective is inadequate, because re
search today is being carried on in the United States and else
where at a rate far in excess of tha t which existed prior to 1939. 
One need but look a t .the respective print orders for A m e r i c a n  
C h e m i c a l  S o c i e t y  journals in 1939 and 1947 and also to  note the 
increase in the number of papers being presented now a t S o c i e t y  
meetings as compared to 1939, to understand the demands that 
now exist on the paper supplies and production facilities of t.he 
A m e r i c a n  C h e m i c a l  S o c i e t y .
• A limited world capacity for publication is perhaps the greatest 

barrier to  the rapid strides in science in the near future. W hat, if 
anything, can'be done to meet this situation in this country and 
the oven more desperate one which hangs like an ominous black 
cloud over scientific Europe a t the present time? Scientists can
not continue indefinitely to  operate successfully in a partial vac
uum. Our success in restoring the normal, healthy, inter
national exchange of scientific knowledge is now limited by such 
prosaic but tangible restrictions as paper supplies, printing facili
ties, artificial currency exchange barriers, and an unfavorable in
ternational political outlook. Surmount them, and the spirit of 
international cooperation tha t has always existed-among investi
gators can be counted upon to supply the lifeblood of data to keep 
the body of world scientific knowledge vigorous and growing.
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HIGH VACUUM 
TECHNOLOGY

P ho to  Above Shows P en ic illin  D rying C abi
n e ts  w ith  H igh  V acuum  P ip ing  (Courtesy 
C om m ercia l S o lvents C o rpo ra tion ). A t Left 
Is P ilo t P la n t  Scale E q u ip m e n t fo r S tudying  
V acuum  D rying P rob lem s, F ree  A ir P ressures 
as Low as 1-100 M icrons B eing O btained .

P RIOR to 1940, high vacuum (that is, the use of pressures be
low 0.1 mm. of mercury) was with minor exceptions limited 

to laboratory use. The electronics industry commonly exhausted 
various tubes to 10~7 mm., but the volumes involved were small 
and only noncondensable gases were usually pumped. In the 
chemical industry the distillation of fatty  acids was common at 
slightly higher pressures. The vacuum distillation of fats and 
oils was done experimentally in Europe (4, 23) and no doubt 
reached its greatest development on a commercial scale in this 
country under Hickman (10,11) and associates, who demonstrated 
the commercial possibility of producing vitamin concentrates 
from fish oils by distillation in the micron range of pressures (1 
micron or 1m =  10“ 3 mm.).

During the war, high vacuum techniques were developed to a 
remarkable degree. Many processes have been commercialized, 
and it is fair to state tha t high vacuum is now a t the state of ad

vancement where the problems of vacuum per sc are usually 
secondary to other questions of the process. No longer need the 
engineer assume th a t a process is economically or technically un
sound merely because it involves the use of free air pressures be
low 100 microns, even in conjunction with valves and vacuum- 
tight shafts, or temperatures ranging from —100° to +1000° C.

The most recent factor in the advancement of modern vacuum 
technology has been the atomic energy program. The design and 
construction of both the gas diffusion and electromagnetic separa
tion process plants for the preparation of U235 were achieved in 
spite of vacuum engineering problems of great magnitude (21). 
In the former, although actual operation was not undertaken at 
extremely low pressures, air leakage specifications were of fantas
tic rigidity. The original plant design required tha t the air leak
age to the process stream be maintained less than 0.01 cubic toot 
a t 760 mm. per 1000 cubic feet of plant volume—i.e., an S-micron-

R I C H A R D  S .  M O R S E

NATIONAL RESEARCH CORPORATION, CAMBRIDGE 42, MASS.
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per-hour rise in pressure a t high vacuum. Through the use of the 
leak detection techniques developed, a pressure build-up in the 
plant of 2 microns per hour was actually achieved (14).

CONSTRUCTION OK EQU IPM EN T

Design problems of the vacuum engineer arc many and vary 
greatly, depending on the process and pressures involved. With 
present day methods of construction and with pumping speeds 
available for both condensable and noncondensable gases, there 
appears to be no limit to the size of vacuum systems which can 
now be constructed.

Leakage problems usually fall in two categories: (o) Small 
sealed-off systems are common in the electronics industry where 
pressures below I O '7 mm. must be maintained for years. If any 
leakage or degassing occurs, some form of “pump” in the guise of a 
“getter” (barium, magnesium, etc.) must be included in the evac
uated space to react with and remove any subsequently evolved 
gases. (b) In most processes a certain amount of noncondensable 
gas leakage, outgassing, or gas or vapor formation may be toler
ated, if adequate pumping speed is provided. Leakage may be 
expressed as a rate of leak or rise in pressure—i.e., in micron cubic 
leet per hour or microns per hour—£or a given apparatus. In 
studying materials of construction, furnace bricks, etc., from the 
point of view of outgassing, it is sometimes more convenient to 
compare products in terms of the time constant for a known rise 
in pressure after closing off the system.

Special valves are usually required a t pressures below 1.0 mm. 
because of leakage problems. A t the lower pressures so-called 
packless valves are commonly used, the stem movement being in
cased in a flexible bellows. A somewhat simpler design involves 
the use of sliding-type stem gaskets (24). Considerable atten
tion must also be paid to the design of valve seats; the impedance 
introduced to gas flow must be kept a t a minimum.

Rotating shafts may be introduced into a  vacuum system in 
numerous ways (Figure 1). The use of flexible bellows, for ex
ample, offers an interesting means of transm itting limited motion

T h e  p re se n t s ta tu s  of h ig h  vacuum  technology 
is reviewed, w ith  p ic tu re s  of recen tly  developed 
e q u ip m e n t an d  process p la n ts  w hich  em ploy p res
su res in  th e  m ic ro n  range . D iscussion is lim ited  
to  in d u s tr ia l  ap p lica tio n s  o f vacuum  tech n iq u es  
a t  10-6 to 10“ 1 m m . in  su ch  fields as d eh y d ra tio n , 
m e ta llu rg y , d is tilla tio n , m e ta l evaporation , e tc . 
O perating  d a ta  on  large diffusion p u m p s, gages, 
an d  s te am  e jec to rs  a rc  given w ith  respective 
lim ita tio n s . Large scale o p era tio n s  a re  m e n 
tioned  from  th e  p o in t o f view o f design a n d  con
s tru c tio n  to  i l lu s tra te  th e  fa c t th a t ,  in  so fa r as 
techn ica l p rob lem s of h igh  vacuum  per se a re  con
cerned , o p era tio n s  o f  an y  scale a re  now feasible.

with zero leakage. Various methods for designing self-pumping 
and externally pumped shaft seals have been developed for use at 
high speed, which permit transmission of even large amounts of 
power into any vacuum system, regardless of the pressure or leak
age specifications.

The flow of gases and vapors a t pressures below 1 mm. must be 
given special consideration (15). Adequate engineering data are 
now available (S) to permit the design of any size equipment, but 
to date the chemical industry has in many instances failed to real
ize the fundamental problems involved. I t  is common practice 
to employ a combination of the Fanning equation (16) and friction 
graph for Reynolds numbers above 2100, or Poiseuille’s law for 
Reynolds numbers below about 1000. In  the micron range, how
ever, Poiseuille’s law does not apply, and the effective viscosity 
may be less than 1% of the gas viscosity as given in the hand
books.

Vacuum Side

ROTARY BELLOWS SEAL

Vacuum Side

GREASE T Y P E  
S L ID IN G  SE A L

Bellows Bellows

Spring

ROTATING SHAFT  
BE LLO W S  TYPE  
VACUUM S E A L

F igure 1. T h re e  liasic M ethods W hich  M ay Be Used in  th e  Design of V acuum -T igh t S h afts
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CAGES

The problems of measuring gas pressures below 1 mm. are not 
always simple; in general it is safe to assume th a t no one has the 
pressure th a t he either thinks he has or brags about. True gas 
pressure as measured is always influenced by one or more of the 
following factors: the mixture of gases, presence of condensable 
vapors, point of measurement, temperature of the gage, and type 
of gage (Figure 2).

The McLeod gage continues to be commonly used as a labora
tory standard, arid the portable tilt type instrument is convenient 
for industrial uses. Accurate readings are impossible in the pres
ence of condensable gases, and neither rapid reading nor indicat
ing type instruments appear practical.

Both Pirani and thermocouple type gages are very useful as in
dicating or recording instruments in the micron range. They 
are relatively economical, but have minor limitations with respect 
to accuracy, temperature effects, and aging.

The recently developed Alphatron gage operates similarly to an 
ionization gage, but, the ions are formed by alpha particles, and all 
problems of filament burn-out, temperature effects, etc., are there
by eliminated (7). This instrument is capable of covering the 
range of pressures of greatest interest to the process engineer, and

it is not affected by the presence of vapors. I t  has the limitations 
inherent to the sensitive direct current amplifier which is essential 
to indicate ion current.

The ionization gage indicates pressure as a  function of the num
ber of positive ions formed in a three-electrode type of tube. 
Such instruments are common for the measurement of pressures 
below 10“ 3 mm. and under special conditions arc considered re
liable, or a t least consistent, for pressures as low as 10~7 mm.

Phillips type gages have long been used in 
Europe and have recently been developed here 
(19) for measurement in the micron range. 
Pressures are indicated as a function of the re
sulting current during gas discharge, under ap
plied voltage, and the control circuits involved 
are relatively simple.

LEAK DETECTION

As larger equipment has been developed for 
uses below 1 mm. pressure, improved leak 
detection techniques have been of prime im
portance. The following methods are most com
monly employed.

H i g h  V o l t a g e  D i s c h a r g e .  In the case of 
glass apparatus, a high voltage corona discharge 
is applied near the suspected surface, and small 
pinholes are easily detected by a change in color 

of the glow discharge within the system.
A c e t o n e  S p r a y  T e c h n i q u e .  The system, either glass or 

metal, is exhausted to 1 mm. or lower, and readings are observed 
on a thermocouple or Pirani gage. Acetone, ether, or other sol
vent is sprayed on suspected surfaces, and an apparent change in 
pressure will be noted, either to a higher or lower value, depend
ing on the solvent’s action a t the individual leaks. Comparable 
results may be obtained with helium or hydrogen. At lower pres
sures (10-5 to 10-3 mm.) an ionization gage may be used in a simi
lar manner, and an Alphatron permits such an operation through
out both the micron and millimeter ranges of pressure.

M a s s  S p e c t r o m e t e r .  During the war, primarily because of 
vacuum testing problems a t Oak Ridge, Tenn., great strides were 
made in the development of small portable mass spectrometers

i — 1— i— 1— r
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TOTAL P R E S S U R E - mm. Hg

Figure 4. Speed vs. Pressure Data for Three R epresentative Com m ercial
Steam  Ejectors

(IS). A portion of the gas within the 
system under test is passed through a 
mass spectrometer tube designed for 
maximum response to helium. As a 
helium probe is passed over the leaking 
portion of the equipment, extremely 
sensitive and rapid response is ob
tained in the output amplifier of the 
spectrometer tube. This is the most 
sensitive leak detection method now 
known, indicating the presence of 1 part 
of helium in 250,000 of gas at 10-4 
mm.

D IFFU SIO N  PU M PS

With the exception of molecular drag 
pumps which are used in some foreign 
laboratories, diffusion pumps are now 
universally employed for the attain
ment of pressures below 10~3 mm. on a 
large scale. Recent trends have dem
onstrated the possibility of improv
ing the forepressure characteristics of 
pumps through the use of high boiler 
pressures and improved je t design. I t  is 
now apparent th a t the limit on gas handling capacity of a diffusion 
pump below 10~4 mm. is in reality only a function of the “pump
ing speed” of the entrance to the mouth of the pump (Figure 3).

Oil diffusion pumps, 32 inches in diameter with a capacity of 
over 30,000 cubic feet per minute a t 10~6 mm., have been built in 
great numbers. Although this is a large volume a t the pressures 
involved, the actual efficiency in terms of power consumption or 
investment is ridiculous when one considers tha t less than 0.0004 
cubic foot per minute of gas is being handled a t atmospheric con
ditions.

With newer ejector type oil-diffusion pumps (13) greater speeds 
are now possible in the higher micron range. With minor excep
tions the use of mercury in diffusion pumps in this country is now 
limited to laboratory apparatus or electronic applications where 
forepressure operation above 1 mm. is essential.

Both chlorinated compounds, such as the so-called Aroclor 
series, and refined hydrocarbon pump oils have been used with 
success in many large installations during the war, particularly 
because of greater stability in the presence of water vapor and be
cause of lower cost. The use of silicone type oils has recently 
been advanced, and the resulting improved stability after expos
ure to air a t high temperature is a useful factor (2). Because of 
contamination problems a t the extremely low pressures employed, 
the electronics industry in many instances still prefers the organic 
esters.

STEAM EJECTO RS

With proper design and operating conditions, pressures as low 
as 10 to 100 microns may be attained with four- or five-stage 
steam ejectors under no load. Such pressures have been accom
plished by careful installation and maintenance of ideal conditions 
with respect to steam quality and diffuser temperatures, rather 
than by any unique developments in design. In  most industrial 
giants, particularly with processes involving condensable vapors, 
steam ejector systems are recommended under most conditions 
for all total gas pressures above 500 microns (Figure 4).

VACUUM PR O C ESSES IN ELECTRONICS

The manufacture of almost all electronic devices—photocells, 
rectifiers, radio tubes, x-ray tubes, etc.—involves operations a t 
very low pressures (i.e., less than 10~7 mm.) to prevent ionization. 
Pressures above 1 micron are used on a large scale for the produc
tion of light bulbs, fluorescent lights, neon lights, small receiving

tubes, etc. Developments in vacuum technique by the electron
ics industry have not been radical but have centered about the 
development of automatic machinery for mass production. For 
pressures below 1 micron, small oil-diffusion pumps without cold 
traps are now commonly employed except where the extremely 
good stability of mercury as a  pumping medium is a necessity be
cause of the exhaust cycle.

The development of large magnetrons and other high frequency 
tubes posed new problems for the vacuum engineer. The new 
high values of voltage and power which have been reached place 
new requirements on materials of construction to ensure mainte
nance of high vacuum over a  period’of time and under adverse 
operating conditions. Oxygen- or gas-free copper has proved 
essential to the construction of larger metal tubes, and great 
emphasis must be placed on problems of outgassing and of tight
ness of glass-to-metal and other forms of seals. In some cases 
continuously operated pumping systems have been employed. 
Similar problems arc encountered in the operation of cyclotrons 
and other equipment which depend upon the use of low gas pres
sures to permit the formation of electron or ion beams. In  the 
latter instance, considerably higher pumping speeds (1000 to 
10,000 liters per second) a t pressures below 10“ 5 mm. are common.

EVAPORATION O F M ETALS AND SALTS

Vacuum evaporation techniques have been practiced in the 
laboratory for many years. Metals or salts are electrically heated 
in a small boat or filament, evaporated or sublimed a t air pres
sures below 10~4 mm., and condensed in the form of a thin film on 
the surface to  be treated. In this manner front surface mirrors of 
aluminum or chromium can be formed, quartz replicas made, 
etc. (22).

During the war the lens coating industry was greatly expanded 
because of interest in low reflection surfaces for optical devices. 
I t  is now common practice to form quarter wave length films, 
usually of magnesium fluoride, by vacuum evaporation. • By 
such a procedure the light reflection per optical surface is mate
rially reduced and the transmission correspondingly increased. I t  
is not uncommon to increase the light transmission of more com
plicated optical systems as much as 200%.

Considerable interest has recently been shown in the coating of 
plastic parts with various decorative metals such as gold, alumi
num, copper, etc. Larger scale equipment has been developed 
for such work on a production scale (1).
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M achine for Producing Vacuum-Evaporated Coatings on Large Surfaces by a C ontinuous A utom atic Process

One of the largest demands for evaporated front surface mirrors 
may come from the television industry where both front surface 
plane and spherical mirrors are required for the Schmidt type op
tical system. Equipment lias recently been developed whereby 
surfaces to be treated (lenses, mirrors, etc.) may be continuously 
introduced and removed from the high vacuum zone where coat
ing takes place, without the usual loss in pressure. The products 
are placed on jigs which are automatically moved through succes
sive zones of decreasing pressure, ranging from atmospheric to 
10"4 mm. Either a metal or salt is evaporated from a continuous 
type source of vapor, and the jigs then proceed through zones of 
increasing pressure until removed to the air.

The continuous large scale coating of metals on cloth, paper, 
and sheet plastics has been known, at least by sputtering tech
niques, for some time. Gold leaf, for example, is produced on a 
commercial scale by such a procedure both here and in England. 
Recently considerable interest has been shown in processes for 
continuously evaporating zinc and aluminum on paper for elec
trical condensers, a t pressures in the micron range. Improve
ment in weight, size, and voltage breakdown can be achieved as 
compared with the usual laminated foil condensor, and products 
made in this manner have recently been introduced in this coun
try  (8).

VACUUM M ETALLURGY

Prior to 1940, with the exception of work by Heraeus in Ger
many (9), large scale applications of vacuum metallurgy were 
virtually unknown. This situation was largely the result of a 
lack of adequate vacuum equipment. Vacuum may be applied 
in the field of metallurgy as follows: (a) A high vacuum is a 
truly inert atmosphere, and by its use metals may be protected 
during processing. (6) At reduced pressures the boiling points 
of metals are reduced sometimes as much as 1000° C. This 
phenomenon makes it possible to purify metals by distillation.

(c) Operation in vacuum tends to favor any reaction in which a 
gas or volatile metal is produced from nonvolatile materials. As 
a result, it is possible to reduce reaction temperatures markedly.
(d) When metals are melted in vacuum, dissolved gases such as 
hydrogen and sometimes oxygen, nitrogen, and carbon monoxide 
may be removed with improvement in the mechanical, physical, 
and electrical properties of the cast products.

The largo scale application of high vacuum to the magnesium 
industry during the war was, in a sense, the first demonstration 
that pressures in the micron range could be employed economi
cally by the process industries {20). In the process, dolomite, and 
ferrosilicon are mixed, briquetted, and charged into evacuated 
alloy steel retorts maintained at 1175° C. The following reaction 
occurs:

2(MgO, CaO) +  1/6 FeSic —

2 M g / +  1/6 Fe +  2CaO.SiOi

T a b l e  I. P r o p e r t i e s  o f  V a c u u m - M e l t e d  C o p p e r  (17)
Oxygen- 

Vacuum- Free
Melted Commercial

0.00001 0.00012 , 
0.00039 0.00045
0.00002 0.00040
0.00006 0.00230

8.930 8.922

54,500 54,500
20.3 17.3
88 76
100.3 99.4

2430 2340

Gas content, %
Hydrogen 
Oxygen 
Other gases 
Sulfur

Physical properties
Density, cast, gram s/cc.
Tensile strength, drawn (64% cold reduct), 

lb. /sq . in.
Elongation, drawn, %
Reduction in area, drawn, %
Electrical conductivity, cast, % I.A .C.° 
Thermal conductivity, cast, B .t.u ./(h r.) 

(sq.ft.) ( in .)/°F .
a International annealed copper standard.
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The reduced pressure serves two functions in this reaction: I t 
prevents oxidation of the magnesium formed, and it lowers the 
boiling point of magnesium so th a t the metal may be removed as 
rapidly as formed. Finally, the removal of magnesium by distil
lation forces reduction to proceed a t almost 500° C. below the 
temperature required for reduction a t atmospheric pressure.

This general type of vacuum reaction can be applied to the 
preparation of the other alkali and alkaline earth metals. The 
production of certain metals from their salts or by direct reduc
tion of ores appears to be competitive with present electrolytic 
■methods. Some of the reactions which have been investigated 
are:

i n n n °  f 1
4LiOII +  GCaO +  1/3 FeSi, . >

oa*
4 L i /  +  2(3Ca0.Si02) +  1/3 Fe +  2H5/  

1100 ° c6CaO +  2A1 -> 3 C a / +  3Ca0.Al2O,
lUjU 

onf) o n
2NaCl +  CaC2 — - r - - -» 2 N a /  +  CaCl2 +  2C

1U fx

Fe20 3 +  3C ■■■ 80, n l C' -> 2Fe +  3 C O /'lOUjU

All commercial metals are contaminated with dissolved and 
combined gases. In many cases minute quantities of gas arc 
capable of greatly reducing the ductility and toughness of metals, 
as well as the electrical and thermal conductivities. Dissolved 
gases arc also released in solidifying metal; this accounts for po
rosity in castings under some conditions.

In many cases gases may be removed from metal by simply 
melting under reduced pressure. Hydrogen can almost always be 
removed by such treatm ent. Nitrogen can be removed in many 
cases and occasionally oxygen may be eliminated. Oxygen re
moval is difficult since this gas is generally present as an oxide

of the metal being processed, and the decomposition pressure of 
a small am ount of dissolved oxide is extremely low. If carbon 
is added, oxygen will be removed as carbon monoxide. This re
action can be carried out a t atmospheric pressure, but under such 
conditions the equilibrium oxygen content of the melt will be fairly 
high, and vacuum tends to drive the reaction reducing the oxygen 
content to a negligible value. Oxygen content of many metals 
may also be reduced to a very low value by hydrogen treatment, 
but in the process the melt becomes contaminated with hy
drogen which must be removed by vacuum treatm ent in order to 
produce sound ingots of superior mechanical properties.

Though the merits of degassing metals by vacuum melting and 
casting have been known for a long time, there had been no effort 
to apply these techniques on a commercial scale in this country 
until recently. However, within the last five years vacuum fur
naces have been developed which will melt and cast common 
metals a t  ton rates per day, and there is no reason why this pro
duction cannot be extended to a much larger scale {17).

The properties of metals produced in vacuum furnaces are now 
being studied in detail, and results of these investigations will be 
published in the near future. I t  has been established that vac
uum-cast. metals have increased ductility and also electrical and 
thermal conductivity. Ingots arc exceptionally sound. Analy
sis both in elemental materials and alloys may be duplicated with 
great accuracy, since the danger of atmospheric contamination is 
removed. Totally gas-free metals (such as copper) now being 
produced on a pilot plant scale are of particular interest to the 
electronics field (Table I).

There are also applications for fine wire, deep drawing oper
ation, precision alloys, thermocouple, and resistance wire, etc.

VACUUM D ISTILLATION

Low free air pressures have long been used by the chemical in
dustry as a means of lowering distillation temperatures. Pres
sures in the micron range have to date been essentially limited on 

a commercial scale to the concentration of vita
min fractions in fish liver oils and distillation 
of high-molecular-weight organic materials. At 
free air pressures below 10 microns the effect of 
residual gases on the rate of distillation has 
been substantially removed. If, in addition, a 
low impedance path is maintained between the 
evaporating and condensing surfaces, a wide 
variety of high-molecular-weight substances may 
be distilled.

For most efficient operation with minimum 
decomposition, it is further essential that the 
distilling surface be constantly renewed and the 
time of exposure reduced to a minimum. Pot 
type stills have been largely replaced, therefore, 
by the falling film type. Only by such a tech
nique, for example, may the common fats and oils 
such as triglycerides be handled.

Hickman recently described several centrifu
gal type stills in which extremely short dis- 
tilland exposure times are made possible with 
film thicknesses as low as 0.001 to 0.005 mm. 
(10, 12).

All high vacuum stills have severe limitations 
with respect ito fractionating ability—i.e., some
thing less than one theoretical plate. Packed 
columns as conventionally employed are auto
matically ruled out because of the pressure drops 
introduced. Multiple distillations are possible, 
and various systems for operation of stills in 
series have been used.

Under conditions of high vacuum distillation, 
one is not concerned with boiling points but

C O U R T E S Y  FO R D  MOTOR COM PANY

Hattery of Gas-Fired Diffusion Pum ps in a Large M agnesium  Plant
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Laboratory Gas-Fired Furnace, Useful in Studying Vacuum  Therm al Reduction  
Processes or in Vacuum M elting 50-100 Pounds o f M etal a t 1-100 Microns and

700-1100° C.

rather with the rate of distillation as given by the following 
equation:

n = PA
1

2tm u t

shortly after the development of 
diffusion pumps. In general, high 
vacuum dehydration or so-called 
freeze drying is applied to heat- 
sensitive materials for one or 
more of the following reasons: 
(a) Thermal decomposition is 
reduced; (6) low moisture con
tents can be attained; (c) a 
lyophilic structure can be pro
duced.

In the earliest forms of de
hydration equipment, noncon- 
densable gases were pumped from 
a closed system, and moisture 
rapidly removed from the prod
uct by condensing the evolved 
vapor in cooled concentrated sul
furic acid, or on a refrigerated 
surface or trap  in the form of 
ice. The cold trap has many 
advantages and, with the use 
of improved vacuum equipment 
and low temperature mechanical 
refrigeration systems, has been 
adopted for both laboratory and 
small scale commercial uses. 

Larger static traps have been used in the drying of plasma 
and penicillin where capacities of several pounds of water per

Condenser Coolant

where n = distillation rate, moles/second 
P — vapor pressure, dynes/sq. cm. 
*4 = distilling area, sq. cm.
M  = molecular weight 
R — gas constant 
T  =  temperature, ° K.

In  an effort to solve the intriguing problem 
of fractionation a t low pressures without intro
ducing serious impedance, Bowman el al. (6) 
described a fractionating still of unique de
sign which may prove to be one of the most 
fundamental contributions in this field to 
date.

A wetted-wall or falling-film type still is 
employed with an internal rotating, cooled, 
concentric condenser. Condensation then takes 
place in the liquid phase, and the condensate 
is returned to the hot evaporating surface by 
.centrifugal force (Figure 5). By this procedure 
an extremely large number of theoretical plates 
are achieved a t any free air pressure, and 
the same fractionating ability is attained a t 
air pressures in the micron range as is possible 
with the best conventional packed columns 
a t atmospheric pressure. Power efficiency is 
adm ittedly low for such a system, and the 
period of thermal exposure is of necessity high. 
As a new tool for the chemical industry, 
however, this idea seems to offer interesting 
possibilities.

VACUUM DEHYDKATION

Low temperature dehydration with free air 
pressures in the micron range was studied

Centrifugal Conde 
Drive Motor

Gauge 

COLD TRAP

Cooled 
Rotating 
Condenser

Vacuum

EVACUATION PUMP 

Product

D IFFUSION PUMP

Figure 5. Basic Design o f  High 
Vacuum  Fractionating S till, Using  
a C c n tr i f u g a lT y p c  C o n d e n s in g  

Surface
E xtrem ely  h igh  frac tio n a tin g  ab ility  is 
achieved w ith o u t th e  u su a l in tro d u c tio n  o f 

an  im pedance  to  free a ir  o r  vapor flow M EC H AN IC A L  FORE PUMP
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Rotary Condenser Drive Motor

Scroper  Blades

M E C H A N IC A L  

FORE PUMP .

ROTARY C O N D EN SE R  

Refrigerant In

Refrigerant Out 

Snow Receiver

IC E  E J E C T O R  

Refrigerant In

Figure 6. Basic Principle o f Large Rotary Condenser Type o f Cold Trap
N oncondcnsab lc  gases a re  p u m p ed  w ith  th e  d iffusion  p u m p s a n d  m ech an ica l u n i t ,  vapor being 
rem oved its snow  fro m  th e  in n e r cold wall o f th e  conden ser a n d  su b seq u en tly  ejec ted  as ice to  
th e  a tm o sp h e re . In  sm a lle r  in s ta lla tio n s  an  ice receiver o f 100-250 p o u n d s  capac ity  is used  

below th e  sc rap e r b lades, an d  th is  is periodically  e m p tied

hour have been encountered, but 
operating problems to date have pre
cluded their use in the largest installa
tions.

War-stimulated production of peni
cillin created the first demand for the 
removal of water from a product 
maintained a t temperatures well be
low 0° C. and free air pressures in 
the micron range. Substantially all 
of the large plants here and abroad 
originally adopted a water vapor 
pumping system employing a so- 
called rotary condenser. By such, a 
technique ice is continuously removed 
from the cold surface and leaves an 
efficient condensing area. With this 
procedure the problem of designing 
an extremely largo cold condensing 
surface capable of being alternately 
cooled and then heated to remove the 
ice layer is eliminated (Figure 6).

The recently completed plant of 
Vacuum Foods Corporation a t Plym
outh, Fla., designed for the produc
tion of orange juice powder and con
centrate, probably represents the 
largest commercial application of high 
vacuum drying techniques (5). This 
plant has a juice input capacity in 
excess of 60,000 gallons per day, a 
concentrate of 50% solids being first 
produced by vacuum evaporation a t 
the more moderate pressure of 8 mm.
Final drying of a portion of this yield 
takes place in ten large vertical dryers which operate in pairs 
with five 25-inch-diameter rotary condensers. Each of these 
units has a  maximum capacity of 50 pounds per hour of water 
vapor a t 100 microns, or 100 pounds per hour a t 250 microns. 
One interesting feature of this installation is the use of ice 
ejectors which permit continuous and automatic removal of the 
condensed ice to the atmosphere without loss of vacuum in the 
system.

Several experimental vacuum dehydration systems have been 
developed using chemical absorbers, such as lithium salts. Al
though little large scale plant experience is available, such a proc
ess should prove interesting and efficient because of both lower 
capital investment and operating costs. For the dehydration of 
heat-sensitive materials, high vacuum processes appear to be 
competitive with the conventional spray drying, assuming tha t 
low inlet gas temperatures are required in the latter case to pre
serve the quality of the product.

CONCLUSION

This r& um i of the present status of the high vacuum field has 
of necessity been limited in detail, and each of the subjects pre
sented could lend itself to a more profound technical treatment. 
High vacuum problems can now be handled by engineering meth
ods, and regardless of whether one is confronted with operating 
an open hearth furnace a t 10“ 1 mm. or developing pressure meas
uring devices for use in the stratosphere, the present technology 
is ready for the task.
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Assembly and Testing 

o f 52-Foot Laboratory 

Adsorption Column
SEPARATION OF HYDROCARBONS 

BY ADSORPTION

S IN C E 1934 this project has made use of the fractionating proc
ess of adsorption in its work on the separation and purification 

of hydrocarbons (1, 4, 5, 6, 7, 8, 10, 12, 13, 14)- The early work in 
this laboratory showed the effectiveness of adsorption with silica gel 
in separating aromatic hydrocarbons from paraffins and naphthenes 
including hydrocarbons of low (10, 13) and of high molecular weight 
(8, 14). The process was also found convenient for removing water 
and other nonhydrocarbon impurities from purified hydrocarbons. 
Small but significant fractionation by adsorption was found to occur 
between paraffins and cycloparaffins and between /i-paraffins of different 
molecular weights (4,10). Methods for the analysis of aromatic hydro
carbons in mixtures with paraffins and naphthene hydi'ocarbons (and 
some olefins) were developed (4, 5, 7) as well as for the quantita
tive separation of aromatic hydrocarbons on a large laboratory scale 
(1, 6, 12). Current work in this laboratory has been aimed at the 
extension of the newer analytical method (4, 7) to large scale separa
tion and to the investigation of the relations between adsorbability 
and molecular structure among hydrocarbons having nearly the same 
adsorbability.

This report describes the assembly and testing of a large laboratory 
adsorption column having a stainless steel fractionating section 3/< 
inch (1.9 cm.) in inside diameter and 52.4 feet (16 meters) in 
length; this column is capable of separating about 0.5 liter of aromatic 
hydrocarbons and in it the adsorbent may be regenerated in  posi
tion. This report also presents the results of experiments performed

Figure I. Assem bly o f 52-Foot Adsorption Column
At,II.
Cu
Di
Ei.
F.
G. 
II.
I.
J,.
Ki.
!..
Mi
¡V i o.
P.
Q.K.
S.

r.
v.
y.tr.
x .
Y.

At. C onnection» to  «ourcc o f  n itro g e n  u n d e r  p ressu re  
V ent to  roof

Cj. Copper tubes, 1 -inch outn idc d iam e te r , for filling th e  reservoirs 
to  Dio. Packless d iap h rag m  line valves w ith  V s-inch soldered  connections Ez, B rass reservoirs 20 inches long an d  6 inches in  o u ts id e  d iam e te r , to 

c o n ta in , reHpectively, hydrocarbon  an d  alcohol 
S teel p la te  '/« in ch  th ic k  for su p p o rtin g  reservoirs 
Copper tu b in g , !/i6 -inch  o u ts id e  d iam e te r
Receiver o f 1 -lite r capac ity  for co llecting  alcohol recovered in  regenera
tion  process 
P rism a tic  s ig h t glattsJi. F langes a l  to p  an d  b o tto m  of co lu m n  
Kj. G askets a t  top  a n d  b o tto m  of co lum n  
Petcock
to T ra n s ite  co llars w ith  c learance  to  p e rm it vertical m ovem ent, but
to re s tr ic t la te ra l m ov em en t, o f co lum n 

to  IS5.  Angle iro n  su p p o rts  
A lu m in u m  foil
M agnesia in su la tio n  1 in ch  no m in a l size, l 3/< inches th ick  
N ichrom e elec trica l resis tan ce  h e a tin g  w ire, asbestos-covcrcd 
Asbestos coated  w ith  resin
C olum n of s ta in less  steel, 1 -inch  o u tsid e  d ia m e te r , 12 gage, welded to  form 
one sec tion  52.4 feet long, w ith  welds to  steel flange a t  top  an d  sta tionary  
steel p la te  a t b o tto m
A dsorbent, silica  gel, app rox im ate ly  60% betw een 200 an d  325 m esh 
T herm ocouple  well
Steel p la te  */n in ch  th ick  bearing  e n tire  w eight o f co lu m n  
G lass wool
Brass p lug  su p p o rtin g  glass wool an d  ad so rb en t _ _ .
S tan d a rd  ta p e r ,1j/ m,glass (m ale) to  copper m etu l (fem ale) soldered jo in t  (/*) 
Receiver
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This report describes the assem bly and testing o f a large 
laboratory adsorption colum n having a sta in less steel 
fractionating section 3/ ( inch  (1.9 cm .) in  inside diam eter 
and 52.4 feet (16 m eters) in  len gth , and contain ing silica 
gel (largely 200 to 325 m esh in  size) as the adsorbent. The 
procedure of operation, including regeneration o f the ad
sorbent in place, is described. R esults are given on the 
separation obtained w ith  this colum n on a syn th etic m ix

ture o f /i-dodecane, trie thy lbenzenes, and 1-m ethyl- 
naphthalene and on a sam ple o f the kerosene fraction of 
petroleum . Data are also given on the fractionation ob
tained in  a glass 'adsprption colum n 0.4 inch (1 cm .) in  
diam eter and 26 feet (7.9 m eters) in  length , w ith  the sam e  
silica gel as the adsorbent, on binary m ixtures o f hydro
carbons selected to disclose differences in  adsorbability 
arising from differences in  m olecular size and structure.

in a glass adsorption column 0.4 inch (1 cm.) in diameter and 
26 feet (7.9 meters) in length to determine the influence of 
molecular size and structure on the adsorbability of paraffins, 
cyclopamffins, and alkylbenzones.

ASSEM BLY O F  COLUMN

Figure 1 shows the complete assembly of the main part of one 
52-foot adsorption column. The assembly consists of three 
parts, the head of the adsorption column, the fractionating sec
tion, and the receiver.

The head of the adsorption column includes, in addition to the 
necessary connecting tubing and control valves, the following: 
receivers Ki and Ji< for holding (.he mixture of hydrocarbons and 
the desorbing liquid, respectively; sight glass I  for observing when 
the mixture of hydrocarbons has all entered the fractionating sec
tion; the receiver H for holding the desorbing liquid recovered in 
the process of regenerating the adsorbent.

The fractionating section proper consists of a stainless steel 
tube, 3/ ( inch in inside diameter and 52.4 feet in length, together 
with the adsorbent in it. The tube is one inch in outside diam
eter, has a 12-gage wall, and is welded in one piece. The steel 
tube is covered with a layer of ‘/i6-inch asbestos paper coated 
with resin. Electrical resistance wire heating units arc wound 
over the resin-coated asbestos paper. Magnesia “pipe,” as in
sulation V /i  inch in thickness, covers the entire fractionating 
section. The surface of the magnesia insulation is covered with 
aluminum foil.

The bottom of the stainless steel tube is welded to  steel plate 
which carries the entire weight of the fractionating section 

(Figure 1). Transite blocks M  provide lateral support for the 
fractionating section, with sufficient clearance to permit the col
umn to move vertically on expansion or contraction in length 
with changes in temperature. Connection a t the bottom of the 
column is made through flange J<, to which the smaller copper 
pipe is brazed. The solid adsorbent, silica gel, is supported by 
the plug of glass wool, W, which in turn is held in,position by 
brass plug X . The latter is force-fitted in the copper pipe and is 
provided with small vertical holes to permit passage of liquid.

Connection to receiver Z  is made through the copper-to-glass 
joint Y, which is sealed with solder (11). The glass re’ceiver is

1 Present address, Socony-Vacuum Laboratories, Paulsboro, N. J.

Figure 2. Diagram  o f System s C ontaining Inert 
Gas under Pressure

Ai. Connection» to  lop  an d  b o tto m  o f co lum n  usHembly 
oj to Bn. Packless d iap h rag m  lino  valves w ith  V i-inch  

soldered connections 
Ci, C;. D ehydrato rs co n ta in in g  silica  gel o f  28 to  200-m esh 

size fo r d ry ing  in e r t  gas in  reg en era tio n  process 
T)z. F low m eters (ro tam ete rs) w ith  scale read in g  from  8 

to  150 m l. p er m in u te  
Bt* R elief valves se t to  release p ressures in  excess o f 120 

p o unds p er sq u a re  inch  
*1» *!. C onnections to  cy linders o f n itro g e n , w ith  p res

su re -re g u la tin g  valves

graduated to 0.1 ml. in the range 0 to 6 ml. and in the range 45 to 
55 ml. and serves for the withdrawal of fractions having volumes 
of 5 and 50 ml. in the two ranges, respectively.

All of the connections with tubing are made with copper pipe of 
‘/ 2-inch outside diameter, except for the tube G, which is of z/n-
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Figure 4. Arrangem ent o f  Adsorption C olum ns in  62-Foot Shaft
A* H ead o f ad so rp tio n  co lu m n
B, A dsorp tion  co lum ns
C, C . Services: gas, a ir , v acu u m , w ater, re frig era ted  w ater
D, C o n d u it (wire m old) co n ta in in g  elec tric  leads for h ea tin g  u n its
E, E lec tric  pow er lineF, W ater d ra in s

inch outside diameter. Packless diaphragm valves with copper 
fittings and soldered joints are used throughout the assembly.

The adsorbent used in this apparatus is silica gel having a 
particle size such that 60% of the material is between 200 and 
325 mesh in size. (The silica gel used in this investigation was 
Davison Chemical Corporation No. 22-08.) When properly 
packed, the fractionating section will hold about 3.7 kilograms of 
this adsorbent. The adsorbent is introduced a t the top of the 
column by disconnecting the head a t Ji and is packed by vibrat
ing the column. Even with careful packing, the adsorb
ent usually settles during the first experiment; after that 
more adsorbent may be added. The foregoing quantity of silica 
gel will serve to separate about 0.5 liter of aromatic hydrocarbons

from a mixture with paraffins and naphthencs, using thb method 
of operation described by M air (4). When fully packed with 
adsorbent in the manner described, the void space in the fraction
ating section was obtained by determining the volume of hydro
carbon required to fill this section; it was found to be 3460 ml., 
which corresponds to 2.17 ml. per cm. length of the fractionating 
section. The total internal volume of the packed part of the 
fractionating section is 4520 ml. The void space constitutes 77% 
of the volume of the packed fractionating section.

When, after repeated regenerations, the adsorbent has lost an 
appreciable portion of its original adsorptive capacity and must 
be replaced, the following procedure may be used: Flange J t  
(Figure 1) is removed, and a flexible plastic tube from which water
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Figure 5. R esu lts o f Experim ent in  52-Foot Adsorption Colum n w ith  Silica Gel and Known M ixture of 
n-Dodecane Triethylbenzene, and 1-M ethylnaphthalene

is flowing is inserted into and slowly forced up the fractionating 
section, from which the adsorbent is loosened. The adsorbent 
then flows out of the bottom with water into a suitable receptacle.

Figure 2 is a diagram of the systems for introducing inert gas 
under pressure into the fractionating section. One system pro
vides pressure a t the head of the column for an adsorption experi
ment, and the other provides pressure a t the bottom of the column 
for reactivation of the adsorbent. The system of valves permits 
the inert gas to by-pass either the flowmeters (rotameters), the 
dehydrators, or both.

Figure 3 is a diagram of the electrical heating system for heat
ing the fractionating section in the process of regenerating the 
adsorbent, and of the thermoelement system for measuring the 
temperature a t the several indicated places along the column.

Figure 4 is a  diagram of the shaft, 7!A feet square and 62 feet 
high, in which the 52-foot adsorption column was assembled and 
in which five additional similar columns are being assembled. 
One adsorption column is shown in position in the shaft. The 
controls for the electric heating, thermoelement, and pressure 
systems are in an adjoining basement room not shown in Figure 
4. With a battery of six adsorption columns, it is planned to per
form adsorption experiments simultaneously in three columns 
while the other three are being regenerated. With this method of 
operation one head can be made to serve two columns.

OPERATION O F COLUMN

The procedure followed in operating the column for an adsorp
tion experiment is as follows:

The apparatus is arranged as shown in Figure 1, with the frac
tionating section a t room temperature and with no pressure ap
plied. W ith valves D«_ and D3 open and all the other valves 
closed, the mixture of hydrocarbons to be separated is introduced 
into reservoir, Et through tube C\. With valves D* and Dt open 
and all the other valves closed, the desorbing liquid is introduced 
into reservoir E2through tube €'■•. All the valves are then closed, 
and valve Di is opened to admit to the reservoirs the inert gas 
under pressure. Valves D-, and Ih  are opened, and the mixture of 
hydrocarbons is forced downward into the adsorbent in the frac
tionating section. Valve Ao a t the bottom of the fractionating 
section is opened, and the receiver is attached.

The movement of the mixture of hydrocarbons down through 
the fractionating section is followed by changes in the tempera
ture of the fractionating section. At the front of the mixture of 
hydrocarbons, as the liquid mixture reaches fresh adsorbent, 
the temperature rises about 5° C. From these observations the 
rate of flow is calculated and, if necessary, appropriately altered 
by changing pressure. As the time approaches for reservoir E\ 
to be emptied of the charge of hydrocarbon material, observations 
are made of sight glass I  a t frequent intervals. When the last of
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FÛ
T IM E  IN HOURS

ju re 6. P lot o f Course o f Experim ent in 
the 52-Foot Adsorption Colum n

Circle» rep re sen t p o sitio n  o f th e rm o e lem en ts . A 
m ark s th e  tim e  w hen  hydrocarbon  h ad  a ll en te red  
fra c tio n a tin g  sec tion . B m ark s  th e  tim e  w hen fil
tr a te  firat appeared  a t  b o tto m  o f f ra c tio n a tin g  sec
tio n . P ressu re  o f in e r t  gas a t  head  o f  co lu m n  was 30 
p ounds per sq u a re  in ch  a t  s ta r t  o f ex p erim en t, and  
was successively changed  to  60, 85, an d  80 p o u n d s a t  
th e  lim es w hen f ro n t o f m ix tu re  o f hyd rocarbons 

paHHcd each q u a r te r  len g th  o f co lum n

the hydrocarbon material has passed tho sight glass, valve Z)s is 
closed» and valve D6 is opened to admit desorbing liquid to the 
top of the adsorbent in the fractionating section.

As the liquid nears the bottom of the column, the operator is 
prepared to collect and remove the filtrate. Usually fractions of 
filtrate of 50-ml. volume are taken, except in the neighborhood of 
the “breaks” between the hydrocarbon components being sepa
rated and between the hydrocarbons and^the desorbing liquid, 
when fractions of 5-ml. volume are collected. The collection of 
filtrate in fractions is continued until desorbing liquid free of 
hydrocarbon material issues from the column Usually about 
50 ml. of filtrate are collected after the desorbing liquid first, 
appears in the filtrate (Figure 7). When the collection of frac- 
t ions is completed, the flow of desorbing liquid into the column is 
stopped by closing valve De, the receiver is removed, and a 1- 
gallon bottle is placed beneath the column to receive remainder 
of the desorbing liquid which may issue later.

During all of the foregoing operations in performing an adsor]>- 
tion experiment, both the dehydrator and the flowmeter (rotam
eter) have been by-passed. (The rate of flow of fluid into the 
fractionating section during an adsorption experiment is below 
the minimum range of the rotameter, which is used during the 
process of regeneration of the adsorbent.) The procedure fol
lowed in regenerating the column of ads'orbent is as follows:

At the conclusion of the adsorption experiment the pressure of 
inert gas is retained a t the head of the column, and appropriate 
valves are operated so tha t the inert, gas is made to flow through 
the flowmeter (rotameter). When the flow of inert gas, as indi
cated on the flowmeter, shows a marked increase, about half of 
the 3.4 liters of desorbing liquid remaining in tho column at the 
end of tho experiment has issued from the bottom of the column 
as readily removable liquid. The remainder of the desorbing 
liquid in the column is to be removed as vapor from the top of the 
column by heating. Valves Di and Dl0 are closed, and valve ¡X 
is opened. The latter valve connects the column to receiver //.

Figure 7. Results 
of Experiment in 
52-Foot Adsorp
tion Colum n with 
Silica Gel and a 
Kerosene Frac
tion o f Petroleum
F r a c t i o n s  d e B ig n a tp i l  
X  s h o w e d  c r y s t a l «  a t  

r o o m  t e m p e r a t u r « *

VOLUME IN ML.
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VOLUME ' IN ML.

figure 8. R esults o f Experim ents in  4-Foot Glass 
Column w ith Silica Gel and Portions o f Filtrate from  

Kerosene Fraction o f Petroleum

By means of the electrical heating system, the temperature of the 
fractionating section is raised to about 10° C. above the normal 
boiling point of the desorbing liquid. When the rate of evolution 
of desorbing liquid from the top of the column drops, the tempera
ture is raised another 10° C. After the bulk of it has been re
moved in this fashion, the last traces of desorbing liquid are re
moved by opening valve DS] admitting a t the bottom of the column 
a stream of dry' nitrogen (which has been passed through the 
dehj'drator) a t a  rate of 20 to 50 ml. per minute, and maintaining 
the temperature of the fractionating column a t 200° C. This last 
operation is continued until substantially all the desorbing liquid 
has been removed from the adsorbent.

T E S T  E X P E R I M E N T S

For the first test experiment a mixture was used consisting, by 
volume, of 662/ 3% n-dodecane, 20% triethylbenzene and 13'/3% 
1-methylnaphthalene. [The n-dodecane was of petroleum 
origin (9), was aromatic-free, and had a purity of about 90 mole 
% as calculated from the freezing point. The impurities were 
largely cycloparaffins. The triethylbenzene was a middle por
tion from the distillation of Dow Chemical Company’s triethyl
benzene. The impurities were believed to be largely isomeric.

Figure 9. Asssmbly of 26-Foot 
Glass Adsorption Colum n w ith  

D im ensions in M illim eters
A . C o n n e c t io n  to  s o u r c e  o f  n i t r o g e n  

u n d e r  p r e s s u r e
B . S t a n d a r d  s p h e r ic a l  j o i n t  1 8 /9
C . R e se r v o ir , 6 0 - m in . in s id e  d i a m e t e r
I) . U p p e r  p a r t  o f  f r a c t i o n a t in g  s e c 

t io n , 2 2 - m in . in s id e  d i a m e t e r
E . L o w e r  p a r t  o f  f r a c t i o n a t in g  s e c 

t io n , 1 0 - m m . in s id e  d i a m e t e r
F .  S in te r e d  g l a s s  p l a t e ,  m e d iu m  p o r 

o s ity
G . S to p c o c k ,  2 - m m . b o r e ,  w ith  p lu g  

h e ld  f irm ly  in  p la c e  w ith  s p r in g  
c l a m p s

II . S t a n d a r d  t a p e r  g r o u n d  jo i n t ,  1 4 /3 5
I. R e c e iv e r , 1 .1 -m l. c a p a c i t y ,  g r a d u 

a t e d  to  0.01 m l .
.J. S t o p c o c k ,  2 - m m . b o re

The 1-methylriaphthalene was of 
petroleum origin (9), was substan
tially 100% aromatic, and had a 
purity of about 95 mole % as 
calculated from the freezing point. 
The impurity was largely 2-methyl- 
naphthalene. ] Approximately 1300 
ml. of this mixture was used in 
the first experiment, with isopro
panol as the desorbing liquid. 
(Because of a leak a t the head 
of the column, the exact volume 
of hy'drocarbon ’going into the 
fractionating section in this experi
ment is not known.)

In the first experiment with 
this mixture, the time (measured 
from the beginning of the intro
duction of hydrocarbon into the 
fractionating section) required to 
introduce the mixture of hydro
carbons into the fractionating 
section was 12 hours, and the 
time a t which filtrate appeared at 
the bottom of the fractionating 
section was 34 hours. A volume 
of 1550 ml. of filtrate was col
lected in 21‘/s hours, which corre
sponds to a rate of flow of 72 ml. 
per hour. The pressure of inert 
gas applied a t the head of the 
column was 15 pounds per square 
inch a t the sta rt and was in
creased, stepwise, to 90 pounds 
per square inch a t the end of the 
experiment.

The results of the first experi
ment, with silica gel as the ad
sorbent and isopropanol as the 
desorbing liquid, are shown in 
Figure 5. The breaks between 
n-dodecane and triethylbenzene 
and between triethylbenzene and 
1-methylriaphthalene are reasonably 
satisfactory. However, the break 
between l-methydnaphthalene and 
the desorbing liquid is regarded as 
unsatisfactory.

After the first experiment, the 
adsorbent in the fractionating 
section was regenerated as de
scribed in the preceding section.
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VOLUME IN ML.

Figure 10. R esults o f Experim ent in  26-Foot Class 
Adsorption Column with Silicu Gel and 50-50 
M ixture l>y Volum e o f n-ITeptane and ri-Dodceane

Then a second experiment, the same as the first, was performed, 
and substantially identical results were obtained.

Since isopropanol is not a satisfactory desorbing liquid for use 
with hydrocarbons in the kerosene region, some experiments were 
performed with other desorbing liquids to determine which liquids 
would give satisfactory breaks between the more strongly adsorbed 
aromatic hydrocarbons and the desorbing liquid. These experi
ments were performed wTith  the same adsorbent in the 4-foot glass 
adsorption column (4) using the same mixture of hydrocarbons as 
described and a number of different desorbing liquids having vis
cosities higher than isopropanol. IGooding and Hopkins (2) 
have pointed out the desirability of having a desorbent with vis
cosity greater than tha t of the hydrocarbons being separated.] 
The following desorbing liquids were tried in the small column: 
isopropanol, 1-butanol, 2-methyl-l-butanol (sec-butylcarbinol),
3-methyl-l-butanol (isobutylcarbinol), 2-methyl-2, 4-pentanediol, 
and diethylene glycol monomethyl ether (methyl Carbitol). Of 
these liquids, 2-methyl-l-butanol and 3-methyl-l-butanol gave 
the sharpest breaks .and were satisfactory. The difference in the 
breaks between the dinuclear aromatics and the desorbing liquid, 
obtained with isopropanol and 3-methyl-l-butanol, respectively, 
may be seen from Figures 5 and 7.

After regeneration of the silica gel adsorbent, another test ex
periment was performed in the 52-foot, adsorption column with a 
charge of hydrocarbons comprising 2800 ml. of material from the 
kerosene fraction of petroleum, having a boiling range of approxi
mately 230° to 240° C. a t 1 atmosphere. The desorbing liquid 
used was 3-methvl-l-butanol. The course of this experiment and 
the results obtained are shown graphically in Figures 6 and 7. 
The time required to introduce all the hydrooarbon into the frac
tionating section was 25 hours, with filtrate appearing a t the bot
tom of the column 8 hours after this. A volume of filtrate of 
2S50 ml. was collected in 70 hours; this corresponds to a rate of 
41 ml. per hour.
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Figure 11. R esults o f Experim ent in  26-Foot Glass 
Adsorption Column w ith  Silica Gel and 50-50 

M ixture by Volum e o f n-O ctane and 
2,2,4-T rim elhylpentane

To determine the extent of removal of the aromatic hydro
carbons from the “plateau” of paraffin-naphthene components 
and of the dinuclear aromatics from the “ plateau” of mononu
clear aromatic material, aliquots, or all of the portions of filtrate 
labeled A, B, and C in Figure 7, were rerun in separate experi
ments in the 4-foot adsorption column (4). The results of these 
experiments, carried out with the assistance of Albert J. Sweet- 
man, are shown by the solid-line curves in Figure 8. The broken- 
line curves in Figure 8 represent a replotting of the data from 
Figure 7 for the corresponding portion, with the volume scale 
adjusted to be the same. I t  is apparent that portion A  contains 
no aromatic material. Portion B, on the other hand, was found 
to be about 50% aromatic, as evidenced by the break from the 
paraffin-naphthene material to mononuclear aromatics near half 
the volume. For portion C the results of the rerun experiment, 
are not greatly different from those of the original experiment. 
The material is all aromatic except for a  small amount of non- 
aromatic material disclosed by the lower refractive index of the 
first fraction. From these data it is concluded tha t the transition 
from paraffin-naphthene material to the mononuclear aromatic 
material in the kerosene fraction in the 52-foot column occurs 
sharply within a volume of 50 ml. The portion labeled D in 
Figure 7 was rerun in a similar manner. The results of this ex
periment (not illustrated) showed th a t portion D consisted al
most entirely of mononuclear aromatic hydrocarbons, with no 
significant amount of dinuclear aromatics. The break from 
mononuclear aromatics to dinuclear aromatics is reasonably sharp, 
although the plateau of dinuclear aromatic material still appeal's 
to contain some mononuclear aromatics, as evidenced by the re
fractive index. This experiment also discloses the improvement 
obtained in using 3-methyl-l-butanol in place, of isopropanol as 
the desorbing liquid, as evidenced by the sharper break between 
hydrocarbon material and the desorbing liquid.

SEPARATION O F HYDROCARBONS BY ADSORPTION

A p p a r a t u s .  The 26-foot glass adsorption column shown in 
Figure 9 was assembled for experiments on binary mixtures of 
pure hydrocarbons having nearly the same adsorbability, selected 
to disclose differences in adsorbability arising from differences in 
molecular size and structure. This apparatus, which holds ap-
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Figure 12. R esults o f Experim ent in 26-Foot Glass 
Adsorption Colum n w ith  Silica Gel and 50-50 

M ixture by Volum e o f Cyclohexane and 
n-B utyleyelohexane

VO L U M E  IN ML.

Figure 13. R esults o f Experim ent in  4-Foot Glass 
Adsorption Colum n w ith  Silica Gel and a 50-50 

M ixture by Volume o f Cyclopentane and 
Cyclohexane

proximately 500 grams of silica gel, was operated in the same 
maimer as the 4-foot adsorption column described by M air (4), 
except th a t the time for one experiment in the.26-foot column was 
about 20 hours, whereas approximately 3 hours were required for 
one experiment in the 4-foot column. After completion of an ex
periment in the 26-foot column, the bottom part was cut off a t a 
point above the sintered glass plate (F, Figure 9), and the used 
adsorbent was removed by flushing with water, as for the 4-foot 
column (4). For two of the experiments the 4-foot column was 
used as previously described (4). In  the latter experiments re
frigerated water was passed through the jacket, and the fractions 
of filtrate were refrigerated from the time of their removal from 
the column until the measurements of refractive indices were 
made.

R e s u l t s .  The results of adsorption experiments made on 
eleven different binary mixtures (50-50 by volume) of selected 
hydrocarbons are shown in Figures 10 to 16. The results, includ
ing calculation of the composition of the first and last fraction 
of hydrocarbon filtrate for each mixture, are summarized in 
Table I.

DISCUSSION

C o l u m n .  In connection with the assembly and testing of the 
52-foot adsorption column previously described, the following 
points are noted:

The apparatus will, in a one-pass operation, separate a wide 
boiling gasoline, kerosene, or gas-oil fraction of natural petroleum 
into (a) a  portion containing the paraffin and naphthcne (cyclo- 
parnflin) components, (b) a portion containing the bulk of the 
mononuclear aromatics (free of paraffins and naphthenes and of

VOLUME IN ML.

Figure 14. R esults o f Experim ents in  26-Foot (Solid  
L ines) and 4-Foot (B roken L ines)  Glass Adsorption  
C olum ns w ith  Silica Gel and 50-50 M ixture by Vol
um e o f M ethyleyclopentane and M ethyleyclohcxane
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T a b l e  I .  A d s o r p t io n  E x p e r i m e n t s  w i t h  S i l i c a  G e l  a n d  
E l e v e n  D i f f e r e n t  B in a r y  M i x t u r e s  o f  H y d r o c a r b o n s

Approx. Com pn.“
of Hydrocarbon Results

Filtrate, % by Vol. P lotted
M ixture Components, 50-50 First Last in

No. by Vol. fraction fraction Figure

1 n-Dodecane 88 17 10
ii- Heptane 12 83

2 2,2,4-Trimethylpentane 62 41 11
n-Octane * 38 59

3 n-Butylcyclohexane
Cyclohexane

58
42

49
51

12

4 Cyclohexane 65 19 13
Cyclopentane 35 81

5 Mcthylcyclohexane 100 15 14
Methylcyclopentane 0 85

15 (left)6 Cyclohexane
n-Hexane

98
2

33
67

7 n-Heptane 68 48 15 (center)
Methylcyclohexane 32 52

8 2,2,4-Trimethylpentane 100 25 15 (right)
Methylcyclohexane 0 75

16 (left)9 n-Butylbenzene 100 0
Benzene 0 100

10 n-Butylbenzene 100 23 16 (center)
1,2,3,4-Tetramethylbenzene 0 77

11 p- Xylene 90 41 16 (right)
o-Xylene 10 59

a Calculated assuming linearity between refractive index and composition 
in^percentage by volume. The uncertainty in the calculated composition is 
estim ated to be =*=2% by volume for all the mixtures except No. 2, which is 
^=5% and No. 9 and 11, which are =*=3%.

dinuclear aromaties), (c) a portion containing all of the dinuclear 
aromatic hydrocarbons (contaminated with a small amount of 
mononuclear aromaties), and (cl) small intermediate portions be
tween a and b and between b and c.

The total amount of hydrocarbon material which may be in
cluded in one charge into the apparatus is th a t quantity which 
contains about 500 ml. of aromatic hydrocarbons (mononuclear 
plus dinuclear).

If the charge of hydrocarbon material is kept free of reactive 
components which tend to produce materials not removable from 
the adsorbent by the desorbing liquid, the adsorbent may be re
generated in place in the fractionating scction. Although the 
adsorbent in the first 52-foot adsorption column assembled has,

a t this writing, been used three times and regenerated without 
difficulty, it is expected tha t the number of regenerations, while 
large, will be limited, and tha t replacement of the adsorbent will 
be necessary.

B i n a r y  M i x t u r e s .  In connection with the results of the 
adsorption experiments summarized in Table I and Figures 10 to 
16, the following points are noted:

Among the eleven binary mixtures examined, in experiments in 
which the charge was a 50-50 mixture by volume of the two com
ponents, the percentages by volume of the less strongly adsorbed 
component iti the first fraction of hydrocarbon filtrate and of the 
more strongly adsorbed component in the last fraction of hydro
carbon filtrate were found to be as shown in Table I. (Because of 
the possible uncertainty in the results obtained on mixture 4 aris
ing from the relatively high volatility and possible loss of cyclo- 
pentane, and because this experiment was performed only in the
4-foot column, the results of this experiment will not be further 
discussed.)

For the experiments shown in Figures 11, 12, 15, and 16 (center 
and right) the original mixture was fractionated unsymmetrically 
to give, as in Figures 15 (left and right) and 16 (center), a pure com
ponent in the first filtrate with a break to a mixture of the two 
components which, while richer in the more strongly adsorbed 
component, did not further fractionate a t all or fractionated only 
slightly; or, as in Figures 11, 12, 15 (center) and 16 (right), a first 
filtrate which was enriched but not pure in the less strongly ad
sorbed component with a break to  a mixture of the two compo
nents which, while richer in the more strongly adsorbed component, 
did not further fractionate a t all (or, if so, only slightly). For 
these seven mixtures and the given fractionating system, more 
than half of the filtrate (measured from the tail or more strongly 
adsorbed end of the filtrate) is in each case a mixture which is 
fractionated very little or not a t all. In  each unfractionated 
mixture, therefore, the two components exist in the liquid phase in 
a ratio in which the escaping tendency or fugacity (3) of each 
component is equal to its escaping tendency or fugacity in the 
solid adsorbed phase. Whenever two components possess a com
position which is not further fractionated by the given adsorption

Figure 15. R esults o f Experim ents in 26-Foot Glass Adsorption C olum n wi th Silica Gel and 50-50 M ixtures by V o l u m e
o f Various C om ponents
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apparatus, it. is possible to obtain from a mixture of these two com
ponents some of the less strongly adsorbed component in a sub
stantially pure state, only when the original mixture is richer in 
the less strongly adsorbed component than the nonfractionating 
mixture.

For the experiments shown in Figures 10, 14, and 16 (left) the 
original mixture was fractionated symmetrically, or nearly so, to 
give, as in Figure 16 (left), some of both components in a sub
stantially pure state, or, as in Figures 10 and 14, a first filtrate 
substantially pure in the less strongly adsorbed component and a 
last hydrocarbon filtrate which, while not pure, is approaching 
the pure, more strongly adsorbed component. Whenever two 
components do not possess a composition which is nonfractionat- 
ing in a given apparatus, therefore, both components may be ob
tained in a substantially pure state by the process of adsorption, 
provided adequate length of fractionating section is employed.

With regard to the influence of molecular size and structure on 
adsorbability, for adsorption from equivalent concentrations in 
the liquid phase with silica gel as the adsorbent, the following re
lations appear to hold:

In order of decreasing adsorbability, the several structural 
components may be listed as (a) dinuclear or polynuclear aro
matic, (6) phenyl, and (c) cycloparaffin and paraffin, with a and 
b being as a class very much more strongly adsorbed than is c. 
That is to say, the addition of a phenyl group to a paraffin or 
cycloparaffin group produces a molecule having an adsorbability 
in the class of a and 6, whereas the differences in adsorbability 
among cyclopent.yl, eyclohexyl, »-alkyl, and isoalkyl are relatively 
small.

Increasing the number of carbon atoms in a ?i-alkyl group de
creases the adsorbability. This is true whether the given ra-alkyl 
poup is already attached to a phenyl, cyelopcntyl, cyclohexyl, 
»-alkyl, or isoalkyl group.

Cyclopentane is more strongly adsorbed than cyclohexane.
A given monoalkyl cyclopentane is more strongly adsorbed 

than an alkylcyclohexane with the same substituent.
With the same number of carbon atoms, a normal paraffin is 

more strongly adsorbed than an isoparaffin.
«-Hexane is more strongly ad-

With the same number of carbon atoms per molecule a poly- 
alkylbenzene is more strongly adsorbed than a normal alkyl- 
benzene.

For mononuclear aromaties with the same number of carbon 
atoms per molecule and two alkyl groups attached to the benzene 
ring, the ortho-substituted compound is more strongly adsorbed 
than the para-substituted (and presumably more than the meta
substituted).

I t  is expected th a t some modification will be made in the de
tails of the foregoing relations between adsorbability and molec
ular size and structure as additional data become available.
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SULFONAMIDE PLASTICIZERS 
AND RESINS

HOWARD S . BERGEN, J R ., AND J . KENNETH CRAVER
M o n sa n to  C hem ical C om pany, S t.  Louis 4, Mo.

T h e  sulfonam ide plasticizers and resins arc com patible  
w ith, and im part m any desirable characteristics, such as 
gloss, toughness, and adhesion, to a wide variety o f resins, 
including cellulose n itrate , cellu lose acetate, ethylcellu - 
lose, nylon, and /.tin . Physical tests, includ ing tensile  
strength , elongation , water perm eability, and flexibility, 
were conducted 011 cellulose n itrate and cellulose acetate  
films and sheets plasticized w ith  th e  sulfonam ides and 
using d ibutyl phthalate , cam phor and d im ethyl phtlia late, 
and diethyl phthalate and Iriacelin as the respective con
trol plasticizers. Tests were also conducted 011 in jection-

E VER since 1808, when H yatt successfully plasticized cellulose 
nitrate with camphor to form celluloid, there has been a 

desire to utilize other plasticizing materials. Since 1882, when 
Stevens patented the use of amyl acetate as a solvent for pyroxy
lin to form a lacquer film, there has been the desire to improve 
these lacquers and create new types by using various resins and

CHLOROSULFONIC ACID TO LUEl
Cl SO2 OH CH3

I_________ ?

molded specim ens. In  cellulose acetate, sulfonamide 
plasticizers im part greater flexibility and lowrer water per
m eability  than  the control plasticizers. The sulfonamide 
resins yield film s o f h igh tensile strength  and extremely 
low water perm eability. In cellulose n itrate the sulfon
am ides give film s o f greater tensile strength, elongation, 
and flexibility than  the controls. The sulfonam ide resins 
decrease water perm eability, increase solvent resistance, 
and sharpen th e m eltin g  point. Som e applications of 
these plasticizers and resins in the paint, varnish, and 
plastics industry are discussed.

plasticizers. As a result, many different compounds have been 
investigated; among them are the aryl sulfonamides which have 
found a secure place industrially as plasticizers and resins.

The first application of the sulfonamides as plasticizers was 
described in a patent by Schmidt (10) in 1904 in which they re
placed camphor as a plasticizer for cellulose nitrate. The first 

application of the sulfonamide resins was 
described in a patent by Gardner (S) in 1925; 
resins formed by the condensation of alde
hydes with toluene sulfonamides are used in 
film forming compositions in conjunction with 
cellulose esters and ethers. Since these early 
times many additional uses of these compounds 
have been found in coating compositions and 
molded plastics.

PR E P A R A T IO N

Figure 1 illustrates the basic steps in the 
preparation of the sulfonamide plasticizers 
and resins. Toluene is chlorosulfonated to 
form mixed o- and p-toluene sulfonchlorides 
which are subsequently separated by crystal
lizing,- centrifuging, and washing. The 0- and 
p-toluene sulfonchlorides and their various 
mixtures are utilized for the manufacture of 
sulfonamide plasticizers and resins. Benzene 
is also used as the starting point for benzene 
sulfonamides. By reacting those sulfon
chlorides with various amines, Ar-substituted 
sulfonamides are obtained. For example, by 
using ethylamine, A'-ethyl toluene sulfonamide 
is produced. These iV-substituted sulfon
amides may also be prepared by reacting an 
alkyl chloride with the amide formed by 
treating the suifonchloride with ammonia.

In general, Ar-substituted cyclic groups of 
aryl sulfonamides tend to give compounds 
of high melting point, whereas A'-substituted 
alkyl groups give lower melting points. 
DWV,Ar-substituted alkyl groups give melt
ing points higher than the mono-Ar-substituted 
alkyl groups and are generally less compatible 
with various resins. Increasing the length 
of the alkyl chain tends to lower the crystal-

f
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0
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CH3
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Figure 1. Production o f  Sulfonam ide Plasticizers and Resins
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lizing point. Alkyl substitution on the aryl group 
of the sulfonamide causes considerable variation 
of melting point, and generalities can be drawn 
only from substituted sulfonamides of the same 
aryl group.

Resins may be formed by condensing the 
various sulfonamides with aldehydes such as 
formaldehyde, furfuraldehyde, and acetaldehyde. 
Sulfonamide resins of a fusible and soluble type 
result from the condensation of formaldehyde 
with aryl monosulfonamides, such as -p-toluene 
sulfonamide. In the opinion of various investi
gators (6, 12) the monoaryl sulfonamide resins 
may be considered as supercooled melts of mix
tures of unchanged sulfonamides and trimeric 
methylene derivatives having the following 
structure:

T a b l e  I. S u l f o n a m i d e  P l a s t i c i z e r s  a n d  R e s i n s

Trade Color and
Melting
Point,

Crystal
lization
Point,

Compound Name Form ° C. ° C.

Ar-Ethyl p-toluene sulfonamide Santicizer 3 W hite solid GO
Ar-Ethyl o- & p-toluene sulfon

amide Santicizer 8 Light amber liquid 
W hite solid

18
o- & p-Toluene sulfonamide 
p-Toluene sulfonamide

Santicizer 9 ÍÓ5
Santicizer 139 W hite solid 137

Ar-Ethyl benzene sulfonamide Santicizer 128 W hite solid 52
AVButyl benzene sulfonamide Santicizer 127 Colorless liquid - 2 0
Ar-Isopropyl benzene sulfon

amide Santicizer 130 Colorless liquid 25
Mixed N-isopropyl benzene 

sulfonamide & iV-isopropyl 
toluene sulfonamide Santicizer 131 Colorless liquid - 3 0

Condensation products of aryl 
sulfonamides and formalde Santolite II Colorless, brittle resin 50-58
hyde Santolite M H P Colorless, brittle resin 45-56

A sulfonamide alkyd resin Santolite K-5 Colorless, viscous resin . . .

CH.

c h 3 < = > - /  n X >  

h 2c  c h ,
\ n /

SO: CH3

Hard and infusible resins follow the condensation of formaldehyde 
with di-and trisulfonamides or aniline sulfonamide (sulfanilamide) 
[12). In the latter case the relative positions of the amine groups 
are important in producing an infusible resin. For example, 
aniline o-sulfonaniide with formaldehyde yields a fusible resin 
(initial softening point 100-118° C. and final softening point 105- 
157° C.). I t  is believed tha t sterie hindrance inhibits the primary 
reaction of the amide with the aldehyde or diminishes the poly
merization capacity of the primary condensation product.

On the other hand, aniline p- or »«-sulfonamide condenses with 
formaldehyde to form an infusible resin. Walter (12) views this 
reaction as proceeding first to a  methylene-methylol compound 
containing more than one reactionable group which reacts further 
to a polydimensional ring system. Marvel (7) and co-workers 
recently presented their hypothesis on the mechanism of urea- 
formaldehyde reactions which may, to some extent, explain the 
mechanism of aryl sulfonamide-formaldehyde condensations. 
Consideration of the possibility of ring formation is essential as 
the hardening property is connected with the formation of a 
polydimensional network. I t  is believed, tha t the chemical re
actions involved are similar to those which occur in the urea-form- 
aldehyde type condensation, since similar variations of acid and 
alkali catalyst, amount of aldehyde, temperature and time of re
action must be considered in their manufacture.

P R O P E R T IE S

Obviously a great number of compounds and resins are avail
able. Table I lists the more im portant sulfonamide plasticizers 
and resins and a few of their physical properties. The properties 
are given for the commercially available plasticizers and resins 
and not for the pure compound. Other less important sulfon
amide derivatives which have been investigated as plasticizers, 
and some of their properties are listed in Table II.

These compounds are readily soluble in alcohols, ketones, 
esters, and other organic solvents. They are only very slightly 
soluble in water, the greatest water solubility being approximately 
1% at 34° C. This solubility generally may be increased in an 
alkaline solution. However, ammonia in some cases lowers the 
solubility. The sulfonamides have very low acidity, and vary 
from colorless liquids, which form a glassy solid a t —30° C., to 
relatively high melting solids and resins.

The sulfonamide resins and plasticizers arc compatible with and 
im part many desirable characteristics, such as gloss, toughness, 
and adhesion, to a wide variety of resins (Table I I I ) . In this and 
subsequent tables the abbreviations N /C , C/Ac, C/AB, and E /C  
represent cellulose nitrate, cellulose acetate, cellulose acetate 
butyrate, and ethylcellulose, respectively.

These compatibilities were determined by casting the film from 
solution, drying, and storing for one week at 95% relative hu
midity. The maximum compatibility is dependent upon many 
variables such as the percentage nitration, acetylation, etc., of 
the base material as the case may be; the environmental condi
tions a t the time of casting (temperature, relative humidity) and 
of solvent used. Therefore, Table I I I  should serve only as a 
general indication of the relative compatibilities. Compatibili
ties above 100 PH R  (parts per hundred parts resin) were not 
tried; however, it is known th a t in several cases the plasticizers 
are compatible to 300 PHR.

Although the limits of compatibility are not shown here, it is 
known tha t the sulfonamides are compatible with, and in some 
cases actually enter into, the reaction of various thermosetting 
plastics such as urea-formaldehyde, melamine formaldehyde, and 
phenol-formaldehyde. Here they im part an increased flow or 
plasticity, which makes possible laminated punching stock or 
postformed articles, and decreased molding pressures and tem
peratures.

Both the sulfonamide resins and plasticizers may be used to 
plasticize various polyamides (1, 2, 8, 9, 11). Often additional 
plasticizers such as the phthalyl glycolates are added to improve

T a b l e  II. L e s s  I m p o r t a n t  S u l f o n a m i d e  D e r i v a t i v e s

Plasticizer
AT-Methyl benzene sulfonamide 
N-n-Propyl benzene sulfonamide 
iV-Allyl benzene sulfonamide 
Ar-aec-Heptyl benzene sulfonamide
Ar,A^-Dimethyl benzene sulfonamide 
Ar,AT-Diethyl benzene sulfonamide 
Ar,Ar-Di-n-butyl benzene sulfonamide
Ar-Cyclohexyl benzene sulfonamide 
Ar-Cyclohexyl-3,4-dichlorobenzenesulfonamide
A^-Allyl p-toluene sulfonamide 
A^/J-Hyaroxyethyl p-toluene sulfonamide 
Ar-n-Butyl p-toluene sulfonamide 
Ar-Butyl glycollyl p-toluene sulfonamide
2V',iV-Di-0-hydroxyethyl p-toluene sulfonar 
Ar,iV-Di-n-butyl p-toluene sulfonamide 
Ar-Cyclohexyl p-toluene sulfonamide
N-M ethyl xylene sulfonamide 
iV’-cyclohexyl diphenyl sulfonamide 
Ar,Ar-Di-n-butyl phenylene disulfonamide

a P arts per hundred parts of resin.

C rystal
lization

Compatibility,
P H R °

Point, Cellulose Cellulose
° C. acetate nitra te

32 > 1 0 0
36 > 1 0 0 > io o

- 2 5 50
25 50
47 > 1 0 0 > 1 0 0
40 > 1 0 0 > 1 0 0

30 > 1 0 0
91 50 50

i n o 30
64 <  50

- 2 5 > 1 0 0 > io o
- 4 2 80 >1 0 0

60 >  75
j 99 30 30

0 >1 0 0
*86 60 > 1 0 0

- 2 5 > 1 0 0
157 0

96 60 > 7 5
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2. N -ISO PRO PYL BEN Z EN E SULFONAMIDE
3. N -B U TY L B EN Z EN E  SULFONAMIDE
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c. CELLULOSE NITRATE FILM

P L A S T IC IZ E R
1. c a m p h o r
2. N-ETHYL BEN ZEN E SULFONAMIDE
3. N-ISOPROPYL BEN Z EN E SULFONAMIDE^ 

A LSO  N -BUTYL BENZENE SULFONAMIDE
4. D IB U TY L P H T H A L A T E

_l_ _1_
25  50  75
PLASTICIZER CONCENTRATION 
(PARTS/HUNDRED PARTS OF RESIN)

100

Figure 2. Effect o f Plasticizer C oncentration on Tensile  
Strength o f Cellulose A cetate and Cellulose N itrate Film

T a b l e  III. C o m p a t i b i l i t i e s  o p  S u l f o n a m i d e s  ( P a r t s  p e r  H u n d r e d )
Poly- Poly
vinyl amide

C/A B  -----  “  ‘: Sulfonamide Derivative N/C C/Ac E /C  Zein Formal Resins
A’-E thyl p-toluene sulfonamide 30« 45« 40 30 20 45 10
iV-Ethyl o- & p-toluene sulfonamide 100 100 60 80 50 50 30
Mixed toluene sulfonamides 30 30 20 40 20 30 20
p-Toluene sulfonamide 25« 30a
iV-Ethyl benzene sulfonamide 80 50 50 50 50 50 20
jV-Butyl benzene sulfonamide 100 100 60 50 50 50 30
AT-Isopropyl benzene sulfonamide 
Mixed iV-isopropyl benzene sulfon

amide & A-isopropyl toluene sul
fonamide

100 100 100 100 60 100 30

100 100 100 100 60 100 30
Santolite H 100 100 100 100 100« 100
Santolite M1IP 100 100 100 100 100« 100
Santolite K-5 100 100 100 100 100« 100

Even greater when used in conjunction with additional plasticizer*.

low temperature flexibility. The N-ethyl o- and p-toluene sul
fonamide and o- and p-toluene sulfonamide are compatible to the 
extent of 25 and 50 PHR in shellac, the former exerting a greater 
softening action. The sulfonamides are compatible with the 
polyvinyl chloride resins and copolymers; however, they do not 
impart any outstanding properties.

In general, the sulfonamide plasticizers which are liquids at 
room temperature are more compatible and exhibit better solvent 
action than the solid types. However, even a t low concentra
tions the' solid sulfonamides are effective in imparting desirable 
properties which may be more widely enhanced by the use of aux
iliary plasticizers such as dibutyl phthalate, the phthalyl glyco- 
lates, or tricresyl phosphate.

F IL M  T E S T S

Physical tests were conducted on cellulose nitrate and cellulose 
acetate films plasticized with the sulfonamides, using dibutyl 
phthalate and camphor as controls in cellulose nitrate and di
methyl phthalate, and diethyl phthalate and triacetin as controls in 
cellulose acetate. D ata are listed in Table IV and plotted in 
Figures 2, 3, and 4. The methods for preparation of samples and 
test methods were as follows:

P r e p a r a t i o n  o f  R e s i n  S o l u t i o n .  Cellulose nitrate solutions 
were prepared by dissolving weighed amounts of the plasticizer 
in a 15% solution of R.S. ‘/¡¡-second cellulose nitrate (12% nitro
gen) in a solvent consisting of equal parts by volume of butyl 
acetate and toluene. Cellulose acetate solutions were prepared 
by dissolving weighed amounts of the plasticizer in a 11.5% solu
tion of cellulose acetate (38.8% acetyl content) in acetone.

F i l m  C a s t i n g .  Cellulose nitrate and cellulose acetate films 
were cast on a spinning plate as described by Gardner and Sward 
(5). The thickness of the film was 0.0010-0.0015 inch for ten
sile, elongation, and water permeability tests and 0.0025-0.0032 
inch for Schoppcr fold tests.

C o n d i t i o n i n g  . All samples were dried and conditioned for one 
week in a constant temperature (25 =*= 2° C.) and constant humid
ity  (50-55% relative humidity) room.

T e n s i l e  a n d  E l o n g a t i o n .  These tests were conducted in a 
Gardner-Parks tensilonieter.

F o l d  ( F l e x i b i l i t y ) .  Plastic films were tested in a Schopper 
fold tester in which a tensile load of 1 kg. is app!ieddi_ring the flexi
bility tests.

M o i s t u r e  V a p o r  P e r m e a b i l i t y .  Plastic films, 0.0010-0.0015 
inch thick, were sealed over the top of glass bottles containing 
10-15 grams of anhydrous calcium chloride so tha t an area of 10.5 
sq. cm. of film was exposed. The bottle was then exposed to an 
atmosphere of 100% relative humidity for 48 hours and the per
centage increase in weight determined. Plasticized films are al
ways compared to a control containing no plasticizer. The gain 
in weight of the control is taken as 100% permeability, and 
the percentage permeability of the plasticized films computed 
from it.

Another series of tests were run in  which cellulose acetate, 
plasticizer, and solvent were mixed, rolled, baked, sheeted, sea
soned, and polished to form a sheet approximately 0.010 inch 
thick. The tests consisted of: tensile strength, using Scott 
Model S-2 yarn tester; bursting strength, employing a Mullen 

tester (B. F. Perkins and Son, Inc., Model A); 
Elmendorf tear test, using Elmendorf paper tearing 
tester (Thwing-Albert Instrum ent Company); and 
water absorption, moisture transfer, and volatility 
tests. -

Table V compares these properties of iV-ethvl 
o- and p-toluene sulfonamide and o- and p-toluene 
sulfonamide with dimethyl phthalate, diethyl 
phthalate, and triacetin in cellulose acetate 
(38.8% acetyl). The moisture absorption test 
in this case was determined by keeping the sample 
over calcium chloride a t 25° C. until a constant 
weight was obtained. The sample was then left 
over water in a closed container a t 25 ° C. until the 
weight was again constant. The moisture transfer
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test was conducted with a setup similar to that 
used in the previously described water perme
ability test except the situation was reversed; 
that is, the water was on the inside to provide 
100% relative humidity, and the calcium chlo
ride on the outside for 0% relative humidity. 
The area of film through which vapor passed 
was 18.1 sq. cm. The volatility test was con
ducted in a circulating air oven at 60 ° C. for 12 
days.

For injection molding experiments on isopro
pyl benzene and toluene sulfonamides, batches 
of cellulose acetate (38.8% acetyl) plus 40 PHR 
of plasticizer were prepared by milling at 300 ° F. 
Diethyl phthalate was employed as control 
plasticizer. After milling, the plastic was ground 
and injection-molded into test samples. The 
properties of these compounds follow:

Cellulose acetate (Hercules FM -6), parts 100 100 100
¿V-Isopropyl benzene sulfonamide, parts 40 
iV-Isopropyl toluene sulfonamide, parts . .  40
Diethyl phthalate, pa rts  . . . . 40

Flow after 2 min. a t  275° F . and '
1500 lb./sq. in. (A .S.T.M . D569- 
44T), inch 

Water absorption in 24 hr. by l/V  
inch-thick disk (A.S.T.M. D570- 
42), %

Heat distortion temp. (A.S.T.M.
648-45T), 0 C.

Plasticizer loss, 72 hr. a t 82° C., Vs- 
inch-thick disk, %

0.58 0.41 0.17

2.24 1.71

64 67.5

0.57 0.46

2.26

69.5

1.0Ó

These data, over the various concentration 
ranges studied, indicate that the sulfonamide 
plasticizers and resins are compatible to a high 
degree with cellulose nitrate, cellulose acetate, 
cellulose acetate butyrate, ethylcellulose, and

75 PHR PI AST IC1ZER CONCENTRATION
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0 1 3 2 5 4 9

t. CONTROL-NO PLASTIC IZER
2. D IETH YL PHTHALATE
3. D IMETHYL PH THALATE

0 1 10 9 6 4- 8 7

N-BUTYL BENZENE SULFONAMIDE 
N-ISOPROPYL B EN ZEN E  SULFONAMIDE 
8. CAMPHORJ .  unyic i n  I L  r n  i i t. w . ,

4. N-ETHYL O-AND P-TOLUENE SULFONAMIDES 9. N-ETHYL BENZENE SULFONAMIDE
5. GLYCEROL TR IACETATE CTRIACETIN) 10. D IBU TYL PH TH ALATE

F igu re 3. E ffect o f  P la stic izer  C on cen tra tion  on  T en sile  S tren g th ,  
E lo n g a tio n , and  F lex ib ility  o f  C ast F ilin s

T able IV. E f f e c t  o f  P l a s t ic iz e r s  o n  C a s t  C e l l u l o s e  N it r a t e  a n d
A c e t a t e  F il m

Tensile W ater
Strength, 

K g./Sq. Cm
Elongation,

%
Schopper

Folds
Permeability

%
Plasticizer PH R C/Ac N /C C/A c N /C C/Ac N /C C /A c N /C

None GOO 600 8 6 30 30 100 100
Santolite MHP 25 1050 460 7 2 14 7 67 51

50 1010 7 • 7 32
75 565 5 1 22

100 400 5 0 16 •
iV-Ethyl o- & p-tolu- 25 455 425 11 7 33 22 50 31

ene sulfonamide 50 306 165 27 11 55 16 53 63
75 282 31 53 36 100 48 96

o- <fc p-Toluene su l 25 595 467 9 8 20 27 72 60
fonamide

<V-Ethyl benzene sul 25 310 465 7 11 70 24 67 56
fonamide 50 260 195 4 20 67 12 62 98

75 168 6
.V-Butyl benzene sul 25 425 480 31 4 59 38 67 49

fonamide 50 246 175 23 6 70 13 61 57
75 256 39 59 11 90 55 105

AT-Isopropyl benzene 25 450 394 6 5 19 27 70 47
sulfonamide 50 280 270 17 5 75 26 47 68

75 255 46 36 16 159 67 87
Glycerol triacetate 25 380 8 38 89

(triacetin) 50 330 15 46 84
75 270 16 66 79

Dibutyl phthalate 25 354 5 25 36
50 185 4 10 65
75 29 8 3

Camphor 25 500 460 7 5 26 27 99 89
50 395 35U 16 6 22 84 84
75 328 4 14 96

Dimethyl phthalate 25 425 6 37 77
50 310 13 28 71
75 295 29 28 70

Diethyl phthalate 25 490 24 15 87
• 50 330 20 39 77

75 300 24 49 84

zein. Their usefulness in polyamides may be in
ferred from the patents cited.

C E L L U L O S E  A C E T A T E

Figure 2, A and B, illustrates the effect of in
creasing plasticizer concentrations on the tensile 
strength of cellulose acetate film. The sulfon
amide plasticizers are comparable in tensile 
strength retention to dimethyl phthalate and 
diethyl phthalate and superior to triacetin. The 
sulfonamides in cellulose acetate apparently have a 
certain range of plasticizer concentration (50-75 
PHR) in which the elongation increases normally; 
the tensile strength is only slightly affected (Fig
ure 2B and 3). Figure 3 also illustrates the greater 
flexibility (Schopper folds) obtainable when cellu
lose acetate is plasticized with sulfonamide plas
ticizers as compared with dimethyl or diethyl 
phthalates. Figure 4 indicates percentage water 
permeability (control taken as 100%) of cellu
lose acetate films modified with various plas
ticizers. The sulfonamides show lower water 
permeability than the reference plasticizers, di
methyl and diethyl phthalates.

The sulfonamide resins are superior in their low 
water permeability and high tensile strength, and 
have a unique property of increasing the reten- 
tivity of solid plasticizers such as triphenyl phos
phate. In cellulose acetate sheets the sulfon
amides are better in moisture vapor transfer 
(Table V) than the phthalates, although the actual 
moisture absorption is comparable. Further,
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CELLULOSE ACETATE FILM CELLULOSE NITRATE FILM

0 1 5  2 3 7 9 6  4 0 1  8 9 6  7 10 4

1. CONTROL-NO PLASTIC IZER 6. N-BUTYL BENZENE SULFONAMIDE
2. D IETHYL PHTHALATE 7. N-ISOPROPYL BEN ZEN E  SULFONAMIDE
3. D IMETHYL PHTHALATE 0. CAMPHOR
4 . N-ETHYL O-AND P-TOLUENE SULFONAMIDES 9. N-ETHYL BENZENE SULFONAMIDE
5. GLYCEROL TR IACETATE (TR IACET IN ) 10. D IBU TYL PH TH ALATE

F igu re 4. E ffect o f  P la stic izer  C on cen tra tion  (25, 50, and  75 P H R ) on  W ater  
P erm ea b ility  o f  C ellu lose  A ceta te  and  C ellu lose  N itra te  F ilm

the sulfonamides exhibit less effcct on weight loss and dimensional 
change than the phthalates.

For injection molding, the isopropyl benzene and toluene sul
fonamides in particular confer increased flow, and thus make pos
sible more satisfactory complex molded shapes or lower heating 
cylinder temperatures.

C E L L U L O S E  N I T R A T E

Over various plasticizer concentrations, the sulfonamides retain 
tensile strength somewhat better than dibutyl phthalate (Figure 
2C), yet the elongation at these high plasticizer concentrations is 
greater than that of dibutyl phthalate (Figure 3). The greatest 
flexibility (Schopper folds) in cellulose nitrate cast film was ob
tained on the unplasticized control film, with A’-isopropyl benzene 
sulfonamide (Figure 3) giving the next greatest flexibility. Di
butyl phthalate was considerably less flexible than any of the sul
fonamides or camphor. The water permeability of plasticizers 
in cellulose nitrate cast film (Figure 4) varies, depending on the 
plasticizer concentration. In general, the lowest permeability is 
obtained around 20-40 PHR of plasticizer. Ar-Ethyl o- and p- 
toluene sulfonamide is somewhat better than dibutyl phthalate, 
and the sulfonamides, in general, are superior to camphor with 
regard to water permeability. The sulfonamides, when com
pounded with cellulose nitrate, should not be exposed to tempera
tures in excess of 80° C. as decomposition occurs, and in molding 
operations minor explosions may be possible.

The sulfonamide resins are used 
generally in conjunction with otljer 
plasticizers, in cellulose nitrate surface 
coatings to lower water permeability 
and to sharpen the melting point, as 
in heat-sealing lacquers. They also 
increase the resistance to gasoline and 
other aliphatic solvents. Although 
no quantitative tests have been con
ducted, the sulfonamide resins and 
plasticizers generally improve the gloss, 
clarity, and adhesion of all lacquer 
films.

A P P L IC A T IO N S

Because of these properties, the pro
duction of sulfonamides has increased 
from approximately 1 million pounds 
in 1939-to approximately 2.5 million 
in 1945, and many new and varied 
uses for these materials are being 
found.

The paint, varnish, and lacquer industries utilize them in nitro
cellulose, cellulose acetate, cellulose acetate butyrate, and ethyl- 
cellulose resins where films of good clarity, adhesion, durability, 
flexibility, and gloss and low water permeability are desired. The 
sulfonamide resins are of value in alkyd resins (4) for increasing 
moisture resistance and compatibility. Typical applications in
clude manicure lacquers, paper and cellophane coatings, adhesives, 
heat-scaling lacquers, and casein-type paint products.

The sulfonamides arc used by the plastics industry for plasti
cizing thermosetting resins, such as phcnol-formaldehyde, urea- 
formaldehyde, melamine-formaldehyde, and copolymer-ester- 
type resins, so that better flow is obtainable and lower tempéra
tures and pressures may be used. Numerous patents refer to the 
use of sulfonamide plasticizers for plasticizing nylon in order to 
improve working qualities, durability, flexibility, and moisture 
resistance of films, sheets, and surface coatings. Reports from 
Germany indicate that liquid sulfonamide plasticizers were used 
to plasticize polyamides for making protective gas capes and 
artificial leathers. It. is possible that the sulfonamides may be 
useful in polyvinylidene chloride films and filaments.

Sulfonamide plasticizers are useful in cellulose acetate, cellulose 
acetate butyrate, ethylcellulose, and cellulose propionate molded 
articles because of their good flow characteristics, low volatility 
and low moisture permeability or transfer characteristics, and 
good dimensional stability. Sulfonamides are valuable for cer
tain plastic films and lacquers used for packaging because of this 
low moisture transfer rate.

T a b l e  V. E f f e c t  o f  P l a s t i c i z e k s  o n  R o l l e d  a n d  M o l d e d  C e l l u l o s e  A c e t a t e  S h e e t

Plasticizer 
None (C/Ac, 38.8% acetyl)
JV-Ethyl o- & p-toluene sulfonamide

o- & p-Tolucne sulfonamide

Dimethyl phthalate

Diethyl phthalate

Triacetin

P H R

Tensile 
Strength, 

L b./Sq. In.
Elonga
tion, %

8924 8.3
10 7893 11.7
25 6040 40.0
35 5393 38.8
10 7710 7.3
25 5S30 6 .0
35 4465 19.5
10 8225 3 .5
25 5160 40.0
35 4030 36.5
10 7750 3 .0
25 5760 40.5
35 5360 57.0

10 72S0 5 .0
25 5730 43.3
35 6290 43.8

Mullen
Bursting Elmendorf M oisture
Strength, Tear Test, Absorption,

%./Sq. M ./M il G ./M il
22.3 9 .3 6.92
22.9 12.6
22.3 15.9 4.36
21.8 20.4
25.9 10.9
19.8 15.5 4.71
19.4 24.9
23.9 11.1
20.5 18.0 4.50
19.7 19.0
20.9 10.7
21.1 17.5 4.07
17.5 16.5
25.2 12.0
20.6 19.2 4.18
19.7 20.6

M oisture
Transfer,

Volatility 
(12 Days, 60° C.)

G ./Sq. M ./ % wt. % length
D ay /M il change change

2452 1.13 0.32

0.75 0.51
637 1.11 0.50

2.59 0.50

1.26 0.36
549 2.02 0.76

2.46 1.10

0.93 0.24
969 2.63 0.99

3.60 1.38

0 .90 0.26
1027 2.46 O.SS

3.86 1.36

1.08 0.1S .
2 .12 0.72
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Some use has been made of the sulfonamide resins in a treating 
solution for textile fibers to improve dyeing qualities, abrasion, 
and water resistance of the woven cloth.
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i-Malic Acid as By-product in Apple 
Sirup Manufactured by Ion Exchange

R. E. BU C K 1 AND II. H . M O TTERN 2
E astern  R eg ion a l R esearch  L a b o ra to ry , U. S. D e p a r tm e n t o f  A gricu ltu re , P h ila d e lp h ia  18, Pa.

I he /-m alic acid  w h ich  is adsorbed on  an  a n io n  ex
changer in  th e  preparation  o f  a b land  apple sirup can  be  
recovered from  th e  efflu en t from  th e  sod iu m  carbon ate  
regeneration o f  th e  exchanger. O nly a s lig h t m od ifica tion  
is necessary in  th e  regu lar regenerative procedure to re

cover w h at w ould  o th erw ise  be w a ste  m a ter ia l. T he acid  
is  ob ta in ed  in  th e  regen eran t e fflu en t as th e  so lu b le  
sod iu m  sa lt, p recip itated  as th e  norm al ca lc iu m  sa il,  
and  converted  to th e  free acid  by d oub le d ecom p osition  
w ith  su lfu r ic  acid .

A PREVIOUS paper (4) described a procedure for the removal 
of malic acid from apple juice by adsorption on an anion 

exchanger used in the manufacture of apple sirup. Deacidi
fication results in a lower requirement of lime for the precipitation 
of pectin than in the original sirup process (12), leaves less cal
cium malate in the juice, and produces a blander sirup. The 
present paper describes a procedure whereby the malic acid can 
1» obtained as a by-product from the deacidification step in the 
manufacture of this type of apple sirup. Malic acid can be 
used as a food acidulant, and the active acid might also have 
special application in chemistry, where an optically active com
pound is desired.

It is generally recognized that ¿-malic acid (levorotatory) is the 
principal organic acid in apples, although the presence of citric acid 
lias been reported (2, 7,14). The absence of other acid simplifies 
the procedure, since it is not necessary to separate acids. No 
evidence of an acid other than ¿-malic was found in the apple 
juice used in the experiments reported herein. Charley ct al. 
(5) prepared malic acid as a by-product in the manufacture of 
apple treacle. They neutralized the excess acidity of the juice 
with calcium carbonate and, on concentrating, obtained a pre
cipitate of neutral calcium malate. Juice of high acidity (0.7%) 
was used in their work. The present authors were unable to 
duplicate their results with juices of a lower acidity (0.4%) 
commonly found in America. Active Z-malic acid has also 
been prepared from maple sugar sand (18) and mountain ash 
berries (20).

Anion exchangers have been used in the recovery of tartaric 
acid from grape wrastes (10). In the present work the anion 
exchanger is used as an acid adsorber, inasmuch as the main 
purpose is the reduction of the acidity of apple juice. Regen-

' Present address. Q uarterm aster Food & Container Institu te, Chicago, 
111.

: Present address, H. J. Heinz Company, P ittsburgh, Pa.

oration is accomplished writh sodium carbonate solution, and the 
acid is recovered in the regenerant effluent as the soluble sodium 
salt and is precipitated from the effluent as the insoluble calcium 
salt.

Free malic acid is very difficult to crystallize. The apple 
sirup manufacturer would probably prefer to sell the calcium 
malate to chemical manufacturers, who in turn would prepare 
the free acid, either in crystalline form or as a concentrated 
solution.

I t  was also thought that the dist illery waste from apple brandy 
manufacture might be utilized as another source of malic acid. 
However, analysis has shown that such wastes contain little, if 
any, malic acid. Malic acid is partially or completely destroyed 
during the fermentation process, probably being converted to 
lactic acid (<?).

D E T E R M IN A T I O N  O F  M A L I C  A C ID

Since malic was the only acid in the apple juice used in these 
studies and since it existed almost entirely in the uncombined 
condition (2), determination of the titratable acidity of apple 
juice gave its malic acid content. The juice wras titrated with 
standard alkali to a pH value of 8.1 (3) rather than to a phenol- 
phthalein end point. The latter is difficult to read because of 
the color of the juice and because of the appreciable darkening 
which occurs as the acid is neutralized.

The method generally employed for determination of sodium 
malate in the regenerant effluent is based on the fact that malic 
acid with a uranyl salt forms a complex with greatly increased 
rotatory power (6, 9, 21). Many modifications have been 
described in the literature. The one described here is a simplified
A.O.A.C. procedure (1), since no other optically active substances 
are present in appreciable quantities. Analysis has shown that 
there is no sugar in the regenerant effluent.
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F igure 1. M ethod  o f  R ecycling  R égén éran t for R ecovery o f  M alic  Acid
U p p e r  p e r c e n t a g e  in d i c a t e s  m a la t e  c o n t e n t

The procedure is briefly as follows: Pipet a 25-ml. sample 
into a 100-ml. volumetric flask; make it just alkaline to a phenol- 
phthalein end point with 1 N  sulfuric acid or 1 N  sodium hy
droxide; add 2 ml. glacial acetic acid and make to volume; 
transfer a 20-ml. aliquot to a 25-ml. volumetric flask containing 
approximately 3.0 grams of uranyl acetate (finely ground); 
shake vigorously at intervals for 3 hours; make to volume with 
saturated uranyl acetate solution and filter; polarize in a 200- 
mm. tube with sodiumlight. Calculation: degrees angular rotation 
X 0.519 = grams malic acid per 100 ml. of original solution.

The accuracy of the method varies, but the results are con
sidered sufficiently reliable to estimate the malate content of the 
regenerant effluent. For determining the purity of the pre
cipitated calcium malate, the authors have relied on calcium 
and ash determinations. Comparison of the two methods of 
analysis on samples of calcium malate shows that the polari- 
metric method gives results which may vary as much as ±5% 
of those obtained by calcium and ash determinations.

A D S O R P T IO N  O N  A N IO N  E X C H A N G E R

General methods for the use of ion exchangers (13, IS, 16, 19) 
and their particular application to the deacidification of apple 
juice have been described in detail elsewhere (4)- The screened 
(200 mesh) juice is passed downflow through an anion exchanger 
bed until the pH value of the combined effluent juice reaches 
5.0; at this point about 80-85% of the malic acid in the juice 
processed has been adsorbed, and the exchanger is considered

exhausted. Exchanger beds of 1- and 4-inch 
diameters were used.

The capacity of the anion exchanger used is 
about 15 volumes of juice, of approximately 0.4% 
malic acid content, per volume of exchanger; this 
'represents an adsorption of about 750 milli- 
equivalents, or approximately 50 grams, of malic 
acid per liter of exchanger. Variations in capac
ity from 650 to 850 milliequivalents per liter 
have been noted for the same exchanger with 
different juices. The anion exchanger used was 
De-Acidite (The Permutit Company), although 
other exchangers will work equally well.

R E M O V A L  F R O M  A N IO N  E X C H A N G E R

After the exhaustion of the exchanger, the bed 
is backwashed with water to remove residual 
juice and then regenerated with sodium carbon
ate solution in preparation for the next cycle. 
The acid is removed from the exchanger in the 
regenerant effluent as the soluble sodium salt.

The original regenerant consists of 4 volumes 
of 4% sodium carbonate solution and is passed 
downflow through the exchanger bed at a rate of 
2 gallons per minute per square foot of cross 
sectional area of the bed. The volume of rc- 
generant used is expressed in terms of the volume 
of the bed. As the regenerant passes through the 
bed, most of the malate is eluted in the first por
tion of the effluent as shown in Figure 1, in 
which the percentages indicate the malate con
centration in the effluent fractions. The first 0.5 
volume of effluent (fraction A) is discarded, since 
it is largely the water displaced from the bed and 
contains little, if any, malate.

The regenerant effluent is recycled in order to 
build up the malate concent ration to about. 5%, 
at which point satisfactory precipitation of cal
cium malate can be obtained. A flow dia
gram for recycling the regenerant. is illustrated 
in Figure 1. After discarding fraction A, 
four 1-volume fractions of effluent are col

lected from each cycle. Water is then passed through the 
bed to rinse out the excess alkali, and the bed is then ready 
for the deacidification of apple juice in the next cycle. The 
regenerant effluent fractions from cycle 1 , after fortification with 
more sodium carbonate, arfi then passed through the exchanger 
bed in order as the regenerant for cycle 2. This procedure is 
repeated until the malate concentration in fraction B has reached 
the desired value, and B is then removed for recovery. The 
remainder of the fractions are used as the regenerant for the next 
cycle with the addition of one volume of fresh 5% sodium car
bonate solution as shown in the diagram for cycle 4. From this 
point on, fraction B, which was fraction C in the preceding cycle, 
is withdrawn for precipitation.

After cycle 4, fraction C is not fortified with more sodium 
carbonate, since it already contains an excess, and passage 
through the exchanger in the next cycle reduces this excess so 
that there is less carbonate to remove in the precipitation pro
cedure. The slight reduction of malate content from fraction 
C, cycle 4, to fraction B, cycle 5, is probably due to dilution by 
water in the exchanger which more than offsets the gain derived 
from a succeeding elution. The rinse water used after fraction 
E has been collected may contain small amounts of malate, 
and the first portion of this rinse water may be used for preparing 
the fresh sodium carbonate solution.

An excess of sodium carbonate is used to ensure complete re
moval of the adsorbed acid and to take care of the previously 
noted variation in the capacity of the exchanger for different
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juices. Smaller amounts of sodium carbonate did not always 
give complete recovery. The presence of inorganic anions from 
the apple juice will increase the requirement of regenerant over 
that necessary to remove the adsorbed acid. No attempt was 
made to use an alkali stronger than sodium carbonate as a 
regenerant.

%

P R E C IP IT A T I O N  O F  C A L C IU M  M  A L A T E

The portion of the regenerant effluent saved for recovery 
contains about 5.0% malic acid as the soluble sodium salt in a 
solution containing an excess of. sodium carbonate. The excess 
carbonate is removed by acidifying with hydrochloric acid. 
The nialate is precipitated from this solution as the relatively 
insoluble neutral calcium salt.

While neutral calcium malate has limited solubility (20°,
0.82; 57°, 0.57 gram per 100 grams water), it does not precipitate 
so readily as might be expected. It is not precipitated from 
alkaline solution, and at too high acidity the more soluble 
calcium acid malate (20 °, 1.5; 57°, 32.2 grams per 100 grams 
water) is formed, and the yields are lowered appreciably.

The complete procedure for precipitation of the neutral salt 
is described in detail with a specific example, and the factors 
affecting the precipitation will be discussed separately: Four 
liters of regenerant effluent with a pH value of'8.5 and containing 
188 grams of malic acid as sodium malate were acidified with 
hydrochloric acid to a pH of 5.5. This solution was concentrated 
under vacuum to one fourth the original volume, and the pH 
value was adjusted to 6.0 with sodium hydroxide. A 40% 
calcium chloride solution was added slowly with stirring; 10% 
excess of calcium' over the theoretical amount required was 
used. Usually a grainy precipitate formed immediately. Occa
sionally it was necessary to seed the supersaturated solution. 
This was allowed to stand for 24 hours for complete precipitation, 
and then was filtered by suction and washed with a small amount 
of hot water. The calcium malate was dried to constant weight 
at room temperature. The yield was 284 grams of dry product. 
Calcium determination proved this product to be 97% calcium 
malate as the trihydrate, and ash determination indicated that 
it contained 2% ash other than calcium. The yield represented 
a 90% recovery of the malate from the original regenerant 
effluent. Drying at 70° C. in a vacuum oven gave a hydrated 
product containing 1.5 molecules of water.

Figure 2 shows the effect of the malate concentration in the 
effluent on' the yields of calcium malate obtained when pre
cipitated at a pH value of 6.0. The effluent should be con
centrated to 15 to 20% malate in order to realize a 90% recovery.

Figure 2 also shows that maximum recovery was obtained 
"hen precipitation occurred at an initial pH value of 6.0. Below
5.5 there was an appreciable decrease in yield, probably because 
of the formation of the more soluble acid salt. The pH value 
of the mother liquor after the precipitation is decreased to about
1.0. Maintaining the pH value at 6.0 during the precipitation 
does not increase the yield.

The acid salt can readily be obtained in good yields and w'ith 
high purity by dissolving the neutral salt in a 10% nitric acid 
solution until saturated at 57° C., the temperature of maximum 
solubility. The saturated solution is filtered hot, and, on cooling, 
a fine white crystalline material separates. The crystalline 
calcium acid malate is the hexahydrate, and equivalent weight 
determinations indicate that a product of nearly 100% purity 
is obtained on the first crystallization.

C O N V E R S IO N  O F  C A L C IU M  M A L A T E  T O  M A L I C  A C ID

The acid or neutral calcium malate can readily bo converted 
to the free acid by treating it with sulfuric acid. The calcium 
is removed as insoluble sulfate. As might be expected from such 
a reaction, nearly quantitative yields can be obtained. Crystal
lization of the free acid from its solution, however, is not so easy.

The finely ground calcium malate is .dispersed in about twice 
its weight of water to form a thick slurry, and 50% sulfuric acid 
is slowly stirred in. Slightly less than the calculated amount 
of sulfuric acid required to remove the calcium is used. The 
mixture is stirred for several hours, allowed to stand overnight, 
and then filtered on a suction filter. The precipitated calcium 
sulfate is washed with water, and the filtrate and washings are 
combined. On concentrating this dilute solution under vacuum, 
a further slight precipitate of calcium sulfate is formed; this is 
filtered off, and the filtrate is further concentrated to a thick 
sirup. For example, 150 grams of calcium malate trihydrate 
containing 87 grams of malic acid by analysis yielded 84 grams of 
malic acid as a 67% solution. This represents a 96% recovery 
of the acid from the calcium salt .

MALATE CONCENTRATION, % pH

F igu re 2. EiTect o f  M a la te  C o n cen lra lio n  and  In itia l j»l I 
o f  P rcc ip ita tio n  on  Y ie ld s o f  C a lc iu m  M ala te

Because of its high solubility, malic acid is difficult, to crystallize 
from its solution. Other workers have stated that crystallization 
will occur after the acid has been concentrated to a thick sirup 
and allowed to stand, but wre have been unable to obtain a crystal
line product. Drying at 70° C. in a vacuum oven does not cause 
crystallization, and no crystals have been obtained even on hold
ing the thick sirup for long periods of time in a vacuum desiccator. 
The acid should not be dried at temperatures higher than 70° C. 
because of the possibility of anhydride formation (11).

For identification purposes, a small amount of crystalline 
¿-malic acid was prepared by precipitation of the lead salt and 
subsequent decomposition with hydrogen sulfide to remove the 
lead. The resulting solution was concentrated in vacuo, and the 
residual water removed by distillation with absolute ethanol. 
A crystalline product was obtained, and this was recrystallized 
from an alcohol-benzene solution, which was evaporated until 
crystallization occurred. The material melted at 103° C. 
(corrected), which agrees with that reported by McCall and 
Guthrie (9). The mixed melting point with a known sample 
of /-malic acid was 103° C. The equivalent weight was 67.1 
(calculated, 67.0). The melting point of the p-bromophenacyl 
ester was 179° C. (corrected), which agrees with that given by 
Shriner and Fuson (17).

D I S C U S S I O N

/-Malic acid can be produced as a by-product in the manu
facture of apple sirup by the ion exchange process. By a slight 
modification in the regular exchanger regenerative procedure with 
sodium carbonate, the acid is obtained as the soluble sodium 
salt in the regenerant effluent in sufficient concentration to 
permit recovery. The effluent is acidified to pH 5.5 to remove - 
excess carbonate, evaporated to 15-20% malate content, and ad
justed to pH 6.0. Calcium chloride is added to precipitate cal
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cium malate trihydrate of about 97% purity and with about a 
90% yield. Calcium malate is then converted to the free acid 
by double decomposition with sulfuric acid with nearly quanti
tative yields.
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Rubberlike Products from 
Linear Polyesters
B. S. B IG G S, R . H . ERICKSON, AND C. S. FULLER

Iiell T e leph on e  L a b o ra to r ies , M u rra y  H ill, jY . J.

The polym ers w h ich  resu lt from  llie  con d en sa tion  o f  
dib asic  acid s w ith  propylene g lyco l arc v iscou s g u m s w h ich  
can be vu lcan ized  to rubbcrlike p roducts. In  th e  u n p ig -  
m en tcd  con d ition  th ese  rubbers arc q u ite  w eak , b u t w hen  
reinforced w ith  su ita b le  p ig m en ts  their  stren g th  and e lo n 
ga tion  com pare favorably w ith  o th er  sy n th e tic  rubbers. 
B ecause p o lyesters o f  k n ow n  stru ctu re  and  m olecu lar  
w eig h t can be easily  sy n th esized , th ese  po lym ers are u sefu l 
for th e  stu d y  o f  th e  re la tion s betw een  stru ctu re  and prop
erties in  rubberlike m ateria ls in  general. F actors alTecting 
ten s ile  stren g th , o il resistan ce , b r ittle  tem p eratu re , and  
sta b ility  are d iscu ssed .

THE development of rubbcrlike products from linear poly
esters was announced in a short news article more than three 

years ago (4), but a detailed description of their preparation and 
physical properties has not been published. The object of this 
paper is to review these properties. However, the paper is writ
ten not so much from the viewpoint of offering a synthetic rubber 
for practical use as from that of applying linear polyesters to the 
study of the relations between structure and properties of rubber
like substances in general. As has been pointed out in.other 
articles (S, 8, 15), the linear polyesters are well suited to serve as 
models in such a study, since molecules of definitely known con
stitution and molecular weight distribution can be synthesized by 
relatively simple methods. Furthermore, the chemical structure 
of the polyester chain molecules can be varied in a definite and 
controlled manner by the choice of suitable glycol and dibasic 
acid or hydroxy acid reactants. The structure of the chains in 
the case of the former, assuming equal molar proportions, may be 
represented by the general formula

HO—[ C— ( C H à -  C—O— (CH2)„—O] HJ A

where x and y are integers greater than 1 and n is usually above 
50 on the average. A polymer from a hydroxy acid has a simpler 
structure:

II—0 —[ (CH.),—C—0  ]„—H

In all cases only linear chains are present, provided strictly bifunc
tional starting ingredients have been used. Thus many of the 
ambiguities of structure which complicate diene polymers (such 
as cis and Irans orientations, 1,2 and 1,4 addition, etc.) are 
avoided. Finally, because of the known molecular weight distri
bution, the number average molecular weight, on which the physi
cal properties mainly depend, can be readily determined from 
viscosity measurements (3, 8,12).

P R E P A R A T IO N  O F  P O L Y E S T E R S

Polyesters are prepared by condensation of glycols with dibasic 
acids, or by self-condensation of hydroxy acids. A more diverse 
series of compounds is possible from the glycol dibasic acid poly
mers, since the availability of appropriate hydroxy acids is ex
tremely limited; therefore the remainder of this discussion will 
be confined to the former type of reaction.

The general method of preparation consists of two steps. 1» 
the first, a mixture of the dibasic acid and an excess of glycol con
taining a trace of catalyst—for example, 0.01% zinc chloride is 
estcrified by being heated at a temperature from 200° to 260° C., 
depending on the nature of the reactants. Succinic esters darken 
badly, and adipic esters decompose with formation of cyclopenta- 
none at temperatures above 220° C., whereas sebacic acid can be 
used satisfactorily at as high as 260° C. or higher. Similarly 
some glycols decompose at high temperatures. The esterification 
is carried out under a reflux column heated to such a temperature 
that water cannot condense and glycol cannot escape. The reac
tion ingredients are stirred continuously and are kept under an
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inert atmosphere, preferably of hydrogen. In laboratory runs 
both results can be accomplished by passage of a rapid stream of 
dry, oxygen-free hydrogen through the mixture. Estérification 
may take 1/ 2 to several hours, depending on the size of the batch 
and the efficiency of the apparatus, and may be considered com
plete for practical purposes when a cold surface held against the 
outlet tube shows no condensation of moisture.

At this point the product consists of low polymer with glycol 
residues on each end of every chain. The next step consists of a 
vacuum treatment during which the chain length is built up by 
ester interchange (13, 21) between the small units of polymer with 
resultant elimination of glycol which distills away. This reaction 
is illustrated by the following general equation:

11- 0—

H0-

H—0-

(CH.),—O—C—(CH2)„—C—0 

O 0

(CH. )r—O—C— (CH.)„—C—0

1 - ( C H ,V
Jm

C—(CH.)„—C—0~|

A A J r <CH->-

-OH +

Oil =

■(CH.),—O—C— (C H .),-C —0 1
Il II —(CII2),—OH +
o  0

HO—(CH.),—OH

For this step the reflux column is replaced by a very short dis
tillation head which is wired for heat and is kept at a temperature 
such that no condensate forms in it. The pressure is reduced 
slowly to less than 5 mm., the flow of hydrogen being adjusted 
accordingly, and glycol is distilled off as fast as it is formed. 
Small amounts of cyclic ester also are found in the distillate. 
Ester interchange is quite rapid a t first while the mixture is 
limpid, but as the viscosity increases, because of increased molec
ular weight, the rate of interchange falls off, and a point is fi
nally reached at which the rate is so slow that continuation of the 
reaction becomes unprofitable. For small laboratory batches 
(about 50 grams, Figure 1) the time required under favorable cir
cumstances—that is, with reactants which can be run at 250 ° C.— 
is about 3 hours. At lower temperature or with larger batches 
a longer time is required. Efficient stirring is of the greatest im
portance, particularly after the product becomes viscous, and a 
powerful and efficient mechanical agitator saves many hours of 
preparation time on large batches.

At the end of a run the polymer is poured or scraped while hot 
into large flat pans which have been dusted with talc or whiting.

C O N T R O L  O F  M E L T I N G  P O IN T

The high molecular linear polyesters which have received most 
attention in the literature are microcrystalline waxes. These 
have been described in the work of Lycan and Adams ( IS ) ,  Car- 
otheis and co-workers (6, 7, 8), and Fuller and co-workers (3, 16, 
17).

Examples are polyethylene sebacate, melting point 74°, poly
ethylene succinate, m.p. 100 °, polydecamethylene sebacate, m.p. 
74°, polyhydroxy decanoate, m.p. 74-76°, etc. All of these 
materials would be classified as plastics—that is, they are rigid 
solids at room temperature.

In contrast with them, however, polypropylene sebacate and 
polypropylene succinate are amorphous balsamlike substances 
which show no tendency to crystallize at room temperature (14) ■ 
This effect of a lowering of melting point by aliphatic substituents 
on the chain is common in polymer chemistry—for example, the 
relation of polyisobutylene to polyethylene, and the methylated 
polyamides to the unmethylated (5)—and it is this effect which 
makes possible the production of polyester rubbers. Actually 
polypropylene sebacate crystallizes slowly at lower temperatures 
and melts at about 10° C. Polypropylene succinate freezes to 
a glass at about —10° C. The- copolyesters formed from the

F igu re 1. A pparatus for P reparation  o f  Sm all 
L aboratory B a tch es o f  P o lyesters

three components ethylene glycol, propylene glycol, and sebacic 
acid all have melting points between those of polyethylene seba
cate and polypropylene sebacate. All ethylene-propylene suc
cinates in which the proportion of propylene residues is more than 
50 mole % arc completely amorphous at room temperature. 
Unless otherwise stated, all sebacates in this paper have an ethyl
ene-propylene ratio of 20 to 80 mole %, and all succinates a ratio 
of 50 to 50 mole %.

Another method of controlling the melting ¡joint of polyesters 
for the purpose of making rubbery products is the use of suffi
ciently complicated mixtures of dibasic acids or glycols without 
any side chains. When a mixture of several dibasic acids is re
acted with ethyleno glycol, soft, low melting products may be ob
tained. The method is of limited application because of the 
small number of suitable intermediates available, but it makes 
possible the use of certain acid mixtures resulting from the oxida
tion of oils, fats, etc. For the purposes of this paper discussion 
will be confined to ethylene-propylene esters of succinic, adipic, 
sebacic, phthalic, and maleic acids.

V U L C A N IZ A T IO N

The term vulcanization, as applied to rubber, may be defined 
as the introduction of primary valence cross links between essen
tially linear polymer chains. To make the polyester gums useful 
as rubbers, it was necessary to find some method of introducing 
cross links in a controlled manner. The esters so far described 
are completely saturated and hence cannot be vulcanized by the
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Figure 2. T en sile  S tren g th  o f  V arious P olym ers Loaded  
w ith  150 P arts M apieo 297 as R ela ted  to A m o u n t o f  

B en zoyl Peroxide Used in  V u lcan iza tion

conventional methods which arc based on the reaction of sulfur 
or sulfur compounds with polymers containing ethylenic double 
bonds. However, it was learned early in the polyester work that 
saturated ester chains are subject to attack by free radicals. One 
of the results of the reaction is the linking of two ester molecules, 
presumably through the carbon atoms alpha to the carbonyl 
group. Regardless of the mechanism, which has not been too well 
investigated, the empirical fact is that attack by free radicals con
stitutes an admirable method of vulcanizing saturated polyester 
rubbers.

A convenient source of free radicals for this vulcanization is the 
decomposition of benzoyl peroxide. A saturated ethylene pro
pylene sebacate polyester requires about 4% of its own weight of 
benzoyl peroxide for optimum cure. A saturated succinate re
quires ab(5ut 10%. In all cases the peroxide is added to the gum 
on a rubber mill, and the mix is cured in much the same manner as 
arc conventional rubber compounds. The decomposition point 
of benzoyl peroxide is about 107° C., and any temperature above 
1 hat is satisfactory for curing polyester rubber. Normally a tem
perature of 125° to 150° C. is used. The cure is almost instan
taneous and is not affected appreciably by time or temperature. 
Thus the product can be heated for an hour at 150° C. without 
overcuring, although 10 minutes a t 130° C. is adequate. Suit
able sources of free radicals other than benzoyl peroxide may also 
be used—for example, stearoyl peroxide or phenyl azide—but they 
appear to have' no advantage, and in the case of the azides are 
even dangerous.

Although vulcanization of saturated polyesters can thus be ac
complished by the use of 4% or more of benzoyl peroxide, this has 
the disadvantage that it leaves in the rubber a fairly large amount 
of benzoic acid, which is one of the by-products of the decomposi
tion. The presence of acidic or alkaline materials materially 
damages the aging characteristics of esters and hence is undesir
able. Efforts were therefore made’to lower the amount of per
oxide needed for optimum cure. It was soon found that replace

ment of a few mole per cent of the saturated dibasic acid in the 
original reaction mixture with an equivalent amount of maleic or 
other unsaturated acid facilitates markedly the vulcanization of 
the resulting product. Thus a polyethylene propylene sebacate 
containing 3 mole % maleic residues is well cured with only 1% of 
its own weight of benzoyl peroxide. Corresponding succinates 
require about 2% (Figure 2).

Polyesters containing 3% unsaturation are still not vulcanizable 
by sulfur, but when the unsaturation is raised to about 15% vul
canization can be obtained with sulfur and the usual organic ac
celerators. These facts suggest that sulfur vulcanization may re
quire superimposition of double bonds in the adjacent molecules, 
whereas the peroxide type does not. The peroxide vulcanization 
of polymers containing unsaturation is effective at low peroxide 
concentration, presumably because of the greater ease of activa
tion of the double bonds and resultant greater concentration of 
polymer free radicals.

P R O P E R T I E S  O F  Y U L C A N I Z A T E S

The polyester vulcanizates look and feel like natural rubber, 
but, like many synthetic rubbers, the gum stocks usually have 
low tensile strength. However, a sample of polycthylcncpropyl- 
ene sebacate gum stock, which before vulcanization had been 
fractionated by solvents to remove low molecular weight portions, 
showed a tensile strength of 1800 pounds per square inch when 
pulled at the rate of 20 inches per minute. As Figure 3 shows, con
siderable crystallization occurs during this stretching process. This 
figure represents x-ray patterns of the unstretched (C) and fully 
stretched (D) fractionated polymer which contained 80 mole % 
propylene and 20 mole % ethylene glycol reacted with sebacic 
acid (1). For comparison, a 50-50 polymer of the same compo
nents is shown unstretched in Figure 3B, and a fiber pattern of 
pure polyethylene sebacate is shown in Figure 3A. I t  is evident 
that, as propydene groups with their appended methyl groups are 
added", an increased amount of amorphous scattering occurs in 
the x-ray pattern. Apparently, in the solid, regions of low degree 
of order are being produced as more methyl is introduced. When 
still higher percentages are reached (80%) the polymer is entirely 
amorphous a t room temperature. When the sample is cooled to 
about 35° C. and allowed to stand, even this higher substituted 
material will crystallize; this shows that the methyl groups lower 
the melting point of the polymer but do not seriously interfere 
with the chain packing. When the 80% propylene polymer is 
vulcanized, its crystallization temperature decreases still further 
(to approximately 20° C .), as in the case of neoprene. At room 
temperature (above about 20° C .), therefore, it is necessary to 
stretch the 80% polymer to induce crystallization. The degree 
of ordering on stretching is high (Figure 3B), and the only effect 
of the methyl groups on the structure appears to be to expand 
slightly the dimensions perpendicular to the chains to conform to 
the greater space requirements. Thus in the pure polyethylene 
sebacate these dimensions are 4.18 A. and 3.75 A., whereas in the 
80% propydene copolyester they are 4.20 A. and 4.00 A., respec
tively'. There is in addition a decrease in intensity of the original 
3.75 A. reflection. The fiber periods in the two cases are identical 
(16.9 A.), as would be expected from the chain structures. When 
the specimen of Figure 3B is relaxed, the pattern of 3/1 is again 
obtained; this shows that the effect is reversible.

This observed crystalline behavior of the 80% propylene poly
ester explains the high tensile strength observed in this particular 
gum stock. The rate of crystallization or ordering on stretch, 
however, is relatively slow (1) compared to natural rubber, so that 
on a rapid application of force the tensile strength is low. Thus 
for the best comparison of properties the polyester rubbers should 
be reinforced with pigments: The remainder of this discussion
will deal with pigmented stocks.

The polyesters wet most pigments extremely well and are 
highly reinforced by those which are finely divided, although the
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F A C T O R S  A F F E C T I N G  
T E N S I L E  S T R E N G T H

C . 20  M o le  %  E t h y le n e ,  80  M o le  %  P r o p y le n e  
( U n s t  r e t c h e d )

The strength rises steeply

P ig m en t  R e in f o r c e m e n t .
Figure 4 shows the relation 
of amount of loading to ten
sile strength for a 3% un
saturated ethylene-propylene 
succinate loaded with Mapico 297.
with increased loading and passes through a maximum. 
Similar curves are obtained for other pigments, but the maxi
mum tensile strength obtainable varies from one pigment to 
another and appears to be related to the particle size of the 
pigment, as might be expected. For the finest pigments maxi
mum tensile strength occurs at a volume loading of 25-30%. The 
following table gives values of maximum tensile strength for 
several pigments in different particle sizes a t optimum loading 
w 3% unsaturated ethylene-propylene succinate polyesters:

». 20 M o le  %  E t h y le n e ,  80 M o le  %  P r o p y le n e  
( S t r e t c h e d  600% )

F igure 3. X -R ay  P a ttern s  o f  S eb acic  A cid P o lyesters a t  25° C. w ith  F iber Axes V ertical

Calcium carbonates 
W hiting A 
Kalvan 

Iron oxides 
Iron oxide A 
Mapico 516 
Mapico 297 

Talc 
Coarse 
Reground

Tensile Strength, 
Lb./Sq. In.

1200
2550

1100
1750
2400

900
1900

Of the two calcium carbonates shown, Kalvan is known to be 
much more finely divided than Whiting A (.9), and of the three iron 
oxides, Mapico 297 is much the finest (10). The material desig
nated “reground talc” was obtained by a further grinding opera
tion on the sample called “coarse talc.” Although it cannot be 
said that other factors are not also present, these results show 
clearly that reinforcement is a function of the particle size of the 
pigment. This is probably true for all rubbers when the pi gment 
is truly dispersed. I t  is of interest that Mapico 297 and Kalvan 
confer almost as high a tensile strength on polyester rubbers as 
is usually found in carbon black-loaded GR-S stocks, and this 
suggests that, if they could be properly dispersed in GR-S, equally 
high tensiles might be obtained (19).

M o l e c u l a r  W e i g h t  a n d  M o l e c u l a r  W e i g h t  D i s t r i b u t i o n .  
As with other rubbers, the tensile strength of the polyester rubbers 
is affected by the molecular weight of the polymer. This point 
has not been studied systematically, but in the course of the work 
polymers of different average molecular weights, have been ex

usc of certain ones of the 
available finely divided pig
ments is undesirable for other 
reasons. Carbon black, for 
example, cannot be used with 
benzoyl p e ro x id e -cu red  
stocks because they catalyze 
the decomposition of per
oxide and prevent its vul
canizing action unless very 
large amounts are used, in 
which case the benzoic acid 
produced causes rapid hy
drolysis of the vulcanizate. 
Zinc and magnesium oxides 
hydrolyze the ester rapidly 
and should never be used 
with it. The most satisfac
tory pigments for use with 
the polyesters appear to be 
the whitings, iron oxides, and 
clays, and of these Kalvan 
(a calcium carbonate) and 
Mapico 297 (an iron oxide) 
are outstanding. The tensile 
strength of properly loaded 
polyester ru b b ers  ranges 
from 1600 to 3300 pounds 
per square inch, depending 
on type, and the elongations 
average between 300 and 
600%. The o u ts ta n d in g  
characteristic of the vulcani- 
zatcs is good resistance to 
oil, ozone, light, and heat. 
This and other properties of 
polyester rubbers are func
tions of com position  and 
structure. Some of these 
properties have been meas
ured fairly accurately and 
will be discussed in the follow
ing paragraphs.

A .  1 0 0 %  E t h y le n e Ji. 50 M o le  %  E t h y le n e ,  50 M o le  %  P r o p y le n e
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amined. Table I presents the tensile values on three saturated 
ethylene propylene sebacates.

The weight average molecular weights were calculated from 
solution viscosities with the equation (3):

= 0.31 X 10-W,„ +  0.07 (1)

where c = 0.4 gram per 100 ml.

The number average molecular weights are assumed to be half the 
weight average values, in line with Flory’s distribution curve [12).

F igure 4. T en sile  S tren g th  o f  3% U n -  
su tu ratcd  E th y len e  P ropylene S u cc in a te  
as A ffected by A m ou n t o f  M apico 29" 

Incorporated

Further data were obtained by fractionating a sample of the 
polymer CIA 227 (Table I) roughly in halves by suitable solvents 
and compounding and curing tho- high molecular weight half. 
The tensile strength of this vulcanizate was 3200 pounds per 
square inch. The low molecular weight half was so soft and 
sticky that, it could not be compounded satisfactorily.

T a b l e  I. E f f e c t  o f  A v e r a g e  M o l e c u l a r  W e i g h t  o n  
T e n s i l e  S t r e n g t h  o f  P o l y e s t e r  R u b b e r s

Sample In Ijr
Tensile

Strength,
Designation c M v, M n Lb./Sq. In.

G A 225 0.929 27,700 13,850 3100
GA 226 0,783 23,000 11,500

10,130
2915

GA 227 0.698 20,260 2450

Although the data of Table I are not extensive, they show that 
variations in molecular weight, at least in the range indicated, 
have an important effect.

O r d e r l i n e s s  o f  C h a in  S t r u c t u r e .  The high tensile strength 
of crystalline polyesters is to a large extent a result of the attrac
tive» forces between the polar groups. When rubbery polyesters 
are stretched to high elongations they crystallize like natural 
rubber, provided the orderly occurrence of repeating units has 
not been disturbed. The highest degree of order obtainable in a 
polyester rubber of the ethylene-propylene series is that in which a 
single dibasic acid is involved, such ¡us the saturated sebacate or 
succinate. These polymers, when properly compounded and 
cured, have tensile strengths ranging from 2800 to 3200 pounds 
per square inch. When the orderly repetition of the units is dis
rupted by inclusion of another reactant as in copolymers, the 
polar groups in adjacent chains fail to coordinate, and tensile 
strength falls (Figures 5, 6, 7). This behavior is analogous to that 
of the linear copolyamides (2). Examples of co-reactants which 
lower the tensile strength of sebacates are succinic and maleic

acids. These, being four-carbon acids, alter the spacings of the 
polar groups along the chain. The effect of succinic and maleic, 
furthermore, is not the same, that of maleic being much the 
larger, as a comparison of Figure 8 with Figures 5, 6, and 7 shows. 
This difference probably reflects a concomitant lowering of chain 
length, which is a result of the reactivity of the double bond of the 
maleic residue. This reactivity inevitably introduces some cross 
linking during the period of preparation of the polymer, so that 
the limiting melt viscosity is reached at a lower average chain 
length. This, together with the disrupting effect of the cross 
links, leads to lower tensile strength.

The effect of small proportions of maleate residues on succinate 
polymers is less pronounced, presumably because they are both 
four-carbon units, but it becomes quite large as the maleate con
tent increases. This is demonstrated in Figure 9, which shows a 
plot of maximum tensile strength at optimum cure against in
creasing maleate content. The strength is seen to fall off rapidly 
beyond about 4% maleate, probably because of the decrease in 
effective chain length and cross linking mentioned. Figure 8, in 
addition to the sebacate-malcate and succinate-maleate (the 4% 
unsaturation is from maleate), also presents data on a sebacate- 
succinate-maleate copolymer and on a mixture obtained by adding 
sebacate-malcate polymer to succinatc-maleato polymer in equal 
'amounts. The mechanical mixing of the two polymers lowers 
the tensile strength below that of either pure component but still 
does not have so pronounced an effect as copolymerizing the same 
intermediates.

F igure 5. S tress-S tra in  Curves a t O p tim u m  Cure 
for V arious S atu rated  P olym ers Loaded w ith  150 

P arts M apico 297

S t a t e  o f  C u r e .  It was pointed out earlier that polyesters do 
not overcurc with time or heat, but that degree of cure is controlled 
by the amount of unsaturation and amount of peroxide used. 
Figure 2, which was cited in the discussion of vulcanization, illus
trates clearly the effect of state of cure on tensile strength. Over
curing lowers tensile rapidly, particularly in unsaturated poly
mers. This is characteristic of most rubbers and is probably the 
result of the hampering effect of cross links on chain o r ie n ta tio n . 
The chains in a highly cross-linked sample—that is, in an over
cure—are not able to reach the high elongations which permit 
good chain alignment (and result in wider distribution of the ap
plied stress) and therefore are more easily broken.
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B I U T T L E  T E M P E R A T U R E

Other rubbery systems, such as copolymers of butadiene with 
styrene, butadiene with acrylonitrile, and butadiene with dichloro- 
styrene, have given ample evidence that the brittle temperature 
of the finished polymer is a function of the concentration of polar 
groups present in it. The work with polyester rubbers adds to 
the weight of this evidence and furthermore indicates that order
liness of structure, a t least in the amorphous state, is not impor
tant with regard to this property.

The brittle temperature of ethylene propylene sebecate is 
about —47° C., that of the succinate is about —12° C., and seba- 
cate-succinate copolymers have intermediate values lying on a 
curve which is only slightly concave upward (Figure 10). Fur
thermore the adipate containing two carbonyl groups in a repeat
ing unit of 186 has almost exactly the same brittle temperature as 
a sebacate-succinate containing the same number of carbonyl 
groups per unit weight (this polymer results from two moles of 
succinic acid and one mole of sebacic acid), although the order
liness of structure is far greater in the adipate than in the seba
cate-succinate copolymer. The brittle temperature of ethylene 
propylene phthalate is above room temperature, and the phthal- 
ate-sebacate copolymers fall on a smooth curve, which again is 
only slightly concave upward and shows no significant effect of 
the greater disorder of the copolymer.

O I L  R E S I S T A N C E

Tlte resistance of a rubber to the swelling action of various 
hydrocarbon oils and solvents has been shown by experience on 
the Buna N type rubbers of varying acrylonitrile content to be a 
function of the concentration of the polar nitrile groups in the 
polymer. Thus a rubber which is 40% acrylonitrile is much more 
resistant than one containing 18%. The same rules hold for the 
polyester rubbers, in which the polar group is carbonyl. Succi
nate polymers are extremely resistant to the swelling action of 
hydrocarbon oils and gasoline, and even pure toluene produces a 
linear expansion of only about 10%. Adipates and sebacates are 
affected proportionately more in toluene or in aromatic gasoline, 
but are not attacked by mineral oils. As with brittle points the 
property appears to be a function of composition alone and is not 
related to orderliness of structure. Thus, as with the brittle 
point, the adipate is swollen by a given type of gasoline to the 
same extent as is a succinate-sebacate copolymer which has the 
same number of carbonyl groups per unit length.

T a b l e  II. O i l  R e s i s t a n c e  o f  P o l y e s t e r  R u b b e r s
% Change in Length after 

48 Hr. in
________ Polyester Composition___________  100 40%

Pigm ent or octane arom atic
Polymer filler, parts gasoline gasoline

Succinate Clay, 50 0 .0  0 .7
" ‘‘'Pate Clay, 50 1 .5 6 .0
Sebacate Clay, 50 6 .0  20.0
Succinate Iron oxide, 150 0 .0  0 .0
oebacate-phthalate, 70-
0 30 Iron oxide, 150 3 .0  6 .0
Succinate Carbon black3, 60 - 1 . 5  0 .0
Succinate Iron oxide0, 150 - 1 . 5  - 1 . 5
Sebacate-succinate, 20-80 Clay, 50 0.0 3 .0
Sebacate-succinate, 30-70 Iron oxide, 150 0 .7  7 .0

a Cured with 9 parts benzoyl peroxide.

Table II gives the per cent change in length of strips of various 
compounds after 48 hours immersion in gasoline. The original 
dimensions of the strips were l/ i6 X ‘A X 2 inches. Change 
in the 2-inch dimension was used as the criterion of relative swell. 
Unless otherwise noted, the compounds consisted of 100 parts 
polymer, the stated amounts of pigment, and 1.5 parts benzoyl 
peroxide.

F igu re 6. S tress-S tra in  Curves a t  O p tim u m  C ure for 
V arious S a tu ra ted  P olym ers Loaded w ith  75 P arts K alvan

D I E L E C T R I C  P R O P E R T I E S

The electrical properties of solid linear polyesters have been 
reported by Yager and Baker [22). The present rubberlike poly
esters having similar chemical composition exhibit somewhat 
analogous behavior. The lower intermolecular forces, particu
larly the reduced polar coordination as a consequence of substitu
tion with its attendant stbric disorder, however, result in dielectric 
constants and power factors, at the same temperature and fre
quency, which are higher than those shown by the solid linear poly
esters. Also the effect of water absorption is greater. Typical 
dielectric properties are shown in the following table for clay-filled 
compounds.

Days in 
W ater

Power
Factor, Dielectric

d ; c .
Resistivity,
Ohm-Cm.

a t  25° C. % Constant (400 Volts)
Succinate 0 1.30 8.20 5 X 10»

7 17.2 25.1 2 X 10>
Sebacate 0 0.536 5.72 9 .8  X 10“

7 3 .8 10.7 6 .5  X 10“

The better electrical behavior of the more hydrocarbonlike seba- 
cate polyester is evident.

O F  S U C C IN A T E  IN  S E B A C A T E

F igu re 7. M axim u m  T en sile  S tren g th  a t  
O p tim u m  C ure o f  S a tu ra ted  S eb acate-  
S u cc in a te  C opolym ers Loaded w ith  75 

P arts K alvan
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T a b l e  III.

F igure 8. S tress-S tra in  Curves a t  O p tim u m  
Cure for V arious 3% U n sa lu ra ted  P o lym ers  

Loaded w ith  150 P arts M apico 297

FACTORS A FFEC TIN G  U SEFU L L IFE

The properties discussed so far are the original properties 
characteristic of new samples. I t is appropriate now to see what 
factors act to degrade these properties with time. The atmos
pheric agents which are known to deteriorate natural rubber 
rapidly are ozone and oxygen, the attack of the latter being ac
celerated by heat and light {11, 20). I t  is recognized that the 
chief action of ozone is attack of double bonds, and since vulca
nized polyesters arc substantially saturated these rubbers are quite 
resistant to ozone, as would be expected. In this regard they 
rank with Butyl rubber, Thiokol, and neoprene. The other 
enemies of natural rubber, however, also act on polyesters, and in 
addition the latter are subject to hydrolysis, which is not directly a 
factor with natural rubber.

O x i d a t i o n  A c c e l e r a t e d  b y  H e a t .  The deterioration of 
natural and most synthetic rubbers with heat (short of pyrolysis) 
is largely an oxidative effect. This is evident from the fact that 
the action proceeds from the outside and gradually works to the 
center of a test piece. Thermal oxidation tests which have been 
run on polyester rubbers include the standard oxygen bomb aging 
at 70° C. and air oven aging at 100° C. Data obtained in these

A g in g  o r ’ S e b a c a t e - M a l e a t e  P o l y e s t e r  R u b b e r  
C u r e d  10 M i n u t e s  a t  150° C .

Air Oven a t 100° C.
7 days 14 days 28 days

Shore A hardness 
Tensile strength, lb ./sq. in. 
Elongation, %

66
1735
380

1585
330

63
1620
330

63
1435
315

Oxygen Bomb a t  70° C. and 
_____ 300 L b ./S q . In .'
0 2 days 4 days 10 days

Tensile strength, lb ./sq . in. 1735 1655 1640 1625
Elongation, % 380 355 350 365
Composition of M 165

Ethylene propylene sebacate maleate (20-80-97-3) 100
Kalvan 75
Luperco A° 4.35

Total 179.35
a Luperco A is a suspension of benzoyl peroxide on calcium sulfate. Per

oxide content is about 23%.

tests on compound M 165 (a sebacate-3% maleate polymer) are 
shown in Table III.

One of the most significant aspects of these results is the fact 
that hardness does not increase with heat aging. This again re
flects the low unsaturation of these rubbers. The usual ultimate 
effect of thermal oxidation on polyester rubbers is to bring about 
reversion. Hardness and brittleness result only in polymers con
taining about 10% or more unsaturation or in sebacates subjected 
to high temperature (150 ° C.). In spite of their stability at 1000 C. 
the sebacates deteriorate rapidly a t 150° in air. The succi
nates, however, are quite resistant to oxidation even at 150°, and 
some samples have been found to retain a high proportion of their 
original tensile strength, with no increase in hardness, after 30 
days at this temperature. This phenomenal resistance to oxida
tion of succinates as compared to sebacates and adipates suggests 
that there is special merit in the grouping:

O O
II II

—C—CHs—C H r-C —

and that if polymers could be built with this structure and with
out the ester link (the great weakness of polyesters) they would 
have superior stability. The tests reported here are on materials 
which do not have the protection of antioxidants (since antioxi
dants inhibit peroxide vulcanization), a fact which makes this 
stability seem even more remarkable. By external application of 
antioxidants, such as by diffusion from solutions, it is possible to 
improve the behavior of both the sebacate and succinate com
pounds. The sebacate gains considerably by this treatment.

T a b l e  IV.

F igu re 9. M axim u m  T en sile  S tren g th  a t  
O p tim u m  C ure o f  S u cc in a tes  Loaded w ith  
150 P arts M apico 297 as A ffected  by In creas

in g  U n sa tu ra tion

A g in g  o f  P o l y e s t e r  R u b b e r s  C o n t a in in g  
D if f e r e n t  F il l e r s

White*1 Red
T.S. & E .c T.S. E.

2600 500 2560 480
1075 400 1775 530

1450 390 1650 400
425 210 1100 400

3% unsaturated succinate 
Original
After 33A years outdoors 

4% unsaturated sebacate 
Original
After 33/< years outdoors

r  “ The white samples all contain 75 parts K alyan and the red samples 150 
parts Mapico 297. All samples were given optim um  cure. 

b T.S. =  tensile strength, pounds per square inch. 
c E. =  elongation, %.

O x i d a t i o n  A c c e l e r a t e d  by' L i g h t .  With regard to outdoor 
exposure, a serious degradative influence for polyester rubbers is 
light-activated oxidation, which causes surface checking on light 
colored samples. This action is stopped to a large extent by shut
ting off the light with a pigment of high opacity such ¡is iron oxide, 
and the uniformly better outdoor aging of samples containing 
iron oxide as compared with those containing calcium carbonate
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T a b l e  V . E f f e c t  o f  A g in g  S u c c in a t e - M a l e a t e s  o f  
V a r y in g  U n s a t u r a t io n

o%  3%  6%  8% 11%
Unsatn. Unsatn. Unsatn. Unsatn. . Unsatn.

T.S.» E.o T.S. E. T.S. E. T.S. E. T .S. E.
Original 2750 540 2560 480 2000 400 1600 340 1650 325
After 3»A
years out- Disintc-
doors grated 1775 530 1675 430 1400 380 1150 330

a T.S. — tensile strength, pounds per square inch.
I E = elongation, %.

is evidence of this. This difference in aging between white and 
red samples in identical polymers is illustrated in Table IV.

It is to be expected that samples of different structures may 
vary in their resistance to oxidation. The most striking examples 
of this encountered in the polyester work are in polymers contain
ing diethylene or dipropylene glycol as a component. These 
polymers are oxidized much more rapidly than are similar poly
mers made of ethylene or propylene glycols and testify to the ease 
of attack on the ether linkage in such structures. This is true 
bqth in oven aging and in outdoor exposures. I t  should be em
phasized that these polymers are without benefit of antioxidant.

I I y p r o ly s i s .  Susceptibility to hydrolysis is a serious defect of 
polyester rubbers. Polyesters are not resistant to acid or alkali 
or to hot water or steam, and, as a matter of fact, immersion in 
water at G0°, SO", or 100° C. is a convenient accelerated test for 
studying the effects of various factors on rate of hydrolysis. 
Samples of 3% unsaturated sebacates lose their shape after about 
72 hours of continuous immersion in boiling water, and succinates, 
being more hydrophilic, break down similarly in about 24 hours. 
Immersion in water at 60° is a slower and more discriminating 
test for succinates, and 80° water is convenient for sebacates. 
Hydrolysis of vulcanizcd polyester rubbers invariably manifests 
itself in a lowering of modulus and an increase in elongation; in 
other words, it has the effect of devulcanization or reversion. 
Therefore the progress of hydrolysis is easily followed by use of a 
simple test which measures the elongation of samples of standard 
size and length under a given fixed load. A reading is taken 10 
scconds after the load is applied, and the sample is then released 
and can be used in further tests. From the hot water tests sev
eral facts stand out.

1. Sebacates, presumably because of their more hydrocarbon 
nature, are markedly more resistant to hydrolysis than succi
nates; samples of the one, for example, are better after 13 days 
in water a t 80 ° C. than corresponding samples of the other after
4 days.

2. Other things being equal, the greater the original per cent 
unsaturation (and therefore presumably the more highly cross- 
linked after vulcanization) the more resistant is the polymer to 
hydrolysis. For example, a 4% unsaturated sebacate after 13 
days in 80 ° water is equal to a saturated sebacate containing the 
same loading after about 4 days. Similarly a 14% unsaturated 
succinate after27 daysin60 °water is better than a 3% unsaturated 
succinate of the same loading after 18 days.

3. Pigments which are able to neutralize acid (such as cal
cium carbonate) confer the greatest resistance to hydrolysis.

Although hot water thus rapidly hydrolyzes polyesters, neutral 
water at room temperature is not a serious hazard, and outdoor 
exposure to rain is really beneficial since it tends to leach out and 
wash away the benzoic acid left from vulcanization. I t  is inter
esting in this connection that, whereas iron oxide is the best pig
ment for outdoor use because of its opacity, polymer samples kept 
mdoors retain their properties much better if they are loaded with 
calcium carbonate. I t follows, then, that for general uses samples 
should contain both calcium carbonate and iron oxide. When 
properly compounded, polyester rubbers are far less seriously 
damaged by atmospheric moisture than are unsaturated hydro
carbon rubbers by atmospheric ozone. Table V gives original and 
aged tensile strength and elongation measurements on samples

F igure 10. B r ittle  P o in ts  o f  S eb acate-  
S u cc in a te  a n il S e b a e a t e - P h t l i a l a t e  
C o p o ly m e r s  L o a d e d  w i t h  150 P a r t s  ■ ' 

M apico 297

of succinate-maleates of varying unsaturation, all loaded with 
150 parts of Mapico 297 iron oxide and each given optimum cure.

These changes in properties include the combined effects of 
oxidation and hydrolysis, and demonstrate the superior aging of 
unsaturated samples.

All the available test data indicate that, for uses where hydroly
sis is expected to be the most serious degradative factor, an un
saturated sebacate would be expected to give the best results, and 
where oxidative influences predominate,- unsaturated succinates 
would be chosen. Tables IV and V appear to indicate that seba
cates and succinates in outdoor exposure degrade at about the 
same rate, and this presumably means that in these conditions 
oxidation and hydrolysis are of about equal importance.
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Heat Transmission from Fine 
Wires to Water

LOW VELOCITY DATA AND CORRELATION

EDGAR L . PIU E T , W ALTER JA M ES, AND M AURICE STACY
U n ivers ity  o f  M in n eso ta , M in n ea p o lis , M in n .

I n  p roblem s involv ing  flu id  flow, i t  is  o ften  desirab le to 
m easu re low  liq u id  and  gas ve loc ities  w ith o u t in tro d u cin g  
an  appreciable resistan ce  to th e  flow o f  th e  flu id . T h e h o t  
w ire an em om eter  is  particu larly  ad aptab le for th is  purpose  
becau se  o f  it s  sm a ll size  and  it s  a b ility  lo  m easu re veloci
tie s  w ell below  th e  practica l range o f  th e  P ito t tu b e . U n
fortu n a te ly  relatively  few data  are availab le on  th e  charac-

|~ T P  TO THE present time, Davis has been the only worker to 
investigate more or less comprehensively the rate of heat 

transfer from electrically heated wires to water under forced 
convection. Such work is significant in the development of our 
knowledge of heat transfer phenomena. Furthermore, fine, elec
trically heated wires are useful as hot wire anemometers to 
measure very low fluid velocities. Ower (10) reported in detail 
methods of using them in the measurement of air flow and 
Dryden (3) described some interesting applications to the 
measurement of turbulency.

Worthington and Malone (IS) made some measurements on a 
vertical wire, 7.9 inches long and 0.010 inch in diameter, which 
they rotated in a tank of water. Their results were erratic at 
velocities below 0.2 foot per second as a result of the eddy cur
rents set up by the wire and its holder. The maximum velocity 
they obtained was 0.5 foot per second. Taking the data of 
Worthington and Malone, Davis showed that the Nusselt numbers 
could be correlated as a function of Reynolds and Prandtl num
bers (1).

In 1924 Davis published the most comprehensive data yet 
taken with fine wires in liquids (2). He used distilled water, 
paraffin oils, and three transformer oils. Single wires, 0.00803, 
0.00598, and 0.00401 inch in diameter and held in a vertical posi
tion, were passed at velocities ranging from 0.33 to 2.3 feet per 
second through the liquids placed in a circular trough. For the 
water experiments he employed temperature differences of 14°, 
36°, and 63° F., and a wire 0.00803 inch in diameter.

Ulsamer (12) in 1932 used the data for air of various investiga
tors and the data of Davis for liquids. He arrived at a correlation 
of the form

N u f /( P r f )0-5 =  u(Rej?)n

in which the physical properties of the liquids are evaluated at the 
arithmetic average film temperature. He found that, in general, 
laws applying to wires will apply to cylinders, and that, on the 
basis of the work done with gases, the results can be extended to 
include liquids. Hilpert (4) extended the data available on air, and 
improved the correlation by introducing the additional group, 
Tu/To, and evaluating the physical properties at an integrated 
mean film value. Mueller (9) obtained data on heat transfer 
from wires to air in parallel flow and found heat transfer rates of 
only 40% of the normal flow coefficients. Recently Kramers (6) 
published now data on heat transfer from small spheres and also 
developed a generalized correlation based on literature data for 
heat transfer from fine wires to various flowing media.

ter istics  o f  fine w ires a t  low" w ater ve lo c itie s . T h is paper 
p resen ts h ea t transfer d ata  ob ta in ed  o n  fine p la tin u m  and 
n ick e l w ires a t  w ater  ve loc ities low er th a n  previously re
p orted , and  for a relatively  w ide range o f  w ater  tem pera
tures and  tem p era tu re  d ifferences. T h ese  d ata  have been 
correlated  by m ea n s o f  d im en sio n less  groups and  also by 
m ore read ily  solved em p irica l re la tion s.

I

In the present investigation water was caused to flow past the 
wire placed in a horizontal position just following a rounded-ap- 
proach nozzle. I t was therefore possible to obtain low undis
turbed velocities easily and to secure uniform velocities across the 
entire length of the wire. Anemometer traverses made with a 
short wire were used to determine the actual velocity distribution 
across the nozzle opening (Figure 4). The volumetric flow as 
determined by calibrated orifices was then converted to the actual 
linear velocity past the wire a t the nozzle. The length of the wire 
was always made about 0.5 inch less than the diameter of the 
nozzle so as to have a uniform velocity along its length.

Data were obtained for water velocities ranging from 0.01 to 
0.5 foot per second past the wire. A velocity of only 8 inches per 
minute is, indeed, well below the practical ra,nge of the Pitot tube. 
By using distilled water it was found possible to operate without 
having gas bubbles appear on the wire even at relatively high wire 
and water temperatures. If ordinary tap water were used, 
bubbles appeared on the wire when its temperature was about 80° 
to 100° F. I t  was also found that the current loss from the holder 
by conduction through the water was negligibly small, the error 
being about 0.01% of the operating current. This was deter
mined by breaking off the wire and then measuring the current 
still flowing through the bridge at normal voltage drop across the 
wire leads.

The temperature of the water was varied from 78° to 125° F. 
and was measured by a fine thermocouple placed 0.5 inch below 
the wire and in the water stream coming from the nozzle. The 
wire temperature, calculated from the electrical resistance of the 
wire, was varied from 90° to 230° F. Under conditions of natural 
convection, wire temperatures as high as 288° F. were attained. 
At the higher temperatures, gas bubbles would at times appear on 
the wire. The bubbles and any lint, etc., collecting on the wire 
could easily be seen through the glass windows by means of a 
telescopic sight. This and the fact that the current readings 
were unsteady and erratic made it possible to detect these un
desirable conditions and to avoid taking erroneous data.

Two types of wire were used, a 0.001-inch platinum wire and a 
0.0028-inch nickel wire. These two wires were useful as a check 
on the method of correlation and apparatus employed in making 
the measurements. For a given water temperature, velocity, and 
temperature difference, the smaller wire gave higher coefficients 
than the larger, but the results for both were correlated by the 
usual dimensionless groups.

An experimental method was adopted to determine the impor
tance of the heat loss by conduction through the ends of the hot
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wire. A 0.75-inch length of wire was used, and the total heat loss 
determined at constant water velocity. The measurement was 
repeated with a wire whose length was 35% greater. As closely 
as could be determined, the results were the same and the con
clusion can be drawn that the water conducts the heat away from 
the wire so rapidly that the end effects are not important. Davis 
also found this to be true.

APPARATUS

The experimental apparatus can be divided into two distinct 
parts—the water system and the electrical system. The distilled 
water, conducted by 3/<-inch pipe, passed through a main con
trol valve, then through two .valves in parallel to ensure better 
control and finer adjustment oT water velocity. To cover the 
velocity range of some fifty fold, two orifices, arranged in parallel, 
and overlapping in range, were employed. The flow through 
either of these orifices was controlled by two valves, each located 
fifty pipe diameters before each orifice. The water then passed 
through a steam heater that was used only during the hot water 
runs and then to a tank. The tank was 2 feet long, 15 inches 
high, and 10 inches wide. A center section divided the tank into 
two parts. An elliptical approach nozzle, designed according to 
specifications (8), with a 1.5-inch throat diameter, was used to 
obtain a water velocity of uniform wave front past the wire. This 
nozzle was bolted on a 7-inch-diameter opening cut in the center 
section. Figure 1 is a photograph of the nozzle, wire holder, and 
thermocouple, as taken through the window in the side of the 
experimental tank. The first half of the tank contained a filter 
cloth to remove lint, dirt, etc., and, more 
important, to assure a uniform, noneddying 
flow of water before it reached the rounded- 
approach nozzle. The second half of the tank 
was constructed with plate glass window 
sides to permit observation of all visible 
phenomena. The water flowed through the 
nozzle, past the hot wire, and out of the 
tank, and was then discarded. Occasional 
fine particles suspended in the water made 
it possible to observe that the stream lines 
flowing from the' nozzle were smooth and un
disturbed. Davis used an annular trough and 
moved the wire through the water. Con
sequently the wire holder was also in the water 
stream, and the impact of the water against 
the holder set up undesirable eddy currents.
An additional correction for the water slippage 
in the trough was also avoided by using the 
present construction.

The electrical system consisted of a Kelvin 
double bridge (including the hot wire), a 
thermocouple, a set of standard resistances, 
and a potentiometer. Figure 2 is a diagram 
of the electrical system, showing its relation 
to the tank (water system). The function of 
the bridge was to control and measure the 
resistance of the hot wire. The principal 
reason that this bridge, rather than the 
Wheatstone bridge, was employed is that it 
is more sensitive when the resistances to be 
compared are of low values. C (Figure 2) 
was the known resistance, and the hot wire 
"as the unknown resistance. There were two 
sets of ratio coils, Ai, B h and A lt B2. Each 
set of ratio coils contained a dial resistance 
pox, if, and B!t that permitted great flexibility 
in the use of the instrument. The values of 
i*1 and At were 50 ohms at first and later 
increased to 500 ohms. To ensure a constant 
resistance with variations in temperature, all 
of the fixed resistances were constructed with 
manganin wire. The points of contact (1, 2, 3, 
etc.) consisted of binding posts arranged in com
pact rows, to which the lead wires from the vari

ous resistances were soldered. The connection between 2 and 3 
consisted of a copper bar of negligible resistance sunk in mercury 
wells. Switch R made connections to cither a high or a low volt
age source of direct current; the former source was used when tak
ing data, and the latter for calibration purposes. A constant volt
age was maintained by Edison cells. Milliammeter A was con
nected in scries with three slide-wire resistances to the source of 
current. The galvanometer was wired so that it could be employed 
with either the bridge or the potentiometer. When it was used with 
the bridge, switch D was opened; when used with the potentiom
eter, switch U was opened. The potentiometer served a dual pur
pose of calibrating and checking the several resistances and of 
measuring thermocouple voltage. Five standard resistances (0.1, 
1, 10, 100, and 1000 ohms) were installed in the system to facilitate 
calibrating and chocking the resistances. The current could be 
directed through these resistances or around them by proper 
manipulation of switch T. They were connected together by 
five double-pole single-throw switches so that, when any switch 
was closed, the respective standard resistance was thrown into 
the system. When the potentiometer was used for calibration 
purposes, open wires X  were connected across the resistance to be 
measured. The potential drop across the standard resistance 
was measured witli switch P  thrown to the right, and the poten
tial drop across the unknown resistance was measured with 
switch P  thrown to the left. The calculation of the unknown re
sistance was based upon Olun’s law. When the potentiometer 
was used for thermocouple potential measurements, switch P was 
opened and switch Z  was closed. During all these operations ex
treme care was exercised in seeing that only the proper switches 
were used in order that no extraneous currents could flow through 
the galvanometer and give pseudo null points'.

The wire was held horizontally in the flow stream, directly in 
front of the 1.5-inch-diameter nozzle throat, by a Bakelite wire 
holder bolted to the nozzle (Figures 1 and 3). The current leads

F igure 1. F in e  H orizonta l W ire in  W ater S tream  F low in g from  N ozzle
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F igure 2. E lcctrical M easu rem en t C ircu it

cient of the change of resistance of the hot wire 
with temperature be accurately known. The 
temperature coefficient of electrical resist
ance, in the interval 0° to 100° C. (Rm— 
/fo)/100 Ra, for a sample of this 0.001-inch 
platinum wire was found by the National Bu
reau of Standards to be 0.003874. Several sec
tions of the wire were also calibrated in our 
laboratory and found to agree well with the 
above value. The Callendar equation was 
used in calculating the data:

R,
aRt> +  1.5 (i/100 - 1 )  i/100

where a = 
I =

ßioo -  Ro = 0.003874
100ÄO

true temperature, ° C.

and wire holder were electrically insulated from the tank and noz
zle. The hot wire itself was welded with an electric arc to the 
heavier, tapered platinum wire leads whose distance apart could 
be readily adjusted. Minor adjustments in tightening the wire 
had no appreciable effect on the readings.

CALIBRATIONS

The velocity distribution across the nozzle throat was deter
mined by making traverses with a hot wire anemometer, 0.5 inch 
lpng. These traverses were also necessary to 
determine the nozzle coefficient. Two traverses 
were made, one at a high, and one at a low water 
velocity. The maximum flow of current (maxi
mum rate of heat transfer) was taken ¡is a meas
ure of the maximum velocity; the lower curve 
of Figure 4 shows a plot of per cent of maximum 
velocity against per cent of diameter from the 
top of the throat at a calculated velocity of 0.548 
foot per second. The nozzle coefficient at this 
velocity was 1.006.' A traverse (upper curve) 
was also made at a calculated velocity of 0.062 
foot per second. The results of the velocity dis
tribution were practically the same, and the noz
zle coefficient was 1.018. Since the coefficient 
changed very gradually with velocity, the correc
tion curve was ¡issumed to be a straight line.

The two water orifices were constructed in the 
conventional manner, and separate differential 
pressure gages were used for each orifice. The 
orifices were, calibrated in place by weighing the 
discharge over an interval of time, measured 
with a 0.1-second stop watch, at a constant dif
ference of mercury levels. For low differences of 
pressure, the mercury gage readings were taken 
with a cathetometer that read to hundredths of 
a centimeter. The velocity through the nozzle, 
calculated by volume displacement, was corrected 
to the actual velocity by the nozzle coefficient, and very smooth 
linear plots resulted for the two orifices when the square roots of 
the differential gage readings were plotted against the corrected 
velocities through the nozzle.

Although pure nickel wire, 0.002S inch in diameter, was used 
for several runs, the more important wire used in the present 
work was platinum wire, 0.001 inch in diameter and of the highest 
available purity. The principal reason for using such a fine wire 
was that only small amounts of current were necessary to operate 
It at any desired temperature. I t  was important that the coeffi-

lp = platinum temperature = R , - R o 
ccRq

The diameter of the wire, as given by the company from whom 
it was purchased, was 0.001 =•= 0.00001 inch. This value was 
checked by an optical method employing the principle of inter
ference bands, and a value of 0.00105 inch was obtained. The 
value as given by the manufacturer, however, was used in all the 
calculations because of the greater experience and better equip
ment they have in measuring such fine diameters.

i f
o ...........j

f u 0 o — tj
u  i --TTf-

• )

F igure 3. W ire Support

The nickel wire was calibrated by Clyde Berg at the U n iv e rs ity  
of Minnesota for use as a nickel thermometer and he obtained the 
equation

• logio (Vj +  R/2Ro) = 0.00102i
where Ro — resistance of wire a t 0° C., ohms 

t =  temperature, ° C.

The nickel wire was used for only two runs. The diameter ot 
the nickel wire was determined by weighing several accurately 
measured lengths of the wire and found to be 0.00280 inch. This



PROCEDURE

At the beginning of a run the pipe lines and tank were flushed 
out with distilled water until the water in the tank became clear. 
Any air that may have accumulated in the system was removed 
through several petcocks located at the high points of the system. 
Before a new hot wire was used, it was always annealed at red 
heat for several hours. The wire holder was bolted to the nozzle, 
and the resistance of the leads and hot wire was determined either 
by balancing the bridge or by comparing them to a standard resist
ance. Periodically both methods were used as checks. In 
either case the amount of current flowing through the hot wire did 
not exceed 0.003 ampere, and the temperature of the wire during 
this determination was assumed to be that of the water in which 
it was immersed. When the comparison method was employed, 
the bridge was broken at post 6 (Figure 2), and the copper bar 
lifted from mercury wells 2 and 3. The removal of the bar threw 
additional external resistances Bi and A, into the circuit. This 
left a one-loop circuit, and the potential drop was measured across 
posts 1 and 2 and then across the standard resistance. The 
measurements were repeated several times, and the amount of 
current flowing was changed slightly between each pair of meas
urements by changing the external resistance. If, at any time, 
it was suspected that this resistance had changed, it was redeter
mined at a known water temperature. After each set of potential 
measurements or after balancing of the bridge, the temperature 
of the water was measured with the thermocouple.

During the experimental runs the external resistance was ad
justed until the bridge balanced, an indication that the current 
flowing through the hot wire had heated it to the resistance de
termined by the dial box settings. The readings of the several 
instruments were recorded; then either the dial box resistances 
or the water velocity past the hot wire was changed, and the 
bridge rebalanced.

During the hot water runs the temperature of the water some
times changed appreciably between the milliammeter and thermo
couple readings. To correct for this condition, a helper, equipped 
with a stop watch, recorded the current and thermocouple read
ings and also the times at which they were given. Plots wero
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T a b l e  I. C o n s t a n t  V e l o c i t y  D a t a  f o r  W i r e  8 .3 3  X  1 0 ~ 6 F o o t  i n  D i a m e t e r

Nuf
Run No. V L /?» It i Ti Tv, AT h Q /A0 R cf N uf (PrF)0’1

A-1 0.020
1

0.0808 4.5181 5.1477
5.2434
5.5249
5.8992
6.2755

0.2893
0.3600
0.5123
0.664
0.788

79.7
79.7
79.6
79.6  
79.5

96.12
105.03
134.87
173.41
212.74

16.4
26.2
55.3
94.0

133.2

1.176 
1.161
1.176 
1.240 
1.311

19.31
30.45
65.0

116.5
174.6

0.197
0.208
0.246
0.290
0.341

1.003 
0.984 
0.976
1.004 
1.037

0.608
0.608
0.634
0.695
0.753

A-2 0.0088 0.0808 4.5181 5.5249
5.7125
5.8992
6.0879
6.2755

0.4556
0.524
0.584
0.640
0.691

81.3
81.3
81.3
81.3
81.3

134.87
153.25
173.58
193.18
212.74

53.6
73.0
92.3

111.9
131.4

0.959
0,963
0.9S1
0.999
1.022

51.4 
70.3 

'  90.5 
111.7 
134.3

0.108
0.118
0.129
0.140
0.151

0.795
0.788
0.793
0.798
0.806

0.519
0.531
0.550
0.569
0.591

A-3 0.0-11 0.0808 4.15181 5.0745
5.2434
5.5248
5.8992
6.2755

0.2603
0.412
0.576
0.734
0.862

78.6
78.6
78.8
78.8
78.8

88.63
105.93
134.88
173.58
212.74

10.0
27.3
56.1
94.8

133.9

1.535
1.459
1.460 
1.502 
1.577

15.40
39.87
82.10

142.4
211.2

0.384
0.424
0.494
0.593
0.697

1.317
1.237
1.216
1.216
1.246

0.784
0.763
0.790
0.840
0.911

B-2 0.0980 0.08466 4.9754 5.6000
5.7125
6.2755
6.6519

0.276
0.391
0.721
0.862

79.7
79.7 
79.5 
?9 .2

89.73
100.19
152.75
188.25

10.0
20.5
73.3

109.1

1.819
1.823
1.905
1.981

18.24
37.34

139.5
216.0

0.953
0.991
1.302
1.521

1.555
1.550
1.561
1.590

0.936
0.946
1.045
1.122

B-3 0.0365 0.08466 4.9754 5.7125
5.9002
6.2755
6.6519
6.8385

0.338
0.456
0.620
0.763
0.824

80.00
79.84
79.70
79.52
79.16

100.19
117.69
152.81
188.25
205.89

20.2
37.9
73.1

108.7
126.7

1.382
1.386
1.411
1.523
1.567

27.90
52.46

103.1
165.6
198.5

0.367
0.405
0.482
0.564
0.605

1.175 
1.165 
1.155 
1.223 
1.243

0.717
0 .735
0.774
0.866
0.901

C 1 0.101 0.08466 5.0349 6.2005
6.2755
6.4632
6.6500
7.0250

0.3114
0.3776
0.5048
0.6110
0.7690

125.2 
125.6 
125.8
126.3 
126.0

138.92
145.86
163.27
180.67
215.71

13.7
20.3
37.4
54.4
89.8

1.881
1.879
1.881
1.953
1.979

25.71
38.06
70.4

106.2
177.6

1.536
1.584
1.701
1.822
2.059

1.513 
1.504 
1.489 
1.527
1.513

1.063
1.069
1.084
1.139
1.168

D-l 0.202 0.08125 4.5551 5.3372
5.5249
5.7125
5.9002
6.0879

0.4650
0.6265
0.7520
0.8580
0.9460

89.00
88.83
88.79
88.63
88.63

111.11
130.25
149.44
168.71
188.04

22.1
41.4 
60.7 
80.1
99.4

2.326
2.333
2.373.
2.417
2.442

51.43
96.6

144.0
193.6
242.8

2.271
2.501
2.738
2.983
3.238

1.951 
1.930 
1.936
1.952 
1.949

1.238
1.264
1.308
1.357
1.395

value was checked with a micrometer. The experimental results 
obtained with the nickel wire were found to agree with those ob
tained with the platinum wire.

The thermocouple used to determine water temperatures was 
constructed from eopper-constantan wires and was carefully 
calibrated. The milliammeter was calibrated by connecting it in 
series with a standard resistance and measuring the potential 
drop across the standard with the potentiometer at different 
values of current. The milliammeter readings were accurate to 
within 1%.
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Figure 4. Velocity D istribution  a t 
Wire Position Following Nozzle

Davis found that the internal heat distribution of small diam
eter wires could be assumed to be uniform without involving any 
appreciable error (2). In the present work the wires wore even 
finer in diameter than those used by Davis, so this assumption 
could be made with greater confidence.

The resistance of the wire leads and hot wire holder was deter
mined by assembling them in a manner identical to that used 
when making a run except that the hot wire was removed and the 
opened ends were immersed in a pool of mercury. The measure
ments were repeated several times, and the resistance of the leads 
»nd holder was found to be 0.105 ohm. This value was sub
tracted from the total resistance to find the resistance of the 
hot wire itself.
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T a b l e  II. V a r i a b l e  V e l o c i t y  D a t a

11 Nickel wire.

Pun Nuf
No. R lit L D V i Ti Txo AT h Rep N uí* (PrF)®*1
1-2 4.142 3.5794 0.0025 8 .33 X 10-* 0.01080 0.3659 77.2 104.37 27.2 1.197 0.110 1.017 0.623

0.03673 0.4104 77.2 104.37 27.2 1.505 0.373 1.279 0.784
0.0797 0.4519 77.3 104.36 27.1 1.832 0.811 1.556 0.954
0.2056 0.5120 77.3 104.37 27.1 2.352 2.091 1.997 1.224
0.3960 0.5430 77.5 104.37 26.9 2.665 4.031 2.263 1.388
0.5000 0.5460 78.2 104.37 26.2 5 .766 5.110 2.348 1.438

11-5 0.190 4.0033 0.0S14 8.33 X 1 0 -‘ 0.01133 0.642 82.0 184.37 102.4 1.110 0.174 0.891 0.629
0.03972 0.757 79.9 184.37 104.5 1.512 0.604 1.216 0.855
0.08005 0.854 78.4 184.37 106.0 1.897 1.210 1.528 1.071
0.1019 0.877 77.1 184.37 107.3 1.977 1.532 1.593 1.115

111-3 0.210 4.7252 0.0S20 8.33 X 10-« 0.01056 0.518 109.7 177.59 67.9 1.083 0.176 0.859 0.623
0.0465 0.600 108.1 177.59 69.5 1.420 0.771 1.126 0.816
0.0838 0.669 108.9 177.59 68.7 1.786 1.397 1.416 1.027
0.1942 0.756 109.5 177.59 68.1 2.272 3.244 1.801 1.308
0.3740 0.816 112.0 177.59 65.6 2.782 6.311 2.202 1.605
0.4515 0.834 113.5 177.59 64.1 2.975 7.663 2.352 1.717

IV-2« 0.721 0.5243 0.0814 2 .33 X 1 0 -‘ 0.0155 1.922 82.4 164.02 81.6 0.518 0.611 1.178 0.807
0.0441 2.250 81.5 164.02 82.5 0.702 1.732 1.598 1.094
0.0804 2.520 80.0 164.02 84.0 0.865 3.134 1.971 1.347* 0.2034 2.947 80.9 164.02 83.1 1.196 7.967 2.723 1.861
0.3895 3.172 86.1 164.02 77.9 1.477 15.617 3.355 2.311

¿ I
*  .8\
o '6

.08 .1 .2 .6 .8 2.

VARIABLES 
V-0.01 TO 0.5 FT./SEC. 
D-0.001 &0.0028 INCHES 
Tj-78 TO 125 DEGREES F.
A T-10 TO 140 " 11

o o 0

3r<jrO O

o °°_S
0

4. 6. a  10.
DV/Of

Mr
Figure 5. C orrelation o f  H ea t T ransfer D ata for F ine W ires

made of time against the current and thermocouple readings, and 
the thermocouple reading corresponding to the time of the cur
rent reading was taken as the true measure of the water tempera
ture.

ANALYSIS O F DATA

The experimental data were calculated in terms of dimension- 
less groups and are plotted in Figure 5. The data do not show an 
appreciable curvature over the experimental range. The equa
tion of the line is:

against AjP at a series of constant velocities. 
From this and similar direct plots of the experi- 

"mental variables above AT of 15° F. and for 
velocities above 0.02 foot per second the follow
ing simple equation for 0.001-inch wire was ob
tained:

h = 2.98 (F )0-28 (AT)0-“ (3)

The probable error of h about this relation is only 
±  1.7%. Thus it appears that the data are quite 
precise and correlate well. By cross plotting the 
data, Figure 6 was prepared to facilitate the use 
and interpretation of the results of this investiga
tion for anemometry.

To compare the results of this work with 
those of previous investigators, the equations 
proposed by McAdams (7) and by Kramers 

(i6) were plotted in Figure 7 together with the line of the 
present data. McAdams’ equation in this range is based on 
King’s data (5) for air down to a Reynolds number of 0.2 and is 
recommended for any gas. Kramers recommends that his general 
correlation for various fluids be limited to the range of the Nusselt 
number from 20 down to about 2. This approximately corre
sponds to a range of Reynolds number of 400 to 2. ih e  present 
data fall between the two correlations.

hD/kp
(CV/A-f)0-3 = 0.965 'DVPf\°-w

w 7 (i)

All of the terms involved are in consistent units, and the thermal 
conductivities (7), densities (11), and viscosities (11) are taken at 
the arithmetic mean film temperature. For brevity the data for 
only every fifth experimental point are given in Tables I  and II.

Equation 1 is somewhat cumbersome to use, and can be pre
sented in a simpler form for water by grouping the density, ther
mal conductivity, and viscosity factors and plotting the value of 
this product against the average film temperatures ranging from 
77° to 180° F. This function can then be substituted and Equa
tion 1 reduced to:

h = (0.28 Tf +  3S6) X 10-'
y o .2s
g O î (2)

The probable error of estimating h about this equation is =*= 3.4%. 
A better correlation was arrived at by plotting the values of h

V-FT/SEC.

F igure 6. I le a t  Loss P lo t for 0 .001-Inch  W ire

By plotting the total heat transferred per unit area (Figure 8), 
a series of nearly parallel lines are obtained except at zero velocity. 
The slope of the zero velocity curve can be explained as being due 
to a rapidly increasing effect of the convection currents as the 
temperature difference increases. Davis determined the velocity
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Re
F igure 7. C om parison  o f  P resen t W ork w ith  A vailable E q u ation s

NOM ENCLATURE

Any set of consistent units can be used in Equation 1 since it is 
dimensionlèss.

T = temperature, 0 F.
AT = temperature difference between the wire and the

main body of water, ° F. 
h =  heat transfer coefficient, B.t.u./(sec.)(sq. ft.)(° F.)
D = wire diameter, feet
Q/AO =  rate of heat transfer, B.t.u./(sec.)(sq. ft.)
L =  length of wire, feet
i = current, amperes
R = resistance, ohms
V = velocity, feet/second
Ref = Reynolds number, DVpf/ ijf, calculated at arithmetic 

average film temperature 
Nuj.- =  Nusselt number, hD/kp, calculated a t arithmetic 

average film temperature 
Prp = Prandtl number, Cuf/Icf, calculated at arithmetic 

average film temperature 
p = density
C = specific heat
ii = viscosity
k — thermal conductivity
a = constant

Subscripts
F — film conditions taken at arithmetic average of wire and 

water temperatures 
I — liquid 
w = wire
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When hot wire anemometers are used to measure very low air 
velocities, it is found impractical to operate at high wire tempera
tures because at some velocity the heat loss becomes less than that 
due to free convection (10). This phenomenon is not found in 
the case of water because, as the intersection in Figure 8 shows, 
to reach this zone it would be necessary to operate at very high 
temperature differences (about 180° F.) or at extremely low ve
locities below 0.01 foot per second. Thus no dip is observed when 
the current is plotted against the water velocity even for the wide 
range of temperatures and velocities covered in this investigation.

of the convection currents by imposing a forced velocity at right 
angles to the rising water currents from a vertical wire and noting 
the velocity a t which the angle of the stream lines became 45°. 
He assumed that a t this point the natural and forced currents are 
of equal magnitude, and calculated a value of 0.00018 foot/sec
ond (° F.). Figure 8 shows that the zero velocity line intersects 
the line of 0.0088 foot per second at approximately 180° F. As
suming that at this temperature difference the effective velocity 
of the natural currents is 0.0088 foot per second a value of 
approximately 0.00005 foot/(second) (° F.) is obtained for a hori
zontal wire.

AT

Figure 8. L ogarith m ic  P lo t o f  H ea t Loss vs. T em p eratu re  
D ifference

V -FT /SEC . 
0.202 
0.0966 
0.041 
0.0365 
0.021 
0.0088 
0.000



Hydrogenation of Catalytically 
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H y d ro g en a tio n  o f  th e  o lefin ic  c o n st itu e n ts  o f  ca ta ly tica lly  cracked av ia tion  gaso lin es to the  
corresponding paraffins w ith o u t h yd rogen ation  o f  arom atic  c o n st itu e n ts  to  n a p h th en es  resu lts  
in  a gaso lin e  o f  im proved s ta b ility  and  lea n -m ix tu re  o c ta n e  n u m b er  a fter  ad d itio n  o f  lead , w ith  
no sacrifice in  r ich -m ix tu re  ra tin g . C om m ercia l op era tion  o f  th e  h yd rogen ation  process for  
th e  im p rovem en t o f  flu id -ca ta ly st-crack ed  av ia tion  gaso lin es h as b een  su ccessfu lly  carried o u t  
b oth  a t  150 an d  a t  3000 p ou n d s per square in c h  pressure u sin g  rugged su lfu r -re s ista n t ca ta ly sts  
jof sa tisfactory  ac tiv ity  and  life .

CATALYTIC hydrogenation has been used in several ways in 
the production of aviation gasoline. Some of these applica

tions have already been described. For example, the use of high 
pressure destructive hydrogenation to produce high grade avia
tion fuels from kerosenes and light gas oils was reported by Mur- 
phree, Brown, and Gohr (5, 4). They also described the simple 
hydrogenation of selective dimers of isobutylene and normal 
butylenes to produce iso-octanes for blending into premium avia
tion gasoline {8, 4)- The present paper deals with another ap
plication of hydrogenation for aviation gasoline production— 
namely, the hydrogenation of catalytically cracked naphthas. 
This paper is concerned mainly with the effect of possible changes 
in product composition on the resulting product quality and not 
with the details of the methods by which these changes are 
brought about.

There is considerable similarity between hydrogenation of selec
tive butene dimers and hydrogenation of catalytically cracked 
aviation naphtha. Both are examples of simple hydrogenation, 
where conditions are adjusted to prevent splitting of the mole
cules; both processes are amenable to high pressure or low pres
sure operation with sulfur-resistant catalysts; both were exten
sively employed during the war period to augment the supplies of 
100-octane aviation gasoline. Reference to the application of 
hydrogenation in the production of catalytically cracked naphthas 
has already been made in the literature (i); the purpose of this 
paper is to describe another aspect of this process, as employed.on a 
large scale in the high-pressure hydrogenation plant of the Stand
ard Oil Company of New Jersey (Louisiana Division) at Baton 
Rouge, and in a low pressure hydrogenation plant operated for 
Defense Plants Corporation by the Humble Oil and Refining 
Company at Baytown, Tex.

G ENERAL CONDITIONS

The so-called 100-octane aviation gasoline produced in the 
United States during the war was the mainstay of the air forces of 
this country and our allies. This 100-octane gasoline consisted 
of high grade base stocks and blending agents of very high octane 
number. The base»tocks used were selected virgin naphthas or 
their equivalent produced by destructive hydrogenation, and

catalytically cracked naphtha?. The blending agents employed 
were iso-octane from hydrogenation of butene dimers, alkylates of 
isobutane and Cj-C5 olefins, and certain low boiling aromatic« 
such as isopropylbenzene. The final aviation gasoline blend was 
required to have high octane number both by lean-mixture and by 
rich-mixture rating. For example, the principal gasoline in use 
during the war period was the so-called Grade 100/130 which, 
when leaded and compared t6 the iso-octane standard, had a per
formance number of 100 by the lean rating and 130 by the rich 
rating. Highly branched isoparaffins, as exemplified by alkylates 
and hydrogenated butene dimers, are especially valuable for in
creasing lean-mixture rating; aromatics in general are superior 
materials for boosting the rich-mixture rating.

The quality of catalytically cracked gasolines depends on feed 
stock, catalyst, and operating conditions, especially temperature. 
The suitability of a catalytically cracked gasoline for inclusion in 
aviation fuels is judged principally by its octane number charac; 
teristics and degree of unsaturation. In general, the higher the 
octane number and the more saturated the gasoline, the better it 
is from an over-all standpoint. I t is not our purpose to review 
critically the data relating catalytic cracking variables to the 
quality of the gasoline produced. Numerous publications over 
the past several years have treated this question. However, a 
few generalizations are in order.

From the standpoint of increased octane number and lower un
saturation of the catalytically cracked gasoline, the following is 
generally true: Naphthenic charge stocks are preferable to par- 
affinic; low boiling feed stocks are better than high boiling ones; 
and synthetic catalyst is preferable to natural catalyst (2,5).

The effect of catalytic cracking conditions is somewhat more 
complex than that of feed stock or catalyst, but the effects are 
also well defined. At any given cracking temperature, higher 
conversion of feed stock is conducive to lower olefinicity and higher 
aromaticity, and thus is favorable for both lean-mixture and rich- 
mixture octane ratings. Low operating temperature (for ex
ample, 750-800° F.) results in low olefinicity and low aromaticity. 
The low olefinicity is favorable to high lean-mixture octane 
number, but the low aromaticity tends to give poor rich mix
ture ratings. High operating temperature (for example, 950-

1104
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Figure 1. Efleel of High Pressure H ydrogenation on O ctane N um ber, 
Olefin C onten t, and  A rom atic C onten t of Aviation Gasoline Fractions 
from  High T em perature, F luid C atalyst Cracking of Tinsley Gas Oil 

w ith  Synthetic  C atalyst

975° F.) results in cracked gasolines that are 
very olefinic; and despite the advantage of 
higher aromatic concentration, such gasolines 
may be too low in lean-mixture octane rating.
However, the over-all advantages of high tem
perature cracking as practiced on the fluid cata
lyst cracking units were convincingly great— 
namely, higher plant capacity because of more 
conversion for a given carbon yield and much 
increased production of normal butcnes and 
isobutylene. The production of these C4 olefins 
has been of tremendous importance to the 
synthetic rubber and aviation gasoline pro
grams.

In view of the over-all desirability of high 
temperature cracking in the fluid catalyst units, 
the problem resolved itself to one of finding the 
best method for improving the lean-mixture 
octane rating of the aviation gasoline without 
detriment to rich-mixture performance. The 
retreating of catalytic gasoline by a second 
pass over the cracking catalyst was one answer 
to this problem. However, in the case of highly 
olefinic gasolines produced at elevated cracking 
temperatures, a considerable loss of product 
was involved. As an alternate it appeared that 
simple hydrogenation of the catalytically 
cracked gasoline might be a desirable process if 
conditions were used to saturate the olefins 
without hydrogenation of the aromatics. As 
will be pointed out, this type of hydrogenation 
process proved both feasible and desirable, since 

, it gave about 100% volumetric yield of satu
rated product. A large improvement in lean- 
mixture octane rating of the leaded gasoline was obtained 
without any loss in rich-mixture performance. The reason for 
this improvement is that the olefins in the catalytic naphtha 
are predominantly of branched structure and arc thus con
verted into isoparaffins of high octane number. The labora
tory development and the large scale application of this process 
are discussed later. In the following discussion the lean-mixture 
octane rating of gasolines is expressed as the octane number deter
mined by the A.S.T.M. aviation method. Rich-mixture ratings 
are expressed as I.M.E.P. (indicated mean effective pressure) 
determined on the C.F.R. supercharged aviation engine.

LABORATORY DEVELOPM ENT

Figure 1 shows typical data on the composition and octane 
rating of aviation gasoline boiling range fractions from the high 
temperature fluid catalyst cracking of a gas oil from a mixed base 
crude (Tinsley), both before and after hydrogenation for removal 
of olefins. Aromatic concentration increases and olefin concentra
tion decreases with increase in boiling point. Hydrogenation, as 
carried out in this process for almost complete removal of olefins, 
has practically no effect on the aromatics present in the cracked 
material. The lower boiling fractions of high olefin content show, 
after addition of lead, a much greater improvement in lean-mix- 
ture octane number upon hydrogenation than do the higher boil
ing fractions which are less olefinic and more aromatic in nature.

Since the greatest improvement, based on octane rating alone, 
■s obtained by the hydrogenation of the light naphtha, the higher 
boiling fractions may be by-passed around the hydrogenation 
stage with little loss in total product quality. The improved 
stability, which is characteristic of fully hydrogenated products, 
maybe maintained in this case by acid treatment of the high boil
ing by-passed fractions. Table I demonstrates the improvement 
in stability of high boiling, catalytically cracked fractions follow- 
■ng acid treatment. Only low treating losses occur by this pro
cedure since the fraction to be acid-treated is initially low in olefin
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content. If hydrogenation capacity is limiting, this procedure 
allows a more efficient utilization of given hydrogenation facilities 
and a greater over-all production of aviation gasoline. Another 
advantage for acid treatment of the high boiling aromatic frac
tions lies in the improved rich-mixture rating which in general has 
not been found to occur upon hydrogenation.

T a b l e  I. A c id  T r e a t m e n t  o f  2 5 0 - 3 2 5 °  F. F r a c t i o n  o f  A v i a 
t i o n  G a s o l i n e  f r o m  H i g h  T e m p e r a t u r e ,  F l u i d  C a t a l y s t  
C r a c k i n g  o f  C o a s t a l  G a s  O i l  w i t h  S y n t h e t i c  C a t a l y s t

Acid trea t, lb. 98% acid /barrel 0 10
Yield, volume % 100 92
Bromine number, cg./gram  9 2
Copper-diBh gum, m g ./100 ml. 22 6
5-hour arm y gum, mg./lOO ml. 19 8
Modified 16-hour arm y gum, mg./lOO ml. 37 9

In contrast to the highly olefinic catalytically cracked fractions 
which boil above the pentane cut and which show, upon hydro
genation, a large improvement in leaded lean-mixture ostane 
number, the cracked pentane fraction has no appreciably better 
leaded lean-mixture octane number blending value after hydro
genation than before. More advantageously, this cracked mate
rial may be alkylated with isobutane to produce a blending agent 
of high octane number. Where alkylation capacity or isobutane 
supply is limiting, however, the cracked pentane fraction without 
alkylation or hydrogenation may be utilized directly in aviation 
gasoline to the extent allowable by vapor pressure limitations, 
since the stability of the finished aviation gasoline does not appear 
to be detrimentally affected by the inclusion of this cracked mate
rial.

The advantages of hydrogenation of the highly olefinic, cata
lytically cracked, aviation gasoline fractions boiling above the pen
tane cut are rather well defined. The question of whether to 
alkylate, hydrogenate, or use as such the cracked pentane fraction
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(U N H Y D R O G E N A T E D  M IN U S  H Y D R O G E N A T E D )

F igure 2. R e la tio n  b etw een  C hange in  Olefin C o n ten t by 
H ydrogen ation  and C hange in  O ctane R atin gs for A viation  
G aso lin es (7 P ou n d s per Square In ch  R eid  Vapor Pressure) 
from  F lu id  C ata ly st C racking w ith  S y n th e t ic  C ata lyst

and the question of whether to hydrogenate or acid treat the more 
aromatic aviation gasoline fractions boiling above 200-250° F. 
depend upon the current refinery alkylation, hydrogenation, and 
acid treating capacities and upon the effect of each of those meth
ods of treatment on product yield, stability, and quality.

The continuous type of small pilot unit used for the hydrogena
tion of various catalytically cracked gasolines has been described 
(1). This type of laboratory unit is suitable for use a t pressures 
up to 3000 pounds per square inch. For operation at any given 
pressure within this range, the only change necessary is in the type 
of catalyst required; that is, catalysis which may be used at 150 
pounds pressure may not be suitable for use at 3000 pounds, and 
vice versa. As exemplified in previous publications (1, 3, 4), the 
catalysts used are sulfur resistant and maintain their activity in 
the presence of sulfur-containing feed stocks. In some cases in
volving the use of a high sulfur feed stock, a substantial sulfur 
elimination as hydrogen sulfide is effected with the production of 
materials of lower sulfur content.

Table II  compares the properties of a gasoline from a high tem
perature fluid catalyst cracked Tinsley gas oil (cracking condi
tion different from those used for product in Figure 1), before and 
after hydrogenation at high and low pressures. Hydrogenation 
removes olefinic material (characterised by reduction in bromine 
number and acid heat) and increases the stability (characterized 
by lower copper-dish gum). The resulting aviation gasolines are 
poorer in clear octane number but superior in lean-mixture octane 
number after addition of lead. No significant change in rieh- 
mixture rating upon hydrogenation is noted. This is not sur
prising for the case of high pressure hydrogenation with catalyst
A, since the rich-mixture rating is known to be largely dependent 
upon the content of aromatics, and Figure 1 indicates that no

essential change in the aromatic content of the aviation gasoline 
fractions should occur upon hydrogenation. On the other hand, 
catalyst B (Table II), being of higher activity, is known to hydro
genate aromatic materials to naphthenes a t high pressures. At 
the relatively mild hydrogenation conditions employed in the low 
pressure run, however, no hydrogenation of aromatics took place, 
as indicated by the identical toluene and Cs aromatic contents of 
the unhydrogenated and hydrogenated products. In this case, 
as in the former, the unchanged rich-mixture rating is in agree
ment with the unchanged aromatic content of the hydrogenated 
gasolines.

For comparison with the hydrogenation process, Table II also 
presents data on the unhydrogenated aviation gasoline after re
moval of olefins by selective catalytic recracking (retreating or 
aftertreating). As is the case with acid treating, retreating may 
be considered to reduce olefin content and increase stability mainly 
by actual olefin removal. In contradistinction to acid treating, 
however, some branched-chain olefins are also considered to be 
hydrogenated under the conditions of the process, the necessary 
hydrogen being produced concurrently with the deposition of 
hydrogen-poor carbonaceous residues on the cracking catalyst. 
In contrast to the hydrogenation process, retreating results in 
about a 25% loss in yield with concentration of aromatic hydro
carbons to give a more aromatic aviation gasoline (lower aniline

T a b l e  II. P r o p e r t i e s  o p  A v i a t i o n  G a s o l i n e s  f r o m  H ig h  
T e m p e r a t u r e ,  F l u i d  C a t a l y s t  C r a c k i n g  o f  T i n s l e y  G as 

O i l  w i t h  S y n t h e t i c  C a t a l y s t
Unhy-

Hydrogenation
Catalyst
Pressure, lb ./sq . in.

Aviation gasoline 
G ravity, °A.P.I.
D ist. -j- loss a t  167° F., %
Dist. +  loss a t  221° F., %
90% over, ° F.
Final b.p., ° F.

Color (Saybolt)
Aniline point, ° F.
Bromine No., eg./gram 
Acid heat, ° F.
Copper-dish gum, mg./lOO ml.
Reid vapor pressure, lb ./sq . in. 
Octane No.

A.S.T.M. Motor
A.S.T.M . Aviation, 4 cc. T .E .L ./gal 

Rich-mixt. rating (I.M .E .P .), 4 cc.
T .E .L ./gal.

Toluene, vol. %
Cs aromatics, vol. %

drogcn-
ated Hydrogenated

Re
treated

A B
3000 150

60.2 61.6 62.0 56.6
35 30 35 32
67 68 66 56
292 274 283 293
338 307 324 324

+  19 +  20 +  25 +25
66 99 96 64
63 1 3 13
135 5 7 27
17 4 4 4
7 .0 7.1 6 .9 7.0

80.5 79.9 79.4 83.1
. 90.6 97.7 96.1 96.0

174 174 177 206
6
15

6
15

T a b l e  III. P r o p e r t i e s  o f  A v i a t i o n  G a s o l i n e s  f r o m  Low 
T e m p e r a t u r e ,  F l u i d  C a t a l y s t  C r a c k i n g  o f  T i n s l e y  G as 

O i l  w i t h  S y n t h e t i c  C a t a l y s t

Hydrogenation 
C atalyst
Pressure, lb ./sq . in.

Aviation gasoline
By-passed 200-325° F., vol. % 
Gravity, °A.P.I.
D ist. +  loss a t 167° F., %
Dist. +  loss a t  221° F., %
90% over, ° F.
Final b. p., ° F.

Color (Saybolt)
Aniline point, ° F.
Bromine No., eg./gram  
Acid heat, ° F.
Reid vapor pressure, lb ./sq . in.
Octane No.

A.S.T.M. M otor 
A.S.T.M. Aviation, 4 cc. T .E .L ./gal.

Unhydro Hydro

Light
Ends

Hydro
genated,
Heavy
Ends

genated genated By-passed

C C
3000 3000

0 40
66,1 66.6 65.6
40 39 38
66 67 62
285 293 295
310 320 325

+  30 +  30 +20
119 122 117
23 1 5
43 7 12
7 .0 7.1 7.1

78.3 76.9 78.3
1. 92.2 95.8 94.8
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TabCe IV. T y p i c a l  D a t a  f r o m  B a t o n  R o u g e  L a r g e  S c a l e ,  H ig h  P r e s s u r e  
H y d r o g e n a t io n  o f  A v i a t i o n  G a s o l i n e  F r a c t i o n s  f r o m  H i g h  T e m p e r a t u r e ,  F l u i d  

C a t a l y s t  C r a c k i n g  o f  P a r a f f i n i c  T y p e  G a s  O i l s  w i t h  S y n t e t i c  C a t a l y s t
Cg, 220° F. Ci, 250° F. Cs, 315°. F. Cs, 325» F.

Feed Product Feed Product Feed Product Feed Product
Initial b.p., ° F. 90 97 118 113 108 111 131 135
50% over, ° F. 130 126 162 165 176 185 214 219
90% over, 0 F. 195 187 208 208 278 285 295 303
Bromine No., cg./gram  
Reid vapor pressure, lb ./

105 10 103 6 70 2 60 11

sq. in.
Octane No., A.S.T.M .

15.2 12.5 7 .0 6.9 7 .9 7.1 4 .9 3.7

Aviation“ 
Rich-mixt. rating

87.0 98.5 86.7 94.7 88.5 6 96.96 91.06 93.56

(I.M .E.P.)a 171 169 159 162‘ 163 & 1816 155& 169 6

0 4 cc. tetraethyllead per gallon.
6 4.6 cc. tetraethyllead per gallon.

point) of improved rich-mixture rating. In commercial opera
tion, retreating is usually applied, not to the fraction of aviation 
gasoline boiling range alone, but to a catalytically cracked 
gasoline fraction of higher end point with recycle of fractions boil
ing above aviation gasoline. This procedure minimizes this 
relatively large loss in yield at the expense of material boiling in 
the approximate range 325-450° F.

Table III  presents data on the effect of by-passing the more 
aromatic heavy-end fractions around the hydrogenation step. 
In this case another high pressure hydrogenation catalyst was 
used with results similar to those obtained with catalyst A. Since 
the gasoline in this run was produced from low temperature crack
ing, the olefin and aromatic contents were relatively low, as indi
cated by the low bromine number and acid heat and the high ani
line point of the unhydrogenated aviation gasoline. However, 
even in this case the leaded lean-mixture rating of the unhydro
genated product was improved by hydrogenation. By-passing 
the last 40% (high boiling components) of the aviation gasoline 
resulted in a potential increase of hydrogenation plant capacity of 
about 66% while still obtaining an improvement in leaded lean- 
mixture rating of 2.6 octane numbers out of a possible 3.6 for 
hydrogenation of the total aviation gasoline fraction.

Product yields for the hydrogenation process are virtually 100% 
with little loss due to light end formation. Hydrogen consumed 
in the process corresponds practically to that required stoichio- 
metrically for saturation of the olefins reacted plus an additional 
quantity which is removed from the system by solubility in the 
product under pressure and which varies directly with the operat
ing pressure for a given product.

T a b le  V. T y p i c a l  D a t a  f r o m  B a y to w n  L a r g e  S c a l e ,  Low 
P r e s s u r e  H y d r o g e n a t i o n  o f  A v i a t i o n  G a s o l i n e  F r a c t i o n s  
from  H ig h  T e m p e r a t u r e ,  F l u i d  C a t a l y s t  C r a c k i n g  o f  P a r -  

a f f i n i c  T y p e  G a s  O i l s  w i t h  S y n t h e t i c  C a t a l y s t
Cs, 210° F.

Initial b.p., ° F.
50% over, ° F.
95% over, ° F.
Bromine No., cg./gram  
Reid vapor pressure, lb ./sq . in.
Octane No., A.S.T.M . Aviation 4* 4.6 cc. 

T.E.L ./gal.

Feed
140
166
201

94
4 .9

88.5

Product
144
164
207

1
4 .6

96.6

Figure 2 correlates the effect of hydrogenation upon change in 
octane rating for a number of fluid-catalyst-cracked aviation gaso
lines produced from various types of gas oils under a variety of 
catalytic cracking conditions. As a convenient measure of the 
change in olefin content upon hydrogenation, the difference be
tween the A.S.T.M. acid heats of the unhydrogenated and hydro
genated aviation gasolines js used. This is plotted against the 
corresponding change in clear octane number, leaded lean-mixture

octane number, and leaded rich-mixture 
rating (expressed by change in I.M.
E.P.). In general, reduction of olefin 
content of catalytically cracked aviation 
gasolines by hydrogenation results in 
a decrease in clear octane number. 
However, since the lead susceptibility 
of these olefin-free gasolines is consider
ably improved, the leaded octane 
numbers obtained under lean-mixture 
conditions indicate an over-all improve- 
jnent. The rich-mixture rating of these 
aviation gasolines, which is a measure 
of their performance at conditions 
prevailing during flight take-off and 
which, in general, varies directly with 
their aromatic content, is not signifi
cantly changed.

LARGE SCALE APPLICATION

The hydrogenation of catalytically cracked naphthas for the 
preparation of aviation gasoline base stocks with improved sta
bility and lean-mixture octane rating has been carried out on an 
industrial scale by the Standard Oil Company of New Jersey in 
their high-pressure hydrogenation plant a t Baton Rouge. Facil
ities are available for the preparation and compression to 3000 
pounds per square inch of industrially pure hydrogen, catalytic 
reaction of this hydrogen with feed stocks at elevated tempera
tures, and stabilization of the resulting products.

Table IV lists corresponding feed and product characteristics 
for a variety of feed stocks which have been processed. In gen
eral, satisfactory reduction in unsaturation was obtained together 
with improvement in lean-mixture octane number of the leaded 
gasolines. With feed stocks of low end point no significant change 
in rich-mixture rating was obtained, as expected; feed stocks of 
higher end point have appeared to give, somewhat consistently, 
products of slightly improved rating. Product yields were in the 
neighborhood of 100 volume % with little light end formation by 
cracking. Indicated hydrogen consumptions close to the theo
retical were obtained which confirmed laboratory data.

The large scale hydrogenation of catalytically cracked naphthas 
at low pressure has been carried out by the Humble Oil and Re
fining Company at Baytown. This plant, converted from idle, 
low pressure refinery equipment during the war, utilizes low pres
sure by-product hydrogen available locally from various dehydro
genation processes. The low pressure hydrogenation process 
differs from the usual high pressure process only in that a more 
active catalyst is required.

Table V presents a brief summary of data on operating condi
tions and product quality which are representative of this process. 
In agreement with laboratory data, satisfactory product satura
tion and improvement in quality are obtained. As is the case 
with high pressure hydrogenation, yields of saturated product 
approximately 100% or greater are obtained with little cracking 
to low boiling products.
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Low Temperature Characteristics 
of Elastomers

S. D. G ERM AN, D. E. W OODFORD, AND C. S. W ILKIN SO N, JR.
T h e  G oodyear T ire  &  R u b b e r  C o m p a n y , A k ro n , O h io

T h e  low  tem p era tu re  stiffen in g  o f  e la stom ers freq u en tly  
lim its  th eir  u se fu ln ess . A new  laboratory te s t  for m easu r
in g  their  stiffn ess a t  low  tem p eratu res is described . Strips 
o f  th e  stock s to be tested  are m ou n ted  around a cylindrica l 
rack in a vertica l, cy lin d rica l in su la ted  ch am ber. T h e  
tem p eratu re  in  th e  ch am b er is 'co n tro lled  by coo lin g  th e  
base ex tern ally  w ith  dry ice  and  by a m od erate  regu la ted  
flow o f  precoolcd air through  dry ice  in  th e  b o tto m  o f  th e  
ch am ber. T h is sy stem  gives sta b le  tem p eratu res w h ich  arc 
easily  con tro lled . T h e  ch am b er can  be rota ted  to a tta ch  
th e  sam p les in  su ccession , by m ea n s o f  p ro jectin g  lop  
grips, to  a su ita b ly  m o u n ted  torsion  w ire. T h e stiffn ess  is 
m easured  by th e  a n g le  o f  tw ist o f  th e  sam p le  w h en  th e  
torsion  head  is  ro ta ted  180°. T h e re lative m o d u lu s for an y  
tem p eratu re  is  ca lcu la ted  as th e  ratio  o f  th e  m o d u lu s a t  
th is  tem p era tu re  to th a t  a t 25° C. P lo ts  o f  an g le  o f  tw is t  
ag a in st tem p era tu re  show  a rather sharp break a t  th e  low» 
tem p eratu re  end  o f  th e  curve. T h is  d eterm in es a so m e
w h at su b jective  “ freezin g  p o in t .”  Curves are g iven  to  i l 
lu stra te  th e  w ide variety o f  low  tem p era tu re  stiffen in g

I^LASTOMERS characteristically stiffen and suffer impair
ed ment of high elasticity at low temperatures'. The practical 

limitations which this imposes on their respective fields of use has 
led to the development of many laboratory procedures for testing 
and evaluating low temperature properties. A comparative dis
cussion of the various published methods was undertaken by 
Liska (9) and Mullins (10). A broad line of demarkation exists 
between two types of tests, brittleness and modulus tests, the 
theoretical relations for which have been elucidated by Boyer and 
Spencer (3). I t appears that the most generally applicable type 
of test is one which gives a measure of the stiffness over a range of 
temperatures low enough to include the transition region through 
which the long-chain molecules lose the ability to unkink or uncoil, 
so that the rubber becomes essentially an ordinary solid. Such 
modulus determinations have been made in a wide variety of ways 
■ using either stretching, bending, or torsional deformations. The 
results have much in common as they are obtained for relatively 
small slow deformations, which are more fundamental conditions 
than the type of deformation. This paper describes a simple and 
convenient torsion apparatus, which has been useful in securing 
this type of information, and illustrates the results obtained.

Mullins (10) discussed the difficulties in trying to evaluate low 
temperature stiffening by a single value of the relative modulus. 
He suggested reporting the temperatures a t which the relative 
modulus (ratio of modulus at low' temperature to the modulus at 
20° C.) is two and ten. It seems preferable to report the entire 
modulus curve whenever possible, so that the rubber compounds 
can be compared Ln the temperature range of interest for each 
particular application. For some purposes it may be sufficient to 
report the relative modulus at a given temperature or at two tem
peratures bounding the range of interest.

Although a simple modulus or stiffness test is sufficient in a 
general way for many purposes and is a useful guide for compound 
and polymer development, in many cases it leaves large gaps in 
the information which is desirable for understanding low tempera-

ch aracteristics for e la stom ers . In  u n p lastic ized  slocks 
th e  ch em ica l com p osition  o f  th e  m on om ers is  th e  dom i
n a tin g  factor for th ese  properties for various sy n th e tic  rub
bers. T h e stiffn ess o f  e la sto m ers w h ich  are capable of 
cry sta lliza tio n  upon  s tre tch in g , su ch  as Ilevca , neoprene, 
and B u ty l rubber, d epends n o t on ly  on  tem p era tu re  but 
also  on  t im e  o f  exposure. To stu d y  th ese  effects, th e  fore
go in g  ap paratus w as used  in  a cold room . A rather long 
in d u c tio n  period  occu rs d u rin g  w h ich  th e  stiffn ess is es
sen tia lly  co n sta n t. I t  th en  increases and  eventually  
reaches a larger co n sta n t va lu e . Several m o n th s  m ay  be 
required  to co m p le te  th ese  ch an ges. X -ray  exam in ation  of 
Ilevca  and  B u ty l proved th a t th e  increased  stiffn ess  on  long  
exposure w as d u e  to  cry sta lliza tio n . N o ch a n g e  w as ob
served in  th e  stiffn ess  o f  G R -S  over th e  period o f  2.5 m on th s  
a t —30° C. R ed u ction  in  th e  speed o f  retraction  is  a criti
cal m easu re o f  th e  deterioration  o f  h ig h  e la s tic ity  a t low 
tem p eratu res. I t  g ives a w ide d ifferen tia tion  a t m oder
a te ly  low  tem p eratu res b etw een  B u ty l rubber and Ilevca 
or G R -S , w'hereas a slowr m o d u lu s  te s t  d ocs n o t .

ture characteristics of rubber. If the use of the rubber involves 
circumstances which differ widely from the test conditions, such 
as rapid deformations, large deformations, or long exposure to 
low temperatures, which conditions are frequently encountered 
in service, the modulus and brittleness tests aS ordinarily carried 
out are inadequate. To secure a correct perspective, it is then 
necessary to modify the test or to set up special test conditions, in 
order to conform more closely to the service conditions. This 
work, in addition to giving results from the torsion modulus test, 
is concerned with some aspects of the low temperature behavior 
for rapid deformations, free retraction, and long exposures to low 
temperatures.

LOW TEM PERA TU RE DEFORM ATIONS

The kinetic theory of rubber elasticity explains the temperature 
dependence of the modulus of rubber on a thermodynamic basis 
which is generally regarded as being satisfactory. According to 
this theory the modulus decreases linearly with the absolute tem
perature. The experimental tests of the theory are usually car
ried out by relaxing the specimen to establish reversible condi
tions, stretching it at room temperature or higher, and then deter
mining the modulus as the temperature is varied in steps (12).

In contrast to these results, modulus measurements as ordi
narily made and which are discussed here show increased stiffness 
at lower temperatures. The apparent contradiction is due to the 
different experimental procedures used. The theory applies to 
equilibrium conditions which are readily obtained by stretching 
the rubber and changing the temperature. In the usual type of 
measurement, on the other hand, the rubber is brought to the low 
temperature and then deformed. In another alternative the rub
ber may be deformed at the higher temperature and cooled so that 
it shows the normal Joule effect, but subsequent small deforma
tions at low temperature will indicate an increase in the modulus 
over that measured at the high temperature.

1108
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The theoretical explanation of these effects lies in the large in
fluence of the time factor for low temperature deformations. The 
time for a rubber deformation to occur depends upon molecular 
relaxation times which, in simple theory, depend exponentially 
on the temperature. For the usual type of measurement 
this effect more than counteracts the relatively small linear de
pendence on absolute temperature explained by the kinetic theory.

where U 
k

= energy of activation 
= Boltzmann’s constant (i)

Equations 1 and 3 show that longer periods of 
time will be required to attain a given deformation 
at lower temperatures. For t =  °o, the defor
mation is P /kh and is independent of r. The 
kinetic theory deals with the .relatively small de
pendence of ki on temperature—that is, equi
librium deformations obtained theoretically at 
I = oo. The time factor, however, is of pre
dominant importance for most low temperature 
measurements as carried out in practice because 
of the effect of the term containing r. The defor
mation at a finite experimental time, D (i), is less 
than D(co). This is interpreted as an increase 
in modulus.

This idealized model emphasizes the importance 
of time as a factor in low temperature measure
ments for rubber, when the experimental time 
of measurement is of the same order of magnitude F igu re 3. A ssem bled  T orsional S tiffn ess T ester

P
F igu re 1. M ech an ica l M odel

F igure 2. P aris o f  T orsional S tiffness T ester

as the relaxation times. It is not to be expected that very good 
quantitative agreement would be secured with such a simple 
theory. It is known that an infinite distribution of relaxation 
times is probably involved in rubber deformations. Further
more, the elastic and viscous elements may not be linear, and there 
may be structural effects. I t does not seem obvious that the 
structure achieved in respect to molecular orientation, even after a 
long period of time in a specimen which is cooled and stretched, 
would be identical with that in the same specimen which was 
stretched and then cooled.

LOW TEM PERA TU RE TORSIO N T EST

Equipment for measuring torsional stiffness at low tempera
tures is shown in Figures 2 and 3. The test pieces used are small 
rubber strips died out from tensile test sheets. The dimensions 
are 1.625 inches long, 0.125 inch wide, and 0.079 inch thick. 
Five of these are fastened vertically in the Micarta grips of the 
cylindrical rack illustrated at the right in Figure 2. The top and 
bottom disks of the rack are also Micarta. The center post and the 
external freely turning studs are brass. The insulated chamber 
used is shown at the loft of Figure 2. I t  is made of an inner 
aluminum tube 6.5 inches long and 3 inches in inside diameter, 
and an outer concentric tube of cadmium-plated steel, 4.5 inches 
in outside diameter. The space between the tubes is filled with 
insulating material held in place by Micarta rings pressed be-

The situation can be better understood by reference to the me
chanical model shown in Figure 1, which idealizes the rubber struc
ture as a system of linear springs and dashpots. The mathemat
ical solution for this model (2, 8) gives the deformation due to a 
constant load at time t after load application as

’ n i r  ' (2)A/lA/2
where ki, = spring stiffnesses

77 = viscosity of dashpot

The instantaneous deformation, t — 0, is given by the first term 
of Equation 1. The second term, which has a limiting value se
cured by making t = <», represents the contribution of high elas
ticity to the deformation. To extend the mechanical analogy to 
rubber, the relaxation time r  is considered to be a 
function of temperature, according to the equa-
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of faster response to temperature changes. The specimens are 
attached in turn to the torsion head by rotation of the chamber 
and use of a screw connection.

To measure the stiffness, the temperature is held at the desired 
value for 5 minutes. The scale is then adjusted so that the 
pointer is at zero. The torsion head is turned exactly 180°, and 
the pointer reading taken after 10 seconds. Readings are usually 
secured first at the lowest temperature and then at intervals of 5° 
or 10° C. as the temperature is raised. An audible timer marks 
the 10-second waiting times.

Figure 4 shows the type of curve obtained when the twist of the 
pointer is plotted against temperature. At the low temperature 
end the curve rises slowly until the transition region is reached, a 
sharp rise occurs, and then the curve flattens off again. If the 
transition portion of the curve is extrapolated backward to the 
temperature axis, a value of the temperature is indicated which is 
conveniently designated as the freezing temperature. The un
certainty in the extrapolation is usually about a degree; hence

LARGE TORSION WIRE 
III A. .OIS in.. l e .  2. i f  

9 0 '  Tw s t  o r  H i  ad 
( r e a d i n g s  m u l t i - /  

H I  CD £ Y  TWO) f

S M A L L  TORSI ON W I R E .  
DIA.  .Oil  IN . ,  LG. 2 . 3 8  

I 8 0 ‘  T ^ ' S T  o f  H e a d

HEVEA TREAD STOCK F 
CURE  ■' 7 0  MIN. / 2  7S °F .

. FREEZING POINT

Figure 4. T ypical P lo t o f  T w ist vs. T em peratu re

HEVEA CUM STOCK E. 
CURE: 7 0 MIN. / 2 7S 'F .

HEVEA CUM STOCK E 
CURE: 70 MIN. / 2 7 5 ' F.

0 7. ELONGATION 
■H6 7. ELONGATION 
3V 7. ELONGATION

F igure 5. E ffect o f  T im e  In terval on  
E xperim enta l Curves

tween the tubes at top and bottom. A Micarta disk having a 
0.25-inch hole in the center is pressed in the bottom of the inner 
tube.

The torsion head and stand are shown at the right in Figure 2 
The base includes provision for introducing a stream of air in 
the bottom of the insulated chamber. The torsion wire is steel 
of 0.011-inch diameter and 
2.38 inches long. A pointer 
is provided with a movable too-
angular scale graduated in A00_
degrees for convenient, 
exact adjustment of the —'200-
zero point.

Figure 3 shows the equip- .'j  ( _
ment as assembled for use. ¡0
The stand is set in a shallow, 60-
insulated pan, which also ^  +0-
contains a flat spiral of 
copper tubing for prccooling 2  ,20 -
the air introduced through 5J
the hole in the bottom of the < ^ 10-  V- APPLIED TORQUE RELEASED
insulated chamber. The g  -  I A F T E R  EACH READING,
air passes over acetone in i -  1 SAMPLE RETURNING TO
the bottle as shown, to -*|- \ z e r o  t w i s t
prevent frost formation.
The pan is filled with lumps 
of dry ice moistened with 
acetone. Dry ice is also 
used in the bottom of the 
insulated chamber. Manual 
regulation of the air flow 
provides temperatures in 
the test chamber down to 
—90° C. if necessary. The 
temperature can be deter
mined either by a thermom
eter or thermocouples. The F igure 7. E xperim ental T est o f  M agn itu d e  
latter have the advantage o f  M od u lu s C hanges

F igure 6. E ffect o f  E lon ga tion  on  
R elative  M od u lu s

HEVEA CUM STOCK E  
C U R E : 70 ni*./2 7S"f. CR-S TREADSTOCK A

'TORSION HEAD HELD 
A T  SO' 

TEMPERATURE VARIED
r IOO/27S’ 

■35 /  2 7S'

F igu re 8. E ffect o f  C ure on  Stiffness



September 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 11 1 1

F igure 9. E ffect o f  C ure on  R elative  
Cold H ardening

some subjectivity in the determination must be acknowledged. 
There may also be some dependence upon the apparatus and test
ing procedure. Nevertheless, the curves in Figure 4 show that 
the freezing point is shifted only about 2° C. when the constant 
of the torsion wire is changed by a factor of about four. Figure
5 shows a very small effect on the freezing point when the time for 
taking the twist readings after application of the torque is in the 
range 10 to 20 seconds. The stiffening point defined below is also 
insensitive in this range, since values for the 5-, 10-, and 20-second 
intervals are, respectively, —48.7°, —50.5°, and —52° C. 
At any rate, the freezing temperature serves the purpose 
of marking the start of the transition region for this torsion 
test. I t  does not seem to have any correlation with brittle 
points which have been reported for stocks similar to those 
tested here. Freezing points for Hevea and GR-S tread stocks 
are actually' found to be in reverse order from reported brittle tem
peratures (9), which give GR-S as having a lower brittle point 
than Hevea. This lack of correlation is not surprising in view of

F igure 11. Cold H ardening o f  N atural 
R ubber

F igure 10. E ffect o f  Carbon B lack  on  
R elative Cold H ardening

the dependence of brittle temperature on the testing conditions (7) 
and the different character of the two determinations. Unless 
the service for a rubber compound actually includes the possibility 
of a low temperature brittle failure, the freezing point appears to 
be a much more significant criterion for evaluating low tempera
ture properties than does the brittle point.

The relative torsional modulus at any temperature is computed 
as the ratio of the modulus at the low temperature in question to 
the modulus at 25° C. The temperature for which this ratio is 
ten is called the stiffening point in this work. In many cases it is 
preferable to use the temperature corresponding to a lower ratio 
than ten in order to characterize low temperature stiffening. 
The modulus is connected with the twist measurement by the 
relation

, ,  . , 180° — twistModulus oc -----; ■ . ■,----- - (4)twist

F igure 12. Cold H ardening o f  V arious 
E lastom ers
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Figure 13. Effect o f  S tyren e C onten t on  S tiffen in g  and  
F reezing P o in ts  o f  G R -S

The numerator represents the torque applied to the test piece. 
The torsion head is turned 180°, but the applied torque is reduced 
by the twist of the test piece The factor of proportionality in 
Equation 4 involves both the torsion constant of the wire and the 
geometry of the test piece. Since only relative values of the mod
ulus at different temperatures are of interest in this work, and 
since a geometrical factor calculated from the theory of elasticity 
for small deformations would be of doubtful applicability, these 
factors may be omitted. Values of the twist at various tempera
tures are taken from twist-temperature curves such as those illus
trated in Figure 4. Corresponding values of the fraction (180°— 
twist/twist are read from a table. The relative modulus can 
then be readily computed and plotted as a function of tempera
ture. The principal compounds used are given in Table I.

RESU LTS O F MODULUS T ESTS

Figures 6 to 14 exhibit the type of information which may be 
secured with the torsion modulus test described. Since the rela
tive modulus curves plotted in the figures are derived from smooth 
experimental twist curves such as those in Figure 4, which show 
little scattering of the points from the curves, therfc would be no 
object in entering points on the relative modulus curves.

Figure 6 illustrates the small effect of superposed elongations 
on the test results. Any accidental variation in the tension of the 
test piece when installed for regular test purposes is negligible.
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Figure 7 illustrates an experimental verification of the theo
retical ideas previously discussed. When the torque is applied 
to the test piece and the temperature dropped, a small decrease in 
the apparent modulus is observed. When, on the other hand, the 
torque is applied after the sample is cooled, a large increase in 
stiffness is observed at lower temperatures.

Figure 8 is a plot of torsional stiffness against temperature for a 
series of cures of GR-S tread stock A. The curves show a rather 
small spread, considering the range of cures involved. Neverthe
less, the differences in stiffness at room temperature persist in a 
systematic way a t moderately low temperatures. When, on the 
other hand, relative modulus is plotted against temperature (Fig
ure 9), initial differences in stiffness are discounted, and the curves 
lie in the reverse order from those in Figure 8. The advantage of 
tight cures for resistance to the effect of low temperatures is there
by demonstrated. Cold hardening is usually considered to be 
due to increased secondary valence forces. Intermolecular dis
tances decrease and molecular motions are hindered at low tem
peratures. Vulcanization, the forming of primary valence cross 
linkages, does not usually affect the cold hardening process very 
greatly in a conventional range of technical cures.

Figures 10 and 11 are included to show the effect of carbon 
black loadings on the relative modulus at low temperatures. 
Carbon black increases the relative stiffening appreciably for the 
most important part of the temperature range and decreases the 
abruptness of the low temperature transition. These effects are 
no doubt connected with hindered molecular rotations and seg
mental movements due to the molecular anchorages at the carbon 
black particles. The proportional increase in stiffness becomes 
larger for each molecular segment immobilized as the number of 
mobile segments is reduced, in the same way that each successive 
increment of carbon black loading becomes increasingly effective 
in raising the modulus at room temperature.

Since cold hardening is dominated by secondary valence forces 
and the hindrance of segmental molecular motions, the chemical 
composition and chain form of the long-elmin molecules are of 
paramount importance. These have much more influence than 
other features of the polymer structure, such as molecular weight 
and the primary valence network structure. This is brought out 
by the curves of Figure 12, which illustrate the wide range of cold 
hardening characteristics for a number of technically important 
elastomers. The Ilevea and Butyl curves in Figure 12 are for 
compounds F and H, respectively. Liska (9) showed somewhat 
more spread between Hevea and Butyl. This may be due, at 
least in part, to the different compounding used. Suitable com
pounding can get the best cold resistance and balance in physical 
properties from each type of rubber, but the selection of the best 
elastomer to start with for a particular low temperature applica-
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F igu re 14. Cold H ardening o f  a 
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Figure 15. T orsion al S tiffness for Long  
Exposures
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tion of styrene plotted is 
the charging ratio. Figure 
14 compares the cold hard
ening of a 50-50 mixture 
of Hevea and GR-S with 
that of Iievea and GR-S 
controls.

?$•> • .<?a w g p i j p  ■ i;;: l o n g  e x p o s u r e
\  /  V 7  \  TO LOW TEM PERA TU RES
V /  \  /  V /

* *ias ^ccn prcv*°usiy
>¿¡0 ;»; \ ,y ■ ,• ••• |£  • yd&ssEr reported (4, 6, 9) that vul-

c X c a n i z e d  com pounds of 
Hevea and neoprene erys-

B u ty l R u b b e r ,  U n fr o z e n  b u t y l  R u b b e r ,  F r o z e n  H e v e a , F r o z e n  t a l l i z e  a n d  in c r e a s e  in

Figure 16. X -R ay  Diffraction P a tte rn s  stiffness upon long ex
posures to low tempera
tures. We were p a r ti

tion is very important. In general, when polar molecular groups ularly interested in determining whether this effect is a contribut-
are present, they tend to increase intermolecular forces. This ing factor to the low temperature performance of Butyl rubber,
leads to inferior low temperature properties. Side groups such Test pieces of Hevea, Butyl, neoprene, and GR-S tread stocks
as occur in the styrene molecules of GR-S can also be effective in were therefore mounted in the torsional stiffness tester. This
hindering the molecular motions requisite for the best low tem- was placed in a cold room at —30° C. Observations of the tor-
pcrature properties of a hydrocarbon polymer. Consequently, sional stiffness were made periodically. The results are shown by
the low temperature characteristics of GR-S are not so good as for the curves in Figure 15. Neoprene, Hevea, and Butyl showed
polybutadiene or Hevea. large increases in stiffness after varying induction periods, which

Figure 13 gives curves showing the rise in freezing and stiffen- were surprisingly long. GR-S did not do this. Since neoprene,
tag points caused by increased proportions of styrene in butadi- Hevea, and Butyl crystallize upon stretching and GR-S does not,
ene-styrene copolymers. The tread stocks for these data were crystallization would be the obvious explanation for the observa-
formulated with 45 parts E. P. C. black and 1.6 parts of sulfur.
Captax-diphenyl guanidine acceleration was used. The propor-

GR-S TREAD STOCK

FREQUENCY: 60 c . r s . 

AMPLITUDE OF DRIVING FORCE :
I.7S KG.

GR-S TREAD STOCK

■DYNAMICSTATIC

0 20 40 60 80
TEMPERATURE, °C.i 00 2400 3200 4000

M ASS O F VIBRATING SYSTEM (on)
F igure 18. R ela tive  E ffect o f  T em perature- 

on  D yn am ic an d  S ta tic  S tiffness'gure 17. E ffect o f  T em p eratu re  on  R eson an ce Curves

T a b l e  I. C o m p u te d  F o r m u l a s
A B C D E F G H I J K L M N

GR-S 100.0 100.0 100.0 100.0 50.0 100.0
Smoked sheet 16Ô.O 166 !o 166.O 1Ô6.0 50.0
Neoprene GN • .  . 106.0
Butyl. 106* 0
Chemigum N-3° 1ÖÖ.0
Chemigum N-4& 1ÔCL0
Sulfur '2 .0 2 .0 '2.0 ’¿ io '¿.0 ’¿ io 2 ! 75 ' 2.0 i ! 6 1.6 2 .5 2 .5 ' 2 . 5
Zinc oxide 5 .0 5 .0 5.0 5 .0 3 .0 3 .0 5 .0 3.0 ‘¿.’0 5 .0 5 .0 5 .0 5 .0 5 .0
Softener 3 .0 3 .0 3 .0 3 .0 4 .0 4 .0 3 .0 3.0 3 .0 5.0 5 .0 6 .0 6 .0 6 .0
Phenylnaphthyl-

amine 1.0 1.0
Magnesia 4 .0
Santocure ’ 6 ! 5
Captax ' 1 .5 ’ 1*5 1.5 1.5 ’ i '.o i  .35 ’Ö’. 5 i . 5 i . 5 i ’.o l ’ .0 i !o
Tuads 1.0
Stearic acid '2 .0 ‘2.0 2 .0 ’ 2 ! 0 '4.0 i ’.o ‘¿!o 3 .0 3 .5 6 .5 ’6 .5 i!o i ’.o i!o
E.P.C. carbon 

black 50.0 . 40 .0 30.0 45.0 50.3 45.0 45.0 50.0  • 50.0 50.0 50.0 50.0

a Copolymer of butadiene-acrylonitrile, 60/40. 
b Copolymer of butadiene-acrylonitrile, 70/30.
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F igure 21. C om parison  o f  R etraction  
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tions, despite the fact that crystalline x-ray pat
terns have never been reported for well vulcanized 
compounds of unstretched Ilevea and neoprene, 
or for unstretched Butyl rubber, either vulcanized 
or unvulcanized. I t  seemed worth while to secure 
x-ray diffraction patterns when the test was dis
continued. The procedure was as follows:

A piece of 0.5-inch-diameter copper tubing was 
soldered through the bottom of a quart paint can. 
Holes were drilled through the tube to serve as 
windows for the x-ray beam. In the cold room 
the specimen was mounted in the copper tube 
between the windows, which were then covered 
with a very thin film of vulcanized rubber. 
The can was filled with dry ice moistened with 
acetone, and the lid put on. The vapors from 
the dry ice flowed down over the sample and 
kept it frozen during the x-ray exposure. The 
diffraction pattern secured for the Hevea and 

Butyl stocks are reproduced in Figure 16. The Hevea sample 
was crystallized. The pronounced sharpening of the ring in the 
Butyl pattern is also considered to be definite evidence of crystal
lization.

RAPID DEFO RM A TIONS AT LOW TEM PERATURES

The information secured from a modulus test such as has been 
described may be inadequate for accurate anticipation of the 
relative cold hardening for rapid deformations. The theoretical 
background for this has already been discussed. When the mo
lecular relaxation times reach the same order of magnitude as the 
frequency, a considerable dependence of stiffness on frequency is 
to be expected. As the temperature is lowered, the molecular 
relaxation times increase, and the stiffness for rapid deformations 
increases more rapidly than it does for slow deformations. Fig
ure 17 show's the effect of a moderate reduction in temperature on 
the resonance response of a GR-S tread stock at 3C00 cycles per 
minute. The data were secured with the Goodyear resonance 
vibrator (6). The resonance curve becomes broad and flat even 
at 0 ° C., and peak shifts its position because of the increased stiff
ness.

At lower temperatures the elastomer structure is no longer able 
to respond to rapidly applied forces by the unkinking and uncoil
ing of the long chain molecules. Under such circumstances, for 
all intents and purposes, it ceases to have the property of high 
elasticity. The stiffness, as determined from resonance curves as 
broad as the one shown in Figure 17 at 0 ° C., is of limited accuracy
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100 ISO 200  2SO Z
P E R C E N T ELONGATION

F igure 22. C om parison  o f  R etraction  
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and significance, but values are plotted for what they are worth in 
Figures 18 and 19. Figure 18 compares the relative changcs in 
stiffness as measured by the vibration test and the torsional mod
ulus test. Figure 19 compares the effect of temperature on the 
dynamic modulus for several synthetic polymers and for Hevea. 
It is possible that the ordinary type of static modulus test 
might be generally satisfactory for rating polymers in the correct 
order for low temperature dynamic service, but any specific value 
of the modulus thus determined would depart rather widely 
from the dynamic values, even at moderately low temperatures.

One of the most sensitive measures for the effect of low tempera
tures on elasticity is the speed of free retraction when the sample 
is released after stretching. The velocity of retraction depends 
both upon the modulus and the internal friction. The apparent 
modulus is higher at lower temperatures, as has been explained, 
but the dependence of this increased modulus on increased inter
nal friction is indicated by reduced velocities of retraction. Equip
ment for measuring the speed of free retraction has been already 
described in detail (11). The apparatus was provided with a low 
temperature jacket (Figure 20). The jacket consists of two lon
gitudinal compartments, one containing a pan of dry ice, the other 
the test piece. Air is circulated over the dry ice and through the 
sample compartment by means of a small variable-speed fan. 
The temperature is controlled by manual adjustment of the fan 
speed. Suitable baffles to control the air flow in the sample com
partment ensure constancy of temperature along the stretched 
sample to about ±2° F.

Figures 21 and 22 compare speed of retraction results for Butyl, 
Hevea, and GR-S tread stocks at room temperature, 25° C., and 
-1° C. The test pieces were cooled, stretched, and held for 1 
minute before release. Inspection of the curves shows a startling 
deficiency in elasticity for Butyl rubber at the lower temperature 
as compared to Hevea and GR-S. This would never be suspected 
from modulus measurements such as were plotted in Figure 12. 
There Butyl seems to be about on a par with the other two in the 
persistence of its rubberlike character at low temperatures. The

speed of retraction test is more critical and hence should be of 
considerable value to supplement the more conventional modulus 
data in the development of better compounds and polymers for 
low temperature service.
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Effect of Nitrogen-Containing 
Compounds on Drying of Paints

GORDON K . W HEELER
R. T. Vanderbilt Company, Inc., New York, N. Y.

T h e  effect o f  free a m in es  on  th e  drying o f  o leorcsin ou s  
paints w as stu d ied , and  th e  d a ta  in d ica te  th a t  th ese  
amines are equal to  th e  com plex  coord inated  cob a lt a m in es  
in acceleratin g  th e  drying ra te  and  m a in ta in in g  th e  drying  
time sta b ility  o f  th e  p a in ts  te s ted . I t  w as fou n d  th a t cer
tain h e terocyc lic , p o lycyclic  p o lyam in es co n ta in in g  ter 
tiary n itrogen  a to m s greatly  accelerate  th e  drying ra te  o f  
oleoresinous p a in ts , w hereas a lip h a tic  an d  o th er  arom atic  
am ines e ith er  retard  or have l i t t le  effect on  d rying ra te . 
Data are presen ted  w h ich  in d ica te  th a t th ere is  l i t t le ,  i f  
any, coord in a tion  o f  th e  free a m in e  w ith  th e  cob a lt m eta l 
atom  o f  th e  n a p h th en a te  drier a fter  th e  tw o  have been  
mixed togeth er  in  th e  p a in t .

THE study of the drying of pigmented oil systems has been 
the subject of many research investigations. One phase of 

such studies has involved the problem of so-called drier adsorption. 
It has been frequently observed that paints containing certain

pigments exhibit loss of drying upon aging (1, 2). Of particular 
notice are those paints which contain carbon black or titanium 
dioxide pigments. This action has been attributed, perhaps 
erroneously, to adsorption of the metallic drier by the pigment 
(.1, 2, 6).

The Montreal Paint and Varnish Production Club made an ex
tensive study of the phenomenon of drier adsorption (S). The 
adsorption of simple and complex cobalt ions on titanium dioxide 
was studied by Nicholson (6). The latter observer suggested (4) 
that loss of drying may be due to changcs in the polymerization 
processes. This investigator also reported a study (5) in which 
coordinated cobalt amine oleates have been compared with simple 
oleates of equal cobalt metal concentration as drying catalysts.

According to this report (5), “cobalt compounds when fully 
coordinated and oxidized to the cobaltic state are extremely stable 
to reduction. Thus, by preparing such a cobaltic compound and 
using this material as a drier in a paint, one would expect prac
tically no catalytic action by this material since the metal atom, 
being fully coordinated, would be incapable of coordinating with
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the unsaturated linkages of the oil, and because coordinated co- 
baltie cobalt is very stable and resists reduction.”

The same study (5) using coordinated cobaltous and cobaltic 
o-phenanthroline oleate and the simple compounds indicated very 
little difference in the rate of oxygen absorp.tion (gain in weight) 
of the unpigmented oil, when complexed or simple cobaltous oleate 
of equal metal concentration was used. Both materials greatly 
reduced the induction period, as compared with controls contain
ing no drier. However, when the oil was pigmented with titanium 
dioxide, the induction period of the paint was very greatly reduced 
by the presence of coordinated drier, whereas the simple drier 
compound lias little effect in comparison. This difference was 
assumed to be due to the fact that a metal atom surrounded by a 
large neutral group or groups (a complexed drier) would have less 
tendency to be adsorbed by pigment particles than would a similar 
“uncoated” metal atom.

Contrary to the results expected, Nicholson found that the co- 
baltic.o-phenanthroline oleate had as great an effect as the cobal
tous compound in shortening the induction period. Since coor
dinated cobaltic compounds are known for their resistance to re
duction, and the cobalt atoms present were fully coordinated, one 
would have expected this material to have little effect as a paint 
drier.

In view of these results, studies were carried out in this labora
tory to expand the scope of the above work and to determine, by 
practical drying tests, the effect of the simple and complexed com
pounds upon the drying rate and drying time stability of certain 
oleoresinous paints. Preliminary experiments soon indicated that 
the addition of free amine, to the previously prepared paint eon-* 
taming simple cobalt oleate, was as effective in reducing the dry
ing rates as was the addition of the complexed coordinated cobalt 
amine oleates (at equal cobalt and amine concentrations by 
weight). Therefore, the bulk of the work presented in this paper 
was carried on utilizing the free amines and simple cobalt oleate 
in place of the coordinated compounds. Several hundred amines 
were tested; the results given in this paper represent but a few 
typical examples.

T E S T  PROCEDURE

The coordinated compounds were prepared according to the 
method described by Nicholson (5). The following formula 
illustrates the type of paint employed in this work:

(0.6% Pb on 
wt. of oil) 

(0.5% Co on 
wt. of oil)

Pounds Gallons
T itanium  dioxide“ 3.00 0.086
Vehicle* 6.96 0.914
10% Pb Naph. Soln. 0.125 0.016

1% Co Oleate Drier Soln. 0.104 0.016

10.189 1.032
a Pure, rutile Ti02.
& Vehicle, Amberol M-88 (a modified phenolic resin), Z-bodicd linseed oil, 

and mineral spirits. The oil and resin were heated to 500° F. in 30 min
utes, allowed to cool, and thinned a t  390° F. The vehicle length was 12.5 
gallons; solids by weight, 60% ; Gardner-Holdt viscosity, U; and acid 
number, 12.

The complex (coordinated) compounds were added as 1.0% 
cobalt metal solutions, and the free amines as 5% solutions in a 
solvent mixture of 50% toluol and 50% butanol (0.188 pound 
based on the above formula, giving 0.45% amine on the weight of 
the oil). Simple cobalt oleate was employed with the free amines.

P r a c t i c a l  D r y i n g  T e s t .  A modified weighted felt method 
was developed to determine the drying times of the paints. Two 
lint-free points were measured, at 10 and at 500 grams per square 
inch applied pressure. The time of contact of the flannel-covered 
block (1 inch square) with the film was 5 minutes. This method 
proved to be accurate under conditions of 50% relative humidity, 
70 0 F., a constant artificial light source, and renewal of the air in 
the room approximately every 2 minutes. The 500-gram lint- 
free point for the paint in question proved to be approximately 
equal to a Sward hardness of 18-20%. At the 10-gram lint-free 
point the films were dry to touch.

The films were considered to be lint-free if the block (weight, 
10 grams) fell off immediately upon inversion of the panel. For 
the 500-gram lint-free point a 490-gram lead weight was placed on 
the 10-gram block. The drying tests were made on films applied 
on polished plate glass panels by means of a 0.004-inch Bird film 
applicator blade.

DRYING T IM E  DATA

C o m p le x  vs. F r e e  A m in e s . A  comparison of the drying times 
of the paints containing the complex (coordinated) or the free 
(uncoordinated) amines indicates that the latter are approximately 
equal in drying properties to the complex compounds (Table I).

T a b l e  I. D r y i n g  P r o p e r t i e s  o p  P a i n t s  C o n t a i n i n g  
C o o r d i n a t e d  a n d  U n c o o r d i n a t e d  A m in e s

Amine
Complex ethylenediamine 
Free ethylenediamine 
Complex pyridine 
Free pyridine 
Complex o-phenanthroline 
Free o-phenanthroline

1 At the 500-gram lint-free point.

* Number 
Co-N 
Bonds

6
0
3
0
6
0

Drying
Tim e“,

Hr.
105
105

13
14 
7
7 .5

I t  is also apparent that the size of the complex compound, as 
indicated by the number of coordinated linkages (degree of coor
dination), has little • influence on the drying rate (Table I).

A l i p h a t i c  A m in e s  a s  D r y i n g  A g e n t s .  Short-chain second
ary monoamines exhibit faster drying rates than do the longer- 
chain compounds, but both fail to accelerate the drying of the 
paint (Table II). Aliphatic primary diamines prolong the drying 
rate of the paint to a considerable extent, chain length having 
little effect upon the drying properties of the compound (Table 
II).

T a b l e  II. E f f e c t  o f  C h a in  L e n g t h  o n  D r t i n g

Amine
Control 
Acrylic nitrile 
Succinic nitrile

Drying
Time,

Hr.
17
18 
18

Amine

Drying
Time,

Hr.
Dipropylamine 17
Diamylamine 22
Ethylenediam ine 105
Propylenediamine 105

Tertiary aliphatic mono- and dinitrogen-containing compounds, 
such as acrylic and succinic nitrile, respectively, have little effect 
on the drying rate of the paint. Here again, chain length has 
little influence, and the number of nitrogen atoms present does 
not affcct the drying properties of the compound (Table II).

D r y i n g  P r o p e r t i e s  o f  A r o m a t i c  A m in e s . The bulk of the 
work reported in this paper was carried out with aromatic mono
amines and diamines. Observations of the drying properties of 
representative compounds are given in Table III.

Cyclic tertiary diamines, such as o-phenanthroline and a, a'- 
dipyridyl, accelerate the drying rate to a definite degree. This 
acceleration of drying is accomplished without altering other 
paint and paint-film properties. Brittle films arc not produced, 
film hardness being increased by only a few per cent (Sward hard
ness).

Cyclic tertiary monoamines, in general, prolong the drying.rate 
to a considerable extent. Pyridine, an exception, slightly acceler
ates the drying of the paint.

Pyridine, o-aminopyridine, aniline, and o-phenylenediamine re
veal some interesting information regarding the nitrogen atom 
system which produces good drying. Pyridine (a monoamine) 
has one tertiary amine grouping and accelerates the drying rate to 
a slight degree; o-aminopyridine (a diamine), containing one ter
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tiary and one primary amine grouping, prolongs the drying con
siderably. A compound such as aniline, containing a single pri
mary amine group, gives slightly better drying than o-amino- 
pyridine, whereas the presence of two primary amine groupings, 
as in o-phenylenediamine, is extremely detrimental to the drying 
rate. The action of o-aminopyridine is typical of cyclic diamines 
containing at least one primary amine group.

Replacement of the primary amine group of o-aminopyridine by 
a vinyl radical to give o-vinylpyridine improves the drying proper
ties of the compound to a considerable extent but fails to acceler
ate the drying of the paint.

A r o m a t ic  A m id e s , N i t r i l e s ,  a n d  I s o c y a n a t e s .  A  compari
son of aniline and o-toluidine (Tables I I I  and IV, respectively) 
indicates that a methyl group attached to the benzene nucleus 
has little or no effect upon the drying properties of an amine. A 
tertiary amine group (as in o-tolunitrile) does not give any im
provement in drying rate.

Isocyanates vary in drying properties. o-Tolyl- and naphthyl- 
isocyanate do not alter the drying time of the paint to any great 
extent, but the latter gives slightly faster drying than the control. 
Phenyl isocyanate prolongs the drying of the paint to some extent.

C o n d e n s e d  B e n z e n e  a n d / o r  F iv e - M e m b e r e d  H e t e r o 
c y c l ic  R in g s .  Pyrrole accelerates the drying rate to a slight ex
tent; it is similar to pyridine in this respoct. Benzimidazole 
definitely prolongs the drying, and benzotriazole is extremely det
rimental to the drying of the paint.

C o m p a r is o n  o f  A l i p h a t i c  a n d  A r o m a t i c  A m in e s . Primary 
diamines, whether straight chain or cyclic, produce poor drying 
properties. Primary and secondary monoamines, whether ali
phatic or aromatic, retard the drying rate of the paint to a slight 
degree. Tertiary monoamines, whether aliphatic or aromatic, 
have little or no effect upon the drying rate.

D r y i n g  T im e  S t a b i l i t y .  Only a few of the amines are out
standing from this point of view. These amines are o-phenanthro- 
line, a, a'-dipyridyl, and benzimidazole. All three are aromatic 
heterocyclic diamines; the first two have only tertiary amine 
groups, and the last has one secondary and one tertiary amine 
group. In each case the carbon-nitrogen system is conjugated. 
In o-phenanthroline and a, a'-dipyridyl the tertiary amino nitro
gen atoms are separated by two carbon atoms. In benzimida
zole the secondary and tertiary amino nitrogen atoms are separ
ated by only one carbon atom which has an attached 
hydrogen atom. These differences may be responsible for the 
poor initial drying exhibited by benzimidazole.

D ISCUSSION O F  DATA

Since the free amines give almost exactly the same drying time 
as the complex coordinated amines, the question arises as to the 
possibility of the coordination of the free amine with the cobalt 
metal atom of the cobalt oleate drier, after the two have been 
mixed together in the paint. The following observations indicate 
that coordination of the free amine does not take place in the 
paint vehicle.

Since the presence of a coordinate link in a compound greatly 
increases its dielectric constant, the dielectric constants of oleo
resinous solutions containing equivalent amounts of free and com
plex amine were determined:

Vehicle Solution
(1) Varnish -f- cobaltous oleate
(2) Varnish +  cobaltous oleate +  o-phen

anthroline
(3) Varnish -f- cobaltous o-phenanthroline

oleate

The high dielectric constant of (3) is due to the coordinate link
ages in the complex drier; and although (2) shows a light in
crease in 3 days, it is not great enough to indicate that any ap
preciable coordination of the simple amine with the cobaltous 
oleate has taken place. (Drying times were determined within 
this 3-day time interval.)

E, E, 3 E, 28
In itia l Days Days
2.90 2.90 3.02

3.04 3.19 3.19

5.05 5.03 5.01

T a b l e  III. D r y i n g  P r o p e r t i e s  o f  A r o m a t i c  A m in e s
Drying Time, Hr.

Amine Initial 36 weeks
Control 17 30
o-Phenanthroline • 7 .5 9
cr.a'-Dipyridyl 10 14
Pyridine 14 28
o-Vinylpyridine 19 48
Aniline 20 40
a-N aphthylam ine 20 38
Quinoline 24 52
o-A mi nopyridine 24 60
o-Phenylenediamine 72 96

T a b l e  IV . E f f e c t s  o f  V a r io u s  C o m p o d n d s o n  D r y in g
R a t e

Type of Drying Time, Hr.
Compound Amine Group(s) Initial 36 hr.

Control ........................ 17 30
o-Toluidine 1 primary 20 35
o-Tolunitrile 1 tertiary 19 36
o-Toluamide 1 primary 19 36
o-Tolyl isocyanate 1 tertiary 18 32
Phenyl isocyanate 1 tertiary 20 35
Naphthyl isocyanate 1 tertiary 16 36
Control ........................ 17 30
Pyrrole 1 secondary 15 34
Benzimidazole 1 secondary, 1 tertiary  36 40
Benzotriazole 1 secondary, 2 tertiary  84 96

It is quite evident that the amines which accelerate the drying 
time to any great extent áre heterocyclic, polycyclic polyamines 
containing tertiary nitrogen atoms. The mechanism by which 
the acceleration of the drying time is obtained is being investi
gated.

SUMMARY

Free uncoordinated amines are equal to the complex co
ordinated amines from the standpoint of initial drying time and 
drying time stability.

There appears to be little, if any, coordination of the free amine 
with the cobalt metal atom of the naphthenate drier after the 
two have been mixed together in the paint.

Primary, secondary, and tertiary monoamines, whether ali
phatic or aromatic, have little or no effect upon the drying rate 
of oleoresinous paints.

Certain heterocyclic, polycyclic polyamines containing tertiary 
nitrogen atoms greatly accelerate the drying rate and maintain 
the drying time stability of certain oleoresinous paints.

The mechanism by which the acceleration of the drying time is 
obtained, and the type of oleoresinous system in which it takes 
place, are problems which are being investigated. An infrared 
absorption spectra study would be of considerable value toward 
the solution of the general problem.
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Calculation Method for 
Complex Mixtures

W. D. IIARBERT
L ion  O il C o m p a n y , E l D orado , A rk .

A m eth od  u sin g  sim p le  ca lcu lu s is  p resen ted  for th e  ca lcu la tio n  o f  vapor-liqu id  
eq u ilibria  for com plex  m ix tu res. T h e  co m p u ta tio n s  are b ased  on  th e  tru e b o ilin g  
p o in t curve o f  th e  m ix tu re  and  are perform ed w ith  a p lo t o f  d M / d T B  v s .  Tb .  T he  
procedures an d  eq u a tio n s used  are s im ila r  to th ose  for co m p o n en t m ix tu res. T h e  
resu lts  ob ta in ed  can  be m ad e  exact w ith in  th e  accuracy  o f  th e  d a ta . F our illu s tra 
tive  exam p les are g iven  o f  ca lcu la tio n s  in vo lv in g  a s in g le  eq u ilib r iu m .

I N GENERAL the calculation of pressure-temperature-com- 
position relations and distillation conditions involves two 

types of mixtures. The first of these is the component mixture, 
for which the composition is commonly expressed as the percent
ages of the compounds present. Thus a natural gas is said to 
contain so much methane* ethane, etc. The other type is the 
complex mixture, which consists of a large number of compounds 
and for which the composition is commonly expressed by a batch 
distillation curve. Thus a kerosene is said to boil between 350° 
and 550° F.

For component mixtures the use of either Raoult’s law or 
vapor-liquid equilibrium constants, K  values, is common for the 
calculation of such vaporization properties as the dew-point tem
perature (5, 6, 10, 13, 16). There is a complete system of equa
tions and procedures for these computations, and the results can 
be made as accurate as the data used. The basic equations used 
for these single equilibrium calculations can be written as follows: 

VAFOR-Liquin E q u i l i b r i u m

y = K x  (1)

or

Vy = (VK/L)(Lx) (2)

O v e r -a l l  M a t e r ia l  B a l a n c e

F = V +  L (3)

C o m p o n e n t  M a t e r ia l  B a l a n c e

Fz = Vy +  Lx (4)

C o m p o s it io n s  S u m m a t io n s

2Fz = F SFÿ = V  S ix  = L (5)

A mathematical system for complex mixtures comparable with 
the one for component mixtures would seem to be desirable, par
ticularly for refinery process work. In general, this type of mix
ture is cither considered to be divided into artificial compounds 
having a short boiling range (3, 6, 8, 9, 17, 18) or treated empiri
cally by methods based on large amounts of laboratory data
(4, 11, 12, 14). The use of differential curves for complex mix
tures has been frequently proposed (3, 6, 7,17), but the actual de
tails required to make these calculations practical arc not com
monly known. The present paper gives the simple calculus for 
one method by which complex mixtures may be handled by equa
tions and procedures similar to those used for component mix
tures. The results obtained with this method can be made exact 
within the accuracy of the data usod.

PLO T O F  d M /d T n  AGAINST Tb

For component mixtures the fundamental vaporization data 
are commonly given in terms of the components present. Thus it 
is said that the K  value of «-hexane is 4.5 a t 300° F. and 20 pounds 
per square inch absolute (2). But for a complex mixture the 
number of compounds is largo, so that some basis for the vaporiza
tion data other than molecular species is necessary. A common 
and well developed laboratory determination for complex mix
tures is the true boiling point curve, or TBP, which is obtained by 
the batch distillation of the mixture in a multiplate column at a 
high reflux ratio. This curve is usually given as liquid volume 
per cent distilled over plotted against column top temperature or 
boiling point (v against Tb). For the method of this article the 
vaporization data of a complex mixture will be based on the boil
ing points as given by a TBP. Thus it will be said that the K 
value of the component that boils at 156° F. (n-hexane) is 4.5 at 
300° F. and 20 pounds per square inch absolute. Values of K 
based on boiling temperature have been published by White and 
Brown (18).

But a TBP as such cannot be used in the vapor-liquid equi
librium calculations; consequently it must be changed into a form 
that can. For direct use in the computations by the method of 
this article, the TBP is put into the form of the differential curve 
dM/dTB vs. Tb, where M  represents moles and Tb is the boiling 
temperature. This curve provides the connections between total 
moles, component moles, and vaporization properties that are re
quired for the calculations. The simple calculus of obtaining this 
curve from a TBP will be given, and after this the properties and 
uses of the curve will be described and illustrated.

The basic relation used in obtaining a value of dM/dTB  is the 
identity

dM _  dv dM _  _dv__ _D_
dTB ~  dTB dv ~  dTB mw W

where the values of the derivatives are for the infinitesimal frac
tions of the mixture boiled over a t a temperature in a TBP' 
column. Values of dM/dTB  are plotted at the corresponding 
values of T b to give the desired curve. As an example a plot of 
dM/dTB against T b will be obtained for the petroleum naphtha 
of Figure 1. Curve A is the true boiling point curve for this mix
ture and gives the boiling temperatures of the liquid fractions dis
tilled over. Curves B and C give the molecular weights and the
densities of these liquid fractions, respectively. The steps in ob
taining a plot of dM/dTB  against Tb from these data are as fol
lows:

S t e p  1. Obtain a plot of dv/dTB for the mixture. The 
slopes of the TBP, curve A of Figure 1, are measured, and the

1118
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reciprocals. dv/dTa, are plotted against Tb. The resultant points 
are carefully averaged and smoothed. The final values are given 
by curve A of Figure 2. Thus at 200 ° F. the measured slope of the 
TBP is 3.66, and the reciprocal of this, dv/d'Tn = 0.273, is plotted 
at Tb = 200°. As a convenient check the area under this curve 
represents liquid volume and should total 100.

S te p  2. Obtain the plot of dM/dTB against Tb with Equa
tion 6. Values of dv/dTB, mw, and D, all at the same value of 
Tb, are substituted in Equation 6 to give a value of dM/dTB- 
Points of dM/dTB against Tb obtained in this way are plotted 
and smoothed to give curve B of Figure 2. As an example at 
200° F., dv/dTB is 0.273, and, from curves B and C of Figure 1, 
mw = 98 and D = 5.67. Then

100 = 100 X 0.273 X (5.67/98) = 1.58 (6)
d l  b

and this value is plotted on curve B of Figure 2 a t Tb = 200° F.

A principle in the solution of vapor-liquid equilibrium problems 
is that the entire calculation can be based on dimensionless 
ratios such as L /V  and K. Any absolute values can be made to 
cancel out in the calculations. Thus in the compositions reported 
for component mixtures it is only necessary that the ratios of 
moles of compounds to each other be known; the actual numbers 
of moles are not needed. For the same reason it is permissible to 
changc the decimal point on the values of dM/dTB from 0.01 to
1.0, and this is done in the remainder of this article. Similarly 
Equation 6 does not need to be dimensionally correct. The actual 
scalc used for the values of dM/dTB plotted against Tb is un
important so long as the shape of the curve is not affected. 
Other short cuts based on this use of ratios will be given. These 
save time and are the way the calculations are actually 
performed.

It may be desired to do the opposite of the operation just de
scribed—that is, to obtain a TBP from a plot of dM/dTB against 
Tb. This is done by a reversal of the steps given. Values of 
dM/dTB and of D and mw are substituted in Equation 6 to ob
tain values of dv/dTB, and these are plotted against Tb as in 
curve A of Figure 2. The area under this curve represents v, 
liquid volume. The graphical integration of successive sections 
of the curve with a planimeter gives the TBP.
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F igure 1. P rop erties o f  a P e tro leu m  N ap h th a
"  t r u e  b o i l in g  p o in t  c u r v e ;  B  =  m o le c u la r  w e ig h t  o f  f r a c t io n s  

“ « t i l l e d  o v e r ; C  1=3 l i q u id  d e n s i t y ,  p o u n d s  p e r  g a l lo n ,  o f  f r a c t io n s  
d i s t i l l e d  o v er

F igure 2. D ifferen tia l C urves for P etro leu m  N ap h th a  
P lo tted  a g a in s t B o ilin g  T em p eratu re

A “  d v / d T B , r e c ip ro c iil  s lo p e  o f  T B P  vs .  T b  f r o m  c u rv e  A o f  F ig u r e  1

In order to use a plot of d M /T b in the calculations it is first 
necessary to know the K  values a t the conditions of the equi
librium as a function of the boiling temperature. This relation 
for the conditions of 300° F. and 20 pounds per square inch abso
lute is given by curve A, Figure 3, which is a straight line plot of 
Tb against K  on semilogarithmic paper. This curve was ob
tained by plotting boiling temperature against the known K  
values of 300° F. and 20 pounds for the hydrocarbons of lower 
molecular weight (£), and then averaging the resultant points as 
a straight line extending over the desired temperature range of 
75° to 500° F. In using a plot of dM/dTB it is desirable to be 
able to read the K  values directly from the figure. A convenient 
way of doing this is to draw vertical lines a t values of Tb and 
label them with the corresponding values of K. A construction 
of this type is illustrated in Figure 4, where curve A represents 
the original naphtha and is a copy of curve B, Figure 2. The K  
values at the boiling temperatures were read from curve A, 
Figure 3.

A plot of dM/dTB against T b marked off with K  lines, such as 
Figure 4, was chosen for actual use in the complex mixture calcula
tions because of certain very useful properties. First, the area 
under a plot of dM/dTB vs. T b represents moles and can be 
easily and quickly determined with a planimeter. Second, the 
shape of this curve depends on the mixture and is independent of 
the conditions of the equilibrium. For new conditions of tempera
ture and pressure new sets of vertical K  lines are drawn. Third, 
the K  values for the calculations are read directly from the figure, 
and the results obtained are plotted on the corresponding K  lines. 
The use of these properties will be illustrated in the example cal
culations to be given.

A N A L O G Y  W IT H  C O M P O N E N T  M I X T U R E  C A L C U L A T I O N S

A complete mathematical system for the calculation of the 
vapor-liquid equilibria for complex mixtures could be given inde
pendently of the already existing system for component mixtures. 
However, the calculations are quite similar in many respects, and 
it is believed that it would be helpful to develop the analogy be
tween them. In order to do this it is necessary that the terms 
used for component mixtures be defined for complex mixtures in 
such a way that both can be spoken of with the same words and 
calculated by the same equations.

For component mixtures the “components” are simply the 
compounds present, and each has a single distinct set of vapori
zation properties. For the method given here the fractions of a 
complex mixture that have distinct vaporization properties are 
the infinitesimally small increments boiled over in a TBP column. 
These increments, then, are taken as the components of a com
plex mixture, and they are designated by one of their vaporization
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K
F igure 3. V aporization  D ata  for P etro leu m  N a p h th a

A =  b o il in g  t e m p e r a t u r e  ( T b )  vs . K  u t  3 0 0 ° F .  a n d  20 p o u n d »  p e r  s q u a r e  in c h  a b s o 
l u t e  ( s t r a i g h t  l in e  o n  s e m i lo g a r i t h m ic  p a p e r ) ;  II =  t e m p e r a t u r e  o f  v a p o r - l iq u id  

e q u i l ib r iu m  ( T ) i'ä. K  a t  20 p o u n d s  fo r  c o m p o n e n t  fo r  w h ic h  K  =  1 .0  a t  3 0 0 ° F .

area under a composition curve (dM/dTn vs. 
Tb) and can be easily and quickly determined 
with a planimeter. As already discussed, it is 
the ratios of the total mole terms to each 
other and not their absolute values that are 
necessary for the calculations. Then in deter
mining moles as areas, no integrating machine 
factor need be used, provided it is the same 
for all of the composition curves, as it will 
cancel out in the calculations. Then as an 
example, the planimeter reading for the area 
under curve A, Figure 4, is 18.67, and this can be 
stated simply as F = 1S.67.

In summary, then, the infinitesimal compo
nents of complex mixtures can be divided between 
vapor and liquid and summed to obtain total 
moles exactly as are the finite components. 
The same equations and procedures can be used 
for both types of mixtures.

C O N S T A N T  R E L A T I V E  V O L A T I L I T Y

properties. Thus for curve A of Figure 1, component Tb = 200° is 
the infinitesimal fraction of the total naphtha that boils at exactly 
200° F. For curve A of Figure 4, component K  = 2.0 is the in
finitesimal fraction boiled over that has a K  value of 2.0 at 300° F. 
and 20 pounds per square inch absolute.

The “composition” of a component mixture gives the finite 
mole fractions of the components present; but it also can be con
sidered to give the ratios of the amounts of the components to 
each other. For complex mixtures for the method given here 
the actual mole fractions of the components are infinitesimally 
small and are proportional to the values of dM/dTB. Then a 
plot that gives values of dM/dTa a t values of T b gives the ratios 
of the infinitesimal fractions of the components to each other and 
so can be considered to be a composition. Thus curve A of Fig
ure 4 gives the molar distribution of the naphtha of Figure 1 along 
the boiling range and so can be considered to represent the com
position of the naphtha.

For component mixtures the terms Fz, Lx, and Vy represent 
moles of the components and are used to calculate divisions of the 
total component between vapor and liquid. For complex mix
tures, as already stated, the amounts of the components are in
finitesimally small and are proportional to values of. dM/dTB- 
But these values of dM/dTB can also be used to obtain the divi
sion of the components between vapor and liquid. Then for 
complex mixtures the terms Fz, Lx, and Vy arc taken as the cor
responding values of dM/dTB as read from a composition curve. 
As an example, for the total original naphtha of curve A, Figure 4, 
the value of dM/dTB for component K  = 4.0 is 
1.44, and this can be stated simply as Fz = 1.44.
This definition permits Equations 2 and 4 to be 
used for complex mixtures exactly ¡is for com
ponent mixtures, and this is illustrated in the 
example calculations to be given later. The 
terms x, y, and z are not used alone for complex 
mixtures.

For component mixtures the total mole terms—
F, L, and V—are obtained by the summation 
of the moles of the individual components; but 
a complex mixture is considered to consist of an 
infinite number of components, so that an integra
tion rather than a summation is required to 
obtain total moles. This integral, which corre
sponds to Equation 5, can be written as

/ ( § )

A useful assumption that is frequently made for vapor-liquid 
equilibrium calculations for component mixtures is that of con
stant relative volatility (16). In this it is considered that the 
ratios of the K  values remain constant over a temperature 
range, however much the K  values themselves change. With 
this assumption the temperature unknown is either eliminated 
completely from the calculation or its solution is obtained without 
trial and error. This gives a quicker, more direct calculation. 
With the use of some care in averaging the K  value ratios, the 
errors due to this assumption can be kept small for regular systems 
of chemically similar compounds such as the saturated hydro
carbons.

This assumption of constant K  value ratios is also useful in the 
complex mixture calculations. With it the K  values at a tem
perature can be obtained by multiplying the known K  values at 
another temperature by a constant. In order to do this it is 
first necessary to know the K  value-vs.-temperature relation for 
one component. Component K  = 1.0 is chosen as this reference 
component for the naphtha composition of curve A, Figure 4, and 
the desired plot of K  values against the temperature of the equi
librium for this component is given by curve B, Figure 3. This 
curve was obtained by plotting the reciprocal of the absolute tem
perature against the K  value at 20 pounds per square inch absolute 
on semilogarithmic paper for compounds for which the K  values are 
known, and then drawing a straight line of the same slope through 
the point at which T — 300° F. and K  = 1.0. Values of T vs. K 
from this curve arc then replotted on semilogarithmic to give

dTB = M (7)

where M  represents moles and can be either
F, L, or V. In actual use this integral is the

F igure 4. C om p osition  C urves for E xam ple I
A =  c o m p o s i t io n  c u r v c  fo r  o r ig in a l  n a p h t h a ;  B  =  d iv i s io n  o f  n a p h t h a  in t o  v a p o r  anti 
l i q u i d  fo r  f i r s t  t r i a l ;  C  =  d iv i s io n  o f  n a p h t h a  in t o  v a p o r  a n d  l i q u i d  fo r  f in a l  t r ia l
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curve B, Figure 3. As an example of the use of this curve, the K  
value of component K  =  4.0 of curve A, Figure 4, will be found 
at 260° F. and 20 pounds. From curve B, Figure 3, for reference 
component K  = 1.0, the K  value at 260° F. is 0.58. Then with 
the assumption of constant K  value ratios, the K  value of com
ponent K  = 4.0 at 260° F. is (4.0/1.0) (0.58) = 2.32. The K  
values of other components and at other temperatures can be ob
tained similarly.

The method given here is not dependent on any of the 
assumptions made for the vaporization data. I t  is only 
necessary that the K  values be known as a function of the 
boiling temperature, and any source of these data including direct 
laboratory determinations can be used. As with component 
mixtures, the assumption of constant relative volatility is a con
venient way of obtaining K  values at different conditions, but it 
is not essential to the method.

E X A M P L E  I .  E Q U I L I B R I U M  D IV IS IO N  IN T O  V A P O R  A N D  L IQ U ID

The first calculation is to determine the division of the naphtha 
of Figure 1 between vapor and liquid at equilibrium for the con
ditions of 295° F. and 20 pounds per square inch absolute. The 
principal equation used is

(Lx) = (Fz)
1 +  (VK/L) (8)

which is obtained by combining Equations 2 and 4. The pro
cedure used is to assume a value of L /V  for the equilibrium, and, 
with the Equation 8 and the known K  values, to calculate a divi
sion of the naphtha into' vapor and liquid. From this a new cal
culated value of L /V  is obtained. This step is repeated until the 
assumed and calculated values of L /V  check. Exactly the same 
procedure is used for component mixtures.

The composition curves required in the calculation are given 
in Figure 4, and curve A represents the original naphtha. The 
detailed procedure is as follows:

Step 1 . Assume a reasonable value of L/V,  and, with Equa
tion 8 and the K  values, calculate a division of the naphtha into 
vapor and liquid.

The value of L /V  assumed for the first trial is 1.0. At 295° F. 
the K value of reference component K  = 1.0 is found to be 0.93 
(curve B, Figure 3), and the K  values of the other components 
change in this same ratio of 0.93 to 1.0 (constant relative vola
tility). Then for component K  = 3.0, the K  value at 295° F. 
is 3.0 X 0.93 = 2.79. From curve A, Figure 4, the value of dM/  
dTb at K — 3.0 is Fz — 1.57, and Equation 8 becomes

Lx = 1.57
1 +  (2.79/1.0) = 0.415 (8)

F igure 5. C om p osition  Curves for E xam ple II
A — c o m p o s it io n  c u r v e  fo r  o r ig in a l  n a p h t h a ;  B  =  c o m p o s i t i o n  o f  l i q u id  in  e q u i l ib 
r iu m  w ith  o r ig in a l  n a p h t h a  a s  v a p o r  (d e w  p o in t ) ;  C  =  c o m p o s i t io n  o f  v a p o r  in  

e q u i l ib r iu m  w ith  o r ig in a l  n a p h t h a  a s  l i q u id  (b u b b le  p o in t )

P ercen t V ap o r

F igure 6. T rue B o ilin g  P o in t Curves
A =  T P B  o f  l i q u id  in  e q u i l ib r iu m  w ith  o r ig in a l  n a p h t h a  a s  
v a p o r ;  B  =  T P B  o f  p o r t io n  o f  n a p h t l iu  t h a t  i s  l i q u id  a t  2 9 5 ° F . 
a n d  20 p o u n d s  p e r  s q u a r e  in c h ;  C  =  T P B  o f  o r ig in a l  n a p h t h a ;  
1) =  T P B  o f  p o r t io n  o f  n a p h t h a  t h a t  i s  v a p o r  a t  2 9 5 ° F .  a n d  20 
p o u n d s  p e r  s q u a r e  in c h ;  E  =  T P B  o f  v a p o r  in  e q u i l ib r iu m  w ith  

o r ig in a l  n a p h t h a  in  l i q u id

This value of Lx is plotted at K = 3.0 to give one point of curve
B, Figure 4. The other points at the K  values shown were ob
tained similarly. This curve gives the required division of the 
original naphtha into liquid and vapor for an assumed L /V  of 1.0.

S t e p  2. Obtain a new, calculated L /V  from the curve of 
step 1. The moles of liquid present are represented by the area 
under curve B, Figure 4, and the value is given by the planimeter 
as L — 9.07. The corresponding moles of total mixture is the 
area under curve A, Figure 4, and has been found to be 18.67. 
Then by Equation 3, V = F — L = 18.67 — 9.07 = 9.60, and 
the new calculated L /V  is 9.09/9.60 = 0.946. Evidently this is 
not sufficiently close to the assumed value of L /V  =  1.0, and a 
new trial must be made.

S t e p  3. Repeat steps 1 and 2 until the assumed and calcu
lated values of L /V  check. The third and final assumption was 
L /V  =  0.72, and the resultant division of the naphtha is given 
by curve C, Figure 4. The moles of liquid present are repre
sented by the area under this curve, and the value is found to be 
L = 7.84. Then V = F — L = 18.67 -  7.84 = 10.83, and the 
new calculated L /V  is 7.84/10.83 = 0.724. This is taken as suf
ficiently close to the assumed value of L /V  = 0.72, so that no 

further trials are required. Then curve C, Fig
ure 4, can be considered to represent the final 
division of the original naphtha into vapor and 
liquid at 295° F. and 20 pounds per square inch 
absolute.

S t e p  4. Convert the mole fractions obtained 
in step 3 into liquid volume per cent.

For this a plot of dv/dTB vs. Tb is prepared 
for the values of curve C, Figure 4, by means 
of Equation 6. The area under this curve 
represents liquid volume and is given as v = 
15.15 by the planimeter. The corresponding 
area under curve A, Figure 2, for the total origi
nal mixture is v — 32.79. Then the liquid 
naphtha of curve C, Figure 4, is 100 X (15.15/ 
32.79) = 46.2 liquid volume per cent of the total.

Then as a final answer the naphtha of Fig
ure 1 is 100 — 46.2 = 53.8% vaporized at 
295° F. and 20 pounds. This is a point on the 
equilibrium flash curve for the mixture (curve B, 
Figure 9). The TBP values of the liquid and 
vapor of the equilibrium are given by curves B 
and D of Figure 6, respectively. These were ob
tained from curves A and C of Figure 4 by 
integrating plots of dv/d'l'B vs. Tb as already 
described.
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E X A M P L E  I I .  D E W  A N D  B U B B L E  P O I N T  T E M P E R A T U R E S

The next values to be calculated for the naphtha of Figure 1 
are the dew and bubble point temperatures at 20 pounds per 
square inch absolute. The dew point is the temperature a t which 
the first drops of liquid condense in the cooling of the total mix
ture as vapor, and the bubble point is the temperature at which 
the first bubbles of vapor form in the heating of the total mixture 
as liquid. In solving for the dew point of a component mixture, 
the usual procedure is to find the temperature that gives K  values 
such that 2 y /K  — 2 x = 1.0, where the values of y used are the 
composition of the mixture. For complex mixtures, however, 
this cannot bo done, and some other procedure must be found.

The temperature of an equilibrium at a pressure is set by a fixed 
composition of the vapor and is independent of the relative 
amounts of liquid and vapor. Then, in calculating a dew point, 
the amount of liquid present can be considered to be finite, even 
though at an actual dew point this amount is infinitesimal. • The 
procedure used is based on this property. An L /V  value is as
sumed, and, with Equation 2 and the K  values at 300° F., a finite 
amount of liquid in equilibrium with the original mixture as 
vapor is calculated. With the assumption of constant K  value 
ratios, the composition of this liquid is independent of the tempera
ture chosen. From the amount of this liquid, calculated values 
of L and L /V  are obtained. The temperature is then found 
which gives K  values such that the assumed and calculated values 
of L /V  check, and this temperature is the dew point. The same 
procedure could be used for component mixtures.

The composition curves required for the calculation of the dew 
point are given in Figure 5, where curve A represents the original 
naphtha. The detailed procedure is as follows:

S te p  1 . Consider the original mixture to be all vapor, and 
calculate a liquid composition in equilibrium with it by means of 
Equation 2.

I t is first necessary that a value of L /V  be assumed, and L /V  =
0.40 is chosen as this gives a conveniently sized composition 
curve. For component I i  — 0.55 the value of Vy — Fz = 1.29 is 
read from curve A, Figure 5, and Equation 2 becomes

Lx =  1.29 (0.40/0.55) = 0.94 (2)

This value of Lx and others similarly obtained are plotted to give 
curve B, Figure 5, which is the required composition of the liquid 
in equilibrium with the original mixture as vapor.

S t e p  2. Determine the new calculated values of L  and L/V .
The moles of the original mixture as vapor are represented by 

the area under curve A, Figure 5, and the value has been found 
to be V =  F = 18.G7. The corresponding moles of liquid are 
shown by the area under curve B, Figure 5, and the value is given 
by the planimeter as L = 10.90. Then the new, calculated value 
of L /V  is 10.90/18.67 = 0.584, as compared with the assumed 
value of 0.40 used in step 1.

S tk p  3. Find the temperature (dew point) that gives K

values such that the assumed and calculated L /V  values would 
check.

If the K  values a t 3 0 0 °  F. used in Equation 2  in step 1 were 
multiplied by the ratio (L /F)e/(L /F )„ and the calculation re
peated, then the assumed and calculated values of L /V  would be 
the same, and the IC values would be at the dew point temperature 
(constant K  value ratios). Then for reference component K -
1 .0  the value of K  a t the dew point temperature is

K  X (L/V)C(L/V)a = 1 .0  ( 0 .5 8 4 /0 .4 0 )  = 1.4G

From the plot of K vs. T  for this component (curve B, Figure 3) 
the temperature corresponding to K  = 1 .4 6  is 3 3 3 °  F., and this 
is the dew point temperature for the naphtha at 20 pounds per 
square inch absolute.

The solution for the bubble point temperature is similar, except 
that liquid and vapor are interchanged. The original mixture is 
considered to be all liquid, and a vapor in equilibrium with it is 
calculated by means of Equation 2 . L /V  is assumed to be 3.0, 
and the resulting vapor composition is given by curve C, Figure
5 . The moles of vapor are V = 1 1 .4 2 , the calculated value of 
L /V  is 1 8 .6 7 /1 1 .4 2  = 1 .6 3  and the ratio (L/V )c/(L /V )a is 
1 .6 3 /3 .0  = 0 .5 4 .  Then the i f  value of reference component if  =
1 .0  is 1 .0  X 0 .5 4  = 0 .5 4  at the bubble point, and from curve B, 
Figure 3 , this temperature is 2 5 4 °  F.

These two temperatures, 2 5 4 °  arid 3 3 3 °  F., are shown as the 
end points of the equilibrium flash curve for the mixture (curve
B, Figure 9 ) .  The calculated TBP of the liquid in equilibrium 
with the original naphtha as vapor is curve A, Figure 6, and the 
corresponding TBP for the vapor in equilibrium with the original 
naphtha as liquid is curve E, Figure 6. These were obtained 
from curves B and C of Figure 5 by the method already de
scribed.

E X A M P L E  H I .  E Q U I L I B R I U M  F L A S H  C U R V E

Aii important curve in the study of complex mixtures is the 
equilibrium flash curve, which gives the liquid volume per cent of 
the mixture that is vaporized against the temperature of the sys
tem (T vs. v) for a constant pressure. The present calculation is 
to obtain the equilibrium flash curve at 20 pounds per square inch 
absolute for the naphtha of Figure 1. One point on this curve 
was obtained in example I—namely, at 2 9 5 °  F. and 2 0  pounds the 
naphtha is 5 3 .8 %  vaporized. The calculation of a point on the 
equilibrium flash curve is quicker than the calculation of example
II, as no specific temperature need be set, and consequently the 
trial and error is eliminated. The general procedure used to find 
a point on this curve is as follows:

A value of L /V  and a temperature are assumed, and an equi
librium division of the total naphtha into vapor and liquid is ob
tained with Equation 8. The temperature required for this 
equilibrium (constant K  valup ratios) and the per cent of the total 
naphtha that is vapor are then determined. These values are 
the coordinates of one point on the desired curve. Exactly the 
same procedure would be used for component mixtures.

The composition curves required for the calculation are given in 
Figure 7 , where curve A represents the original 
naphtha. The other curves give divisions of the 
naphtha between vapor and liquid and are labeled 
with the values oi L /V  used to obtain them. The 
detailed calculation for an assumed value of 
L /V  = 0 .5  is as follows:

S t e p  1. Assume a value of L /V , and, with 
Equation 8  and the K  values at 3 0 0 °  F., calcu
late an equilibrium division of the naphtha into 
vapor and liquid.

For this particular case L /V  is taken as 0 .5 . 
For component K  = 3 .0  the value Fz = 1.57 
is read from curve A, Figure 7 , and Equation 8 
becomes

L 5 7  0 .2 2 4  (8)Lx — 1 +  (3.0/0.5)

F igure 7. C om p osition  Curves for E xam ple III
' c o m p o s i t i o n  c u r v c  fo r  o r d in a l  n a p h t h a ;  b r o k e n  l in e s  g iv e  d iv i s io n s  b e tw e e n  

v a p o r  a n d  l i q u i d  a n d  a r c  la b e le d  w ith  v a lu e  o f  L / V  a s s u m e d  in  c a lc u la t io n

This value is plotted on the K  = 3.0 line to give 
one point of curve L /V  =  0.5. The other points 
of the curve and the other curves of this figure 
were obtained similarly. These curves give equi
librium divisions of the total mixture into vapor 
and liquid.
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Step 2. D eterm ine the tem perature  required 
for the equilibrium  of step  1.

If the K  values at 300° F. used in step 1 were 
multiplied by the ratio (L/V )C{L/V)a and the cal
culation repeated, then the assumed and calcu
lated values of L /V  would check, and the K  
values would be at the temperature of the equi
librium (constant K  value ratios). The planime- 
ter gives the area under curve L /V  = 0.5 as 
L = 6.32, and the corresponding a.rea under curve 
A of Figure 7 for the total original naphtha is 
F = 18.67. By Equation 3, V = F — L = 18.67 
-  6.32 = 12.35, and the new calculated L /V  is 
6.32/12.35 = 0.51 as compared with the assumed 
value of L /V  =  0.50. Then for reference com
ponent K  = 1.0, the K  value at the temperature 
of the equilibrium is K  X (L/V)c/(L /V )a —
1.0 X (0.51/0.50) = 1.02. From curve C, Fig
ure 3, the temperature corresponding to this value 
of if is 301° F., and this is the temperature of the 
equilibrium.

Step 3. Determine the liquid volume per cent 
vaporized in the equilibrium of step 1 .

For this a curve of dv/dTn vs. Tb is prepared 
for the liquid of curve L /V  = 0.5 by means 
of Equation 6. The area under this curve repre
sents liquid volume and is found to bey = 12.41. The correspond
ing area under curve A of Figure 2 for the total mixture is« = 32.79. 
Then the mixture is 100 X (12.41/32.79) = 37.9 liquid volume 
% liquid and 62.1% vkpor for the conditions of the equilibrium.

Then the final values obtained for an assumed L /V  of 0.5 is 
62.1% vaporized at 301° F., and this point is plotted on the 
equilibrium flash curve of the mixture (curve B, Figure 9). 
The other points of this curve were obtained similarly and are 
given in Table I. The end temperatures, the bubble and dew 
points, are from example II. These points are nearly a straight 
line. The original naphtha of Figure 1 is a comparatively sharp 
cut, so that the tails frequently present on flash curves do not 
occur to an appreciable extent.

F igure 8. C om p osition  C urves for E xam ple IV
c o m p o s i t io n  c u rv e  fo r  o r ig in a l  n a p l i t h u ;  b ro k e n  l in e s  g iv e  l i q u i d s  r e m a in in g  in  

t h e  s t i l l  a n d  a r e  lu b e le d  w ith  v a lu e  o f  I f i / l h  a s s u m e d  in  c a lc u la t io n

The detailed calculation for an assumed value of B i/B 2 of 2.0 is 
as follows:

S t e p  1. Assume a value of Bi/Bi  and, with Equation 9, 
calculate a liquid remaining in the still.

The reference component, B, is taken as component K = 1.0, 
and for the present calculation B,/B-, is considered to be 2.0— 
that is, half of component K  = 1.0 has been distilled over. If A 
is taken as component K  = 1.4, then A\ = Fz = 1.44 is given by 
curve A, Figure 8, and Equation 9 becomes

1.44 
2.01-4 /1’° =  0.56 (9)

E X A M P L E  IV . D I F F E R E N T I A L  D I S T I L L A T I O N  C U R V E

As an example of a more complicated calculation the differential 
distillation curve for the naphtha of Figure 1 will be obtained. 
In a differential distillation the mixture is boiled, and the vapors, 
"'hich are in equilibrium with the remaining liquid, are removed 
as fast as formed. The final curve is plotted as boiling tempera
ture against liquid volume per cent distilled over (T vs. v). The 
basic equation used is the integrated form of the Rayleigh equa
tion {IS):

(A ,M 2) = (B y /B ^ Ä ^ O (9)

"here A is any component and B  is the reference component 
The ratios At/An and B J B 2 are the reciprocals of the fractions 
of these components that remain in the still. In order to obtain 
one point on the differential distillation curve, a value is assumed 
for Bi/B2, and the resultant composition of the liquid remaining 
in the still is found with Equation 9. The boiling temperature 
and the liquid volume per cent of this still liquid are then deter
mined. These two values give the coordinates of one point on 
the differential distillation curve. The same procedure would be 
used for component mixtures.

The composition curves for this calculation are given in Figure 
8, where curve A represents the original naphtha of Figure 1.

T a b le  I. E q u i l i b r i u m  F l a s h  C u r v e  ( C u r v e  B, F i g u r e  9 )

Assumed v, Liquid Vol. T , Temp, of
L /V % as Vapor Equil., ° F.

a (bubble point) 0 254
10 12.3 264
4 23.1 273
2 34.8 282
1.0 48.5 292
0.5 62.1 301
0.25 74.6 311
0.10 86.8 321
0 (dew point) 100.0 333

Then when component K  = 1.0 is half distilled over, the amount 
of component K  = 1.4 remaining in the still liquid is Lx = 0.56, 
and this value is plotted on the K  = 1.4 line for curve Bi/Bi =
2.0. The other points of this curve and the other curves of this 
figure were obtained similarly. With the assumption of con
stant relative volatility the ratio K a/ K b is independent of the 
still temperature.

S t e p  2. Determine the boiling temperature (bubble point) of 
the liquid composition obtained in step 1 .

Percent Vopor

F igure 9. D is t illa t io n  C urves for P e tro leu m  N ap h th a
A *» T P B  o f  n a p h t h a ;  B  =  e q u i l ib r iu m  f la sh  c u r v e  f r o m  ex 
a m p l e s  I I  a n d  i l l ;  C  =  d i f f e r e n t i a l  d i s t i l l a t i o n  c u r v e  f r o m  

e x a m p le s  I I  a n d  IV
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T a b l e  II. D i f f e r e n t i a l  D i s t i l l a t i o n  
F i g u r e  9)

C u r v e  (C u r v e  C ,

Assumed v, Liquid Vol. % 
Distilled Over

T, Still Temp., 
° F.B i/B t

1.00 (bubble point) 0 254
1.04 5.9 261
1.1 12.5 267
1.2 21.7 276
1.4 34. C 290
2 .0 50.1 318
4 6G.9 351 •

10 78.4 381
50 88.0 403

1000 94.8 •425*

The details of this calculation have already been given in ex
ample II. For the liquid composition of curve B-i/B i — 2.0 the 
bubble point is found to be 318° F.

Step 3. Determine the liquid volume per cent of the liquid 
remaining in the still.

A plot of d v /d T n  against T b  is prepared for the liquid of curve 
Bi/Bi  = 2.0, and the area under this curve represents the liquid 
volume remaining in the still. The planimeter gives this area 
as 16.36, as compared with 32.79 for the total original liquid 
volume as given by the area under curve A of Figure 2. Then 
100 X (16.36/32.79) = 49.9 liquid volume % of the mixture re
mains in the still when half of component K = 1.0 has been dis
tilled over.

These values, 100 — 49.9 = 50.1% vaporized at 318° F., are plot
ted as one point on the differential distillation curve for the naph
tha, curve C of Figure 9. The other points shown for this curve 
were obtained similarly. The initial point is the bubble point of 
the original mixture as obtained from example II. The numer
ical values obtained for the points are listed in Table II.

A laboratory distillation that roughly approximates differen
tial distillation is the A.S.T.M. (1) or Engler, in which the mix
ture is placed in a flask and boiled off. There is a basic similarity 
in shape between a typical A.S.T.M. curve and curve C of Fig
ure 9. The low initial temperatures of an A.S.T.M. curve are due 
partially to the air present in the system at the beginning of the 
distillation.

DISCUSSIO N

To a person familiar with the details the methods given here 
are both direct and quick. They require less time than the cor
responding discontinuous methods, in which the complex mixture 
is divided into artificial components having short boiling ranges. 
Thus a point on a composition curve can be found as easily as a 
mole fraction and averaged temperature can be obtained for 
artificial component. In determining total moles, a planim- 
eter can obtain an area almost as quickly as a column of figures 
can be added. Values of Lx and Vy can be as easily set down by a 
point on a curve as by a number in a table. The dew point cal
culation of example II can be completed in less than ten minutes 
of comparatively slow work, with seventeen points used to deter
mine the liquid composition in equilibrium with the original mix
ture as vapor.

Another advantage of the method is that the differential plots of 
the compositions give a much clearer picture of an equilibrium or 
distillation than do the corresponding columns of figures of the 
discontinuous methods. Thus a comparision of Figures 7 and 8 
shows that a differential distillation gives a better separation of 
the naphtha into its high and low boiling components than the 
corresponding equilibrium flash. The greater slopes of the lines 
dividing vapor and liquid in Figure 8, as compared with Figure 7, 
mean that less heavy constituents are removed in the vapor, and 
less light constituents remain in the liquid for a differential dis
tillation. An additional advantage of the methods given here is 
that the use of point values and the exact calculus is more desirable 
theoretically than is the corresponding use of averaged values and 
arithmetic in the discontinuous methods. If more and smaller 
finite divisions are used in the discontinuous calculations, the 
errors are reduced, but, also, the time required is increased.

Pure compounds can easily be combined with complex mixtures 
in these calculations. A convenient way of doing this is to plot 
the compound as a vertical line at the correct boiling temperature

on a composition curve such as curve A, Figure 4. Length on this 
line can be considered to represent moles and so is the equivalent 
of so much area (moles) under the composition curve of the com
plex mixture.

In the differentiation of a TBP to obtain a plot of d M /d T B  vs. 
T b certain minor difficulties arise. The TBP should be drawn as 
a smooth curve that averages the points of the laboratory data, 
and any plateaus should be either smoothed out or removed and 
treated as single compounds. The individual values of dv/dTi> 
plotted against T b  should also be averaged as a smooth curve. 
The values of d v/d 'T B  at the low and high boiling ends of the TBP 
are difficult to measure directly. These portions of the curve are 
best handled by extending the plot of the measurable values of 
d v / d T s  in a smooth curve that approaches the T b axis as an 
asymptote. Any vapor loss should be added to the low boiling 
and any residue to the high boiling end of the curve. With rea
sonable care errors due to these and other causes can be made neg
ligible.

NOM ENCLATURE

/I = value of Lx for general component in still liquid for 
example IV and Equation 9 

B — value of Lx foi' reference component (component K = 
1.0) in still liquid for example IV and Equation 9 

D = liquid density, pounds per gallon >
F = total moles of original mixture
Fz — total original amount of a component present (dM J  

d 'T s  for complex mixtures)
K  = vapor-liquid equilibrium constant, defined by equation 

{Vy) = (VK/L){Lx) for complex mixtures 
L = total moles of liquid in the equilibrium 
Lx = amount of a component present as liquid (dM/dTB 

for complex mixtures)
71/ = number of moles 
mw = molecular weight 
T  = temperature of equilibrium, 0 F.
T b = boiling point temperature, ° F., obtained from TBP 

for complex mixtures
V = total moles of vapor in the equilibrium 
Vy — amount of a component present as vapor (d M /d T B  

for complex mixtures) 
v = liquid volume per cent of total mixture
x = mole fraction of component in liquid
y — mole fraction of component in vapor
z = mole fraction of component in total original mixture

Subscripts
0 = assumed value, on L /V
c = calculated value, on L /V
1 = conditions at beginning of distllation in Equation 9
2 = conditions at any time during distillation in Equation 9
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Low Temperature Impact 
Strength of Cellulosic Plastics

W. E. GLOOR
H ercu les P o n d e r  C o m p a n y , W ilm in g to n  99, D el.

Exploration o f th e  effects o f  p la stic izcrs, degree o f  su b 
stitution, and  in tr in s ic  v iscosity  o f  c lh y lee llu lo se s  and  
cellulose a ceta tes  used  in  p la stic s  show ed  th a t b o th  ch o ice  
of plasticizer and  u se o f  a ce llu lo se  derivative o f  h ig h  in 
trinsic v iscosity  aid in  producing m a ter ia ls  o f  im proved  
low tem perature im p a ct stren g th . As to p la stic izcrs, th e  
coefficients o f  v iscosity  ch a n g e  w ith  tem p eratu re , and th e  
amounts o f  loosely  hou n d  p la stic izer  seem  sign ifican t. 
Use of e th y lce llu lo se  w ith  an  in tr in s ic  v iscosity  above 1.3 
and of ce llu lo se  acetaLe approach in g  an  in tr in s ic  v iscosity  
of 2 also en h an ces subzero im p a ct properties.

INTENSIFIED interest in the properties of plastics materials at 
subzero temperatures developed during the war as a result of 

the need for aircraft parts and ordnance components which would 
function properly over a wide temperature range. This interest 
continues into the present peacetime period as a result of the needs 
of product designers in the aircraft, automotive, and refrigerator 
industries in adapting the color and style possibilities of the cel
lulose plastics to the production of plastic parts which will func
tion properly at low temperatures. Such peacetime uses would 
be, for example, in aircraft control knobs and windscreens, auto
motive hardware, steering-wheel covering, and refrigerator 
breaker strips, trim, and panelling.

The purpose of this article is to show how the basic qualities of 
cellulose derivatives and formulating ingredients can be chosen to 
provide the most suitable mechanical properties for plastic com
pounds entering such uses. As a simple criterion of suitability 
the impact strength of the plastic materials has been selected, 
since it is perhaps the best single measure of the toughness which 
is sought in cellulose plastics and appears to be the most critical 
mechanical property given in the various A.S.T.M. specifications 
on rigid cellulosic molding materials, such as D 706, D 707, and 
D 787. All plasticized thermoplastic compositions show con
siderable variations in mechanical properties with temperature; 
the change in impact strength, in addition to showing a large per
centage change with temperature, is an easily measured, repro
ducible indication of these variations. I t is known that as the 
ambient temperature decreases, the impact strengths of the cel
lulose plastics also decrease (7). However, for most civilian uses 
the lowest temperature to which plastics articles are likely to be 
exposed will not fall below —40° F. Hence the test work was 
designed to examine the low temperature impact properties of 
these plastics at —20° or —40° F.

T E S T  SAM PLES

Basic raw materials for the tests were commercial grades of 
cellulose acetate and ethyl cellulose produced by Hercules Powder 
Company. To extend the range of observation in some of the 
tests, semiplant batches of these materials, meeting commercial 
requirements of quality and having unusually high viscosity, also 
were included. Commercially available plasticizcrs were used.

Cellulose acetate batches were prepared by a solvent process 
similar to that used by Gilbert and Gloor (2), except that batches

of 600-gram weight were made. Test bars called for by A.S.T.M. 
Method D 256 were molded in a laboratory transfer pot into */2 X 
‘/a X 5 inch bars and conditioned. These tests were repeated on 
a larger scale, using 7- to 10-pound batches of plastic made by sol
vent methods with a 4.7-gallon stainlcss-clad Baker-Perkins 
mixer with knaben blades; later the plastic was rolled to a sheet 
and granulated, and the granules were dried. Essentially the same 
results were obtained when these larger batches were injection- 
molded into V* X 'A X 5 inch bars, notched, and tested.

Ethyl ceilulosc batches were prepared in 3.3-pound batches by 
hot milling the flake and separately premixed plasticizer on a
6 X 16 inch Thropp mill with chrome-plated roll faces. The 
correct weight of dry ethyl cellulose was weighed into beakers, 
and weighed portions of plasticizer, stabilizer, and lubricant, 
heated to 300-340 ° F., were stirred into the mix by hand. Part 
of the mix was placed on the turning roll, with surfaces at 280- 
300° F., and milled into a blanket, and the remainder of the batch 
was added as the nip was widened. About 25 minutes were re
quired to form a well colloided sheet. This was cooled, granu
lated, and dried to less than 0.4% volatile material before test 
bars were injection molded. The standard ethylcellulose test 
formula was 100 parts ethylcellulose plus plasticizer, 2 part* 
mcthylphenol, and 0.75 part calcium stearate.

Formulation of cellulose acetate plastic was carried out using a 
standard plastics grade of flake material (53.0% combined acetic 
acid content, 50-second Hercules viscosity, equivalent to 1.25 
intrinsic viscosity) with various commercial plasticizcrs. [In
trinsic viscosity is defined by Kraemer (3) as follows:

to] = cili0 , . ,/C

The intrinsic viscosity of materials used in this work was measured 
as follows: Solutions of 0.1, 0.25, and 0.5 per cent concentrations 
were prepared, using acetone as the solvent for cellulose acctatc 
and 8:2 toluene:alcohol for ethylcellulose. Viscosity of these 
solutions was measured at 25° C. using an Ostwald viscometer, 
and data were extrapolated to zero concentration by using the 
graph of -r],p/C vs. concentration. The ratio of cellulose acetate 
to plasticizer was arranged so that all formulations had the same 
hardness regardless of the plasticizer used. Thus, the low tem
perature impact strengths could be compared for formulations 
with the same hardness.

Data are shown in Table I. This permitted the choice of plas- 
ticizers showing optimum low temperature impact properties, and 
these plasticizcrs were then used in formulations to explore the 
effect on low temperature impact caused by flake of varied vis
cosities and acetylation. Essentially the same procedure was 
followed for ethylcellulose plastics, formulations being given in 
Table II.

At the time the plasticizer selection work was done with cel
lulose acetate, the conditioning procedures and low temperature 
testing procedures of A.S.T.M. had not been fully standardized. 
These tests were made by conditioning test bars at 70 ° F. and 50% 
relative humidity for 24 hours prior to low temperature condition
ing a t — 20 °F. These bars wore conditioned at least 2 hours at 
the low temperature, then put into the Charpy machine which 
was at 70° F., and tested within 15 seconds. All other tests were
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conducted upon the Izod machine, kept in the subzero atmos
phere (Figure 1), and conditioned for at least 4 hours before test
ing.

IM PACT T E ST IN G  PROCEDURE

Figure 1 shows a Tenney conditioning unit, holding about 50 
pounds of dry ice, set up to cool the interior of an insulated box 
built to house a Bell-type 2- and 4-foot-pound impact tester. 
This box has its top and sides made of three sheets of transparent 
cellulose acetate sheeting, with half-inch air space between each 
sheet. The back and sides are made of two plywood walls, with 
air space of half an inch separating them. The cold air from the 
Tenney unit is introduced to the far side of the chamber by a duct 
traversing the rear wall of the box, and‘is exhausted at a port on a 
level with the axis of the impact tester on the side of the chamber 
nearest the conditioning unit. The chamber floor may be de
tached from the sides and top of the box to permit leveling it or 
replacing the impact tester with other equipment. The trans
parent cellulose acetate wall is held in grooves in the side walls 
and center spar to permit free movement which allows for tem
perature change. This unit requires about 10 pounds of dry ice 
per hour to maintain a — 40° F. temperature during the summer. 
Samples are stored on shelves in the chamber to facilitate ready 
selection for testing. The insulated door is large enough to per
mit an operator to change samples in the opening. A pull cord 
leading outside the box enables one to make the test without 
opening the test chamber. Samples are set in the machine for at 
least 8 minutes before testing to ensure a low temperature within 
the box.

The samples were notched prior to conditioning. At first the 
ecllulose acetate materials were notched with a shaped rasp blade; 
later a motor-driven single-tooth notcher was provided (Figure 2). 
These devices gave equally significant results on many materials 
at normal temperatures. At low temperatures the motor notcher 
gave more consistent values, which were 0.2 foot-pound or more 
higher in the case of cellulose acetate, as is indicated in Figure 7.

T E S T  RESU LTS

The impact test values at subzero temperatures were chosen 
as a simple criterion of mechanical properties of the plastics at 
lowr temperatures. Hence the work was directed toward finding 
the effects of different plasticizcrs, of varying intrinsic viscosities 
of the cellulose derivatives, and of varying their substitution on

T a b l e  I. P l a s t ic iz e r s  T e s t e d  w it h  C e l l u l o s e  A c e t a t e“
(Cellulose acetate of 53.0% combined acetic acid content, 50-second vis
cosity— fall time of Vu-inch steel ball through 10 inches of a 20% solution of 

9 acetone: 1 alcohol in vertical 1-inch tube a t  25° C.)
Charpy 

% Im pact a t
Plasticizer —20° F.,

Plasticizer in Plastic*» F t.-L b ./In , Notch
Diethylene glycol dipropionat«c
Diethyl phthalate
Dimethyl phthalate
Tripropionin
Triacetin
Triethyl citrate
D ibutyl ta r tra te
M ethyl phthalyl ethyl glycolateJ

0.57
0.50
0.37
0.35
0.32
0.26
0.23
0.15

° Amount in plastic = 100—% plasticizer.
6 To give Rockwell M hardness of 45 a t 70° F. and 50% relative humidity. 
c K P 45, Ohio-Apex, Inc. 
d Santicizer M-17, M onsanto Chemical Co.

T a b l e  II. P l a s t i c i z e r s  T e s t e d  w i t h  E t h y l c e l l u l o s e
(Hercules G-100 type flake; 45.3% ethoxyl, viscosity 97 centipoises in 5% 

solution in 7 toluene:3 ethanol, intrinsic viscosity = 1.70)

Plasticizer
%

Plasticizerrt

Izod Impact at 
- 4 0 °  F., F t.-Lb./ 

In. Notch

M ethyl Cellosolve s teara te6 9 1.68
Butyl Celltfsolve stearate 8 1.76
Tricresyl phosphate® 17 1.30
1 tricresyl phosphate: 1 m ethyl Cellosolve 

stearate 11 1.55
3 dibutyl phthalate:1  Fractol A d 12 1.43
1 dibutyl p h th a la te :!  buty l stearate 9 1.93

a To give Rockwell R hardness of 95 a t 77° F. and 50% retative humidity. 
h KP 23, Ohio-Apex, Inc. 
c I.indol M .P., Celanese Corp.
11 Stanco., Inc.

F ig u re  1. Subzero T est C ham ber w ith  Izod Im p a ct T ester  and T en n ey
C on d ition in g  U nit

All ethylcellulose samples were 
notched upon the m otor-driven 
notcher.

Impact tests were carried out as 
called for by A.S.T.M. Method 
D 256-43T. The preliminary Charpy 
tests were carried out with a machine 
using a 100-inch-pound hammer. 
The Izod tests were carried out us
ing a 2-foot-pound hammer. Al
though Izod and Charpy methods of 
measuring impact strength both show 
up the same trends, the values ob
tained by each method are not 
directly comparable.

R ockw ell h a rd n ess  (A.S.T.M. 
Method D 785-44T) tests were run 
with a long-stroke machine on com
pression-molded disks 2 inches in 
diameter by V* inch thick in the 
case of cellulose acetate, wrhere the 
'/Vincli ball and M scale are re
ported. For ethylcellulose, injection- 
molded 2 X ‘/s inch disks were used, 
the instrument being provided with 
a y 2-inch penetrator and results be
ing obtained using the R scale.

Flow temperatures were measured 
on preformed pellets of molding 
g ranu les, acco rd ing  to A.S.T.M. 
Method D 569-44T.
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Figure 2. M otor-D riven  N otch er  S h ow in g  C u ttin g  T ool w ith  Guard  
R em oved  and  Bar in  N o tch in g  H older

This should enable one to judge 
controlled to obtain optimum

the subzero impact test results, 
how these variables should be 
properties at low temperatures.

Low temperature impact test results with the series of ethyl- 
cellulose plasticizers summarized in Table II  are shown graphi
cally in Figure 3. An effort has been made to correlate the re
sults of these tests with the theory of plasticizer behavior a t low

4 5 . 3 %

^ o .9 °/o  E T H O X Y L

Figure 3.
T E M P E R A T U R E  C O E F F IC IE N T  OF V IS C O S IT Y

Effect o f  V arious P la stic izers on  Subzero Im p a ct  
S tren g th  o f  E th y lce llu lo se  P la stics

C om p arison s m a d e  a t  e q u a l  flow  (2 7 5 ° F . )  o r  e q u a l  l i a r d n c a s  R o c k w e ll R  
scale give n e a r ly  id e n t ic a l  c u r v e s .  A ll e t l iy l  c e l lu lo s e s  u s e d  h a d  in t r in s i c  

v is c o s it y  b e tw e e n  1 .5  a n d  1 .7

temperatures first set forth by Leilich (4). This 
author stated that, in the polyvinyl chloride 
plastics, the best low temperature toughness was 
obtained by using a plasticizer which changed 
viscosity least with temperature, and further 
showed that the logarithm of viscosity bore a 
linear relation with temperature. Kinematic 
viscosity was used as a criterion of this behavior, 
since the actual molecular friction uncorrected 
for liquid density appears to govern. Table III 
gives the results of kinematic viscosity measure
ments on the plasticizers used for these tests. 
There seems to be a relation between the 
viscosity-temperature coefficient of plasticizers 
and the low temperature impact properties of 
plastics made with them (Figure 3). I t  appears 
that, of all the plasticizers tested, the methyl 
Cellosolve stearate is representative of those 
showing good low temperature properties when 

used with ethylcellulose, and this plasticizer was selected for use 
in the rest of the tests made with ethylcellulose.

The effect of using ethylcellulose of varied ethoxyl content in 
plastics with methyl Cellosolve stearate plasticizer is shown in 
Figure 4. This graph indicates the low temperature impact 
strength of ethylcellulose plastics, at a constant flow temperature 
and a constant hardness, plotted against the per cent ethoxyl con

tent of the flake used to make the plastic. I t  appears 
that the strength of the material at low temperatures 
rises appreciably with the degree of etherification of the 
ethylcellulose, with all types showing rather good impact 
strength at this low temperature.

The effect of viscosity of the ethylcellulose used in a 
plastic is shown in Figure 5. I t  appears that, below an 
intrinsic viscosity of 1 .2, the impact strength of molded 
ethylcellulose plastics at low temperatures falls off, in 
the G-type material used in making this comparison. 
Most commercial ethylcellulose plastics, however, are 
made from material of intrinsic viscosity from 1.3 to 1.7, 
and in this range the material shows good low temperature 
impact which increases as the viscosity of the flake in
creases. Material in the high end of the commercial 
range (2.7 intrinsic viscosity) gives only slightly better 
impact strength than material of normal viscosity.

With cellulose acetate, comparison of the plasticizers at a 
' constant hardness level gives the results shown in Table I 
and Figure 6. Here again a correlation can be found be
tween the temperature coefficient of viscosity change and 
the low temperature impact strength.

44  45  46 47 48  49
°/o E T H O X Y L  IN E T H Y L  C E L L U L O S E  

1'igure 4. Effect o f  S u b st itu t io n  on  Subzero Im p a ct  
S tren g th  o f  E th y lce llu lo se  P la stics

C o n jp a r iso n s  a t  flow  o f  2 7 5 ° F .  d e n o t e d  b y  c irc le *, a t  R o c k w c ll R 
artln ess o f  95 by  c r o s s .  M e th y l c e llo so lv e  s t e a r a t e  u s e d  a s  p l a s t i -  

e ixer; a ll e t h y lc e l lu lo s e s  h a d  in t r in s ic  v is c o s ity  b e tw e e n  1 .5  u n d  1.7

u:
O  oo o N V

I l2°/o

P L A S T IC I Z E R

2 7 5  F. 
FLOW

P L A S T I C I Z E R

5%VISC05 ITY  20  40  
____________I___ L_

700  
_J__

S E C  
J___

1.0IN T R IN S IC  
V ISC O S IT Y

F igure 5. E ffect o f  In tr in s ic  V iscosity  o f  F lake on  S u b 
zero Im p a ct S tren g th  o f  E th y lce llu lo se  P la stics

P la s t i c  c o m p o s i t io n s  c o n t a in e d  m e th y l  C e llo so lv e  s t e a r a t e  a s  p la a -  
t i c i z e r ;  a l l  e t h y lc e l lu lo s e s  w ere  o f  44 .8  to  4 5 .5 %
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T a b l e  III. V i s c o s i t y  D a t a  f r o m  P l a s t i c i z e r s  U s e d

M aterial
Diethylene glycol dipropio

n a te0 
Diethyl ph thala tec 
Dimethyl phthalate* 
Tripropionin c 
Triace tin®
Triethyl c itra te6 
Dibutyl ta r tra te c 
Methyl phthalyl ethyl glyco- 

la tec
M ethyl Cellosolve stearate«* 
Butyl Cellosolve stearate«* 
D ibutyl phthalate 
Mineral oil 
Butyl stearate 
3 dibutyl phthalate:

1 mineral oil<*
1 dibutyl phthalate: .

1 butyl stearate'*
Tricresyl phosphate (Lindol 

M .P )d  
1 tricresyl phosphate :1 

methyl Cellosolve stearate 
Castor oil, AAA grade

a Relative kinematic viscosity

Ostwald
Viscometer

Ostwald
Viscometer Relative Kinematic Viscosity-

A a t 25° B a t 50° viscosity“ Tem perature
C., Sec. C., Sec. At 25° C. A t 50° C. Coefficient*»

3 .7 7 .8 3.4G 2.3 0.665
8 .8 12.6 8 .2 3 .7 0.45

10.8 13.3 10.1 3 .9 0.39
7 .0 10.8 6.5 3 .3 0.50

13.4 14.8 12.5 4 .3 0.34
22.7 22.5 21.2 6.6 0.31
59.5 44.2 56.5 13.0 0.23

7 8 .G 49.0 73.4 14.4 0.20
Solid 16.4 0.69«
11.2 17.3 ÍÓ’.5 '5 .9 0.56
14.7 18.5 13.7 5.4 0.39
81.3 71.8 76.0 21.1 0.28

8 .8 14.2 8 .2 4 .9 0.60

20.9 23.8 19.6 8.16 0.41

9 .8 14.6 9 .2 5 .0 0.55

49.9 39.9 46.6 11.7 0.25

1 16.2 20.8 15.1 7.1 0.47
695.1 409.5 650/ 120/ 0.19

seconds for liquid flow 
seconds for castor oil flow X viscosity of castor oil.

V i8cosity-temperature coefficient
c Used with cellulose acetate. 
d Used with ethylcellulose.
• Calculated from mixture data.
/  Absolute viscosity in centipoises.

relative kinematic viscosity a t 50" 
relative kinematic viscosity a t '25'

T a b l e  IV .  C o m p a r i s o n  o f  I n j e c t i o n - M o l d e d  P l a s t ic s  f r o m  
C e l l u l o s e  A c e t a t e  o f  U s u a l  a n d  H i g h  I n t r i n s i c  V i s c o s i t i e s

A BFormulations
Usual cellulose acetate, 53.0% combined acetic acid 

content, 1.25 intrinsic viscosity 72
High viscosity cellulose acetate, 54.0% combined acetic 

acid content, 1.88 intrinsic viscosity 72
Diethyl phthalate 21 2Í
D im ethyl phthalate 7 7

Properties
Flow temp., 0 C. 167 152
Rockwell hardness, M scale 42 51
Im pact strength (rasp-notched) 
Charpy, 77° F., ft.-lb ./in . notch 4.36 4.29
Izod, ft.-lb ./in . notch 

77° F. 3.29 3.12
- 4 0 °  F. 0.54 0.25
-  700 F. 0.50 0.26

H eat distortion temp., 0 F. (A.S.T.M. D648-45T) 158 149
% water absorption, injection-molded disk 2.60 2.94
% soluble loss, same disk (A.S.T.M. C570-42) 0.20 0.23

Molding conditions® 
Indicated temp., 0 F. 

F ront cylinder 450 440
Rear cylinder 450 450

Cycle, total, sec. 33 33
Gage pressure, Ib./sq. in. 950 950
Mold temp., °F.
D uration of high-rate pump impulse, sec.

170 170
4.75 4

° Reed Prentice 10 A-4-ounce machine 2.75-oz. shot.

Analysis of the data obtained in this work indicates that a 
plasticizer combination consisting largely'of diethyl phthalate 
would give the best subzero impact strength among those com
mercial plasticizers most highly regarded for permanence and 
general utility.

Using mixtures of 3 parts diethyl phthalate to 1 part of dimethyl 
phthalate as plasticizer, exploration of a series of constant vis
cosity samples of cellulose acetate, made with acétylations from 
53 to 55% combined acetic acid content, showed that the subzero 
impact strength varied but little with acétylation. However, the 
intrinsic viscosity of cellulose acetate can be an important factor 
in improving the low temperature impact properties of plastics 
made from this cellulose ester (Figure 7). By raising the intrinsic 
viscosity of the flake used ir compounding from the usual levels 
of 1.2-1.4 to a level ap filing 2, impact strength at —40° F. 
may be improved af 50%. Such plastics are readily injec
tion molded and • other properties well in line with those 
given by cony .al cellulose acetate plastics, as shown by 
Table IV.

1.0

8 °  — <T 
V-/ I

.8

.6

z  

0- I.
H t

r  .4

.2

0
0

D I S C U S S I O N

Considering the foregoing experimental findings, 
it appears that choice of the proper plasticizer and 
a cellulose derivative of intrinsic viscosity above
1.5 will in general give the best mechanical prop
erties to cellulose-derivative hot-molding plastics 
at low temperatures. The steepness of the vis- 
cosity-temperature curve of the plasticizer may 
be related to the subzero impact strength of the 
plastic made with it; this finding is in accord 
with the experience of workers in the vitiyl field, 
such as Reed (5) and Leilich (4). This should 
offer a relatively easy way to evaluate new plas
ticizers which may be suggested for this purpose. 
However, other criteria may be equally useful in 
making this selection. For instance, if the data 
of Fordyce and Meyer (1) on the maximum 
amount of plasticizer held in cellulose acetate 
films be applied to the plasticizers having viscosity- 
temperature coefficients shown in Figure 6, it will 
be found that the smaller the amount of plasticizer 
which is permanently bound to the flake, the 
better will be the low temperature impact strength

V I S C O S I T Y - T E M P E R A T U R E  

C O E F F IC I E N T  OF  P L A S T I C I Z E R
F igu re 6. R elation  o f  V arious P la stic iz 
ers an d  S ubzero Im p a ct S tren g th  of 

C ellu lo se  A ceta te  P la st ic s
C e l lu lo s e  a c e t a t e  u s e d  h a d  in t r i n s i c  v i s c o s i t y  o f  
1 .35  a n d  c o m b in e d  a c e t i c  a c id  c o n t c n t  o f  53%

M O T O R - N O T C H E D  

/

3

/ .

/ o /

o

q /  R A S P - N O T C H E D  

/ °

0.5 1.0 1.5 2.0 2.5

I N T R I N S I C  V I S C O S IT Y  O F  C E L L U L O S E  A C E T A T E
F igu re 7. R e la tio n  b etw een  In tr in sic  V iscosity  o f 

C ellu lose  A ceta te  and  Subzero Im p a c t o f  P lastics
C ellu lo se  a c e ta te s  u s e d  h a d  c o m b in e d  a c e tic  a c id  c o n te n ts  b e tw een  

53.0 a n d  55 .0%

I
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of the plastic made using it. This criterion should not be over
looked in the preliminary evaluation of plasticizers for this pur
pose, particularly since (in the case of ethylcellulose) certain well 
known plasticizers such as mineral oil, which promote low- 
tomperature impact strength, fall out of line if coefficient of vis
cosity change is the only criterion applied.

It was found that the use of a cellulose acetate at a high level 
of intrinsic viscosity will produce a definite improvement in the 
low temperature impact strength of the resulting plastic; this is 
also parallel to other experience in the field of high polymers. 
For instance, Selker (6) found that the brittleness temperature of 
polyisobutylenes decreased—that is, its mechanical properties at 
subzero temperatures improved—as the degree of polymerization 
or the intrinsic viscosity of this polymer increased. Since, among 
other factors, the low temperature impact strength of cellulose 
acetate plastics has been considered too low for such uses as trans
parencies for aircraft and certain items of automotive hardware, 
it is believed that the commercial availability of the varieties of 
high intrinsic viscosity, not heretofore marketed, may be of inter
est to plastic manufacturers interested in those applications.
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Disproportionated Rosin Soap in 
GR-S Polymerization

JOHN T. H A Y S, ARTHUR E. DRAKE, AND YOLANDA T . PR A TT1
H ercu les P o ivdcr C o m p a n y , W ilm in g to n  99, D el.

WHEN disproportion- 
atcd rosin2 soap is 

used as the emulsifier in the 
polymerization of GR-S, the 
synthetic rubber formed has 
excellent physical properties.
This “rosin rubber,” des
ignated GR-S-10, is more 
tacky than GR-S and is there
fore superior for tire building
(8). In addition, improved 
heat resistance, superior hysteresis properties (8), and better re
inforcement in low black compounds and nonblack pigment load
ings (1, 8) combine to make GR-S-10 an outstanding rubber.

In the course of developing a rosin emuslifier which could be 
used commercially, a large number of samples were prepared and 
tested by Hercules Powder Company and then evaluated more 
completely by those rubber companies responsible for the opera
tion of the government synthetic rubber plants. These coopera
tive studies established that suitably refined disproportionated 
rosin gives uniformly acceptable rates of polymerization and 
polymers with outstanding physical properties. The purpose of 
this paper is to describe the chemical changes involved in the 
disproportionation reaction and the effects of various constitu
ents of the disproportionated rosin on the polymerization re
action.

Commercial rosins and rosin derivatives proved unsatisfactory 
la the GR-S polymerization. Tests on pure resin acids and on 
various fractions isolated from commerical products showed that 
this is due chiefly to the presence of two types of harmful ma
terials— abietic-type acids and phenolic inhibitors. These must 
be eliminated by suitable reactions and refining procedures in

1 Present address, University of M aryland, College Park, Md.
’ sometimes termed "dehydrogenated rosin” because of its relatively high 

e ydroabietic acid content; its  soap is designated  D resinate  731.

D isp ro p o r tio n a ted  rosin  soap (D resin ate  731) g ives sy n 
th e t ic  rubber w ith  ex ce llen t p h ysica l properties w h en  used  
as an  em u lsifier  in  th e  p o lym eriza tion  o f  G R -S . P repara
t io n  o f  a sa tisfactory  em ulsifier  from  w ood rosin  is  sh ow n  
to  require rem oval o f  a b ie t ic -ty p e  acid s, preferably by  th e  
d isp rop ortion ation  reaction , and  rem oval o f  p h en o lic  in 
h ib itors by su ita b le  refin ing . T h ese  op eration s are now  
b ein g  carried o u t com m ercia lly  to  g ive a u n ifo rm  prod uct 
o f h ig h  p o lym eriza tion  activ ity .

order to obtain an efhulsifier 
satisfactory for use in GR-S 
polymerization.

The acids present in wood 
rosin amount to about 88% 
of the total and are made up 
of two groups with different 
carbon skeletons (Figure 1), 
the abietic type (I) and the 
pimaric type (II). Poly
merization tests on various 

pure resin acids (Table I) showed that the abietic type, as ex
emplified by abietic and levopimaric acids, have a detrimental 
effect on the polymerization yield, whereas the pimaric type, as 
indicated by results with isodextropimaric acid (6), appear to have 
no such effect. These data also show that hydrogenation or de
hydrogenation of abietic acid converts it to completely satisfactory 
materials. Apparently the conjugated double-bond system of the 
abietic-type acids must be destroyed to avoid inhibitory effects.

D ISPROPORTIO NATION O F ROSIN

A practical process of modifying the conjugated system is based 
on the disproportionation reaction with a palladium catalyst as 
described by Fleck and Palkin (5) and by Littmann (9). In this 
reaction the abietic-type acids are completely converted to satis
factory hydro acids or dehydroabictie acid. The pimaric-type 
acids probably also undergo disproportionation, but since they 
are not harmful, it is apparent that all of the known resin acid 
constituents of disproportionated rosin form soaps satisfactory 
for use in polymerization.

The effectiveness of the disproportionation reaction as a 
means of obtaining a modified rosin satisfactory for polymeriza
tion depends on the completeness of removal of the abietic-type 
acids. The detrimental effect of even small amounts of abietic 
acid is shown in Figure 2 where addition of 5% of abietic acid to
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F igure 1. R esin  Acid T ypes

pure dehydroabietic acid leads to a decreased polymer yield by 
causing an initially slow polymerization rate.

Ultraviolet absorption offers an excellent method for following 
the progress of the disproportionation reaction on the basis of the 
characteristic absorptions of abietic acid and dehydroabietic acid 
(Figure 3). Figure 4 shows the relation between the shape of the 
absorption curves, the abietic acid content, and the polymeriza
tion yield for certain refined disproportionated rosins. Determi
nation of ultraviolet absorption spectra appears to be the most 
convenient method of following the abietic acid content and is a 
practical control method. Determination of unsaturation and 
optical rotation can also be used but cannot be interpreted so 
readily.*

R e f i n i n g .  Even when a sample of wood rosin is dispropor
tionated in such a manner as to be completely free from abietic 
acid, it usually will not give a satisfactory polymer yield without 
further refining. Typical results after refining by various meth
ods are as follows:

values of 88 and 10.6% for the acid and neutral fractions. When 
the acid fraction was dissolved in petroleum et.her, extraction with 
5% sodium bicarbonate gave 1.6% of bicarbonate-soluble ma
terial (1.3% on the basis of disproportionated rosin). The 
polymerization results are shown in Table I.

These data demonstrate conclusively that, with the exception 
of the weakly inhibiting bicarbonate-soluble fraction, the sub
stances responsible for differences between polymerization yields 
obtained with unrefined disproportionated rosins and pure ma
terials such as dehydroabietic acid are concentrated in the neutral 
portion of the disproportionated rosin.

T a b l e  I. P o l y m e r iz a t io n  T e s t s

Pure resin acidsa 
Abietic acid 
Dehydroabietic acid *
Tetrahydroabietic acid 
Dihydroabietic acids 
D isproportionated rosin (refined)
10% levopimaric acid -f- 90% disproportionated 

rosin
10% isodextropiinaric acid +  90% dehydro

abietic acid 
Dihydrodextropimaric acid

D isproportionated rosin fractions 
Disproportionated rosin
Resin acids (after exhaustive extraction), A'^ 
10% neutral bodies (after exhaustive extraction) 

+  90% resin acids A'
Resin acids extd. with bicarbonate, A'
10% bicarbonate sol. -f- 90% resin acids A '

Inhibitor fractions
Disproportionated rosin 
Resin acidsb
Resin acids& +  0.01 gram F 
Resin acids & 4* 0.01 gram E

% Polymer 
•Yield after 

14 Hr. a t 50° C

Trace
80
82
71
78

40

80
79

61
74

60
77
70

61
67
58
50

a 5 parts (per 100 parts of monomer) of unneutralized resin acid or rosin 
were used in place of the fa tty  acid soap usually specified for GR-S poly
merizations.

& 4.6 parts of the resin acids were used instead of the usual 5 parts to give 
approximately the same am ount of acidic material as in the disproportion
ated rosin. The resin acids were not extracted so thoroughly as resin acids 
A ' above, so th a t the polymerization yield was slightly lower.

Refining Method 
None
Adsorbent ear^h 
Distillation 
Crystallization 
Solvent extraction

% Polym er 
Yield after 

14 H r. a t  50° C.
40-60
71-80 
70-80 
74-80
72-78

The results obtained depend upon the manner in which the refin
ing is carried out and, to some extent, on the individual sample; but 
these figures show clearly that a refining step is necessary and 
indicate that the methods cited are applicable. Application of 
any of these methods can give a product of high polymerization 
activity, but adoption of any one method would depend on eco
nomic factors. As will be brought out later, additional refining 
removes traccs of phenolic materials; therefore, the physical 
methods listed must also compete with chemical methods sug
gested by the chemical nature of the inhibitors present.

E FFE C T  O F NEUTRAL FRACTION

Since it had been shown that the types of acidic materials 
known to be present in disproportionated rosin were not responsi
ble for the low polymerization yields obtained with soaps of unre
fined disproportionated rosin, the neutral fraction was examined. 
An unrefined disproportionated rosin containing no abietic acid 
was separated into acidic and neutral fractions. A 10% solution 
of the rosin in ether was extracted with 2% aqueous sodium hy
droxide. Yields of 90 and 8.3%, respectively, of acid and neutral 
fractions were obtained. A more exhaustive extraction gave

F r a c t i o n a t i o n .  The initial neutral fraction, separated as 
described, was fractionated as indicated in Figure 5. The neu
tral fraction was dissolved in petroleum ether and repeatedly ex
tracted with aqueous alcoholic potassium hydroxide (20% aque
ous potassium hydroxide plus an equal volume of ethanol). 
When the alkaline solution was diluted with water, extraction 
with petroleum ether gave 0.1 1 % (based on the disproportionated 
rosin) of phenolic material of weakly acidic character (E, Figure
5). Acidification of the residual alkaline solution followed by 
extraction with ether gave 0.17% of slightly stronger phenols 
(F, Figure 5). Both fractions were dark oils.

PO LY M ERIZA TIO N  IN H IB ITO R S

Polymerization results show that these phenolic materials are 
very strong inhibitors (Table I). Thus, 0.4% of these phe
nolic materials is sufficient in each case to account for more 
than the original inhibiting action of the disproportionated rosin. 
Inhibiting effccts of the same order were indicated by an empirical 
test based on induction period in the bulk polymerization of 
styrene. The presence of small amounts of phenols was also de
termined by an adaptation of a standard method for the exami
nation of water and sewage (2) as worked out by E. F. Evans and 
L. F. McBurney of these laboratories. This is based on the color 
produced by the reaction of phenols with diazotized sulfanihc 
acid and offers a very sensitive method of testing for phenols in 
various fractions.

During the fractionation it was apparent that fractions E and 
F were different in acid strength, and that the effect of F was not
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merely due to incomplete removal ,
of E. However, since the separa
tion of this mixture depended on the 
hydrolysis of one type of phenolate 
to a greater degree than the other, it 
would not be expected to be quantita- ,
tivc.

The ultraviolet absorption curves 
of the two phenolic fractions (Figure -'
6) are of interest in that they em- ¡j
phasize fundamental differences and v /
are similar to the curvcs of known * 5
phenols. Phenol E, the stronger in- 5 .
hibitor and the weaker acid, gave a °
curve similar to that of p-cresol with 
maxima at 281 and 287 m/t. The ‘
absorption curve of F, the weaker 
inhibitor and the stronger acid, is 
similar to that of resorcinol with 
maxima at 276 and 282 mji. The 
same type of absorption is also ob
tained for thymol, guaiacol, and 
eugcnol. These curves arc undoubt
edly distorted as a result of the mixture of 
phenols but serve to indicate the phenolic na
ture of the constituents. I t is also of interest 
to note that, on the basis of active hydrogen 
determinations (corrected for resin acids carried 
through the separation) and Rast molecular 
weights, one and two hydroxyls are indicated, 
respectively, for fractions E and F, as might 
also be inferred from the ultraviolet absorption 
curves by comparison with p-cresol and re
sorcinol.

M ETHODS AND M A TERIA LS

P o ly m e r iz a t io n .  A small-scale test was 
used which is similar to and gives results com
parable to the Rubber Reserve bottle poly
merization test (10). In our method 8-ounce 
bottles were used rather than the 32-ounce 
bottles. The bottles were rotated at 15 r.p.m. 
for 14 hours at 50° =*= 0.1° C. in a water bath; 
polymerization yields were obtained by pre
cipitating, washing, and drying the polymer.

The following polymerization formula was 
used: 75 parts butadiene, 25 styrene, 5 rosin 
or resin acid, 0.5 DDM (Rubber Reserve 
mercaptan), 0.3 potassium persulfate, and 180 
parts distilled water.
. Resin Acids. All ro tations were determ ined 
■n 1% ethanol solution.

Abietic acid, a™ — —106 °, melting point = 
172-175° C., was obtained by the Harris and 
Sanderson modification (7) of the method of 
“alkin and Harris (IS).
. Dehydroabietic acid (4), a ‘t? = +63°, melt- 
mg point = 171-173° C.

Tetrahydroabietic acid was obtained by com
plete hydrogenation of abietic acid with plati- 
num oxide in acetic acid to zero bromine 
number.

A mixture of dihydroabietic acids was ob
tained by hydrogenation of abietic acid with 
PaUadium-on-charcoal catalyst until slightly 
more than the theoretical amount of hydrogen 
was taken up.

PURE DEHYDROABIETIC ACID

9 5 ^ o  DEHYDROABIETIC AND 
5 %  ABIETIC ACIDS

6
HOUR3

F igure 2. Effect o f  A bietic Acid 011 P o lym er iza tion

ABIETIC ACID

• F igu re 3.
WAVELENGTH IN MILLIMICRONS

A bsorption  Spectra o f  A b ietic  and  D eh yd roab ietic  A cids

POLYMER 
HOURS ‘ABIE! ACI

------------------------------------------------------------------ >.

figure 4. A bsorption  Spectra  o f  
D isproportion a ted  R osins

24 0 260  280
WAVELENGTH IN MILLIMICRONS
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Dl SPROPORTIONAT ED ROSIN 
( in  ET H E R )

EXTRACT WITH N q OH

ALKALINE  SOLUTION! ETH ER  SOLUTION

E F
5.7 8.4
5.1 4.8

80.1 76.7
10.2 9.6
320 282
1.0 1 .4 (1 .8 )“
0 .5 0.44 (0.88)

F igu re 5. F ra ctio n a tio n  o f  D isproportionate«! R osin

0°, melting point = 159-
Levopimaric acid (11), a ’D*= —276c
Isodextropimaric acid (fi), a]

162° C.
Dihydrodextropimai'ie acid = +17°, meltingpoint =

243-215 ° C., was prepared by hydrogenation of dextropimaric 
acid with ¡jlatinum oxide in ethanol.

A b s o u p t io n  S p e c t r a .  The absorption data were obtained 
from measurements made with a Beckman ultraviolet spectro
photometer. Specific absorption coefficient which is used in 
plotting the curves, is obtained from the formula:

a  — logio ?/•
I0 =  intensity of radiation transmitted by solvent
/  = intensity of radiation transmitted by solution
c = concentration of solute, grams/liter
1 =  length of solution through which radiation passes, cm.

F igu re 6. A bsorption  Spectra  o f  P h en o lic  In h ib ito rs

The difference in a a t the maximum at 241 mp 
arid at the inflection point a t 248.5 mp is deter
mined for pure abiotic acid. The ratio of this 
difference for an unknown sample to that for 
pure abiotic acid is a measure of the abiotic acid 
in the unknown.

A n a l y s i s  o f  P h e n o l i c  F r a c t i o n s .  Crude 
phenolic fractions E and F were dark oils which 
could not be crystallized. The following 
analytical data were obtained:

Fraction
% OH* (Zerewitinoff)
% OCII,
% C 
% H
Mol. weight (Rast)
Av. No. OH groups per mol.
Av. No. OCPIi groups per mol.

a The values in parentheses were obtained on the 
assum ption of a 50% resin acid content for F. This 
value would have been reached if all the resin acids 
indicated to be present in neutral fraction C (acid 
num ber 2) were carried through to F.

CONCLUSIONS

On the basis of the data presented, these 
powerful inhibitors which have been concen
trated and characterized as phenols represent 
the major portion of the constituents of unre
fined disproportionated rosin which have harm

ful effects on the GR-S polymerization. I t  is apparent, then, 
that preparation of a rosin satisfactory for use in emulsion poly
merization involves (1 ) complete removal of abietic-type acids, 
preferably by the disproportionation reaction, and (2) removal of 
phenolic inhibitors by suitable refining.

As a result of the application of the conclusions from this work, 
a commerical plant is now in operation producing a uniform dis
proportionated rosin soap with polymerization activity approach
ing the maximum values which can be obtained with pure resin 
acid soaps.
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Oven and Bomb Aging of GR-S 
at Corresponding Temperatures

J. REID SHELTON AND H UGH W INN
C ase S chool o f  A p p lie d  S cien ce, C levelan d , O hio

A ttem pts to correlate oxygen b om b an d  air oven  ag in g  
generally prove u n sa tisfactory , j)articu larly w ith  G ll-S .  
Actually, a d ircct correlation  sh ou ld  n o t be expected  sin cc  
u sim u ltaneous ch an ge  in  tem p era tu re  and  oxygen  co n 
centration is  involved  w h en  th ey  are com pared  u n d er th e  
conventional co n d it io n s  for. cach  te s t. T h e  effect o f  te m 
perature an d  o f  oxygen con cen tra tio n  have b een  sep arately  
evaluated by com p arin g  th e  resu lts o f  b o th  oven and  bom b  
aging a t 80° an d  100° C. Increased  tem p era tu re  w as  
found to increase th e  rate o f  deterioration  in  b o th  types o f  
aging, b u t th e  effect appears to  be m ore Aiarked in  th e  
oxygen bom b. R eaction  o f  oxygen  w ith  G R -S , w h ich  re
sults in  h ard en in g  (cross lin k in g ), appears to  b e  v irtu a lly  
independent o f  oxygen  co n cen tra tio n  above th a t in  air and  
is the pred om in an t reaction  in  th e  air oven . R eaction  o f  
oxygen w ith  G R -S  w h ich  lead s to  ch a in  sc ission  is  in 
creased by oxygen  co n cen tra tio n  and  is  th e  p red om in an t  
reaction in  th e  oxygen  b om b . C hain  sc iss ion  is  reflected  
in both ten s ile  breakdow n and  in  a low er m o d u lu s  th a n  
would otherw ise be ob ta in ed  sin cc  th e  sh o rten in g  o f  th e  
chains w ould  h ave a so ften in g  effect; th is  a cco u n ts  for  
the sm aller m o d u lu s  in crease  observed w ith  b om b ag in g  
and for th e  reversion o f  th e  m o d u lu s  observed a t  100° C.

ATTEMPTS to correlate the aging characteristics of natural 
rubber vulcanizates when subjected to standard methods of 

accelerated aging have generally proved unsuccessful, particularly 
when the samples differed appreciably in compounding formula
tions: Neal and Ottenhoff (£) compared the resistance of GR-S 
vulcanizates to the oxygen pressure, air oven, and air pressure 
heat tests. They reported a. complete lack of any correlation of 
these tests with GR-S, as previously observed with natural rub
ber. The oxygen bomb at 70° C. and 300 pounds per square inch 
appeared to be the mildest, followed by the air oven at 121° C; the 
air bomb at 127° C. and 80 pounds was the most severe.

The absence of a direct correlation betweep the various methods 
of accelerated aging is not unexpected, in view of the simulta
neous change of temperature and oxygen concentration. The 
authors previously established that both tensile breakdown and 
the modulus increase brought about by aging of GR-S vulcani
zates is primarily the result of attack by oxygen (8), and also dem
onstrated the effect of temperature in the oxidation reaction (4). 
It appeared desirable, therefore, to study the effect of temperature 
and of oxygen concentration independently in an attempt to ex
plain the difference in the results obtained in the oxygen bomb 
and the air oven. For this purpose both types of aging were in
vestigated at the same temperatures—namely, 80° and 100° C.

PROCEDURE

A tread type stock was employed containing the following 
Parts by weight:

All samples were cured 50 minutes at 298° F. Rectangular 
samples cut from tensile sheets were aged in the oxygen bomb at 
300 pounds per square inch at both 80° and 100° C. and also in 
the air oven at the same temperatures. The air oven was of the 
forced circulation type and was operated so that the maximum 
amount of fresh air was introduced. Triplicate samples were 
removed after 1, 2, 4, 6, 8, and 10 days at 80° C., and at daily in
tervals up to 5 days at 100° C. Tensile strips were cut from the 
aged samples for testing. This procedure was employed to avoid 
the possibility of more extensive deterioration along the edges of 
tensile strips cut before aging. However, comparison of the re
sults with a duplicate set of samples aged at 100° C. in the form of 
tensile strips showed that this precaution was not essential (Table 
II). The tensile strength, elongation at break, and the stress at 
both 200 and 300% elongation were determined. The values re
ported in the graphs represent the average obtained with three 
test strips for the data at 80°C.; the data presented for 100° C. is 
the average of two independent determinations, cach involving 
triplicate samples. The actual test data are recorded in Tables I 
and II.

T a b l e  I. C o m p a r i s o n  o f  O v e n  a n d B o m b  A g in g  a t  S0° C.a
Tensile Ultimate

Days Strfinirth, btress, l,b ./b q . In. Elongation,
M ethod Aged L b./Sq. In . 200% 300% %

0 3290 760 1330 590
Oxygen bomb 1 2970 970 1670 500

2 2930 1090 1770 4 SO
4 2770 1110 1800 475
6 2680 1240 1900 440
8 2520 1200 1820 440

10 2300 1220 1830 410

Air oven 1 320Ó 1010 1740 490
2 3220 1110 1980 450
4 3190 1320 2170 420
6 3140 1450. 2400 380
8 2940 1560 2490 350

10 3020 1700 2690 345

° Samples were aged in rectangular strips, and test strips were cut out after
aging.

T a b l e  II. C o m p a r is o n  o f  O v e n  a n d B o m b  A g in g  a t  100° C.
Tensile Ultimate

Run Days Strength, stress, Lb./bq. In . Elongation.
Method No.° Aged Lb./Sq. In. 200% 300% %

0 3220 740 1250 625
Oxygen bomb 1 1 2370 1080 1610 475

2 1 2420 1070 1590 4S0
1 2 1570 970 1370 380
2 2 1530 1010 1400 350
1 3 1330 1130 260
2 3 1380 1140 270
1 4 1340 1310 215
1 5 1350 150
2 5 1300 140

Air oven 1 1 3150 1400 2290 410
2 1 3160 1350 2310 410
1 2 3000 1610 2600 350
2 2 3070 1600 2590 360
1 3 3000 1760 2790 330
2 3 2800 1790 2790 300
1 5 2880 2010 275
2 5 2860 2060 275

GR-S
Bwdol (softener) 
“ tty acid 
^annei black

100.0
5 .0
1.5

50.0

Zinc oxide 5 .0
Santocure (accelerator) 1.2
Sulfur 2 .0

° Runs 1, aged in rectangular strips; 
Runs 2, aged as test strips.

test strips cut out after aging.
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COM PARISON O F  AGING DATA

Figure 1 shows the change in ultimate elongation brought about 
by heating a GR-S vulcanízate at 80° and a t 100° C. in both the 
air oven and oxygen bomb. At the lower temperature the oven 
is the more severe, but a t the higher temperature the oxygen.pres- 
sure test produces a greater change after the first day. The 
temperature coefficients per 10° C. from the data of Figure 1 are

DAYS AGED 

F igu re 1. E lon gation  a t Ilreak

2.09 for the air oven and 2.63 for the oxygen bomb. Thus the 
effect of temperature upon the rate of change in ultimate elonga
tion is greater a t the higher oxygon concentration. Considered 
together with the effect upon tensile strength and modulus as 
described below, the more rapid decrease in ultimate elongation 
produced by oxygen pressure aging at 100° C. may be attributed 
to an increased rate of chain scission.

The effect of aging upon the tensile strength of a GR-S tread 
stock is much less drastic in the air oven than in the oxygen bomb, 
as Figure 2 shows. In fact, the decrease in tensile strength was 
greater at 80° C. and 300 pounds per square inch oxygen pressure 
than in air at 100° C. Since the decrease in tensile strength may 
be regarded as primarily the result of chain scission, it follows 
that the rate of the chain-scission reaction increases with both 
oxygen concentration and with temperature. The temperature 
coefficients per 10° C. increase in temperature, calculated from the 
data of Figure 2 for tensito breakdown, are 1.97 for the air oven 
and 3.09 for the oxygen bomb.

The effect of oven and oxygen bomb aging on the stress required 
to produce a given elongation is shown in Figure 3 for 80° C. and 
in Figure 4 for 100° C. The air oven is much more drastic than 
the oxygen bomb in producing hardening as measured by modulus 
increase. At S0° C. the increase in both the 200 and 300% stress 
was about the same in oven and bomb during the first day. 
Thereafter the increase continued in air but leveled off at approxi
mately a constant value in the bomb.

The authors showed previously (3) that the increased modulus 
brought about by aging in the air oven is 1 argely the result of attack 
by oxygen. Since the increase is actually less in the oxygen bomb 
at the same temperature, it appears that this reaction is little 
affected by oxygen concentration above that in air and that the 
smaller modulus increase is due to the effect of the chain-scission 
reaction which tends to offset the hardening reaction. The net 
effect in the oxygen bomb at 80° C. is a balance between the oxy
gen-induced hardening (which may be presumed to involve cross 
linking) and the oxidative scission of chains which would have a 
softening effect.

This interpretation of the results is supported by the behavior 
of the modulus curve at 100° C., as Figure 4 shows. The stress

at both 200 and 300% elongation increased in both bomb and 
oven during the first day. During the second day the modulus 
continued to increase in the air oven although at a slower rate. 
The drastic reduction in tensile strength in the bomb, however, 
continued through the second day, with the result that the chain- 
scission reaction predominated over the hardening reaction and 
the net effect on the modulus was a decrease. Thereafter the 
tensile curve for the bomb aging leveled off while the hardening 
reaction, as measured in the oven, continued and the 200% stress 
oncer more started to increase in the oxygen bomb. The slope of 
the curve from this point (second to fourth day of aging) is essen
tially the same as that of the corresponding curve for the stress at 
200% elongation in the oven. Since the effect of chain scission 
was small during this period, as shown by the tensile curves, this 
slope represents primarily the hardening reaction and dem
onstrates that it is virtually independent of oxygen concentra
tion above that in air. I t  was not possible to observe a similar 
increase in the curve for the 300% stress since the ultimate elonga
tion was reduced below 300% after 3 days in the bomb at 100° C. 
The shape of the modulus curves of Figure 4 and the crossover of 
the elongation curves a t 100° C. in Figure 1 show that a com
parison of the effectiveness of the two types of aging can
not safely be made with a single aging period since the relative 
magnitude of tlfe changes taking place varies as aging progresses.

A reversion of the modulus (Figure 4) is quite common with 
natural rubber but has not been previously reported with GR-S. 
At first we were inclined merely to regard the data as erratic, and 
consequently the aging tests were repeated at 100° C. The two 
sets of experimental points plotted for both the 200 and 300% 
stress in Figure 4 represent the two independent sets of aging data, 
and the good agreement clearly shows that the reversion is real 
and the data are reproducible.

This evidence that reversion of the modulus takes place with 
GR-S upon aging at the appropriate temperature and oxygen con
centration lends support to the idea previously suggested (4) that 
the fundamental reactions involved in the deterioration of both 
natural rubber and GR-S are the same. These fundamental re
actions appear to be (a) chain scission, which results in tensile 
breakdown and a reduction of stress at a given elongation, and 
(b) cross linking, which increases the modulus and produces a gen
eral hardening. The difference between the behavior of natural

DAYS AGED

F igure 2. T en sile  S tren g th
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Figure 3. S tress a t  200 an d  300% E lon gation  a fter  
A gin g a t 80° C.

rubber and GR-S under a given set of aging conditions may then 
be attributed to a difference in the relative rates of these two reac
tions. Likewise the failure to demonstrate a real correlation be
tween the various standard methods of aging appears to be due to 
the fact that changes in temperature and oxygen concentration 
alter the ratio of these two reactions and thus change the resultant 
effect as measured by physical properties.

The temperature coefficient for modulus increase in the air 
oven, calculated from the time required to produce a given change 
as shown in Figures 3 and 4, is 2.00 for both the 200 and 300% 
stress. Coefficients for bomb aging would be meaningless in this 
case as a result of the reversion which occurred at 100° C. 
Harrison and Cole (1) determined the temperature coefficients for 
oven aging of GR-S over the range 100° to 132° C. Their 
values are compared in the following table with those obtained in 
the present study over the range 80° to 100° C.:

Physical
Property

lensile strength 
Elongation a t  b reak

Tem perature Coefficient per 10° C.
Air oven, 

80-100° C.
2.00
2.00
1.97
2.09

Air oven, 
100-132° C.

1.97
2.00
1.95
1.96

Oxygen bomb, 
80-100° C.

3.09
2.63

The agreement is sufficiently close to justify extension of the rela
tions which they established to include the lower temperature 
range.

The higher temperature coefficients for both tensile strength 
and elongation at break, as observed with oxygen bomb aging, 
Nay be attributed to the effect of increased oxygen concentration 
on the chain-scission reaction, since the cross-linking reaction 
aPPears to be little affected by oxygen concentration above that 
>n air. The resultant effect upon tensile strength is greater than 
°n ultimate elongation, as would bo expected from consideration 
°f a typical stress-strain curve, since the elongation changes more 
slowly as the stress approaches the breaking load.

The evidence presented in this paper that the chain-scission re
gion increases with oxygen concentration whereas the cross- 
linking reaction is virtually independent of oxygen concentration 
ahove that in air suggests certain possibilities with respect to the 
mechanisms of these reactions. For example, it may be postu
red that, while both reactions are apparently initiated by oxygen,

the subsequent reactions resulting in chain scission may require 
additional oxygen; this is indicated by the dependence of tensile 
breakdown on oxygen concentration whereas the cross-linking, 
reaction may not require any additional oxygen.

The effect of oxygen concentration upon the temperature coeffi
cients is even more significant. The rate of tho hardening reac
tion, as measured by stress increase in the oven, gives a tempera
ture coefficient of about 2.0, and this value appears to be unchanged: 
by additional oxygen concentration. On the other hand, the- 
temperature coefficient for tensile breakdown increases with oxy
gen concentration, and since chain scission is shown to be the- 
predominant reaction in the oxygen bomb, the higher value of 
about 3.1 may be regarded as an approximation of the tempera
ture coefficient for the chain-scission reaction. The energy of 
activation calculated from this value is 29.7 kg.-cal. for the scis
sion reaction; that of the cross-linking reaction is 18.2 kg.-cal. 
Apparently a sufficient number of oxygen molecules having suffi
cient energy at the temperatures involved are present in air to 
maintain the cross-linking reaction, and thus additional oxygen 
concentration becomes unimportant. However, there do not 
appear to be enough oxygen molecules in air with an energy of 
29.7 kg.-cal. to support the scission reaction at its maximum rate. 
In this latter case the higher oxygen concentration in the bomb 
becomes an important factor.

SUMMARY AND CONCLUSIONS

The relations observed in this comparison of air oven and oxy
gen bomb aging of GR-S at corresponding temperatures and the 
interpretations suggested by these relations may be summarized 
as follows:

1. Comparison of tho results of tests in which some samples 
were aged in the form of tensile test strips while others were cut 
from rectangular strips after aging indicates that edge effects 
during aging are negligible and that the former practice is satis
factory.

2. Increased temperature increases the severity of both types 
of aging, but the effect is greater a t the higher oxygen concentra
tion of the bomb.
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3. The hardening reaction, as measured by the increase in 
modulus, appears to be little affected by increased oxygen con
centration above that in air and is the predominant reaction in 
the air oven.

4. Chain scission, as measured by decrease in tensile strength, 
increases with oxygen concentration and is the predominant reac
tion in the oxygen bomb.

5. Chain scission is also reflected in the smaller modulus in
crease observed with oxygen bomb aging as compared to the air 
oven, and is responsible for the reversion of the modulus observed 
at 100° C. and 300 pounds per square inch oxygen pressure.

6. Changes in temperature and in oxygen concentration, 
therefore, alter the ratio of the fundamental aging reactions of 
chain scission and cross linking. Since the effect of these two re
actions upon physical properties is different, no direct correla
tion can bo expected between methods of aging which differ in 
both temperature and oxygen concentration.

7. Activation energies calculated from the temperature coef
ficients observed for tensile breakdown in the oxygen bomb 
(29.7 kg.-cal.) and for modulus increase in the air oven (18.2 
lcg.-cal.) may be regarded as approximations of the activation 
energies required for chain scission and cross linking, respectively. 
The observation has been made that the latter reaction is vir
tually independent of oxygen concentration above that in air, 
whereas the former increases with oxygen concentration. This 
may be interpreted as indicating that, a t the temperatures in
volved, a relatively large number of oxygen molecules are suf
ficiently activated to maintain the lower energy reaction, even 
in air, while a much smaller number have the energy required for

the scission reaction; consequently, increased oxygen concen
tration will be more effective in maldng a larger number of active 
molecules available for reaction in this case.

8. The greater dependence of chain scission on oxygen con
centration may also be regarded as an indication that, although 
both reactions are apparently initiated by oxygen, the subsequent 
reactions leading to chain scission may require additional oxygen 
while the reactions resulting in cross linking may not.
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Effect of Fungicides on Natural 
and Synthetic Rubber

J. L. ST IE F, JR., AND J. J . BOYLE
T h e E n g in eer  H oard, C orps o f  E n gin eers, U. S . A rm y , F o rt B elvoir, Fa.

M ilita r y  op eration s in  trop ica l reg ion s n ecess ita te  
tr e a tm e n t lo r  th e  p rotection  from  fu n g u s  a tta ck  o f  c o tto n  
c lo th  used  in  fabrics coated  w ith  sy n th e tic  rubber. T h is  
paper describes th e  effect o f  several co m m o n  fu n g ic id es on  
th e  p h ysica l p roperties o f  n a tu ra l and  sy n th e tic  rubbers. 
S oil bu ria l te s ts  in d ica ted  th a t n a tu ra l rubber, G lt-S , and  
n eop ren e exh ib ited  no  s ig n ifica n t lo ss o f  s tren g th  du e to  
fu n g u s  a tta ck , so  th a t  a fu n g ic id e  w as n o t considered  
necessary  for th e  p ro tection  o f  th e  v u lca n íza te  itse lf . 
P yridyl m ercu ric  stea ra te , sa licy la n ilid c , p en la ch lo ro -  
p h en o l, and  2 ,2 ,-m eth y len c-b is(4 -ch lo ro p h en o l) caused  
l i t t le  or no  adverse effect w h en  incorporated  d irectly  in to  
th ese  three typ es o f  rubber before cu rin g . H ow ever, copper  
n a p lith cn a tc  had  a s l ig h t w eak en in g  effcct on  n eopren e, t 
a som ew h at greater w eak en in g  effcct 011 n a tu ra l rubber, 
p articu larly  a fter  a g in g , an d  a m arked  w eak en in g  effect 
on G R -S .

D URING the recent war a great part of the military operations 
were conducted in warm, humid, tropical regions, ideal for 

the growth of fungi. The protection of the cotton cloth (2) used 
in rubber-coated fabrics thus became a major problem of the 
armed forces. Because the area was of minor importance in the 
world consumer market, comparatively little work had been done 
on this problem by the research laboratories of private industry. 
A tropical testing chamber (/), which simulated tropical condi
tions, was built at Fort Belvoir to study the problems of fungus 
growth and effective countermeasures.

The,problem was complicated by the possibility that the fungi
cide which had a protective effect on the cloth might have had a

destructive effect on the rubber coating. Tests on pentachloro- 
ph«nol and 2,2'-methylene-bis (4-chlorophenol) by two industrial 
concerns had indicated that these two fungicides had no adverse 
effect on either natural rubber or GR-S when used in small con
centrations. Tests by another industrial concern had indicated 
that salicylanilidc was satisfactory for use with natural rubber 
and neoprene. However, because of the meager amount of in
formation available, a study was conducted to determine what 
fungicides, and in what concentrations, might abnormally dete
riorate rubber coatings.

This problem was divided into two parts. The first was to 
determine the effcct of the various fungicides on the physical 
properties of natural and synthetic rubber when incorporated 
directly into the rubber compound prior to vulcanizing. The 
second part was to determine the effect of the fungicides on the 
adhesion, abrasion, and general wearing qualities of coated fabrics 
when the fungicide is impregnated into the fabric prior to coating.

The work to date covers five fungicides and three types of rub
ber. The fungicides tested include copper naphthenate, pyridyl 
mercuric stearate, salicylanilide, pentachlorophenol, and 2,2 - 
methylene-bis(4-chlorophenol), sometimes designated as dihy- 
droxydichloro diphenylmethane. (An abbreviated form of the 
latter designation is used in the figures for simplicity.) These 
fungicides were selected as representative of the types found most 
effective in preventing the fungus deterioration of cotton fabrics 
in a considerable number of tests conducted by The Engineer 
Board. Table I lists the types of rubber tested and the com
pounding formulations used. Natural rubber, GR-S, and neo
prene are the subject of this report, but other coating materials 
such as vinyl butyral, the vinyl copolymers, Butyl rubber, and 
butadiene-acrylonitrile rubber, are to be included in future work.
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In general, the 
procedure used in 
preparing the test 
specimens was that 
recommended by 
A.S.T.M. specifica
tions. A separate 
batch of rubber 
was milled for each 
fungicide, and a 
batch containing no 
fungicide was used 
as cont rol .  The

fungicide was milled directly into the rubber, using two parts of 
fungicide per hundred parts of polymer. No difficulty was encoun
tered in incorporating any of these fungicides, although the concen
trated copper naphthenate, a sticky, gummy substance, was some
what harder to handle than the other fungicides which were all dry 
powders. Slabs were press-cured in an A.S.T.M. four-cavity 
mold and were die cut into test specimens. These were tested for 
tensile strength, ultimate per cent elongation, modulus at 300% 
elongation, Shore hardness, and tear strength. The effect of the 
fungicides on the weathering and age resistance of the vulcaní
zate was investigated by subjecting test specimens to light aging, 
heat aging, oxygen bomb aging, and soil burial test conditions. 
However, only the tensile strength, elongation, tear strength, and 
unaged and oxygen bomb aging test conditions are reported here 
since they arc sufficient to illustrate the observed effects.

The results of the soil burial tests on vulcanizates containing 
no added fungicide, summarized in Figure 1, indicated that there 
was no significant loss of strength due to fungus attack. No
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T a b l e  I. C o m p o u n d in g  F o r m u l a s
N a tu ra l R u b b er
(C ured  20 M in. G R -S  (C ured  35 N eoprene (C ured  20

a t  300° F .) M in, a t  300° F .) M in , a t  300° F .)
P a rts P a rts P a rts

C om ponen t b y  w t. C om ponent b y  w t. C om ponen t by  wt.
Sm oked shee t 100.0 G R-S 100 .0 N eoprene GN-A 

X L C  m agnesia
100 .0

R eogen 2 .0 S tearic  acid 2 .0 4 .0
S teario  acid 3 .0 Zinc oxide 5 .0 S tearic  acid 0 .5
F ine  ta r 1 .0 E P C  black 5 0 .0 E P C  black 3 0 .0
N eo tone  D 1 .0 Sulfu r 2 .0 N eozone D 2 .0
Zinc oxide • 5 .0 A ltax 0 .7 5 A ccelerator 552 0 .1
E P C  black 6 0 .0 B arak 1 .0 Zinc oxide 5 .0
Sulfur
A ltax
Thionex
Fungicide

3 .0
2 .0  
0 .2  
2 .0

Fungicide 2 .0 Fungicide 2 .0

visual evidence of fungus growth was observed. Therefore, it 
appeared that no fungicide was necessary for the protection of 
the vulcanizates themselves.

E F F E C T  O F  F U N G IC ID E S

The test results summarized in Figure 2 show that none of the 
fungicides tested had any appreciable effect on the unaged natural 
rubber test specimens. However, test specimens containing cop
per naphthenate appeared to age more rapidly in the oxygen 
¡bomb test. The rubber became much stiffer, as evidenced by the 
:sharp decrease in elongation a t break. Tear strength was con
siderably reduced. Thus it seemed probably that fabrics treated 
with copper naphthenate and having a natural rubber coating 
might be expected to crack when used after lengthy periods of 
storage. Pyridyl mercuric stearate, salicylanilide, pentachloro- 
phenol, and 2,2'-methylene-bis(4-chlorophenol) had little or no 
adverse cffect on natural rubber.

The results on GR-S (Figure 3) indicated that copper naph
thenate caused a serious loss of strength when incorporated into 
GR-S. Tensile and tear strengths were materially reduced, and 
elongation at break was increased. The copper naphthenate had 
a considerable retarding effect on the rate of cure of GR-S. The 
vulcanized slabs were soft and tacky when removed from the 
mold. Very little resilience, or snap, was observed. This test 
wa^ made on a GR-S vulcanízate containing 2% fungicide. 
Other tests on specimens containing 1 and 0.5% fungicide indi
cated a considerably lesser and progressively decreasing effect. 
Pyridyl mercuric stearate had a very slight injurious effect on 
GR-S. Salicylanilide, pentachlorophenol, and 2,2'-methylene- 
bis(4-chlorophenol) had little or no adverse effect on the physical 
properties of GR-S.

The results of tests on Neoprene (Figure 4) indicated that 
pyridyl mercuric stearate, salicylanilide, pentachlorophenol, and 
2,2'-methylene-bis(4-chlorophenol) caused no measurable loss of 
tensile strength (within the limits of experimental error), and only 
a very slight reduction of tear strength. Copper naphthenate 
caused an appreciable loss of tensile strength after aging, but 
apparently produced an increase in the ultimate elongation and 
tearing strength.
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TESTING OF CRACKING CATALYSTS
M . E. CONN1 G. C. CONNOLLY

E sso  iM b o ra to r ie s ,  B a t o n  R o u g e ,  La .  E sso  L a b o r a to r i e s ,  E l i z a b e t h ,  jY .  J.

THE catalyst is one of 
the paramount factors 
in determining the rate of 

the formation of the various 
products in a given catalytic 
proccss. Furthermore cata
lysts are notoriously sus
ceptible to changes which 
may appear small and are 
often difficult to predict, but 
which have a profound 
cffect on production. These 
factors are important in catalytic cracking as in other cata
lytic processes; hence, early in the development of catalytic 
cracking it became desirable to devise a small laboratory scale 
test to measure catalyst quality quickly. More important than 
this was the requirement for evaluating the effects of preparation 
variables on catalyst quality and evaluating the effects of changes 
of catalyst quality occurring during use in catalytic cracking 
equipment.

Consequently a test unit of the fixed-bed type was designed, 
constructed, and operated to test simultaneously four small 
samples of catalyst (generally 200 cc.) in four KA.S tubes sup
ported in an electrically heated aluminum-bronze block. Other 
such units have since been constructed, and have been employed 
for investigating a wide variety of reactions and for studying

P ro sen t address, E sso  L ab o ra to ries , E lizab e th , N . J.

feed stocks and operating 
variables as well as cata
lysts. A total of more than
11,000 test runs have been 
made on these units at 
Baton Rouge.

The development, opera
tion, and yields for the fluid 
catalyst cracking process 
through the 2- and 100- 
barrels-per-day pilot plant 
stages to the commercial 

scale plants have been previously described (2, 3). During this 
development, and ever since the commercial plants have been in 
operation, catalyst samples have been removed from time to time 
and tested in the 200-cc. test units in order to determine catalyst 
quality. The information gained in this way has been useful in 
the design and operation of fluid catalyst equipment.

The similarities and differences between fixed-bed cracking (as 
in the test method) and fluid catalyst cracking from which the 
test samples are taken were discussed in a previous paper (5). In 
this paper the general methods for expressing conversions and 
yields were described and defined, and the variables affecting con
version and yields, particularly of carbon, were also defined and 
discussed.

The purpose of this paper is to describe the test apparatus, the 
test procedure, the pilling and pretreating of the catalyst samples,

A  fixed bed m ethod for testin g  cracking catalysts is de
scribed, and data are given to indicate liow th e test results 
were applied to show the efTect o f  catalyst quality  on yields 
in  fluid catalyst cracking u n its. Cracking activity ex
pressed as throughput for a given conversion is linear w ith  
surface area for catalysts o f a given chem ical com position. 
Carbon form ation is increased w hen the catalyst has or 
acquires deliydrogenating properties. Advantages and d is
advantages o f  various types o f  testing u n its are discussed.
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C r a c k in g  C a t a ly s t  T e s t in g  U n it

and to illustrate the applica
tion of the test data to fluid 
catalyst operations.

E Q U IP M E N T

Figure 1 is a flow sheet 
showing one of four testing 
systems which are operated in 
parallel to test four samples, 
simultaneously. The four re
actors are heated in a single 
aluminum-bronze block (about 
90% copper, 10% aluminum), 
and the equipment is in effect 
a single un^t of four parallel 
testing systems. Figure 2 
shows the dimensions of the 
reactor tubes and of the elec
trically heated aluminum- 
bronze block. The reactors 
are constructed of KA2S (18-8, 
chrome-nickel steel) tubing and 
are inserted and removed from 
the top of the block. The
shoulders of the reactor tubes rest on accommodating offsets in 
the tube holes and are thus supported.

The flow diagram in Figure 1 is that of a conventional fixed-bed 
process, which is operated in cycles. The cracking period is fol
lowed by a regeneration period, during which the catalyst deposit 
formed during cracking is removed by burning. In the cracking 
period the feed is pumped from burets into the tops of the reactors 
by small gear pumps, is vaporized and preheated by glass-chip 
packing, and is then cracked by the catalyst pellets below the 
glass packing. The catalyst and glass packing are supported by 
a perforated KA2S disk (1-inch outside diameter) welded to an 
axial thermocouple well (Vio-inch KA;S tubing). The thermo
couple well runs the length of catalyst' bed and is fitted with an 
iron-constantan thermocouple (No. 24 or 26 glass-covered enam
eled wire) which is free to be moved up and down in the well.

The cracked products are cooled, and the liquid is collected at 
about 32° F. by equipment as indicated in Figure 1, while the 
gases pass through a copper 
reflux condenser held at —40° 
to —45 ° F. and thence through 
the wet-test meter to the vent.

The oil feed rate is fixed by 
fixing the speed of rotation of 
the gear pumps. The pumps 
are driven by an electric motor 
through a system of gears, and 
several sets of gears are avail
able for changing the feed rate.
This system is eminently satis
factory; it gives a uniform, 
steady, trouble-free oil rate 
which is generally set at 120 cc.
Per hour, or 0.6 volume of 
liquid oil per volume of cata
lyst per hour (V/V/hr.) over 
the usual 200-cc. charge of 
catalyst, which also may be 
varied over a range of 25 cc. or 
less to as much as 400 cc.

The regeneration equipment 
simply consists of needle valves 
and pressure gages in the inlet 
lines. The needle valves con
trol the rate of air and inert gas 
(an oxygen-free flue gas) which
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f\'j _--l O-KW. WATER 
^ -^H EAT C O IL  WM,C-K

3/l6“KA2S

T.C. W ELL

6 PIPE

GAS METER
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CORK INSULATION

PRODUCT COOLER
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are available from supply lines a t moderate pressure. The gases 
are mixed in proper proportion for the controlled combustion of the 
coke. The pressure gage (Figure 1) serves to indicate the pres
sure drop, and hence the rate of flow, through the reactor and 
KA2S inlet and outlet lines (3/i6-inch outside diameter, 3/ 32-inch 
inside diameter tubing). During regeneration the rubber con
nection on the outlet of the water cooler (Figure 1) is connected 

• directly to the vent, and thus the product recovery system is by
passed.

The designs of the electrical heaters for the blocks vary among 
the three units now in operation, but all have a capacity of about 
10 kw. and are hand-controlled through variable tap transformers. 
The heat capacity of the block is so great that a uniform tempera
ture can be held with scant attention from the operator, and no 
automatic controller is needed. The 10-kw. output of the heater 
is a great deal more than is required to hold the operating tem
perature but is useful for rapidly bringing the block to operating

Figure 2. Cracking Catalyst T esting U nit
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temperature. About 3 hours are required to bring a unit from 
room temperature to 850° F. Although two of the units are 
equipped with heaters made for high temperature work, the third 
unit is satisfactorily heated by conventional, readily purchasable 
strip heaters and has been used at temperatures up to 1000° F., 
which is high enough for testing of cracking catalysts.

Thermocouples are equipped with compensating lead wires, 
and temperatures are indicated by a potentiometer reading 
directly in 0 F.

T E S T  C O N D IT IO N S  AND P R O C E D U R E

At the start of catalyst testing operations the following set of 
standard reference conditions was chosen: feed stock, Virgin
East Texas light gas oil, 485-700° F. boiling range, 33.8° A.P.I.; 
space velocity, variable but most frequently 0.6 V/V/hr. (120 cc. 
per hour of oil over 200 cc. of 3/i6-inch-o.d. by Vio-inch-high 
cylindrical catalyst pills); period length, 2 hours; temperature, 
850-860 °F.; pressure, atmospheric.

Although the trend in catalytic cracking has been toward tem
peratures higher than 850° F. and toward short period lengths 
(or catalyst holding times in fluid catalyst cracking), the refer
ence test conditions have remained unchanged in order to build 
up a log of experience on catalyst preparation and usage. A wide 
variety of conditions (750-975° F., 20-minute to 4-hour period 
lengths, 0.15-4.0 V/V/hr.) have been employed experimentally 
from time to time in order to supplement the data at the standard 
reference conditions. Although atmospheric pressure has usually 
been used for catalyst testing work, higher pressures have been 
employed with some modification of the equipment.

Not only is a wide variety of test conditions possible, but also 
it is possible to work up the cracked products in a number of ways 
depending on the degree of sharpness of separation of the prod
ucts, the number of cuts to be taken, and the number of analyses 
desired. The routine procedure generally used is greatly sim
plified because it is designed to determine activity and carbon- 
and-gas-fonning tendencies of a large number of catalysts with a 
minimum of expense. In this procedure the liquid product is 
weighed, the gravity is determined, and a 100-ec. portion (at 
60° F.) is taken in a precooled graduated cylinder for charging 
into a precooled distillation flask for an A.S.T.M. distillation 
(Serial D86-38). When the distillation thermometer reaches 
400° F., the burner flame is turned off and the residue in the flask 
is measured at 60 ° F. in the graduated cylinder used in charging. 
The difference between the volume of charge and residue is re
corded as % D +  L at 400° F., or simply “D +  L” (distillation 
plus loss). Generally two cracking periods are made with com
plete regeneration between cracking periods. If the D +  L from 
the second cracking period is within 2 of that from the first period, 
the two are averaged. If necessary a third period is made and all 
the D +  L values are averaged, with any nonrepresentative re
sults omitted from the average.

The catalyst is removed unregenerated after the last cracking 
period and is analyzed for carbon content. The cracked gases 
are measured by a wet-test meter, and a gravity (air =  1) is taken 
with an effusiometer on a snap sample of gas at the middle of the 
cracking period.

From the amount of feed and products it is possible to calculate 
the yields of naphtha, of uncracked gas oil, of gas, and of carbon. 
The amount of feed is obtained from buret readings, and the 
gravity is determined. The yield of naphtha is taken as the D 
L times the yield of total liquid product, and the yield of un- 
cracked gas oil is taken as (100 — D +  L) times the yield of total 
liquid product. All of the yields are then adjusted to a 100% 
recovery basis, and 100 minus the volume per cent gas oil yield 
or the volume per cent gas oil “disappearance” is taken as the 
conversion, or C.T.C. (catalyst testing conversion) mting, which 
is considered to be superior to D +  L as an index of activity. 
Another even more fundamental measure of activity is the feed 
rate required to obtain a given conversion. The method of de
termining and applying this measure of activity will be discussed 
later.

At the end of a cracking period the lines are allowed to drain 
for 20 minutes; after that the unit is purged with a small flow of 
inert gas for about an hour or more before the regeneration period 
is begun. The inert gas flow is then increased, and air is bled in 
at such a rate that the temperature of the catalyst does not rise 
much in excess of 1000 ° F. After the critical period of the regen
eration (the passage of the first flame front through the catalyst) 
is over, the inert gas is shut off, and straight air is introduced. 
Considerable care must be exercised in introducing air, because 
at times there is the equivalent of a. second flame front. The 
flame front or “hot spot” is followed down through the bed by 
adjusting the position of the thermocouple in the axial well. The 
inert gas is introduced at a rate of 27.5 cubic feet per hour (3900 
V/V/hr.), which has been found to correspond to a back pressure 
of 10 pounds per square inch gage. A small amount of air is then 
introduced to give a gage pressure of about 10.5 pounds per square 
inch, which is then increased as rapidly as possible, with the limi
tation that the catalyst temperature must not greatly exceed 
1000° F. After the critical period of the regeneration has passed, 
the inert gas is cut out, and sufficient air to give a back pressure of
10 pounds is gradually introduced. The full air flow is allowed to 
continue for about 8 hours while the block temperature is held at 
about 850° F. The unit is then flushed for a few minutes with 
inert gas before the next cracking period is started.

P E L L E T IN G  AND P R E T R E A T IN G  C A T A L Y ST

Samples from the fluid catalyst units are usually taken from 
near the bottom of the regenerated catalyst standpipes, although 
other streams (spent catalyst, fines collected by the Cottrell, etc.) 
are sometimes sampled for testing. These powders or those from

fresh catalyst, as the case may 
be, are then qompressed into 
Vio-inch-long by 3/io-inch- 
diameter cylindrical pellets 
with a rotary tablet machine.

After pilling, the next step 
is the pretreatment of the 
pellets before charging to the 
test unit. Nearly all samples 
are calcined at 850-900° F. 
for 3 to 16 hours in KAjS 
trays fitted with legs to prevent 
overheating by d ire c t  contact 
with the floor of the muffle fur
nace. This calcination com
pletes the pretreatment of used 
catalyst samples, but, in addi
tion to the 0-900° F. calcina-

T a b l e  I. E f f e c t  o f  B u l k  D e n s i t y  o f  P i l l s  6 n  C r a c k in g  R e s u l t s

L ast C ycle D a ta , 100%  R ecovery  Basis

Bulk C alcina Feed  R a te  or D +  L
D ensity tion, Space V elocity Cycle Cycle
of Pills 0 F. V /V /H r . « W /H /W 6 1 2

S y n th e tic  C a ta ly s t; 200 1
0 .5 3 850 0 .6 0 0 .9 7 5 5 .0
0 .8 7 850 0 .6 2 0.61 5 5 .0 5 2 .0
0 . 58 1400 0 .6 2 • 0 .9 2 4 2 .0 4 2 .5
0 .9 3 1400 0 .6 0 0 .5 5 4 2 .0 4 2 .0
0 .7 0 1600 0 .6 0 0 .7 3 3 0 .0 2 9 .5
1.01 1600 0 .5 9 0 .5 0 3 3 .0 3 3 .0

Cycle
3

5 3 .0
5 2 .0

N a tu ra l C a ta ly s t; 200 Cc. C harge
0 .7 S 850 0 .6 0 0 .6 6 4 2 .0 4 3 .0
1 .00 850 0 .6 0 0 .5 1 4 3 .0 4 4 .0
0 .7 8 1400 0 .6 0 0 .6 6 3 7 .0 3 7 .0
1 .00 1400 0 .6 0 0 .5 1 3 8 .0 3 7 .0

a Volum e of liqu id  feed p e r volum e of c a ta ly s t per hour. 
W eigh t of liq u id  feed per w eight of c a ta ly s t p e r hour.

C onver
sion or G as yield C arbon
C .T .C . W t. C u. f t . / y ield,
ra tin g % bbl. w t. %

5 7 .8 11 .4 434 5 .4
5 8 .2 13.1 489 6 .7
43 .7 6 .4 261 2 .7
44 .3 6 .7 268 3 .1
2 9 .2 3 .6 152 1 .0
3 4 .0 4 .7 192 1 .5

4 5 .3 6 .7 2S0 3 .3
4 7 .7 7 .5 320 4 .6
3 8 .0 4 .9 260 2 .2
3 9 .6 5 .8 308 3 .1
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Figure 3. D eterm ination o f Relative Activity
C o n d itio n s , 200-ec. c a t a ly s t  te s t in g  u n i t s ;  E a s t  T ex as  l i g h t  g a s  o il 
feed; 850-860° F . ;  2 - h o u r  p e r io d s ;  a tm o s p h e r ic  p re s s u re .  N u m -  
bcrs a re  re la tiv e  a c t iv it ie s  b a se d  o n  b ro k e n  l in e  =  1.0 w h e re  ac 

tiv ity  is  d e fin e d  a s  th r o u g h p u t  fo r  a  g iv en  c o n v e rs io n .

tion, fresh materials are frequently pretreated at other conditions, 
such as calcination for 3 hours a t 1400 ° or 1600 0 F.

The pretreated pellets are measured in a graduated glass cylin
der (usually 200 ec. in a 250-cc. cylinder) with a standardized tap
ping technique. The charge is also weighed, and the bulk or pill 
density is calculated.

The effect of the amount of compression in pilling (as measured 
by the bulk or pill density) on results from the cracking test was 
appraised for a sample of synthetic silica-alumina powder and for 
a sample of natural clay-type powder. Fresh catalysts not ex
posed to temperatures above 300° F., and therefore much more 
easily compressible than catalysts exposed to higher tempera
tures, were used. By this method and by using extreme condi
tions on the pilling machine the range of densities investigated 
was made much greater than that encountered in actual practice. 
The data for the tests made on pilled samples calcined at 850 °, 
1400°, and 1600° F. at standard conditions (East Texas light gas 
oil feed at 0.6 V/V/hr. for 2 hours at 850-860° F.) are presented 
in Table I. The results for the samples calcined at 1600° F. are 
exceptional in that a large effect of density on % D +  L and con
version was indicated. The majority of the data, however, show 
that D +  L did not change with increased pill density, and that 
carbon and gas formation increased with an accompanying rather 
small increase in conversion. For example, carbon yields at 
similar conversion show deviations on the order of =*=9% from 
the average for the synthetic catalyst and =^16% for the natural 
catalyst.

Because pilling technique does not vary greatly in actual prac
tice, and because of the small effect shown in Table I on D +  L 
or conversion for 0.6 V/V/hr. throughput, the use of this index 
of activity without adjustment is well justified. Another more 
fundamental index of activity—throughput for a given conver
sion—is frequently expressed on a weight basis (W /H/W  = 
"'eight of oil feed per hour per weight of catalyst), because fluid 
unit throughputs are invariably expressed on a weight basis. In 
this case the data of Table I show an effect of pilling technique, 
but, as mentioned, the effect is small in actual practice and is 
ncglected.

Carbon and gas yields, although not usually affected nearly so 
.much as shown by the data of Table I, are nevertheless often 
adjusted slightly to a common bulk density basis.

R E L A T IV E  A C T IV IT Y

Although it is convenient experimentally to test catalysts of 
all activities at a fixed set of operating conditions and use changes 
of D -f L or conversion as a measure of differences in activity, it is 
fundamentally more sound to fix the conversion and operating 
conditions other than throughput and use changes in throughput 
as a measure of differences in activity. To illustrate the applica

tion of this latter method, the data for eight samples of synthetic 
silica-alumina catalyst covering a wide range of activity are 
shown in Figure 3. In this figure the broken line passing through 
61.5% conversion at 0.734 W /H/W  has been arbitrarily assigned 
an activity of 1.0. All of the solid lines representing the data for 
the various catalysts have been assigned relative activity values, 
which are throughputs for a given conversion based on the 
throughput for the broken line at the same conversion. The 
lines are parallel, so that relative activities are the same irrespec- 
tive of the given conversion chosen. The system of parallel 
lines on log-log paper represent all of the data fairly well, except 
the data for the catalyst of lowest activity. In this case the 
point at the highest throughput was established for a sample simi
lar but not identical to that used to establish the other points, and 
the activity of the former sample may truly be slightly lower than 
the activity of the latter sample.

The correlation in Figure 3 is not new but has been previously 
pointed out (5) for another set of data obtained on other equip
ment. In this former paper a relation showing the logarithm of 
conversion linear with the logarithm of throughput a t constant 
cracking time (period length) was derived from data on carbon 
formation and was found to fit the measured eonvcrsion-through- 
put data. In fact, the slope of lines established from the data in 
the earlier paper is the same as those in Figure 3 of this paper, if 
the conversions for the former are adjusted for differences in frac
tionation efficiency for the gasoline-gas oil separation.

I t will be apparent that the correlation of Figure 3 permits the 
rapid estimation of relative activity from a single experimental 
point; the estimation of relative activity has become a standard 
procedure in this laboratory.

R E L A T IV E  A C T IV IT Y  A P P L IE D

In fluid catalyst cracking several important variables affect 
throughput for a given conversion and catalyst holding time; in 
addition to catalyst activity there are such factors as feed stock 
quality, temperature, and oil partial pressure. The data of 
Table II demonstrate how catalyst activity, as determined 
by the method described, can be applied to fluid catalyst opera
tions—data were selected from the 100-barrels-per-day fluid 
catalyst cracking unit. In this comparison catalyst activity 
is the major variable affecting throughput for a given conversion 
and given catalyst holding time. Relative activity as measured 
in the catalyst testing unit is a good index of fluid catalyst unit 
throughput a t constant conversion and catalyst holding time 
(constant catalyst weight in reactor a t constant catalyst recircu
lation rate). In other words, the data of Table II  show that 
doubling the relative activity, as determined in the test unit, al
lowed a doubling of the throughput in the fluid unit at constant 
conversion and catalyst holding time.

Figure 4. Activity vs .  Total R eacting Surface
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E F F E C T  O F  S U R F A C E  AREA ON  A C T IV IT Y

Surface area was found to be a major factor contributing to the 
activity of cracking catalysts. In Figure 4 the activities, ex
pressed as throughput for a given D +  L, are shown to decrease 
linearly with decreasing surface area. As it happened in this 
correlation V/V/hr. for a given D +  L was plotted against sur
face area (sq. m./g.) times bulk density, but W /H/W  for a given 
conversion- can be plotted against surface area alone to show the 
same trend. This is illustrated in Figure 5, which was derived

T a b l e  III. E f f e c t  o f  C a t a l y s t  Q u a l it y  o n  F l u id  C a t a l y s t  
U n i t  C a r b o n  F o r m a t io n

C a ta ly s t q u a lity  d a ta  (200-cc. c a ta ly s t 
te stin g  units)

P ill d en sity  0 .0 2  O.SO
C onversion  2 8 .2  30 .0
\V t. %  carbon  on feed, as m easured  1 .5 0  2 .7 0

A bove a d ju s ted  to  29 .1%  conversion  1 .6 4  2 .4 8
a n d  0.7 pill d en sity

C arbon  fo rm ation  in  2 b b l./d a y . u n it  a t  60%  2 .8  4 .3
conversion , 975° F ., a n d  o therw ise co n sta n t 
cond itions

SURTACE AREA M.2/G.

Figure 5. W eight Space Velocity for a 
Given Conversion vs .  Surface Area

from Figure 4. The activities were measured on the catalyst 
testing unit by methods already illustrated, and the surface areas 
were determined by nitrogen adsorption measurements according 
to the method of Brunauer, Emmett, and Teller (1). The cata
lysts were all made in the same way and had the same chemical 
composition. The range of activity was obtained by deactiva
tion through use and through calcination at various conditions. 
If activity is the result of the number and character of the active 
centers, as has been frequently suggested, then evidently the ac
tive centers are destroyed or modified proportionately to the de
struction of the total surface during deactivation.

C A T A L Y S T  Q U A L IT Y  FA C T O R S

The 200-cc. testing unit results may be used to rate catalysts 
with respect to carbon-and-gas-forming tendencies in addition to 
the use of these data to determine activity. Table III  gives illus
trative data showing the effect of carbon-forming tendency of the 
catalyst (as determined from the standard test at 0.6 V/V/hr., 2 
hours, and 850-860 ° F. with East Texas light gas oil) on carbon

T a b l e  II. C o m p a r i s o n  o f  F i x e d - B e d  T e s t  U n i t  A c t i v i t y  
w i t h  A c t i v i t y  S h o w n  i n  1 0 0 - B a r r e l s - p e r - d a y  F l u i d  

C a t a l y s t  U n i t

S y n th e tic  C a ta ly s t 
A B A /B

F ixed-bed  te s t u n it
E a s t  T exas gas oil a t  850° F . for 2 h r. a t  0.6 

V /V /h o u r  (0.8 W /H /W )
%  C onversion  (C .T .C . ra tin g ) 4 8 .5  3 5 .4
R ela tiv e  a c tiv ity  (F igu re  3) 0 .6 3  0 .3 1  2 .0 3

100 b b l. /d a y  fluid c a ta ly s t u n it
W ide c u t pa rad in ic  gas oil a t  950° F . and  0.45 

m in. c a ta ly s t  hold ing  tim e a 
%  C onversion  7 0 .5  7 0 .5
T h ro u g h p u t (W /H /W ) 1 1 .0  5 .3  2 .0 7

“ C a ta ly s t hold ing  tim e ~  — ■ ■; A 60 .. .( c a t ./o i l  w t. ra tio ) (W /H /W )

formation in a 2-barrel-per-day fluid catalyst unit. In this case 
two catalysts of similar activity but of widely different carbon- 
forming tendencies were tested in the fluid catalyst unit at essen
tially the same conditions, with good regeneration and with sub
stantially complete stripping of spent catalyst. The carbon for
mation thus represents catalytic carbon affected only by catalyst 
quality. The poorer quality material gave about 53% more 
carbon than the better quality catalyst in the fluid catalyst unit; 
this is in accordance with that predicted from the catalyst quality 
data obtained in the test unit.

In the more general case, where the catalysts under considera
tion differ widely in activity as well as in carbon-forming tend
ency, the situation is more complicated. As far as the test data 
are concerned, it is convenient to establish a correlation of carbon 
yield vs. conversion for a reference material and to express the car
bon-forming tendency of the materials being tested as a ratio of 
their carbon yield to that for the reference material a t the same 
conversion. Gas-forming tendency is handled in a similar man
ner except that the yields are on a volumetric basis—that is, gas 
yields in cubic feet per barrel of feed are used.

CA RBO N  F O R M A T IO N  A S R E L A T E D  T O  D E IIY D R O G E N A T IO N

Figure 6 shows a trend of increasing carbon-forming tendency 
with decreasing density of the gas for a series of catalytic materials 
tested at the usual test unit conditions. This trend has been 
found to be typical for vapor-phase operation with gas oil feeds 
and solid catalysts. The change in density is due to a change in 
gas composition, the low density gas being characterized by a high 
hydrogen content and a low Cs and C( hydrocarbon content.

Figure 6. C arbon-Form ing Tendency v s .
Dehydrogenation Tendency (Gas D ensity)

Apparently catalysts having dehydrogenating and aromatizing 
tendencies which are high relative to their cracking tendency 
cause a relatively large proportion of the feed to go to carbon 
possibly via unsaturates, cyclics, aromatics, condensed-ring 
aromatics, asphaltenes, carboids, carbon, or some other such 
route. I t  is a well known fact, also, that when dehydrogenation 
is prevented (as in high pressure hydrogenation) carbon formation 
is substantially eliminated (4).
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O T H E R  T Y P E S  O F  C R A C K IN G  T E S T S

With the advent of fluid catalyst cracking other tests employing 
powdered catalyst have been developed and are also being used.
These more recent test methods have the advantage that pilling 
is not required and that short catalyst holding times may be 
more easily studied. On the other hand, some difficulty has been 
experienced in testing powders of widely differing particle size.
In such cases it is difficult to adjust for the effect of particle size 
on gas-to-solid contacting and hence on the conversion (activity 
index) obtained.

In general it may be said that the fixed-bed test method de
scribed in this paper does not give results of high precision, but it 
has been extremely useful and has contributed a great deal to the 
development of catalytic cracking. The emphasis has been on 
rapidity in order to survey a broad and extensive field. The need

Composition of Rosin Size Precipitate
OCCURRENCE OF ALUMINA

D. PRICE
H e r c u le s  P o w d e r  C o m p a n y ,  W i l m i n g t o n  99, Del .

for improved precision for a more intensive study of certain fac
tors has become a prime consideration in the continuing develop
ment of cracking test methods.
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A method for determ ining alum ina in wet rosin size 
precipitate floe has been developed and applied. Its use  
showed that a standardized size precipitate contained no 
appreciable am oun t o f a lum ina; th is dem onstrated that  
the alum inum  ion , rather than  alum ina, was necessary  
for the form ation o f an effective rosin size precipitate. It 
was also shown that any excess alkali introduced in to  the  
papermaking system  reacted w ith  alum  to form alum ina, 
which coprecipilated w ith  the rosin size.

MANY conflicting opinions exist at the present time both in 
the theory and in the practice of papermaking. One un

answered question of importance in this field concerns the roles of 
alumina [hydrated A120 3 or A1(0H)3] and the aluminum ion in 
the formation and performance of an effective size precipitate. 
An outline of the literature concerning alumina in the sizing system 
was prepared and briefly discussed by Collins, Davis, and Row
land (4) in 1941. To obtain a general view of the present status 
of opinion, recent conclusions will be listed briefly. Collins el al. 
(4), from their study of ranges of complete precipitation of alu
mina and/or rosin, favor the view that the rosin size precipitate is a 
coprecipitate of alumina and rosin rather than a precipitate of a 
compound such as aluminum resinate; this seems also to be the 
view of Booth (S). Miller (11) and Redd (IS), on the other hand, 
have concluded that the aluminum ion, rather than alumina, is 
necessary for the formation of an effective size precipitate. Mil
ler and Booth both advocate the use of more, rather than less, alum 
than is current practice in papermaking; Price and Cameron (12), 
in order to improve sizing, advise reducing the amount of alum 
used in many cases. [Papermakers’ alum, Al2(SO<)3.18H20, is 
designated as alum throughout the paper.]

The present work shows that alumina, as Al(OH)3, is not a 
part of a standardized size precipitate (defined in a later section), 
and that it is therefore the aluminum ion rather than alumina 
which is necessary for the formation ofein effective rosin size pre
cipitate.

This paper represents a portion of a broad program, now in 
progress, designed to study the physical and chemical phenomena 
involved in rosin sizing of paper.

A N A L Y S IS  F O R  A LU M IN A

The first step toward determining the role of alumina in the siz
ing mechanism consists of developing a method of analyzing the 
size precipitate for alumina. With such an analytical tool it is 
then possible to determine whether alumina, as such, is a neces
sary component of the size precipitate, whether it occurs during 
some sizing operations, and under what conditions it appears.

An analytical method for determining alumina in size precipi
tate floes has been developed and is fully described in a later sec
tion. A standardized procedure of preparing the precipitate from 
rosin size and alum was used to obtain a standardized size pre
cipitate for analysis.

Of greatest importance to the fundamental knowledge of rosin 
sizing is the fact that the alumina determination showed the ab
sence of alumina in such a standardized size precipitate. Figure 1 
shows typical potentiometric curves. While the standardized 
size precipitate (curve II) required more acid to reach pH 3.5 
than did the distilled water adjusted to pH 4.5 with alum (curve 
I), the form of its curve is quite distinct from that obtained with 
an alumina suspension (curve III). In contrast to the rapid fall 
of pH with the addition of acid found for the standardized size 
precipitate, the alumina suspensions maintained their pH above 4 
until practically all the floe had reacted with the acid. The pH 
then dropped comparatively rapidly; the point of inflection was 
located at about pH 3.5. Hence Figure 1 illustrates the absence 
of alumina, as such, in standardized size precipitate.

Curve II of Figure 1 is typical in form not only of emulsions of 
size A (70% solids, 20% free rosin) but also of solutions of size B 
(a dry neutral size), and was found whenever the precipitate was 
prepared in distilled water. Moreover, distilled water, adjusted 
to pH 4.5 with alum, contained no floe and showed no alumina by 
electron microscope examination. Since satisfactory sizing can 
be obtained with these sizes on a neutral pulp with distilled water 
used as the papermaking water (14), it follows both from the 
analyses, and the papermaking that alumina [Al(OH)s] is not a 
component of standardized size precipitate.

Data to be presented show that sodium carbonate, sodium 
bicarbonate, and sodium hydroxide added to the size reacted, 
apparently quantitatively, to form alumina w'hen the size was
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Figure 1. Comparison of Potentiom etric Curves for Standardized Size Precipitate
and for Alum ina

treated with alum to a final pH of 4.5. Hence, it is obvious that 
excess alkali introduced in the water or in the pulp will cause the 
formation of alumina, which will coprecipitate with the normal 
size precipitate.

Another series of precipitates investigated were those made in 
sodium and calcium bicarbonate waters. They were chosen to 
parallel conditions of the paper sizing study described in a pre
vious paper (IS).

Former work on sizing in bicarbonate waters showed that the 
best sizing was achieved at a pulp slurry pH of about 6.5. Ac
cordingly, precipitates were made in tap water, adjusted to 
pH 7.0 with sulfuric acid, to which 12.5 ml. of 6.05% sodium car
bonate and, in some cases, 4.95 ml. of 10% calcium chloride were 
added per liter. Throughout this discussion alkaline hard waters 
refer to a bicarbonate ion concentration equivalent to 450 parts 
per million of calcium carbonate. Generally an equivalent 
amount of Ca++ ion was also present; the results were the same 
whether Ca+f ion was present or not. After this water was 
adjusted to pH 6.5 with sulfuric acid, 25 ml. of 3% size A was added 
per liter, and alum was added to the mixture to obtain a pH of 4.5. 
The possible change in the tap water composition from day to day 
was considered the most important uncontrolled variable in this 
procedure. That this was not generally serious can be seen in the 
reproducibility of result« on different preparations shown in Table 
I. Three results of the eighteen determinations seem to be ob
viously in error; they have been omitted from the average. The 
rest of the data showed an acid requirement of 11.8 ml. of 0.0516 
N  sulfuric acid; the maximum variation from this value was 5%. 
Hence, size precipitate made under these conditions contained 
21.0 =“= 1.0% Al(OH)3 based on the size or 17.4 +  0.9% based on

T a b l e  I. A l u m in a  in  S iz e  P r e c ip it a t e s  f r o m  B ic a r b o n a t e  
W a t e r  o f  pH 6.5 a n d  B ic a r b o n a t e  C o n t e n t  E q u iv a l e n t  to  

450 P.P.M. C a C 0 3

P p ts . in
0.0516 N  HjSO* 

R equ ired  by P p ts . in
0.0510 N  IhSO* 

R equ ired  by
O rder of 100-M i. P p t. O rder of 100-M I. P p t.
P repn . Suspension , M l. P rep n . Suspension , M l.

1 11.9 9 1 1 .S
2 (1 3 .5 )° 9 11 .6
3 (1 3 .8 )a 

11.7
10 11.8

4 10 11.3
5 (1 0 .7 )« 10 11.4
6 1 1 .G 11 11.7
7 1 2 .0 11 12 .0
8 11 .5 12 12.1
9 11.9 13 12.4

A verage 11 .8
a Values in  paren theses o m itted  from  average.

the total precipitate. This 
amount of alumina in papers 
made in the presence of other 
alkalies was definitely det
rimental to sizing (14). The 
sizing improvement' obtained 
from a pul]) slurry pH of 
6.5 which was observed for 
treated bicarbonate waters 
must, therefore, be due to 
some other factor.

A determination of alumina 
in size precipitate from 
calcium bicarbonate hard 
waters with adjusted pH 
(3.0 to 8.0) was also made; 
this corresponds to conditions 
studied by papermaking in a 
previous paper (13). The re
sults are given in Table II and 
plotted in Figure 2. In order 
to apply the data from the 
wet suspension to comput

ing percentage composition of the precipitate, the alumina 
has been regarded as Al(OH)3 or A120 3.3H20. The per
centages computed on this assumption are plotted (Figure 2) 
against the pH of the water in which the corresponding precipi
tates were made. This shows no correlation with the analogous 
sizing curve of the preceding paper (IS) for bicarbonate waters.

C o n c l u s io n s , (a) A method of analysis for alumina in rosin 
size precipitate floe has been developed, (b) Use of this method 
showed that standardized size precipitates contain no alumina, 
(c) Alkali introduced into the papermaking system by water or 
pulp will react with alum to form alumina which will be copre- 
cipitated with the alum-size precipitate.

D E T E R M IN A T IO N  O F  A L U M IN A

Present opinions of the composition of rosin size precipitate and, 
therefore, of the roles of alumina and of aluminum ion in sizing 
are confused because no satisfactory analytical methods have been 
available for the determination of alumina, aluminum resinates, 
and free resin acids, as such, in the precipitate which is formed. 
[Methods reported in the literature for the study of the composi
tion of the precipitate consisted of determinations of total ash and 
of solvent extractions (16). Later work will consider the effect of 
the presence of cellulose on the size precipitate composition. The 
existence of such an effect has been emphasized in Bialkowsky’s 
work (2) which preceded more recent studies of base exchange 
capacity of cellulosic material. ] The first effort made in_ this 
work to determine alumina, as such, in the presence of aluminum 
resinates and of resin acids was by x-ray studies. Various size 
precipitates, prepared at beater concentrations of size and of alum 
were vacuum dried and examined. They were all amorphous, 
although some exhibited a halo at 5.8 À. A sample of alumina 
was then prepared by adding alum to a 0.0133% sodium carbonate 
solution to a pH of 4.5. (This solution is equivalent in concen
tration to 3.0% size based on pulp of 2.5% consistency.) The 
precipitate was filtered off, washed free of sulfate (barium chloride 
test) with 0.01 M  ammonium hydroxide, and dried in a vacuum 
desiccator. This alumina sample was completely amorphous by 
x-ray examination and showed only one faint line by electron 
diffraction. It seems quite likely, therefore, that any alumina 
present in size precipitate will be amorphous and not detectable 
by these physical means. Refractive indices were equally in
effective for this analysis

D e v e l o p m e n t  o f  T it r a t io n  M e t h o d . The difficulties of 
quantitative titration of aluminum salts with alkalies are well 
known (6). Soms of the difficulties are introduced by the hetero
geneity of the reaction mixture and by the characteristic surface
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properties of the alumina formed. For a titration of alumina 
with acid, however, the end point would occur with a homogene
ous system. It was therefore decided to attempt a titration of 
dilute alumina suspensions with dilute standard acids. After 
each addition of acid the mixture was stirred until the pH was 
constant; this meant 2 hours in some cases and days in others. 
A rapid titration was impossible and would give meaningless 
curves, since the reaction was not complete until an appreciable 
time after the acid had been added.

Alumina suspensions were prepared by adding alum to an am
monia solution of pH 10 to obtain a pH of 4.5. Standardized size 
precipitates were prepared by adding 25 ml. of 3% size A (70% 
total solids, 20% free rosin) to a liter of distilled water and adding 
alum to pH 4.5. A 100-ml. sample of suspension was used for the 
titrations, and 0.05 N  acid was added in 1-ml. portions. The 
suspension was stirred vigorously throughout the determination, 
and the steady pH was recorded when it was attained after each 
acid addition. Not only was the reaction slow, but attainment 
of equilibrium of the glass electrodes of the Beckman industrial- 
model pH meter with the suspension required an appreciable 
length of time; occasionally the electrodes had to be cleaned with 
acid. Consequently, the curves of Figure 3 portray determina
tions which extended over a period of days.

Curves III and IV of Figure 3 show that the alumina suspen
sions maintained their pH above 4 until practically all of the floe 
had reacted with the acid. The pH then dropped comparatively 
rapidly; pH 3.5 seemed to be the point of inflection. These 
curves are quite different from those reported by Datta (5) for 
alumina sols. His curves showed nothing corresponding to the 
point of inflection at pH 3.5. All the titrations of Figure 3 were 
carried out with 0.05 N  sulfuric acid, except for curve IV in which 
hydrochloric acid was used. Although curve V shows, for a sus
pension of the amorphous alumina prepared for x-ray examination, 
a behavior very similar to suspensions in which the alumina has 
not been dried, subsequent preparations of dried alumina ex
hibited insolubilized portions of the material. Hence, these de
terminations have been applied only to wet floes and to those of 
less than two weeks’ age.

In contrast to the curves of alumina, curve I is the control, a 
titration of distilled water adjusted with alum to pH 4.5. Curve 
II is for a standard size precipitate; while it required more acid to 
reach pH 3.5 than did the control, the form of ift curve is quite 
distinct from that of the alumina curve. Curve VI shows that 
an artificial mixture of 50% alumina suspension and 50% size 
precipitate suspension required slightly more than half the acid 
demanded by an equal amount of alumina suspension. This 
would be expected from the acid requirements shown by curve II

Table II. A l u m in a  i n  S iz e  P r e c ip it a t e s  M a d e  in  A l k a l in e  
H a rd  W a t e r  o f  450 P .P .M .  Ca(HCO;>)2 a s  CaCO.i

pH of 
Water 

Adjusted 
with 

H,SO<°
3.0
4.5 
4.9
5.0
5.5 
G.O
6.5
7.0 
7.3
7.5
8.0

Control 
(standard
ized size 

PPt.)

0.0516 N  
H 2SO4 
Used 

b y  100-MI. 
Size P p t.

0.0516 N  
HjSO< 

R equired  
b y  A lum ina 
in  Size P p t. A l(O H )»/

Al(OH)s 
in T o tal

A1 from 
Al(OH)* in

Suspension. Suspension, 0.75 G. Size P p t., T o ta l Size
M l. M l. S ire, G. % P p t.,  %

0b 0 0
i ! 6 5 i ! o s 0 .0138 1.81 0 .6 3
5 .3 2 1 .72 0 .0227 2 .9 4 1 . 0 2

1.19*
7 ! 3] 54 0 !0466 85 2 .03

■ 10.65 7 .0 5 0 .0928 11 .00 3 .8 0
16.60 12.00 0 .158 17.4 6 .02
19.23 1 5 .G3 0 .206 2 1 .5 7 .4 4
2 0 .48 16 .88 0.222 2 2 .8 7 .8 8

S. 15&
22.03 18.' 43 0 .2 4 8 24 .*8 8 .5 8

1
j 3 .6 0 0 .0 0 0

Figure 2. A lum ina Formed in Size Precipitates in  
Alkaline Ilard Water

(size precipitate); and by curve III (alumina). Curve VII for a 
soft tap water adjusted with alum to pH 4.5 shows that this pro
cedure detected small amounts of alumina. Finally, curve VIII 
illustrates the fact that, when size precipitate was prepared in 
alkaline water, all of the excess alkali reacted with alum to form 
alumina, which, in such cases, was coprecipitated with the size. 
There seems no doubt that this procedure offers a method of de
termining the relative amount of alumina present in a given size 
precipitate mixture.

R e v is e d  M e t h o d . Because these determinations were so 
tedious, and because of the possibility of errors being introduced 
during the lengthy procedure, a revison was made to allow greater 
speed and accuracy. As before, a 100-ml. sample of the dilute 
alumina suspension was used. An excess of 0.05 N  acid, generally 
25 ml., was added to this. If the approximate amount of alumina 
is unknown, the excess of acid must be determined. Any amount 
of acid which produces a solution of pH less than 3.5 after reaction 
is adequate. In general, an excess to give pH 2.5 or less was used. 
The mixture was allowed to stand overnight, although a shorter 
time may be used in most cases, and then back-titrated to pH 3.5 
with 0.05 N  sodium hydroxide. The equivalence of the two 
methods may be illustrated by the following typical determina
tions on 100-ml. portions of the same alumina suspension at pH 
4.5:

O riginal R evised 
M eth o d  M ethod

Vol. 0.0494 .V HjSO< to  a tta in  p H  3 5, ml.
Vol. con tro l (100 ml. d istilled  w ater p lus alum , p H  4.5), 
Vol. acid requ ired  b y  a lum ina  p resen t, ml.
T im e requ ired  by  d e te rm ina tion , days

ml.
19 .5

0 .5
19.0
19

19 .4  
1.0

18.4  
0 .6 7

u ° "^¡9 ad justm en t frees COi w hich is n o t im m ediate ly  lo s t from  system ; 
6 j^ d ju s te d  w aters a re  n o t a t  equ ilib rium  when used.

The two methods, therefore, agreed within about 3.0%, and 
much of this difference could have been introduced by extraneous 
factors such as laboratory fumes, rinsing of electrodes, etc., which 
would affect the 19-day determination. Hence, the revised 
method was used for the rest of the work. [This revised method 
is similar to a procedure used by Graham (7) in the analysis of 
hydrous alumina sols. I t differs in the nature of the starting 
material and in the end point of the back-titration. However, 
the principle is the same in both cases. ]

As had been indicated in the preliminary work, the relative 
amount of alumina in prepared mixtures of alumina and size pre
cipitate suspensions could readily bo found. For such determina
tions the control used was the standardized size precipitate at pH 
4.5 rather than distilled water alumed to pH 4.5. As indicated 
in Figure 3, the size precipitate consumed, probably byhydrolysis, 
some of the acid which was added.
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fore, inconclusive as to the product 
of the reaction; the intermediate 
pattern might be that of a basic 
sulfate or of a hydrate other than the 
common one of A12(SOj)3. Many 
other hydrates have been mentioned, 
but their x-ray patterns arc not avail
able.

An indirect method of determining 
the reaction product is through the 
acid requirement of a definite amount 
of alumina.
Thus:

2A1(0H)3 +  3H2SO< —
A1,(S04)3 +  6II20  (1)

2A1(0H)3 +  2H2SO< — >
2A1(0H)SC>4 +  411,0 (2)

2Al(OIi)3 +  H2S04 •
AUCOHJiSOj +  2II20  (3)

Figure 3. P otentiom ctric Curves for Various Suspensions

C H E M IC A L  F O R M  O F  A LU M IN A

Although the method just described offers a fairly convenient 
way of determining relative amounts of alumina present, the 
absolute quantity cannot be determined until the chemical form 
of the alumina, and its reaction with acids, is known. Mellor (10) 
lists a multitude of basic aluminum salts which various investiga
tors have reported; both soluble and insoluble sulfates are in
cluded. Miller (11) believes that the alumina floe at pH 5.4 is 
the basic salt 5A120 3. 3S03. 4HjO, and that A1(0H)3 is formed only 
at pH 8.7. Weiser et al. (19) report an insoluble product of the 
approximate composition A120 3.S03.1.5H30  which loses no S03 
at 600° C. and decomposes a t 700° C. This material was obtained 
from aluminum sulfate solutions at pH <5.5 and gave an x-ray 
diffraction pattern different from that of 7-Al20 3.H20. How
ever, Imhoff and Burkhardt (S) could not identify the alumina in 
floes at pH 4.5 as a basic salt. Alumina prepared at pH 4,5 for 
this work and examined by x-ray was either amorphous (one 
sample) or gave the pattern for boehmite, 7-Al20 3.II20  (several 
samples). Therefore, the floe at pH 4.5 was considered to be 
essentially Al(OH)3. It is realized, of course, that the aluminum 
ion is highly hydrated, and that a variety of physicochemical 
changes occur in the course of aging the floe (18). No study was 
made of this aspect of the subject, but its probable influence was 
recognized by the specifications given here for the preparation 
and age of the suspensions.

If Al(OH)3 is the skeletal formula for the initial material, then 
it reacts with sulfuric acid to form A1;(SOj)3 or some soluble basic 
sulfate at pH 3.5. Mellor (10) mentions several such sulfates, 
and Wilson (SO) has patented the preparation of A120 3. 2S03. 9H20. 
When the titration (preliminary method) of the alumina suspen
sion was stopped at pH 3.5 and the solutes were recovered by 
evaporating this solution, the solid material wras amorphous to 
x-ray examination. After standing for 10 days, the material gave 
a faint x-ray diffraction pattern; after heating to 370° or 430° C., 
its x-ray pattern was definite but did not correspond to any in 
Ilanawalt’s catalog (1). When the material was heated to 550° C., 
the x-ray pattern was that of anhydrous A12(S04)3. A sample of 
Merck’s c . p . Al2(SO<)3. ISHjO showed the x-ray pattern reported 
by Hanawalt for this hydrate. Upon heating to 200° C., the 
material became amorphous. Further heating to 430° C. con
verted it to anhydrous Al2(SOi)3. The x-ray evidence is, there

are some possible reactions if the basic 
sulfates shown are soluble. However, 
the acid requirements are distinctly 
different, and all samples titrated in
dicate that the reaction is according 
to Equation 1 (Table III).

Another indirect method of estab
lishing the reaction product was used. 

To determine the amount of alumina present in dilute 
suspensions as accurately as possible, 1-liter samples of the sus
pension were used instead of 100-ml. samples. The first suspen
sion was prepared by adding alum to tap water to pH 4.5. A 
control was prepared by adjusting the pH of tap water to 4.5 
with sulfuric acid. The 1-liter samples were first run in duplicate 
by the revised method. The data obtained were:.

Sam ple 
A lum ina floe suspension 1

C ontro l

0.0512 N  H,SO< 
R equired , M l./L ite r

33 .24
33 .26

A verage 33 .25

7 .8 9
7 .91

A verage 7 .9 0

One liter of this alumina suspension, therefore, required 25.35 
ml. of 0.0512 N  sulfuric acid to dissolve the floe. If the reaction 
results in the formation of the normal Al2(S04)s, this amount of 
acid is equivalent to 11.7 mg. per liter of aluminum in the floe as 
alumina.

Samples of this same suspension and of its clear supernatant 
liquor were acidified and analyzed for total aluminum content by 
the haematoxylin method (17). The determination gave:

Sam ple
A lum ina floe suspension  1 
S u p e rn a ta n t liquo r 
D ifference, Al in  floe

T o ta l Al 
(H aem atoxy lin  M ethod), 

M g ./L ite r
31, 31 
20 , 20 

11

By these analyses, the aluminum in the alumina floe amounts 
to 11 mg. per liter. This is an excellent agreement with the 11.7 
mg. per liter found by acid titration, on the assumption of the 
formation of A12(SO()j, in view of the limitations of the colori
metric analysis.

S U M M A R Y  O F  M E T H O D

X-ray work has shown that the alumina from a floe at pH 4.5 
is aluminum hydroxide rather than a basic sulfate. (The x-ray 
evidence of boehmite and, therefore, of Al(OH)j as the initial
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T a b l e  III. A n a l y s is  f o r  A l u m i n a  o n  V a r i o u s  F l o c s

Alkali A lk a li/L ite r
Used to 
Prepare 
Alumina

M illiequ iva len t 
(M illiequ iva len t' 

R equ ired  by

H;SO< R equ ired  
to D issolve t 

A lum ina, M illi-

M illiequ iva
len t R equired  

by  E q u a  Size
at pH  4.5 E q u a tio n  l a) e q u iv a len t/L i te r tio n  2 ° P resen t

NaÆOi 29 .8* 3 0 .0 C 19 .7 Yes
NaHCOj 9.5* 9.7** G.3 No
NaOH 0.8«- 6.9* 4 .5 No
NaOH 3.2 6 3 .1 J 2 .1 Yes
NaOH 6.96 6.0<* 4 .6 Yes
NaOH 1 2 .1» 1 2 .3 d 8 .0 Yes
® E quations: (1) 2A l(O H )i 4- 3HiSO<-»- AhCSOOi +  6 H ,0 ; (2) 2Al(OH) +  

2 Ht SO < 2Al(OH)SO« +  4 H ,0 .
fc By t itra tio n  of alkali w ith s tan d a rd  acid.
c By titra tio n  of suspension w ith  0.05 N  HjSO<t original m ethod. 
d By t itra tio n  of so lu tion  o r suspension w ith  0.05 N  fiiSO 4, revised m ethod.

material does not rule out the possible presence of basic- salts 
amorphous to x-ray examination, in which Al(OH)s is present as a 
unit in a larger structure. For example, Kohlschüttcr (9) pro
poses a basic salt of the composition A1C13.2A1(0H)3. Acid 
would attack such a structure with the removal of the alumina, 
and the presence of the normal salt would have no effect on the 
titration. However, the analytical determination of A1(0H)> as a 
chemical unit is attained whether the initial material is in the com
plex or the simple form.) When such a floe has reacted with sul
furic acid and therefore obtained a pH of 3.5, the product in solu
tion is the normal aluminum sulfate. On this basis the revised 
method of determining alumina in dilute suspensions and in the 
presence of size precipitate gives the absolute amount of alumina 
in the sample. I t may be used on fresh (aged not more than 2 
weeks) wet precipitates (pH 4.5), and consists of adding a known 
amount of 0.05 N  sulfuric acid (in excess of amount required by 
the alumina present) to the sample, allowing 16 hours for com
plete reaction, and back titrating to pH 3.5 with 0.05 N  sodium 
hydroxide standardized against the standard sulfuric acid. The 
presence of materials other than size and alumina does not inter
fere unless such materials form a complex with alumina or show 
buffering action between the pH values 4.5 and 3.5. With the

proper volume sample and the use of proper controls the amount 
of Al(OH)3 may be determined as equivalent to the acid used— 
that is, formation of normal salt—to within 5% or better of the 
amount of size precipitate used in this investigation.
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Molal Refractions of Mononuclear 
Aromatic Hydrocarbons

NANCY CORBIN, MARY ALEXANDER, AND GUSTAV EG LO FF
U n iv e r sa l  O i l  P r o d u c t s  C o m p a n y ,  C h ic a g o ,  III.

xhe m olal refractions of m ononuclear arom atic hydro
carbons are additive in  a hom ologous series, and m ay be ex
pressed by an equation o f  the form  R =  fc -j- a n ,  where It  
is molal refraction, calculated by either the Lorenz- 
Lorcntz form ula or th e G ladstone-Dale form ula, and n  
is the num ber o f carbon atom s. C onstants a  and k  have 
been evaluated by th e  m ethod o f  least squares for 
fourteen hom ologous series o f  m ononuclear arom atic hy
drocarbons.

A RECENT collation and critical evaluation of data on physi
cal constants (3) has made readily available all recorded 

values for density and refractive index of mononuclear aromatic 
hydrocarbons. These data have been used to evaluate the effect 
of structure on molal refraction, which is both an additive and a 
constitutional property. I t  cannot be predicted, therefore, un
less the effects of structure are known. Molal refraction depends 
on refractive index, density, and molecular weight. For com

parative studies molal refraction is preferred to refractive index 
because of the minimization of effects of temperature and density.

Molal refractions of aliphatic hydrocarbons for the sodium D 
line are additive within a single homologous series. For many 
series of aliphatic hydrocarbons the effect of adding a CIL group 
is constant (IS). The effects of structure, such as increments in 
molal refraction caused by branching and by unsaturation, have 
been thoroughly investigated and evaluated for aliphatic hydro
carbons (7,8, IS).

Physical constant data for aromatic compounds are not nearly 
so complete as those for the aliphatics. They are, however, suffi
cient to permit evaluation of the relation between molal refraction 
and the number of carbon atoms for fourteen homologous series of 
mononuclear aromatic hydrocarbons.

C A L C U L A T IO N S

Molal refractions have different numercial values, depending 
on how the}’ are defined. The different systems are internally
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consistent, but values based on different definitions cannot be 
compared with one another. A number of different definitions 
have been proposed. The Lorenz-Lorentz equation was de
veloped from the electromagnetic theory of light and, therefore, 
has a theoretical basis (11, 12), Most of the other formulas are 
purely empirical, but their relative ease of calculation has led to 
their continued use. Two of .the more widely employed empirical 
relations are the Gladstone-Dale (6) and the Eyknran (4) formu
las. Molal refractions for the sodium D line, calculated by three 
equations, were used in the present study:

T a b l e  I. T e m p e r a t u r e  V a r ia t io n  o f  M o l a l  R e f r a c t io n

Lorenz-Lorentz formula,

M  (no
R l  = d (b’d +  2) 

Gladstone-Dale formula,

M

1 ) =  y  («D 1)
(n i  +  2)

Ra = (nd  — 1 )  = F  ( « d 1)

Eykman formula,

M  (n'D -  1) («»„ -  1)
ItF- d (nD +  0.4) (no +  0.4)

( 1)

(2 )

(3)

where Rl, Ra, and Re — molal refraction, M  =  molecular 
weiglit, d = density, V = molecular volume, and rei> = refractive 
index.

I t has been stated that molal refraction is virtually unaffected 
by temperature (1, 6). However, later studies show that the 
effect of temperature on molal refraction is actually significant 
for Rl and Ra. R l increases with increasing temperature, 
whereas Ra decreases with increasing temperature. The Eyk
man formula was developed empirically for the purpose of mini
mizing variations caused by temperature, and for many com
pounds the change in Re is negligible over a wide range of tem
perature. The validity of the Eykman formula was confirmed by 
Gibson and Kincaid (5) in their outstanding work on the effect of 
temperature and pressure on benzene.

The« r&te of change of molal refraction with temperature de
pends on the relation of the temperature coefficient of density to 
that of refractive index. Kurtz and Ward (10) showed that this 
relation is nearly constant for a large number of compounds, and 
majr be expressed by the equation,

Aud =  0.60 Ad (4)

When Equation 4 holds, R e  is affected very little by temperature. 
However, when the temperature coefficients of both density and 
refractive index are evaluated from experimental data, their ratio 
frequently deviates from the theoretical value of 0.60, and Re  is 
not constant over a range of temperature. The data on aromatic 
compounds are insufficient to determine whether all the variations 
are caused by inaccurate experimental values, or whether the 
value of 0.60 should be modified for some types of compounds. 
Since the rate of change of molal refraction (Rl, Ra, or Re) with

Tem p., 
° C. R l

-Toiuene-
ItO R e

'----- 9-P-
R l

■Tolylocti
R g

idecane----- «
R e

0 31.00 52.83 69.44 114.50 193.98 255.64
20 31.06 52,75 69.43 114.73 193.91 255.SO
40 31.12 52.66 69.43 114.95 193.83 255.94
60 31.17 52.57 69.41 115.14 193.71 256.04
80 31.23 52.45 69.39 115.36 193.62 256.18

100 31.27 52.38 69.37 115.56 193.52 256.32
% change 0.87 0.86 0.10 0.92 0.24 0.27

temperature is dependent on the ratio of the temperature coeffi
cients, it varies for different compounds, so that molal refraction 
cannot be converted from one temperature to another unless the 
temperature coefficient is known for the compound in question. 
Tablé I gives two examples of the variation of molal refraction 
with temperature. The values for R l , Ra, and Re are calculated 
from experimental data (3) and the temperature coefficients of 
density and refractive index. In order to eliminate discrepancies 
owing to temperature, densities and refractive indices at 20° C. 
were used throughout this study.

The relation of molal refraction to the number of carbon atoms 
may be expressed by an equation of the form,

R  =  k +  an (5)

where R = molal refraction and n =  the number of carbon atoms.
For the aliphatic compounds constant a had the same value for 

all homologous series studied, except that the first member of a 
series was often anomalous. Constant k varied from series to 
scries. The value of a ¡is determined by Huggins (7) was 7.815 
for Ra- The values of a calculated from the density and refrac
tive index data given by Taylor et al. (IS) were 4.640 for R l , 
7.810 for Ra, and 10.314 for Re-

The constants of Equation 5 were evaluated for fourteen homol
ogous series of aromatic hydrocarbons by the method of least 
squares. Contrary to the results with aliphatic hydrocarbons, 
the values for a as well as for k were found to vary in some cases 
from scries to series, as Table II shows. For five scries, a is sig
nificantly different from the value of a for the l-phenylalkanes. 
Those scries are the 2-phenylalkane, phenylcyclane, 1-cyclo- 
pentyl-n-phenylalkane, 1-phenyl-l-alkene, l-?i-diphenylalkane, 
and 1,1-diphenyl-l-alkene.

D IS C U S S IO N  O F  R E S U L T S

Molal refraction of hydrocarbons appears to depend primarily 
on the bonding electrons (10), and numerous attempts have been 
made to calculate molal refractions by simply adding atomic re
fractions and/or bond refractions (1, 2, 9). This method dis
regards the influence of one part of a molecule on another, and 
leads to identical refractions for structural isomers. More 
accurate determinations of molal refractions have shown signifi
cant differences between isomers, an indication that structural

T a b l e  II. C o n s t a n t s  o f  M o l a l  R e f r a c t io n  E q u a t io n s  a t  20° C .

No. of
Equation  1 

(Lorenz-Lorentz)
E quation 2 

(Gladstone-Dale)
E quation  3 
(Eykm an)

Series Compounds k a Deviation k a Deviation k a Deviation

1-Phenylalkane 11 - 1 .4 6 4.653 =*=0.005 - 1 .8 7 7.839 =*=0.009 - 2 .6 9 10.347 ± 0 ..011
2-Plienylalkanc 12 - 1 .2 3 4.61S =*=0.013 - 1 .7 3 7.790 =*=0.019 - 2 .4 8 10.283 ±0..032
o-Dialkylbenzene 5 - 1 .3 0 4.639 =*=0.018 - 1 .6 4 7.828 =*=0.035 - 2 .4 8 10.333 ±0.,045
m-Dialkylbenzene 6 - 1 .2 5 4.652 ±0 .018 - 1 .6 5 7.845 =*=0.037 - 2 .4 1 10.354 ±0..042
p-Diaikylbenzene 16 - 1 .0 6 4.643 =*=0.005 - 1 .3 9 7.836 ±0 .010 - 2 .0 7 10.343 ± 0 ..015
Phenylcyclane 5 - 1 .8 6 4.514 =*=0.054 - 3 .2 5 7.747 =*=0.104 - 4 .2 7 10.157 ±0.. 130
1-Cvclopentyl-n-phenylalkane
1-Phenyl-l-alkene

5 - 0 .7 2 4.448 =*=0.048 +  0.14 7.501 •*=0.097 - 0 .5 7 9.904 ± 0 .,108
5 +  2.74 4.248 =*=0.051 * +  6.65 7.097 =*=0.098 +  3.97 9.S07 ±0.,070

l-Phenyl-(n — l)-alkene 6 — 2 12 4.643 =±=0.019 - 2 .8 6 7.839 =*=0.035 - 4 .9 4 10.409 ± 0 ..052
2-PhenyL-2-alkene 5 - 1  ! 39 4.637 =*=0.064 - 0 .8 3 7.794 ±0 .140 - 1 .3 2 10.254 ± 0 ..214
1-Phenyl-l-alkyne 
1,1- Diphenylalkane

5 - 3 .7 1 4.S4S =*=0.122 - 5 .0 6 8.201 ±0 .262 - 7 .3 0 10.S02 ± 0 .,315
6 - 5 .0 6 4.655 =*=0.012 - 4 .9 6 7.820 ± 0 .020 - 8 .4 1 10.336 ±0..026

1 »-D iphenylalkane 7 - 7 .6 6 4.795 =*=0.087 - 6 .1 3 7.890 ± 0 .120 -1 0 .3 0 10.450 ± 0 .,173
1,1-Diphenyl-l-alkene 9 - 7 .4 4 4.787 =*=0.057 - 8 .0 3 8.051 ± 0 .099 -1 2 .9 1 10.635 ± 0 . 130
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factors have an appreciable cffect on refraction. The variations 
in the value of constant a among the series covered in this study 
are probably accounted for by structural factors. The differ
ences in constant a are in many cases statistically significant, as 
indicated by the.standard deviations of a shown in Table II.

One of the earliest noted discrepancies between calculated and 
observed molal refractions was the optical exaltation caused by 
the presence of conjugated double bonds. This exaltation is a 
factor in some of the series covered in this study. The benzene 
ring does not exhibit exaltation, but conjugation of a double bond 
in a side chain with the double bonds of the benzene ring leads to 
marked exaltation. This effect is shown by both 1-phenylalkenes 
and 1,1-diphenylalkenes with the double bond in the 1-position. 
Compounds with a double bond in the side chain not conjugated 
with the double bonds in the benzene ring do not exhibit this 
phenomenon. For example, 1-phenylalkenes with the double 
bond at the opposite end of the chain from the benzene ring have 
lower molal refractions than the corresponding phenylalkanes. A 
triple bond conjugated with the double bonds of the benzene ring 
does not lead to exaltation, and compounds of the 1-phenyl-l- 
alkyne scries have lower molal refractions than the corresponding 
phenylalkanes.

Other structural effects may be noted by comparison of some 
of the series. Greater molal refractions are exhibited by
1-phenylatkanes than by the corresponding 2-phenylalkanes. 
Change of the substituent on benzene from an alkane to a cyclane 
decreases the molal refraction, as shown by the fact that phenyl- 
cyclanes have lower refractions than the corresponding phenyl
alkanes. Diphenylalkanes with the phenyl groups at opposite 
ends of the chain (lwi-diphenylalkanes) have greater molal re
fractions than the corresponding compounds with both phenyl 
groups on the first carbon atom (1,1-diphenylalkanes). Among

the dialkyl benzenes, the ortho compounds have the smallest re
fractions. The values for meta and para isomers are practically 
the same. Meta compounds with fewer than twenty carbon 
atoms have slightly lower refractions than the corresponding para 
structures; above n =  30 the reverse is true.

An attempt was made to determine the effect of branching and 
of position and type of unsaturation in side chains on molal re
fraction, but the data were too few and too inconsistent to permit 
statistical analysis. In general, the effect of structure on molal 
refractions appears to be more pronounced among mononuclear 
aromatics than among the aliphatic hydrocarbons.
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Effect of Humidity on Properties 
of Plasticized Ethylcellulose

W . P. M OELLER AND N . TAYLOR
Celanese Corporation o f America, Newark, N. J.

T h  e purpose of-this investigation was to  study the  effect 
of varying hum idities on the  properties of plasticized 
ethylcellulose, using a  typical nonsolvent and  a typical 
solvent modifier. S tandard  A.S.T.M. procedures were 
used for such properties as Izod im pact, flexural and  te n 
sile strengths, as well as Rockwell hardness and  h ea t dis
tortion. Comparison of the  cffect of hum id ity  w ith  th a t 
of plasticizer con ten t shows th a t  the  absorbed m oisture 
■changes all b u t  one of the  properties in  the  sam e direction. 
The sim ilarity in. th e  changes of properties of the  two types 
of modifiers w ith  increasing m oisture  con ten t is discussed, 
as the results indicate th e  necessity for a review of the  
method for defining p l a s t i c i z e T S  used in  ethylcellulose.

IN MANY plastics the variation in climatic conditions affects 
the properties of the material to a considerable extent. The 

quantitative amount is of importance to the engineer and chemist 
making use of the plastic. I t  is known that temperature affects 
the properties of plastics to a considerable extent (4, 5, 6, 14, 15, 
IS). Published information on the effect of humidity on physical 
properties of cellulosic plastic materials with various plasticizers 
has only recently appeared (18, 20). The purpose of this investi
gation was to evaluate the effect of humidity on the different

properties of ethylcellulose when plasticized with a typical non
solvent and a typical solvent modifier.

Current theories regarding the function of plasticizers fre
quently differentiate between two types (11, 17)—namely, the 
solvent types, which are generally considered to have a definite 
effect on the polymer, and nonsolvent types, which do not show 
a solvent effect or, at most, only a slight swelling action at ele
vated temperatures.

Two representative plasticizers were selected—butyl stearate 
(solvent type) and a mineral oil (nonsolvent type). The method 
of Fordyce and Meyer (7) was used in this evaluation for deter
mining solvent effect on the resin. A 10-gram sample of the 
polymer is placed in 100 cc. of the test plasticizer and heated for 
one hour a t 180° C. At the end of this period the test tube is 
removed from the bath and the contents examined. The chemi
cal is considered to be of the solvent type if a completely clear 
solution is obtained. If large globules or masses of undissolved 
portions of the plastic remain, the plasticizer is a nonsolvent. 
Gradations between these two limits are noted and considered as 
semisolvent type or seminonsolvent in activity. In this test at 
180 0 C. the ethylcellulose is substantially dissolved by the butyl 
stearate, while the mineral oil does not dissolve any noticeable 
portion of the polymer.
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rotary grinder, using a screen opening of s/ 16 inch. 
The plastic materials were dried for 30 minutes 
under infrared lamps to remove all residual mois
ture and molded on a 1-ounce injection molding 
machine into A.S.T.M. test bars. The machine, 
described by Ball, Leyes, and Melnychuk (2), is 
similar in design to the two-piston hydraulically 
operated units used in the injection molding in
dustry. The mold contains two test bar cavities 
of polished steel 5 X */» X '/a inch in size.

In molding the test compositions all variables 
except the cylinder temperatures were kept con
stant. The cycle was held at 30 seconds and the 
mold temperature at 120° F. The piston pressure 
and speed did not change during the collection of 
samples. In each composition the lowest injec
tion molding temperature to fill the mold com
pletely with plastic was determined under the 
above conditions. An operating temperature of 
50 ° F. higher on both the front and back cylinders 
was then used for producing samples. This proce
dure gives reproducible operating conditions and 
is necessary in order to make a valid comparison 
of the physical properties of plastic compositions 
of different formulation, according to Ball, Leyes, 
and Melnychuk (2).

The A.S.T.M. tensile test pieces were molded on 
a 2-ounce injection molding machine (Reed Pren
tice Corporation, model 10A). A cycle of 45 
seconds was used, and all other variables were 
held constant except temperature. The tempera
ture was determined as above for this machine 
and a two-cavity tensile bar die. The molding 
temperature for producing specimens was 50° F. 
above the lowest value found to give a complete 
molding. Sufficient samples were molded to ob
tain all properties a t the various conditions tested, 
and random selection was used in taking pieces for 
any given test and condition.

h - PERCENT R ELA T IV E  H U M I D I T Y

Figure 2

Other methods, such as casting films containing the plasticizer 
used to evaluate its effect on polymers (8), also show the difference 
in the action of butyl stearate and mineral oil on ethylcellulose.

FO R M U L A T IO N S

The experimental compositions were prepared to contain 100 
parts (86.2%) ethylcellulose, 15 parts (12.9%) plasticizer, and 1 
part (0.9%) stabilizer. The ethylcellulose had an ethoxyl con
tent of 46.3% and a viscosity of 103 centipoises. The viscosity 
(S) was determined by drying the flake for 30 minutes a t 100° C. 
and then making a 5% by weight solution, the solvents being a 
70:30 mixture of toluene and ethyl alcohol (95% 2B denatured). 
The ethoxyl content is obtained by a semimicromethod in a modi
fied Zeisel apparatus (19). The plasticizers were of standard 
commercial quality, the mineral oil being mainly aliphatic in 
nature and meeting the specifications of 0.860-0.870 specific 
gravity at 60° F., a Saybolt viscosity at 100° F. of 125-135, and 
a pour Jjoint of 10 ° F.

The plasticizers with the flake were processed in a small labora
tory Banbury mixer. The material, after thorough mastication 
for 5 minutes at 300° F., was removed from the mixer, sheeted on 
a small two-roll mill, and ground into powder through a standard

T E S T  M E T H O D

American Society for Testing Materials meth
ods were used (1). The main difference in the 
evaluation was the use of preconditioning at the 
various humidities, as explained later.

The impact strength tests were carried out in accordance with 
A.S.T.M. Standard D256-43 (Method A). The Izod impact 
specimens are cut 2.5 inches long from the center of the molded 
bar. The notching is done on a shaper to a depth of 0.100 inch. 
The flexural strength evaluation was carried out according to
A.S.T.M. Standard D650-^3T. A bar, 5 X Vi X Vs inch, was 
used. Young’s modulus is calculated from the flexural strength 
test data. The tensile strength procedure is outlined in A.S.T.M. 
Standard D638^4T. Tests for distortion under heat were car
ried out in accordance with A.S.T.M. Method D648—45T except 
that the specimen, instead of being solid bars 5 X Vi X V* inch, 
was made up by compositing four thinner bars placed in close 
proximity and held together at their ends by elastic bands. The 
direction of load application was perpendicular to the shortest 
dimension of the individual bars. Laboratory tests show that 
this modification will give reproducible results and can be used 
for evaluating properties of different plastic materials. The 
Rockwell hardness was determined on the R scale, using A.S.T.M. 
Standard D785-44T. This requires a minor load of 10 kg. and 
a major load of 60 kg. with the use of a half-inch-diameter 
hardnened steel ball. The specimen was made up of two of the 
ends of a tensile strength bar, stacked on top of each other to 
make a block approximately 1 X 1‘A X l/^ inch in size.

ui
CL*
w  8 0 0 0

S  4 0 0 0

I I
T E N S I L E  ST . ,M INERAL OIL -  1
T E N S I L E  ST . .BUTYL S T E A R A T E  -  2
F L E X U R A L  S T . ,B U T Y L  S T E A R A T E -  3 
F L E X U R A L  S T . ,M IN E R A L  O I L -  4

PERCENT RELA T IV E  

Figure 1

HUMI  DI TY
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Figure 9Figure 7

corked, and the pieces were tested as soon 
as possible. In all instances the results gave

The percentage of water adsorbed was car
ried out by placing impact bars at 0% rela
tive humidity for 10 days, obtaining their 
weight, then conditioning specimens at the 
various humidities for an equal length of time, 
and again weighing. The difference in weight 
divided by the original weight was taken as the percentage of 
water absorbed. The time for a Vs-inch-thick sample to come to 
equilibrium had been previously determined to be 7-10 days.

C O N D IT IO N IN G  O F  T E S T  S A M P L E S

All samples were conditioned at 77° ±  2° F. (25° *  1“ C.) in 
the constant temperature test room. The various humidities were 
obtained by the following procedures: for0% relative humidity, 
anhydrous calcium chloride; for 31% R.IL, a saturated solution 
of calcium chloride. The 50% R.IL conditions were obtained in 
the test room, which is kept at this humidity; the 77% R.H., by 
conditioning over saturated sodium thiosulfate solution; the 
100% R.H., by conditioning the samples over water.

With the exception of 50% R.IL, the samples were prepared by 
separately inserting each bar in a test tube hung in a large, tightly 
covered jar containing the solution to give the proper humidity. 
The jars were held in the 77° F. test room, and at the end of 10- 
dav conditioning, each jar was opened, each tube was immediately

no greater variation from sample to sample 
than would be expected from the normal 
distribution of test results under each 
procedure.

E F F E C T  O F  M O IS T U R E  A B S O R P T IO N

Table I and Figures 1 through 6 reveal that the physical prop
erties of the plastic are substantially affected by absorption of 
moisture. Only Izod impact strength shows an increase with 
higher humidities. The change from mean conditions for flex
ural and tensile strengths, as well as Rockwell hardness, heat dis
tortion, and Young’s modulus, is greater in going to the higher 
than to the lower humidities. There is a change in flexural 
strength (Figure 2) of 31.2% for butyl stearate and of 31.6% for 
mineral oil, from 50-100% R.IL, whereas the changes from 50 to 
0% R.IL are only 9.8% for the solvent plast-icizer and 7.6% for 
the nonsolvent. Similar but not so striking differences are ob
served in the other properties. The tensile strength (Figure 2) 
drops 22.6%, regardless of plasticizer, over the humidities of 50- 
100%, although in going to 0% R.II. the active-modified poly
mer increases in strength by 12.1% and the inactivc-modified 
plastic by 18.2%. Heat distortion values (Figure 3) follow this

P A R T S  P L A S T I  C I Z E R

Figure 8
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T a b l e  I .  E f f e c t  o f  M o i s t u r e  o x  P r o p e r t i e s  o f  E t h y l  C e l l u l o s e  
Av.

W ate r  Im p a c t F lexu ra l Y oung’s 
R elativ e  Ab- S tren g th , S tren g th , M odu- R ockw ell T ensile , H e a t
H um id  T y p e  of sorbed, F t .L b . / L b ./ lus, R L b ./ D is to r
i ty ,  % Plasticizer® % In . N o tch Sq. In . X 105 H ardness S q .I n . tion , ° C.

0 EC -1 0 5 .7 8500 2 .9 98 3710 60
EC -2 0 6 .1 6700 2 .4 74 4710 6 3 .5

31 EC -1 0 .6 7 .0 8200 2 .8 95 3210 58
EC -2 0 .5 6 .9 6400 2 .5 67 4690 61

50 EC-1 0 .9 7 .7 7900 2 .6 91 3140 5 6 .5
EC -2 0 .9 7 .3 6100 2 .5 61 4380 59

76 EC-1 1 .6 8 .6 6700 2 .0 77 2780 5 0 .5
EC -2 1 .5 8 .0 5200 2 .0 44 3960 5 3 .5

100 EC -1 3.3& 5400 2 .0 59 2430 46
EC -2 3 .2* 4200 l . S 13 3390 49

a EC -1, 100 p a rts  e thy lcellu lose  an d  15 p a r ts  m inera l oil; E C -2 , 100 p a r ts  e thy lcellu lose  and  15 
p a r ts  b u ty l s te a ra te .

i> T hese sam ples were cond itioned  by  to ta l im m ersion  in  w a ter; o th e rs  in  th is  series were conditioned 
over w ater.

same trend with a change of 17 and 17.6% for the two plastics 
over the higher moisture range as compared to 7.6 and 6.2% in 
the lower range.

Figures 7, 8, and 9 show the effect on flexural and impact 
strength and on Rockwell hardness of varying plasticizcrs con
tent from 8 to 20 parts per 100 parts ethylcellulose. This range 
was selected to cover, with modifier variation, the approximate 
differences in properties shown in the changes in humidity. The 
data for these curves were obtained by the method described 
earlier in this paper. All physical tests were carried out at 50% 
R.H.and 77 °F.

D IS C U S S IO N  O F  R E S U L T S

Comparison of the effect of humidity (Figures 1 through 6) 
with that of plasticizer content (Figures 7, 8, and 9) shows that 
the absorbed moisture changes all properties except impact 
strength in the same direction as does added plasticizer. In other 
words, absorbed moisture appears to be acting as a plasticizer for 
the ethylcellulose. The forces applied to a plastic in the impact 
test are so complex (12, IS) that no simple explanation can be 
offered for the lack of parallelism between the impact results and 

. the physical properties studied.
Perhaps the most noteworthy point in these results is the simi

larity in the effect of moisture on the plastic made with solvent 
(butyl stearate) and nonsolvent (mineral oil) type plasticizer. I t 
appears that this method of adding water (a third, highly polar 
component in plastics modified with different materials) may be a 
method for studying the manner which a plasticizer is held in the 
polymer.

I t is generally accepted that a plasticizer functions by weaken
ing the attractive forces between the polymer chains and thus 
permitting slippage of chain segments or chains past one another 
when the plastic is under stress (16). However, there has not 
been agreement on the way in which this was accomplished (3). 
Some investigators (3, 16, 17) believe that plasticizers act me
chanically through their bulk to hold the chains apart and thus 
decrease the interchain forces merely by requiring them to act 
over a greater distance. Others (10, 17) have differentiated be
tween polar and nonpolar plasticizers or solvent and nonsolvent 
plasticizers. In the latter theory it is assumed that the nonsol
vent plasticizers act as chain separators or furnish a lubricating 
action, whereas the solvent types attach themselves to the polar 
points on the polymer chain (probably hydroxyl groups in the 
case of ethylcellulose) and thus reduce the interchain forces, 
both by pushing the chains apart and by saturating some of these 
forces. On this basis solvent type plasticizers should affect the 
properties in a different manner from those of the nonsolvent 
type (3).

The similarity in the effect of absorbed water on the physical 
properties of ethylcellulose plasticized with both solvent knd non

solvent plasticizers argues against any 
differences in the mechanism by which 
the two are held in the plastic. The 
water, being more polar than butyl 
stearate, on entering the plastic would 
be expected to displace the latter from 
its points of attachment to the polymer 
chain. However, since this is merely 
a displacement, the effect on interchain 
forces should not be so great as in the 
case of the mineral oil plasticizer where 
the points of attraction arc not saturated 
in the first place. The fact that ab
sorbed moisture produces substantially 
the same effect with both these plas
ticizers provides indirect evidence that 
butyl stearate is held in the plastic in the 
same manner as mineral oil; the latter, 
because of its nonpolar nature and in

ability to dissolve ethylcellulose even at elevated temperatures, 
must be assumed to function only as a spacer between the poly
mer chains.

The fact that the data show similarity in the behavior of butyl 
stearate and mineral oil over the range of humidities, in spite of 
the conventional classification of the former as a solvent and the 
latter as a nonsolvent plasticizer, may indicate that the accepted 
procedures for determining the solvent activity of plasticizers 
need modification. The test for solvency is an evaluation at ele
vated temperature, but all physical testing and, in general, usage 
is at or near room temperature. Because of the dynamic nature 
of the interchain forces, although butyl stearate is a solvent at 
180° C. a t normal room temperature, the decreased solvency (as 
indicated by a hazy gel in this test) may be sufficient to cause re
laxation of the attractive forces between it and the ethylcellulose 
molecules; thus this plasticizer may act similarly to a nonsolvent 
plasticizer at the test temperature.

If this is the case, some modification in our definitions of plas
ticizers is in order, but further testing, possibly the same method 
as outlined in this paper, should be attempted before a final con
clusion can be drawn. For this work plasticizers of similar spac- 
ial arrangement and molecular size, showing solvent power for 
this polymer from normal to elevated temperatures, should be 
tested. For general utility other plastics, probably of the vinyl 
type, should also be evaluated.
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Pyrolytic Dehydrogenation of 
Ethylbenzene to Styrene

G. A. WEBB AND B. B. CORSON, M e l lo n  I n s t i t u t e ,  P i t t s b u r g h ,  P a .

Thie efficiency of the pyrolytic dchydrojienation o f ethyl- 
benzcne to styrene was determ ined a t 700°, 750°, and 
800° C. a t atm ospheric pressure in  the absence and presence 
of steam  as d iluent. Operating w ith  a 20% per pass yield  
of styrene, an u ltim ate yield o f 55-60% was obtained, 
both in th e absence and presence o f steam .

IN 1869 Berthclot (1) reported that ethylbenzene yielded sty
rene uponpyrolysis. He passedgaseous ethylbenzene through 

an empty porcelain tube maintained at moderate red heat, and ■ 
the conditions were such that the ethylbenzene was practically 
all decomposed. From the fraction boiling up to 250 0 C., he iso
lated benzene, toluene, styrene, and a xylene-ethylbenzene frac
tion which was mainly p-xylene. Although Berthclot gave no 
actual figures, he stated that the yield of benzene was slightly 
less than that of styrene, that the yield of toluene was about one 
third that of styrene, and that the yield of the xylene-ethylben
zene fraction was about one third that of toluene.

Numerous patents have been issued on the pyrolysis of ethyl
benzene (5, 6, 7, 11-15). Among the various means claimed for 
increasing the yield of styrene are pyrolysis under reduced pres
sure (15) and in the presence of inert diluents (IS, 13), disturbing 
the equilibrium by the use of hydrogen acceptors (7 ,11, 14), and 
operation in the presence of undesirable by-products in order to 
suppress their formation (14), in the presence of steam at high 
temperature and short contact time (5, 6), and in the presence of 
organic chlorides and nitrogen bases (18). In this last case part 
of the styrene yield is due 
to chlorination followed by 
dehydrochlorination.

Relatively few studies 
have been made on the non- 
catalytie dehydrogenation 
of ethylbenzene to styrene.
There are a few papers on
the thermodj’namics and V a p o r iz e r

mechanism of the reaction 
(8, 9), but most of the in
formation is found in the 
claims of the patent litera
ture. Berthelot’s data (1) 
are only qualitative with • 
respect to temperature and 
yield, and the two reports 
by Dobryanskil and co- 
workers (8, 4) cover only
the relatively low pyrolytic temperatures of 600° and 650° C.

This paper presents data on the relation of styrene yield to con
tact time and temperature in the absence and presence of steam.
These noncatalytic data were obtained in order to have a measure 
for evaluating catalysis in the conversion of ethylbenzene to 
styrene.

A PPA R A T U S AND P R O C E D U R E

Figure 1 is the flow diagram, and Figure 2 shows the details of 
the furnace and preheater. The quartz pyrolysis tube (12-mm.

Feed
R e s e r v o ir s

inside diameter, 15-mm. outside diameter, 105 cm. long, and 
packed with 4-mesh quartz chips) was connected to the recovery 
system by a metal-to-quartz adapter (Figure 3) developed by 
Robert Johnson of this laboratory. Ethylbenzene and water 
were pumped by bellows pumps (2) from graduated cylinders 
to a vaporizer-preheater, from which the gaseous mixture 
passed to the pyrolysis tube. The temperature of the pyrolysis 
was given by a thermocouple wired to the outside of the quartz 
tube at the experimentally determined point of average tem
perature. The .pyrolyzate passed through a gas separator (a 
brass condenser with internal cooling coil), which retained the 
greater portion of the liquid product. The exit gas from the 
separator passed through two wet ice traps, a sampling manifold, 
a bubbler for visual observation of rate, and, finally, a gas meter. 
All runs were made at essentially atmospheric pressure.

A N A L Y SIS  O F  PY R O L Y Z A T E

The styrene content of the liquid pyrolyzate was calculated 
from its bromine number. This method was checked against 
ethylbenzene-styrene mixtures of known composition and was 
found to be reliable. The amount of high boiling residue in the 
pyrolyzate was determined by topping a 25-gram sample under 
an absolute pressure of 2 mm. with the distilling tube at 30 ° C. 
and the condensing tube at — 78 0 C. For the few cases in which 
the crude pyrolyzate was too darkly colored to permit bromo- 
metric titration, the bromine numbers were determined on the 
distillates from the vacuum topping. Benzene and toluene in 

the pyrolyzate were determined by 
distillation at ordinary pressure 

~ - ] through a microcolumn, and the frac
tions boiling up to 85° C. and from 
85° to 125° C. were assumed to be 
benzene and toluene, respectively. 
Vacuum fractionation of a 2500-cc. 
composite sample of pyrolyzate had 
previously shown that these two 
distillation fractions were essen
tially (95 +  %) benzene and toluene,

P y r o l y s i s
Furnace

Figure 1. Flow Diagram

C o n d e n s e r

G o s  S a m p l in g  

B o t t le
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T h e rm o c o u p le  We

C o p p e r C oil

Figure 2. D etails o f Furnace and I’reheater

respectively. The recovery of styrene from this fractionation 
agreed with that calculated from the bromine number of the orig
inal pyrolyzate, and the purity of the styrene fraction was 98.1% 
by freezing point. Gas samples were collected continuously dur
ing the pyrolyses and were analyzed by conventional absorption 
and combustion methods.

C A LC U LA TIO N  O F  Y IE L D  AND C O N T A C T  T IM E

The styrene percentage yield per pass was defined as the grams 
of styrene produced per 100 grams of ethylbenzene pyrolyzed; 
the ultimate percentage yield of styrene, as the grams of styrene 
produced per 100 grams of ethylbenzene consumed. The amount 
of nonconsumed ethylbenzene was obtained by subtracting from 
the liquid hydrocarbon pyrolyzate the sum of the benzene, tolu
ene, styrene, and residue produced; this method assumed the 
absence of xylenes and of materials boiling between styrene and 
the residue. The assumption of a negligible amount of material 
boiling between styrene and the residue from vacuum topping 
was confirmed by the close agreement between the amount of

bottoms obtained in the vacuum distilla
tion and the amount of residue obtained 
in vacuum topping.

This method of analysis was employed 
rather than that of Mavity, Zetterholm, 
and Her vert (10), who assumed the ben
zene and toluene productions to be stoi- 
chiomctrically equivalent to the ethylene 
and methane contents, respectively, of 
the gas. This assumption is satisfactory 
for evaluating catalytic dehydrogenation 
of ethylbenzene where the ultimate yield 
of styrene is 90% and better, but it was 
found to be quite inadequate for evaluat
ing the pyrolytic dehydrogenation of 
ethylbenzene where the ultimate yield is 
relatively low. In other words, if the re
action is not cleancut, as is the case with 
pyrolytic dehydrogenation, the stoichio
metric relation fails.

The contact time in seconds at the 
temperature of pyrolysis was calculated 
as free space (41 cc.) divided by gas rate 
per second. The gas volume was arbi
trarily taken as the gas volume of the 
total feed.

D IS C U S S IO N  O F  R E S U L T S

G a s  C o m p o s i t io n  a n d  P r o d u c t io n . 
The gas consisted of hydrogen, paraffins, 
and ethylene (Table I). The paraffin 
index was 1.3-1.4 for operation in the ab
sence of steam and 1.2 for operation in 
the presence of steam. The presence of 
steam favored the production of ethylene 
at the expense of paraffin. The total 
weight of gas produced at 700° C. was 
essentially independent of the presence or 
absence of steam (Figure 5). At 750° C. 
the presence of steam increased the 
gas production slightly (Figure 6); at 
800° C. the experimental data show a 
minimum in gas production at a steam- 
ethylbenzene ratio of 5 (Figure 7). At
0.2-second contact time the gas produc
tion ranged approximately from 2% at 
700° C. to 9% at 800° C.

P y r o l y s i s  i n  A b s e n c e  o f  S t e a m . Exploratory experiments 
established the fact that the temperature of pyrolysis must be 
above 600° C. in order to produce styrene at a commercially prac
tical rate. A  12% yield per pass of styrene was obtained at 
650 ° C. with a contact time of 2.3 seconds. The yields of styrene, 
per pass and ultimate, are plotted in Figure 4. The plots of the 
per pass yields show maxima at 700° C. (1-seeond contact time)

T a b l e  I. E f f e c t  o f  O p e r a t i n g  C o n d i t i o n s  o n  G as  
C o m p o s i t io n  a t  0 .2 -S e c o n d  C o n t a c t  T i m e

T em p., M ole R atio , G as C om pn., M ole % Paraffin
° C. H sO /E B “ H, C jH , CiiHln+J Index

700 0 6 7 .8 14 .0 18.2 1.4
750 0 60 .6 18.6 2 0 .8 1.3
800 0 5 8 .0 21.1 2 0 .9 1.3
700 5 6 6 .8 20.1 13.1 1.2
750 . 5 60 .5 26.1 13.4 1.2
800 5 56 .3 28.1 15.6 1.2

“ E B  = ethylbenzene.
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and at 750° C. (0.7-second contact time), but not at 8000 C. The 
maximum at 800 ° C. presumably occurs a t a shorter contact time 
than the one experimentally employed. The ultimate yield in
creased with decrease in contact time and with increase in tem
perature. The following table lists the required contact times at 
700°, 750°, and 800° C. for maximum styrene yields per pass in 
the absence of steam:

Temp.,
°c.
700
750
800

C o n tac t
T im e,
Sec.
1.0
0 .7
0. 1

S ty rene  Yield, %
P e r pass 

21 
28 
30

U ltim ate
35
48
48

According to Ostromislensky and Shepard (12, IS) the ultimate 
Percentage yield of styrene obtainable by the pyrolysis of ethyl- 
benzene in the absence of steam is dependent on K  in the equation

where V = volume, cc. of hot tube
R =  ethylbenzene rate, g./min.
T — interior temperature of tube at longitudinal center 
K  — parameter varying between 0.8 and 1.2, optimum 

efficiency being attained at K  =  1

The maximum yield of styrene should therefore be obtained at a 
temperature below 633° C., which is completely in disagreement 
with our data.

P t r o i ,y s i s  i n  P r e s e n c e  o f  S t e a m . Pyrolysis a t 700 ° C. in the 
presence of steam was studied at contact times ranging from 0.1 to 
0.6 second and pyrolysis a t 750 ° and 800 ° C. was studied a t con
tact times ranging from 0.1 to 0.4 second. Figures 5, 6, and 7 
compare data for pyrolysis in the absence and presence of 
steam at these three temperatures. These plots include per pass 
weight yields of gas, benzene, toluene, styrene, and residue,

T a b l e  II.

C o n tac t
Tim o,
Sec.
0.2
0.2
0 . 2
0.2
0.2
0.1
0.1
0.1
0.1
0. 1
0.1

E f f e c t  o f  S t e a m - E t h y l b e n z e n e  R a t io  o n  
S t y r e n e  Y i e l d  a t  750° C .

M ole R atio , S ty rene  Y ield, %
H jO /E B P e r pass U ltim ate

10 23 53
7 .5 25 52
5 29 55 *
2 .5 17 60
0 20 55

50 21 52
10 21 49
7 .5 16 59
5 20 60
2 .5 14 63
0 12 58

T a b l e  III. O p e r a t i n g  C o n d i t i o n s  a n d  U l t i m a t e  Y i e l d s  o f  
S t y r e n e  a t  20% Y i e l d  P e r  P a s s

M ole R atio , 
H iO /E B

0
0

Tem p., 
° C.
700
750
700
750

C o n ta c t
Tim e,
Sec.
0 . 8
0 . 2
0.8
0.1

U ltim ate  
S ty rene  Y ield, 

%
38
55
52
60

0.64 V /R  +  T  
633 = K

CONTACT Tint  IN SECONDS
Figure 4. Styrene Yield in  Absence o f Steam
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Figure 5. Pyrolysis o f E thylbenzene a t 700° C.

ETHTL&ŁNZENE= y  MOLES

N $ r r *

\
\  n

ETHYL >ENZE

G A S

O 0.1 0.2 0.3 0 4

CONTACT TIME. IN  S E C O N D S

0.2 0.5 0.4

Figure 6. Pyrolysis o f  E thylbenzene at 750° C.

based on the ethylbenzene charged. 
The ultimate yield of styrene is 
readily calculated from these data by 
dividing the once-througlr percentage 
yield of styrene by the corresponding 
percentage consumption of ethylben-' 
zene. Steam-ethylbenzene ratios as 
high as 50 were tested, but there was no 
advantage in raising the ratio above 
10. Table II presents data for pyrol
ysis at 750° C. with several steam- 
ethylbenzene ratios and at contact 
times of 0.2 and 0.1 second. The ma
terial balances tor all the pyrolyses 
averaged 98%. The duplicability of 
the ultimate yield values was ±2%.

C o m p a r i s o n  o p  P y r o l y s i s  i n  P r e s 
e n c e  a n d  A b s e n c e  o r  S t e a m . The 
data in Table II  show little if any ad
vantage for steam. However, Table 
III, which lists the operating conditions 
and ultimate yields obtained at a fixed 
per pass yield of 20%, shows that steam 
is bcneficial. For example, operation 

at 700 ° C .a n d  0.8 second gave an ultimate yield of 
38% in the absence of steam and a 52% ultimate 
yield in the presence of steam. Operation at 
750° C . and 0.1 second in the presence of steam 
gave essentially the same yield as obtained with 
twice the contact time in the absence of steam.

G E N E R A L  C O N C L U S IO N S

Within the experimental range studied, steam 
was beneficial a t 700° and 750°, but not a t 800° 
C. In general, the presenco of steam repressed the 
production of toluene. The formation of high 
boiling residue was favored by increase in tem
perature and contact time. Carbon formation 
(0.01 to 0.05% of the hydrocarbon feed) was too 
small under all conditions to be correlated with 
the effect of steam.
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Figure 7. Pyrolysis o f Ethylbenzene a t 800° C.
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Synthesis of Racemic Menthol
W ALLACE R . ERODE AND RO BERT W. VAN D O LAH 1
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À new m ethod for the production o f racem ic m en th ol is 
described. The process is based on th e discovery th a t a d if
ferent m ixture o f isom eric m enthols, richer in  th e desired 
<fi-menlhol, is obtained-by copper chrom ite- rather than  
nickel-catalyzed hydrogenation of thym ol. An attem p t 
is made to  rationalize th is observation by a hypothesis for 
stcrcochcmical inductance of configuration, w hich is aided 
circumstantially by evidence obtained in  th e copper chro
mite reduction o f o - and m -cresols.

W ITH the elimination of the major natural sourccs of 
menthol due to the onset of World War II, a considerable 

amount of interest arose in synthetic menthol. Many processes 
have been developed for the synthesis of menthol from thymol or 
m-cresol, but in general the resulting products have been of poor 
quality because of the presence of the isomeric menthols, dif
ferent in configuration from the natural product (SI). Menthol 
identical to the natural product has been synthesized from citro- 
nellal (8), but the supply of the latter became equally critical. 
Recently a process was published by which a pure racemic 
menthol was obtained in good yield through fractional distillation 
of the menthones obtained from thymol, followed by a sccond 
fractional distillation, after further reduction, to separate menthol 
from neomenthol (2).

The problem of synthesizing racemic menthol from nonasym- 
metric starting materials is made difficult by the existence of four 
racemic modifications. The configurations shown in Figure 1 are 
generally assigned to these modifications, despite a recent publica
tion in which the methyl and isopropyl groups in natural menthol 
were indicated as being cis forms (9). For many purposes the 
presence of the isomeric menthols in the synthetic product is of 
little importance, since it has been shown that the isomers differ 
but little in toxicity or in pharmacological properties (S, 11,16,19). 
They are, however, characterized by different, and, in the case of 
the stereoisomers other than d^-menthol, unpleasant tastes and 
odors (9). ¿¡-Menthol of good quality is virtually indistinguish
able from the natural product. The presence of relatively small 
amounts of the isomeric forms is distinguishable by the musty 
odor imparted to the product. In recognition of the similarities 
between racemic and natural ¿-menthol, the British (4), German 
(18), and recently, United States Pharmacopoeias (20) have given 
the former official status.

A mixture of inactive menthols is easily obtainable through the 
catalytic hydrogenation of thymol, which in turn is available 
through the condensation of m-cresol with isopropylene, isopropyl 
chloride, or other related compounds. The mixture of stereo
isomers as usually obtained is difficultly separable into its compo
nents, although the patent literature gives methods for the isolation 
of rfi-menthol by such procedures as fractional distillation or 
crystallization, or recrystallization of ester derivatives. I t  was 
felt that a possible solution to the problem lay in changing the 
proportions of isomeric menthols obtained on catalytic hydro
genation of thymol to a mixture richer in (¿¿-menthol, since the 
®ore common techniques of separation and purification may often 
be successfully accomplished if the crude material is sufficiently 
nch in the desired isomer. Since the catalyst in general use for 
such hydrogenations is nickel in various forms, it was desirable to 
attempt the reduction of thymol with a different catalyst, one

1 Present address, U n ited  S ta te s  N a v al O rdnance  T e s t S ta tio n , In y o k ern , 
Calif.

which was thought to effect hydrogenation through a different 
mechanism. Such a catalyst is copper chromite.

T H E O R Y  O F  C O P P E R  C H R O M IT E  R E D U C T IO N

Musser and Adkins (12) first noted that copper chromite effects 
the reduction of /3-naphthol and monohydroxy derivatives of 
biphenyl in the oxygenated rings, leaving the other rings unre
duced. Moreover, under the same conditions of reduction they 
noted that the ethers of these phenolic compounds could not be 
hydrogenated. This observation, together with the knowledge 
that nickel catalysis would effect the reduction of phenols and 
their ethers with essentially equal ease, led the authors to postu
late that the reduction of phenolic compounds by means of cop
per chromite proceeds through the tautomeric ketones. If this 
theory is applied to the reduction of thymol some interesting con
clusions may be drawn.

In the reduction of thymol, formation of the tautomeric ketones 
may lead to a compound containing an asymmetric carbon atom, 
as indicated in Equation 1.
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C H 3
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H C  CO H H (i <L
\  /  X ) 
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/ ¿ H \ / \
C il H

C II3 c h 3 /  \  
c h 3 c h 3
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CIi3

This asymmetric carbon atom (C*) may then have an inductive 
effect on the formation of succeeding asymmetric centers. This 
inductive effect is often seen in the synthesis of asymmetric com
pounds. In the case of the menthols it has been pointed out by 
Read (14 ) that the configuration of the carbon atom in question 
has a powerful inductive effect on the configuration of other asym
metric centers in the molecule. The hydrogenation may then 
proceed by 1': 6 addition to yield an enol, which may be further re
duced as such or may undergo ketonization to the beta unsatu
rated ketone before reduction to menthol. The course of this re
action is shown in Equation 2.

C II3

A
H C  C H

H& k
V 0 
/ \

C H - H

(5h 3 ' c h ,

h ,

c h 3

H ( f  XC II

h !c  "c

XOII
/ \

C H  H  
/  \  

c h 3 c h 3

2H 2
__ ^  menthols

(2)

I t  is also possible that on ketonization the hydrogen migrates to 
carbon 2, in which case an asymmetric center is formed at carbon 
1 (carbon with methyl attachment) in the first step of the 
hydrogenation. Here again the configuration of this carbon 
would be expected to influence the configuration of subsequent 
asymmetric centers, although the effect should not be so pro
nounced (l/f ).
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No menthone could be isolated from the reduction mixtures of 
thymol even when the reduction was stopped at 50% completion; 
nor could any partially unsaturated products be isolated from the 
reduction mixtures. The presence of varying quantities of men- 
thones has been reported in most reduction mixtures following 
hydrogenation with a nickel catalyst. This discrepancy between 
the two results would in itself suggest different modes of reduction. 
The absence of menthone or menthene derivatives might indicate 
that the reduction proceeds by 1:4 addition to the enol rather 
than addition after ketonization.

Assuming the inductive stepwise mechanism, an increased 
yield of one stereoisomer in the reduction mixture could be ex
pected, although one could not forecast with certainty which 
isomer would predominate. I t  was found that, by copper chro
mite reduction, a yield of 81% irans-menthols (di-menthol and 
di-neomenthol) and 60 to 70% di-menthol was obtained. In con
trast to this a hydrogenation of thymol using nickel on kieselguhr 
(Universal Oil Products Company) gave only 56% irarcs-men- 
thols and about 40% di-menthol. The yield of irans-menthols is 
important in the purification, since di-neomenthol may be readily 
separated from di-menthol in the procedure to be described later. 
To test further this catalytic specificity of copper chromite cata
lyst, o- and m-cresols were reduced with copper chromite. These 
experiments were as follows:

The cresols used were Coleman and Bell pure grade. Before 
reduction they_ were distilled under reduced pressure in an at
mosphere of nitrogen and yielded water-white products. The 
cresols were hydrogenated with 10% of their weight of copper 
chromite catalyst a t pressure of 500 to 2600 pounds per square 
inch for 3 hours at temperatures of 250° to 300 ° C. The hydro
genated products were filtered from the catalyst and distilled 
through a column of twelve plates efficiency to remove the tolu
ene and unreduced cresol. The results were as follows: 2-
methylcyclohexanol, yield 86.5%, ? i 'd °  1.4611; 3-methylcyclo- 
hexanol, yield S6.4%, n™ 1.4573.

The refractive indices of the cis and trans isomers of 2- and 3- 
mcthylcyclohexanols as published by Skita and Faust (17) and of 
the products resulting from the above reductions are shown in the 
following table:

C IS
iratis
By copper ch rom ite  reduction

2-M ethy l-
cyclohexanol

1 .4040
1.4611
1.4611

3-M ethy l-
cyclohexanol

1 .4572 
1 .4550
1.4573

The results indicate essentially quantitative yields of trans-2- 
met.hylcyclohexanol and cis-3-methylcyclohexanol. Figure 2 
gives an interesting comparison between the configurations of the 
methylcyclohexanols obtained by copper chromite reduction with 
that of di-menthol.
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R E D U C T IO N  O F  C R E S O L S

The reduction of o- and m-cresols through a similar inductive 
mechanism as postulated for the reduction of thymol is shown in 
Equations 3 and 4.

In Equation 3 an asymmetric center may be formed on carbon 
2 through ketonization which could then allow for the induction 
of configuration of carbon 1. In the reduction of m-cresol the 
primary ketonization does not form an asymmetric center. Fur
ther reduction of the tautomer, however, does form an asymmetric 
carbon atom, which can then exert an influence on the configura
tion of the second asymmetric center. Although only one possi
bility of reduction is shown in these equations, if the ketonization 
and subsequent stepwise reduction mechanism is followed, an 
asymmetric center is formed at some time in the reaction which 
may then influence the formation of subsequent asymmetric 
centers.

R E G E N E R A T IO N  O F  C A T A L Y ST

The copper chromite used in carrying out the reductions re
ported here was prepared by a procedure given by Lazier (10). 
As has been previously described in the literature, different prepa
rations of the catalyst tended to have different activities. 
These differences in activity are partially accounted for by a lack 
of uniformity in the preparation of different batches. Calingaert 
and Edgar described a process whereby a uniform and active cop
per chromite catalyst can be prepared on a semiplant scale (5).

It was of interest to see whether the efficiency of a particular 
sample of copper chromite decreased with continued use in suc
cessive hydrogenations. Copper chromite has a tendency to be 
reduced, under the conditions of hydrogenation, to an inactive red 
substance containing copper in the cuprous state. This reduc
tion may possibly be catalyzed by water, usually present in the re
duction of thymol through hydrogenolysis of the menthol to men- 
thane. This tendency is, to a certain extent, circumvented by 
the incorporation of small amounts of barium or other alkaline 
earth oxides in the catalyst (6). In these reductions it was found 
that the catalyst, under the conditions employed, became less 
efficient with continued use and after two or three runs had a cop
per red color. In handling the used catalyst it was noted that 
the material tended to turn slowly black or dark green on the out
side and to evolve a noticeable amount of heat. This led to the 
development of a method for the regeneration of used copper 
chromite catalyst.

I t was found that if the catalyst, after washing with a solvent 
such as acetone, is dried and placed in an oven at 100° to 120° C., 
a decidedly exothermic reaction follows. If too high a tempera
ture was used, the reaction was accompanied by a bright glowing 
of the catalyst mass, which left a grayish-green material found to

be less active. Advantageously 
the spent catalyst is spread 

H3C Ii out in a thin layer, and the
oven supplied with air when 
large quantities are to be

(3) treated. This gives a product 
of improved appearance and 
avoids the production of too 
much heat by the exothermic 
reaction. The catalyst thus 
regenerated is then ready 
for use without further treat
ment. Such a catalyst was 
found to have an equal or 
possibly greater activity than

(4) had the fresh catalyst and was 
more active than catalysts used 
for successive hydrogenatioa 
without such treatment. One 
sample of copper chromite was

II2

h 2c

HOH

¿Ho

2Hj

HjC H

X
HjC CHj 
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used for five successive reductions of 
thymol with a regeneration following 
the third run. By this regeneration the 
catalyst cost in a process which requires 
the use of large quantities of catalyst is 
measurably decreased. Since this work 
«•as completed, this method has been in
dependently noted and described by 
Dunbar and Arnold (7).

H— CH, 

H——H 

H—J—OH 

iso-CH)—'—H
c /i-M e n th o l

H——CH,

H——H 

HO— H 

iso-CjHj— —̂H
( // -N c o m e n th o l

CH,— H 

H—— H 

II— —OH 

¡S0-C3H7— —H
< //- I s o m e n  t l i o l

H—,—CH,

H——H 

II——Oil 

H—'—iso-C,Ii7
( i i - N c o iH o m c n t h o l

Figure 1. Configurations Assigned to Four Raceraic M odifications o f M enthol

HYDROGENATION O F  T H Y M O L  W IT H  C O P P E R  C H R O M IT E

The reduction of thymol with copper chromite is not so effi
cient as when nickel is used for the catalysis. However, when a 
catalyst of sufficient activity is used and efficient mixing of the 
hydrogen with the thymol is accomplished, the reduction may be 
carried out within a reasonable length of time. The results of a 
number of reductions of thymol are listed in Table I.

A typical reduction, as carried out in the laboratory, is as fol
lows:

The equipment used consisted of a rocking steel autoclave of 
3100-cc. capacity (American Instrument Company) which was 
supplied with a potentiometric thermoregulator (Brown Instru
ment Company). Hydrogen was supplied to the autoclave at 
the pressures obtainable from the cylinder. Seven hundred and 
fifty grams of thymol (U.S.P. quality) and 75 grams of copper 
chromite catalyst were placed in the autoclave, and air was re
moved by displacement with hydrogen; then the temperature 
was raised to 200 0 C. Hydrogenation was carried on at pressures 
varying from 800 to 1400 pounds per square inch until the reduc
tion, as indicated by the uptake of hydrogen was fairly complete. 
The crude reduction mixture was filtered from the catalyst by 
means of a basket centrifuge. The product gave the following 
values: freezing point 9° C., n™ 1.4460, methane 2%, thymol
0.8%, yield of mixed isomeric menthols (by difference) 97%.

The per cent menthane given here and in the table includes the 
water formed in the reaction and was determined by distillation 
through a short column. The amount of menthane formed is, to 
a considerable extent, dependent upon the temperature of the re
action (Table I). In the reduction carried out a t 300° C., 50% 
of the reaction mixture consisted of menthane while some thymol 
stiH remained unreduced. This would indicate that the hydro- 
¡$enolysis of menthol to menthane runs concurrently with the re
duction of thymol to menthol. I t  was also found that, if the re
action were allowed to continue at 200 0 after a theoretical conver
sion to menthol, as determined from the hydrogen uptake, a 
considerable amount of menthane was produced. I t  is difficult 
to correlate the production of menthane with variation in the 
catalyst used, although there are some indications that a more 
active catalyst produces less menthane. Adkins et al. (1) studied 
the effects on the ratio of alcohol to hydrocarbon resulting from 
copper chromite reduction of esters produced by modifications of 
the catalyst,- but could obtain little or no correlation.

An interesting correlation was found between the amount of 
thymol placed in the autoclave and the length of time necessary 
for reduction. The greater the amount of thymol placed in the

H— — H 

H— —H 

II— —OH

II—|—CH,

II——II 

H------OH

II——CH, 

II—'—H 

H—'—OH

CH,—1—H II—'—II iso-CjH,— —H
2 -M e th y lc y c lo h c x n n o l 3 -M e th y lc y c lo h c x a n o l <Ii-M ©ntliol

Figure 2. Configurations o f M ethylcyclohexanols and 
(/¿-Menthol

autoclave, the longer the time it took for reduction, other factors 
being equal. This was probably due to a lack of thoroughness in 
the mixing of the thymol with the hydrogen or to a lack of solubility 
of the ljydrogen in the thymol. I t  was also noted that, if the auto
clave had been used for a nickel reduction prior to its use for cop
per chromite reduction, there was a considerable induction period 
before hydrogenation began. This induction period could be 
circumvented by the rapid reduction of acetone with copper chro
mite in the autoclave prior to its use for thymol.

The table lists the freezing points and the refractive indices of 
the crude reduction mixtures. These are not of great significance, 
but illustrate some of the variations encountered when the 
conditions of hydrogenation are changed. Both properties are 
largely dependent on the amounts of thymol and menthane found 
in the mixture.

One of the greatest difficulties in completing this study was 
that of determining the stereoisomeric composition of the 
mixture. A method was developed whereby the amounts of 
irans-mfenthol, as compared to the cis-menthol, could be deter
mined. This method consisted of oxidizing the menthols in a 
distilled sample to the corresponding menthones and determining 
the ratio of the two menthones by means of the refractive index. 
This method will be briefly described. The procedure for the 
oxidation of the mixture to menthone is modified after that of 
Sandborn (15).

A stock solution of oxidant was prepared containing 134 grams 
of potassium dichromate dissolved in 111 grams of concentrated 
sulfuric acid and 670 cc. of distilled water; 76 cc. of this were suf
ficient for the oxidation of a 10-gram sample of menthol. The 
menthol was added to the oxidant and stirred vigorously until 
the maximum temperature was reached (around 49-50° C.). 
The reaction mixture was warmed gently until the black complex 
had decomposed completely, and then the mixture was steam- 
distilled. The steam distillate was extracted with ether, dried, 
then distilled, and the refractive index taken of the menthone 
mixture.

T a b l e  I. H y d r o g e n a t i o n s  o p  T h y m o l

Hun
T h y  C a ta  M en M en
mol, ly st, T em p ., P ressu re , T im e,

«60 71 D
F .P ., T hym ol, thane , thols,Xo. G ram s G ram s 0 C. L b ./S q . In . H r. ° C. % % %

1 1500 150 200-40 2820-780 23 1 .4459 1 1 .54 4 94
- 750 75 200 1400-800 13 1 .4460 9 0 .4 8 1-2 98.'i 750 75° 200-40 1600-1000 10 1 .4444 - 3 0 .9 2 16 834 750 75 b 220 2880-1680 13 1 .4554 - 2 1 2 0 .3 10 705
6

400 40 c 220 3000-1400 6 1.4449 - 7 1 .58 10 88
400 40<* 220 2900-1340 5 1 .4448 - 6 1 .07 8 91

* 400 40 300 3000-1560 1 1.4394 - 2 0 3 .9 4 50 46
0 oOO 25*

1 *Lc-°2d consecutive use. 
e i f  consecutive use. 

After regeneration.

220 2500-660 6 1 .4455

d Second use a f te r  regeneration . 
e F rom  a  m ore active  p rep a ra tio n .

1 0 .2 4 96

The steam distillation was 
used to eliminate the necessity 
of repeated washing of the 
ether extract with water 
or alkalies to remove residual 
acid. I t  was found by run
ning a control on ¿-menthol 
that the steam distillation did 
not cause measurable in
version. Although this method 
is not very accurate, it gives 
a fair approximation of the 
ratio of isomers present in the 
mixture.
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A second but tedious method (developed by The Wm. S. 
Merrell Company), consisting of the fractional crystallization of 
the acid phthalate esters, was used to evaluate the stereoisomeric 
mixture obtained on reduction of thymol. These were prepared 
by reacting 20 grams of menthol mixture with 22 grams of phthalic 
anhydride in pyridine for 3 hours. The esters were thrown 
out by adding the reaction mixture to dilute hydrochloric acid, 
and the stereoisomeric forms were isolated by recrystallization 
from petroleum ether. By this method only the neomenthol and 
menthol contents were usually determined, the cts-menthol con
tent being determined by difference. It was found that a typical 
copper chromite reduction mixture contained 16% neomenthol 
and 61% menthol. The menthone oxidation method gives, for 
typical copper chromite reduction mixtures, 80% frans-menthols.

PURIFICATION Oh CRUDE ¡MIXTURE

Even with the increased amount of (//-menthol in the crude 
mixture, purification by such methods as distillation or recrystal
lization was still unsatisfactory. However, the mixture could be 
readily purified by means of esterification with phthalic anhydride 
as originally described by Pickard and Littlebury (13). The 
best conditions found for the purification are as follows:

One hundred grams of crude menthol are mixed with aif equal 
weight of phthalic anhydride and heated under a reflux condenser 
with stirring at 100-130° C. for 2 hours. At the conclusion of 
the esterification the melt is allowed to cool to 85-90 ° C., and 300 
cc. of petroleum ether (boiling point 90-95° C.) are added and 
stirred thoroughly into the melt. When the mixture is allowed 
to cool, the ester slowly crystallizes out. To avoid the formation 
of a hard mass of solid in the bottom of the container, the mixture 
should be stirred gently until crystallization has well begun. 
This gives a readily filterable slurry. The ester is removed by 
filtration and washed with 200-300 cc. of the same solvent by 
resuspension of the solid, stirring, and subsequent filtration. It 
may then be further purified by recrystallizing from a minimum 
of hot petroleum ether and filtering hot to remove any difficultly 
soluble di-neomenthyl acid phthalate. The ester thus obtained 
is saponified by refiuxing 1 hour with 2.2 molar proportions of 
sodium hydroxide and then steam distilling. The menthol is 
separated from the aqueous layer and dried by distillation or 
treatment with a drying agent.

By this method 60% yields of menthol (freezing point 26-28° C.) 
were obtained, the product having an excellent odor and taste; 
this indicated the absence of appreciable amounts of the stereo
isomeric menthols. The phthalic acid is recovered by acidifying 
the hot residue from the steam distillation and filtering hot to re

move any unsaponified ester. On cooling, the acid crystallized 
out. in a relatively pure condition. The isomeric esters may be 
obtained from the mother liquors by evaporation and, after 
saponification, may be isomerized by any of several well known 
methods. By adding this isomerized mixture to succeeding 
hydrogenation crudes, the over-all yield of rfi-menthol may be 
increased.
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Storage of Commercial 
Dehydrated Alfalfa Meal

RALPH E. SIL K E R 1, W . G. SCHRENK, AND H . H . KING
K a n s a s  A g r i c u l tu r a l  E x p e r i m e n t  S t a t i o n ,  M a n h a t t a n ,  Kans.

T HIS storage study was undertaken in the hopes of finding a 
possible postwar means of utilizing the natural cooler storage 

which was developed as a wartime expedient. The effect of dif
ferent types of bags for storage of dehydrated alfalfa meal was 
also a consideration.

The dehydrated alfalfa meal used in this study was placed in a 
blender and mixed thoroughly. The meal used in the first series 
was of relatively high carotene content and was placed in regular 
size plain burlap bags, small plain burlap bags, small water- 

1 P resen t address, T h e  W . J .  Sm all C om pany , In c ., K ansas C ity , M o.

proofed burlap bags, plain paper bags, and two types of paper 
bags containing special asphalt-laminated sheets. The regular 
burlap bags contained 100 pounds of meal, whereas all of the 
others held approximately 25 pounds. A lower carotene meal 
was chosen for the second series, but no paper bags were available 
for samples of this meal.

The plain burlap bags were sewed by hand, and all of the other 
bags were closed by use of a stapling machine. Precautions were 
taken to avoid trapping air above the meal in the stapled bags.

The various bags of meal in each series were placed in a single
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The advantages o f storing alfalfa m eal a t lower tem 
peratures than those obtained in norm al storage arc 
shown; the results confirm oilier data (2, 4, 5) in this 
rcspect. There seem s to he no advantage to the use of 
waterproofed packaging for the storage o f alfalfa m eal. 
Results indicate th a t it  m ay he advantageous, from the 
standpoint of carotene retention , to have the m oisture  
content som ew hat greater than that at which the alfalfa 
is normally m illed.

row, so that each would be subjected to identical conditions. It 
was possible to put the bags of meal in warehouse storage on a 
platform approximately 15 feet from the floor, where they re
mained undisturbed. Those stored in the natural cooler storage 
were placed on pallets which did not have to be moved.

The natural cooler storage facility at Atchison, Kans., was de
veloped by the War Food Administration as a means of keeping 
certain surplus foods which require special storage conditions. 
The administration of this project is now handled by the United 
States Department of Agriculture.

STORAGE CAVE

An artificial cave, which resulted from removal of limestone 
used for commercial purposes, was developed into the natural 
cooler. The limestone had been removed according to specifica
tions of the United States Bureau of Mines. Thus, huge pillars 
of the original stone were left intact as supports for the overcast. 
The floor of the cave was leveled, and concrete poured over a bed 
of crushed rock to make a smooth surface. The height from floor 
to ceiling is approximately 12 feet, and there are about 14.5 acres 
of floor space. An estimated 2500 to 3000 carloads of material 
may be accommodated in the cave.

An ammonia system was installed for cooling the brine, which 
was circulated through forty-eight refrigeration units placed at 
Suitable locations throughout the cave. The relative humidity 
and temperature of the cave can be regulated, so that ideal condi
tions can be'maintained for storing a wide variety of products.

Location of the entrance tunnel at a convenient distance from 
the exit tunnel allows simultaneous two-way traffic. ’ An open 
area is available in front of the entrances, and this is connected to 
the long loading dock by a 450-foot ramp. Materials are placed 
on pallets and transported on trailers, which are drawn by modern 
electric warehouse tractors. Each tractor has an attached hoist 
for placing the loaded pallet in the proper place for storage.

The alfalfa meals for warehouse storage were stored in the Kan
sas City warehouse of The W. J. Small Company. The tem
peratures and humidities in Table I were taken from records of 
the Kansas City Weather Bureau, which was located within a mile 
of the warehouse. Although warehouse conditions would not be 
identical with those listed in Weather Bureau records, they are 
likely to be quite similar, since the warehouse was of open con
struction. Both the temperature and the relative humidity in 
the natural cooler remained relatively’ constant throughout the 
storage period. The temperature varied from 37° to 40° F., and 
the relative humidity from 80 to 85%.

T able  I. T e m p e r a t u r e  a n d  H u m id i t y  C o n d i t i o n s  d u r in g  
W a r e h o u s e  S t o r a g e

Month
Sept. 15-30 
Oct,
Nov.
Dec.
■Ian. 1948 
Feb.1-15

T em p., ° F. R elative  H u m id ity , %
High Low M ean High Low M ean

89 42 65 96 34 . 78
83 32 57 98 25 65
81 20 46 96 23 62
60 14 26 100 29 73
53 7 33 99 25 71
72 17 40 89 35 61

Figure 1. Effect o f Storage Conditions and Types of 
Bags on Carotene C ontent o f Dehydrated Alfalfa Meal 

(Series 1)
1. B u r la p  h a g , p la in ,  25 p o u n d s , n a tu r a l  co o le r s to ra g e
2. W ate rp ro o fe d  b u r la p  b a g , 25 p o u n d « , n a tu r a l  c o o le r s to ra g e
3. B u r la p  b a g , p la in ,  25 p o u n d « , w a re h o u se  s to ra g e
4. W a te rp ro o fe d  b u r la p  b a g , 25 p o u n d « , w a re h o u s e  s to ra g e

Samples of meal were taken 011 the same day from each type of 
bag stored either at thô warehouse or in the natural cooler. A 
special sampling tube was used so material could be obtained 
from the full length of a given bag.

Sufficient bags were placed in storage so that each sample and 
duplicate analyses were made from separate bags. This per
mitted sampling with a minimum of disturbance to the material. 
Care was exercised to secure samples from corresponding sections 
of the several bags. Four separate samples were taken from each 
of the 100-pound bags, and eight samples from each of the smaller 
bags for the composite. All samples from a given bag were care
fully mixed and sampled by quartering before the portion used 
for the different determinations was taken.

PROCEDURES

Moisture determinations were made by placing the weighed 
sample in a vacuum oven at 100° C. for 2 hours. The low vac
uum obtained with a Cenco Hypervac 20 was maintained 
throughout the period.

The Silker, Schrenk, and King (S) method was used for all of the 
carotene analyses. A 1-gram sample of the dehydrated alfalfa 
meal was weighed into a 125-ml. Erlenmeyer flask and carefully 
mixed with 60 ml. of a 2-to-l mixture of Skellysolve B and ace
tone. The stoppered flask was then set aside in the dark for 16- 
18 hours. The extract was next poured onto a Büchner funnel, 
and the residue washed by décantation with several portions of 
Skellysolve. After the extract had been transferred to a fi00-ml.

Figure 2. Effect o f Storage Conditions and Types of 
Bags on Carotene Content o f Dehydrated Alfalfa Meal 

(Series 2)
1 B u r la p  b ag , p la in ,  2o p o u n d s ,  n a tu r a l  c o o le r s to ra g e
2. W a te rp ro o fe d  b u r la p  b a g , 25 p o u n d s ,  n a tu r a l  co o le r s to ra g e
3. Burlx*p b a g , p la in ,  25 p o u n d « , w a re h o u se  s to ra g e
4. W a te rp ro o fe d  b u r la p  b ag , 25 p o u n d s . w a re h o u se  s to ra g e
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T a b l e  II. C a r o t e n e  a n d  .Mo i s t u r e  C o n t e n t s  o f  D e h y d r a t e d  A l f a l f a  M e a l  d u r in g  S t o r a g e  (S e r i e s  1 )
__________________ M o istu re , %

T ype  of Bug, Lb. #

P lain  b u rlap , 100 
P la in  b u rlap , 25 
W aterproofed  b u rlap , 25 
P ap er, p la in , 25
P a p e r w ith 1 a sp h a lt- lam in a ted  shee t, 25 
P ap er w ith 2 a sp h a lt- lam in a ted  sh ee ts , 25

Pla in  b u rlap , 100 
P la in  b u rlap , 25 
W aterproofed  b u rlap , 25 
P ap er, p la in , 25
P ap er w ith 1 a sp h a lt lam in a ted  sh ee t, 25 
P ap er w ith  2 sp p h a lt lam in a ted  sh ee ts , 25

9 /1 4 /4 5 10 /2 0 /4 5 11 /2 9 /4 5 1 /2 3 /4 6 2 /1 5 /4 6  9 /1 4 /4 5  

W a r e h o u s e  S t o r a g e

1 0 /2 0 /4 5  1 1 /2 9 /4 5 1 /2 3 /4 6 2/15/41

30 .3 2 1 .5 15 .5 12 .0 11 .2  5 .3 6 .9 6 .6 6 .8 7 .6
3 0 .3 2 2 .6 19 .0 13 .0 13 .5  5 .3 7 .9 8 .1 7 .9 8.7
3 0 .3 2 1 .6 15 .3 9 .6 8 .8  5 .3 5 .7 5 .8 5 .7 5 .8

.3 0 .3 2 0 .5 18.1 1 2 .8 12 .9  5 .3 7 .5 8 .0 8 .1 9 .0
3 0 .3 19 .6 15 .4 10 .6 8 .6  5 .3 5 .8 5 .9 5 .5 6 .0
30 .3 21 .7 1 4 .6 10 .0 9 .0  5 .3  

N a t u r a l  C o o l e r  S t o r a g e

5 .8 6 .0 5 .3 6 .2

3 0 .3 2 8 .7 2 4 .0 19 .3 18 .9  . 5 .3 7 .4 7 .5 8 .5 8 .8
3 0 .3 2 8 .9 2 6 .0 2 2 .5 2 0 .4  5 .3 8 .5 9 .1 1 0 .0 10.3
30 .3 2 9 .0 25 .1 19 .5 1 8 .3  5 .3 5 .3 5 .6 5 .6 5 .9
3 0 .3 2 8 .6 2 5 .1 2 1 .6 2 0 .3  5 .3 7 .8 9 .8 10 .2 10.9
3 0 .3 2 9 .2 2 6 .2 19 .7 1 8 .2  5 .3 5 .2 5 .5 5 .8 5.7
3 0 .3 29 .2 2 5 .6 19 .6 1 8 .3  5 .3 5 .5 5 .4 5 .8 6 .2

T a b l e  III. C a r o t e n e  a n d  M o i s t u r e  C o n t e n t s  o f  D e h y d r a t e d  A l f a l f a  M e a l  d u r in g  S t o r a g e  (S e r i e s  2)
C aro tene, M g./lO O  G. _______M oistu re , % ______ _______

T y p e  of B ap, Lb.

P la in  b u rlap , 100 
P lain b u rlap , 25 
W aterp roofed  b u rlap , 25

Plain b u rla p , 100 
P lain b u rlap , 25 
W aterproofed  b u rlap , 25

9 /1 4 /4 5  1 0 /2 0 /4 5  1 1 /2 9 /4 5  1 /2 3 /4 6 2 /1 5 /4 0  9 /1 4 /4 5  1 0 /2 0 /4 5  1 1 /2 9 /4 5  1 /2 3 /4 6

W a r e h o u s e  S t o r a g e

2 /1 5 /4 6

2 1 .2 16 .2 15 .5 11 .7 11.1 5 .3 7 .2 7 .3 7 .8 7 .8
2 1 .2 16 .7 16.1 12 .0 12.2 5 .3 7 .6 8 .3 8 .5 9 .0
2 1 .2 1 6 .0 13 .3 9 .3 8 .3  5 .3  

N a t u r a l  C o o l e r  S t o r a g e

6 .0 5 .9 6 .0 6 .2

2 1 .2 19 .2 18 .5 16.1 15.3 5 .3 7 .1 7 .4 9 .1 8 .7
2 1 .2 19 .5 20 .1 17.8 16.9 5 .3 8 .8 9 .4 9 .4 10.2
2 1 .2 20.1 17 .9 14.6 13.4 5 .3 5 .3 5 .7 6 .1 6 .0

beaker, it was concentrated to a volume of 30-40 ml. on a steam 
bath and then poured onto a column for separation of the caro
tenes from the other pigments. A layer of anhydrous sodium 
sulfate was placed on top of the column, which consisted of two 
parts of Hyilo Super-Cel and 1 part of magnesia (Micron No. 
2641). The chromatogram was developed, and the carotenes 
eluted with an approximately 5% solution of acetone in Skelly- 
solve B. The eluate was made up to a volume of 250 ml., and 
the optical density read on a Beckman (1) quartz spectrophotom
eter a t 436 m/u.

R E S U L T S

The carotene content of the dehydrated alfalfa.meal at the 
different time intervals is shown in Table II  for the first scries. 
The first half of the table represents the values obtained for the 
meals which were stored in the warehouse, and the second half 
records the values for the meals stored in the natural cooler.

Table II shows that considerably less carotene was lost from 
the meal which was stored in the natural cooler than from the 
meal stored in corresponding bags in the warehouse. A number 
of workers (2, 4, 6) have shown that the stability of carotene in 
alfalfa decreases as the storage temperature is increased. The 
least loss of carotene was found in the meal of each series that 
was stored in the small plain burlap bags in each storage location. 
Generally, increased loss of carotene was noted from the various 
types of bags in the following order, irrespective of storage loca- 
•tion: plain paper bags, large plain burlap bags, paper bags with 
a single asphalt laminated sheet, paper bags with two asphalt 
laminated sheets, and, finally, the waterproofed burlap bags. 
All of the carotene values are expressed on a dry weight basis.

The moisture content of the various samples of meal in the 
first series is also listed in Table II. Considerably more mois
ture was taken up by the bags of meal which were stored in the 
natural cooler, since a high relative humidity existed throughout 
the storage period. Irrespective of the storage location, how
ever, the absorption was greatest in the plain paper bags but not 
much different from that noted for the small plain burlap bags. 
Somewhat less moisture was absorbed by the meal in the large 
plain burlap bags, as the exposed area was relatively less. Rela
tively little moisture was absorbed by the meal stored in the 
waterproofed burlap bags or the two types of paper bags which 
contained the special asphalt-laminated sheets.

Generally, the amount of carotene present in the meals which 
had the higher moisture content was greater than in those which 
had a lower percentage of moisture.

The data in Table III  were obtained on determination of the 
carotene in the meal of the second series. Table III  also contains 
the data resulting from moisture determinations of the same meal 
Comparison of values in these tables will show that the result.-- 
were analogous to those found for the first series.

The difference in the carotene content of the alfalfa meal 
stoi'ed in particular types of bags in both the warehouse and tin- 
natural cooler is represented graphically in Figure 1 for the 
meal of series 1 and Figure 2 for the meal of series 2. The widest 
differences due to the different type of bags used in this study arc 
also showi) in the figures.
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Handling Fresh Alfalfa before 
Dehydration

RALPH E. SILK E R 1 AND H. H . KING
Kansas A g r i c u l tu r a l  E x p e r i m e n t  S t a t i o n ,  M a n h a t t a n ,  K a n s .

Dehydrated alfalfa m eal obtained from  field-chopped  
alfalfa contained slightly  less carotene than  did m eal 
produced in  th e conventional m anner from  long alfalfa, 
which was chopped ju st  prior to th e dehydration. Slightly  
more than 4 %  o f the carotene was lost during the nor
mally anticipated tim e required to load, haul th e chopped 
hay, and feed i t  in to  the dchydrator. This loss was coun
tered in som e m easure, however, by a lower loss o f  carotene 
during dehydration o f  the ficld-chopped hay than  that 
noted during dehydration o f th e  long hay. On standing for 
a period o f several hours, the field-chopped alfalfa lost 
about 3% o f its  carotenc per hour. The results indicate  
that field chopping does n ot seriously reduce the carotene 
content o f alfalfa m eal.

THE usual method of handling green alfalfa for commercial 
dehydration is to cut the alfalfa with a mower and elevate it 

directly onto a truck or trailer for transportation to the plant 
site. It is then pitched, or fed by automatic equipment, onto a 
conveyor which feeds the alfalfa into a chopper; there it is cut 
into short lengths before being elevated into the dchydrator.

There has been a trend recently, however, toward use of field 
equipment whereby the alfalfa is chopped in the field instead of at ' 
the plant. Field-chopped alfalfa is produced by one or the other 
of the following methods: First, a regular mower, having an 
attachment which causes the alfalfa to fall in windrows similar to 
those made with a side delivery rake, may be used for mowing. 
This necessitates a second machine which follows the mower, 
picks up the alfalfa from the windrow, chops it, and then elevates 
or blows the chopped material onto a truck or trailer. The 
second procedure uses a single field machine which mows the 
alfalfa directly, conveys it to a chopper, and finally elevates or 
blows the freshly chopped material onto a truck or trailer. An 
auxiliary power unit which is an integral part of the machine is 
used to operate the chopper. The second method is superior to 
the first since only one operation is involved, and the cut material 
never touches the ground to collect dust and other foreign mate
rial.

Several, advantages are advanced for using the field chopping 
procedure. The most important factor to consider is that 
chopped alfalfa can be fed into the dehydrator a t a more uniform 
rate than is possible when long alfalfa is used and chopped 
just before going to the drying chamber. An exceptionally good 
job can be done by using a special automatic feeder, but the work 
can be done manually with efficiency. A better product is ob
tained when a uniform rate of operation can be maintained, and a 
given unit should produce a somewhat greater quantity of prod
uct. Some operators state that less help is required in the field 
when field chopping is done. There is also less loss of material 
during transportation of chopped alfalfa than of long alfalfa.

Variation in carotene content is of primary importance in any 
problem involving the production of dehydrated alfalfa meal, but 
no attempt had been made on the part of plant operators to eval
uate the two methods from the standpoint of the carotene con
tent of the final product. Since operators’ opinions differed 
widely regarding the effect of field chopping on alfalfa, and since

Present address, T h e  W . J. Sm all C om pany , Ino ., K an sas  C ity , M o .

considerable interest was shown by operators in widely scattered 
localities, it was felt advisable to carry out the following study on 
the two procedures. The data were obtained in August and Sep
tember of 1945.

COLLECTION O F SAM PLES

Field samples were collected as follows: Walking beside the 
field machine, the collector picked samples of the long alfalfa 
from the conveyor as it passed from the mower to the chopper; 
simultaneously, samples of the chopped material were collected 
as it came from the blower tube. By this procedure samples 
of both types were obtained from identical parts of the field. 
The samples were placed in paper bags to minimize evaporation 
during the short time required to reach the laboratory, which 
was set up at the plant. Samples of the chopped alfalfa from the 
different loads at the plant were obtained by taking small hand- 
fulls from widely different parts of the load, the storage pile on 
the dock, or the conveyor as the alfalfa was fed into the dchydra
tor. All samples of the dehydrated meal were taken directly 
from the spout at the bagger and stored in a refrigerator in 
tightly covered glass jars until analyzed.

A portable laboratory, which had been used throughout the 
summer during a survey of alfalfa dehydrating plants located in 
the Kaw Valley, was utilized in this study.

PROCEDURE

All samples of fresh material were cut into small pieces—‘/s- 
to V-i-inch lengths—mixed well, and carefully sampled by quarter
ing, before weighing out individual samples for determination of 
carotene or moisture. Five grams of the various samples of fresh 
alfalfa were extracted in a Waring Blendor for 5 minutes with a 
foaming mixture of alcohol and Skellysolve B. The method has 
been described previously (4) and is essentially that of Moore 
and Ely (3) as modified by Wall and Kelley (6). The total con
tents of the Blendor were transferred to a 250-ml. Erlenmeyer 
llask, with Skellysolve B to rinse and wash out particles which 
did not pour out readily. Sufficient solvent was used so that 
only enough space remained to accommodate a tight-fitting cork. 
Charkey and Wilgus (2) showed the necessity for protecting 
alkaline ethanol extracts of alfalfa from the air and the effective 
manner in which Skellysolve may be used. The completely filled 
flasks were placed immediately in an ice chest and transported 
to the laboratory where the analyses were completed on the fol
lowing day.

The contents of the Erlenmeyer flasks were filtered through a 
Büchner funnel and the extract transferred to a 500-ml. separa
tory funnel. Water (100 ml.) was used to wash the extract and 
to remove most of the alcohol from the mixture. A small portion 
of anhydrous sodium sulfate was added to prevent the formation 
of an emulsion. After separation, the aqueous layer was ex
tracted three times with 35-ml. portions of Skellysolve B. The 
combined extracts were washed by pouring 100 ml. of water 
through the mixture, and then concentrated to a volume of 30-40 
ml. on a steam bath and dried with a small amount of anhydrous 
sodium sulfate. The concentrate of extract was next drawn 
through a 2-1 mixture of Hyflo-Super-Cel and magnesia (Micron 
No. 2641). The chromatogram was developed, and the carotenes 
eluted with an approximately 5% solution of acetone in Skelly
solve B. The eluate was made up to a volume of 250 ml., and tho 
optical density measured at 436 millimicrons with a Beckman (1) 
spectrophotometer.

Carotene determinations on the samples of dehydrated meal 
were made by a simplified method (5) developed in this labora
tory. One gram of meal was weighed into a 125-ml. Erlenmeyer
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T a b l e  I. C a r o t e n e  C o n t e n t  o f  F r e s h  A l f a l f a  f r o m  F i e l d  No. 1
Loss of 

C aro tene,
C aro ten e  U n-
in F resh  D ry  C aro ten e , . chopped

T y p e  of Sam ple, M a tte r , D ry  B asis, V itam in  A, Basis,
Fresh  Sam ple M g./lOO G . % M g./lO O  G. I .U ./L b ."  %

Long a lfa lfa  d i
r e c t l y  f ro m  
m ow er

8 .7 2 9 .8 2 9 .2 219,000

C h o p p ed  alfalfa 
d irec tly  from  
blow er

7 .8 2 6 .8 29 .1 218,000

Long a lfa lfa  a f te r  1 
h r. on dock

I s t  of load ,
9 .2

L ast of load ,
8 .3

3 1 .3

2 8 .8

29 .4

2 8 .8

Av.,
29 .1 218,000

C hopped  alfa lfa  
a f te r  0.5 h r. on 
dock

I s t  of load,
7 .5

L ast of load,
7 .6

2 6 .8

2 7 .5

2 8 .0

27 .7

Av.,
2 7 .0 209,000 4 .1

C hopped  alfalfa 
a f te r  4.5 h r. on 
dock

T o p  of pile, 
0 .4  

C en te r of 
pile, 7 .0

3 7 .5

2 7 .0

25 .1

2 5 .9

Av.. 
2 5 .5 191,000 12.4

a In te rn a tio n a l U nits  per pound  =  m g. per 100 g ram s X 7500.

flask and covered with 60 ml. of a mixture containing one part of 
acetone and two parts of Skellysolvo B. The mixture was shaken, 
and the tightly stoppered flask then set aside in the dark for 16-18 
hours. The extract was then filtered through a Büchner funnel 
and the residue washed by décantation with several portions of 
Skellysolve B. I t  was found advisable to have a total volume of 
250-300 ml., as this ensured removal of the acetone during the 
concentration, which was next carried out on a steam bath. Sepa
ration of the carotene from the chlorophylls and xanthophylls 
was carried out chromatographically as indicated.

Moisture determinations were made by placing 
the dehydrated meal in a vacuum oven at a 
temperature of 100° C. for 2 hours at the very 
low pressure obtained with a Cenco Hypervac 
20 pump. Samples of fresh material were pre
dried for approximately 2 hours at 105° C. in 
an air oven before being placed in the vacuum oven.

RESULTS

Table I presents the data which were obtained 
on the fresh alfalfa from a field which was ex
ceptionally uniform in stand and growth, and 
was ideal for a study of this type. The weather 
was clear and hot. Definite heating occurred 
in the pile of alfalfa which stood on the 
dock, and the top of the pile wilted consider
ably.

The chopped alfalfa which stood on the dock 
for 0.5 hour contained approximately 4% less 
carotene than the long alfalfa which had stood 
for an additional 0.5 hour. The loss in carotene 
from the chopped material which stood for 4.5 
hours amounted to 2.75% per hour during 
the total elapsed time. However, the rate of 

loss per hour after the first 0.5 hour was but slightly over 
2%.

Table II presents the data on the dehydrated meal produced 
from the fresh alfalfa listed in Table I. The meals from the 
fresh chopped material contained less carotene than the meal 
from the long alfalfa, but the percentage of carotene lost during 
the process of dehydration was progressively less with material 
which contained less carotene as fed into the dehydrator. This 

might indicate that a portion of the carotene 
present in fresh alfalfa is more easily destroyed 
than is the remainder. Because of the rapid 
loss of carotene which occurs when dehydrated 
alfalfa meal is placed in normal warehouse storage, 
the differences in the carotene - content of the 
final meals are not so significant as they might 
appear at first glance.

The losses in carotene during the process of 
dehydration were considerably less than those 
ordinarily incurred in commercial dehydration. 
The operator of this plant was careful in control
ling conditions and is responsible for the effi
ciency which resulted.

The data in Table III were obtained during 
the third week of September. The alfalfa was 
taken from a field which had not ’ previously 
furnished material for dehydration. The sur
face of the field was irregular; consequently 
plants were not cut at a uniform height from the 
ground, and the alfalfa itself was neither uni
form in growth nor in stand. Thus it was not 
possible to obtain samples, particularly of long 
alfalfa, w'hich were truly representative. Field 
equipment for cutting and collecting long alfalfa, 
as in the first part of this study, was not available, 
and several breakdowns were experienced with 
the field chopping equipment. The weather con
ditions were much different from those obtained 
when the first set of data was collected, since the 
sky wits overcast and the temperature was lower.

However, the loss of carotene suffered by the 
fresh chopped hay on prolonged standing was 
of the same order as previously noted. A rela
tively lowr loss of carotene was again noted 
during dehydration of two of the samples. The 
high loss in the case of the other sample was ex
pected, since the dehydrator had been shut down for 
some time and operating conditions had not reached
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T  ABLE I I .  C a r o t e n e  C o n t e n t  o f  D e h y d r a t e d  A l f a l f a  
M e a l  f r o m  F i e l d  N o . 1

O rigin of 
D eh y d ra ted  

M eal

C aro tene
in F resh  D ry  C aro tene, 
S am ple, M a tte r , D ry  Basis, 

M g ./1 0 0  G. %  M g ./1 0 0  G.

V itam in
A,

I .U ./L b .

% ,  Loss of
C aro ten e

d uring
D eh y 

d ra tio n

%  Less 
C aro tene  
th a n  in 

M eal 
from  
Long 

A lfalfa 
on D ock

L o n g  a l f a l f a  
a fte r 1 h r. on 
dock

I s t  of load,
2 6 .5  9 7 .7  27 .1  

L a s t of load ,
2 6 .9  9 6 .3  2 8 .0

Av.,
2 7 .6  207,000 5 .2

C hopped  alfalfa 
a f te r  0.5 hr. 
on dock

Is t  of load ,
2 5 .1  9 7 .3  2 5 .8  

L ast of load,
2 5 .6  9 4 .4  27 .1

Av.,
2 6 .5  199,00C 4 .8 3 .9

C hopped  alfalfa 
a f te r  4.5 hr. 
on dock

I s t  of load,
2 3 .0  9 6 .8  2 3 .8  

L ast of load ,
2 3 .3  9 3 .5  2 4 .9

Av., 
24 .4 „ 183,000 4 .2 11 .6

T a b l e III. C a r o t e n e  C o n t e n t  o f  D e h y d r a t e d  A l f a l f a  
M e a l  f r o m  F i e l d  N o . 1

T y p e  of 
Fresh 

Sam ple

C aro ten e
in  F resh  D ry  
Sam ple, M a tte r , 

M g./lO O  G. %

C aro tene, 
D ry  Basis, 

M g./lO O  G.

V itam in
A,

I .U ./L b .

Loss of 
C aro tene, 

%  H r. 
on D ock

Long a lfa lfa  d i
r e c t l y  fro m  
m ower

9 .0  2 5 .5 3 5 .3 265,000

C hopped  alfalfa 
d irec tly  from  
b low er

8 .8  2 3 .3 3 7 .8 283,500

C hopped  alfalfa 
d ire c tly  from  
field

1st of load ,
1 0 .9  2 7 .0  

V< load  oft,
9 .9  2 7 .0

4 0 .4

3 6 .6

Av.,
3 8 .5 289,000

C hopped  alfalfa 
a f te r  2.5 hr.

1st of load,
8 -8  2 5 .3  

L as t of load ,
8 .8  2 4 .3

3 4 .8

3 6 .2

A v.,
3 5 .5 266,000 3 .2

C hopped  a lfa lfa  
a f te r  4.5 h r. on 
dock

T o p  of pile,
10 .7  3 1 .3  

C en te r  of 
pile, 8 .1  2 3 .8

3 4 .2

3 4 .0

Av.,
34.1 256,000 2 .6
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T a b l e  IV. C a r o t e n e  C o n t e n t  o p  D e h y d r a t e d  A l f a l f a  
M e a l  f r o m  F i e l d  No. 2

Origin of 
D ehydra ted  

M eal

C aro tene  
in  F resh  
Sam ple, 

M g./lO O  G.

D ry
M a tte r ,

.%

C aro tene, 
D ry  Basis, 

M g ./1 0 0  G.

V itam in
A,

I .U ./L b .

Loss of 
C aro tene  

du ring  
D e h y 

d ra tio n , 
%

Chopped alfa lfa  
directly  from  
field

1st of load , 
2 9 .3  

l/< load 
th rough , 
2 9 .7

9 6 .3

9 8 .0

3 0 .5

3 0 .3

Av.,
3 0 .4 228,000 21 .1

Chopped alfalfa 
after 2.5 h r. on 
truck

1st of load , 
3 2 .3  

L a s t of load , 
3 1 .9

9 5 .2

9 6 .4

3 4 .0

3 3 .1

Av., 
3 3 .5 251,500 5 .5

Chopped alfa lfa  
after 4.5 h r. on 
dock

1st of load , 
3 0 .6  

L a s t of load, 
30 .1

9 5 .9

9 6 .0

3 1 .9

3 1 .4

Av.,
3 1 .7 237,500 7 .2

equilibrium. The higher carotene values in Tables III and IV 
were due to the more succulent material obtained during the 
cooler weather and later in the growing season.
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Vapor Pressure of W ater 
Adsorbed on Dehydrated Alfalfa

W. G. SCHRENK AND II. II. KING, K a n s a s  A g r i c u l tu r a l  E x p e r i m e n t  S t a t i o n ,  M a n h a t t a n ,  K a n s .

The vapor pressure of water adsorbed on dehydrated  
alfalfa was m easured in  th e region o f 2.2 to 14.1% m oisture  
and in the tem perature range from  17° to 50° C. Adsorp
tion isotherm s are the typical S-shaped isotherm s o f other  
similar m aterials. Isosteric plots o f the data were m ade by 
the method o f O lhm er and Sawyer (6), and the ratios be
tween the heat o f adsorption o f water by alfalfa m eal to the  
heat of vaporization o f water at the sam e tem perature were 
calculated. T his paper shows that protein con ten t, w ithin  
the range studied, lias litt le  effect on the vapor pressure. 
Blanching the alfalfa m eal prior to dehydration does not 
appear to alter th e position or shape o f the vapor pressure 
curves.

A RECENT paper (7 ) indicated that a relation may exist be
tween moisture content and carotene retention in dehy

drated alfalfa. Since these data may make it desirable to dehy
drate alfalfa to a known moisture content, information regarding 
vapor pressure equilibrium data becomes necessary, not only for 
the dehydration process, but also for purposes of determining 
optimum storage conditions and indicating types of packaging 
materials which would be desirable.

This paper therefore presents data regarding the vapor pres
sure of water adsorbed on dehydrated alfalfa and indicates its 
usefulness to the industry.

Two different commercially dehydrated alfalfa meals and one 
steam-blanched sample produced in this laboratory were investi
gated; they contained 20.1,15.2, and 19.3% protein, respectively. 
The blanched sample was prepared by placing fresh alfalfa in a 
steam cabinet through which live steam was passed at atmos
pheric pressure for 10 minutes before the alfalfa was dehydrated.

Moistures were adjusted in the laboratory by means of a vacuum 
oven for the low values (operated at room temperature) and a 
temperature-humidity cabinet for the higher levels. Moisture 
levels approximating 2, 3, 5, 7, 10, and 14%, calculated on a dry 
weight basis, were obtained.

The moisture contents of the samples were determined by plac
ing the samples in a vacuum oven at 100° C. for 2 hours. Previ
ous measurements had indicated no further loss of weight in this 
type of material after 2 hours. Vapor pressure measurements are 
expressed in terms of these determinations.

The equilibrium vapor pressures were determined by the mano
metrie method described by Makower (3, 5). For low pressures 
(below 30 mm. of mercury) dibutyl phthalate was used in the 
manometer; for higher pressures mercury was used. For the 
lower temperatures the flask containing the sample was placed in 
a constant temperature water bath, and for higher temperatures 
the entire unit was placed in a constant temperature air cabinet, 
so that the moisture in the system would not condense. Samples 
of approximately 10 grams were used. All connections were 
made by means of ground glass joints and stopcocks.

The techniques of evacuation and making readings were also 
similar to those described by Makower (3,5). During evacuation 
the moisture trap was cooled to —80° C. by means of an acetone- 
dry ice mixture. Measurements were first made at the low tem
peratures and then at successively higher temperatures up to 50 ° C. 
Pressure readings were continued for several hours, although 
equilibrium was apparently attained in 30 to 45 minutes. I t  was 
found possible to return to lower temperatures after making a 
reading at a higher temperature and to repeat the previous read
ing within experimental error. This would indicate the reversi
bility of the sorption process within the limits of the experiment.
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TEMPERATURE, DEGREES C.
50  4 5  35 2 5  21 17

f ig u r e  1. Isosteres of Water Adsorbed on Dehydrated  
Alfalfa Meal a t M oisture Levels between 2.1 and 14.1%

No difficulty with carbon dioxide as mentioned by Makower (S) 
wap experienced, although the high temperature (70° C.) at 
which he worked was not used.

DISCUSSION AND RESU LTS

The vapor pressure data obtained are given in Table I. These 
data were obtained by plotting measured vapor pressure against 
moisture content. Graphical interpolation then permitted the 
construction of the table.

If the data are treated by the method described by Othmer and 
Sawyer (6), they may bo interpreted graphically as shown in 
Figure 1 by plotting the vapor pressure of water in equilibrium 
with the dehydrated alfalfa against the vapor pressure of pure 
water at the same temperature. This gives a linear plot which 
permits extrapolation, within reasonable limits, to lower or higher 
temperatures. The experimental data fit straight lines nicely.

As has been shown for white potatoes (4), blanching produces a 
change in the dehydrated product which is reflected in changes in 
the vapor pressure data; consequently it was thought advisable 
to obtain vapor pressure data on steam-blanched alfalfa meal. 
When this procedure was followed, the type of change in vapor 
pressure, due to blanching white potatoes, was not observed, and 
the data obtained were identical with those obtained on un
blanched samples. However, commercial dehydration of alfalfa 
is a rapid process; it occurs at high temperatures and therefore 
differs considerably from the usual vegetable dehydration pro
cedures. This may account for similarities obtained under the 
two conditions, since it is possible that alfalfa is almost sclf-

T a b l e  I. V a p o r  P r e s s u r e  o p  W a t e r  o v e r  D e h y d r a t e d  
A l f a l f a  a t  V a r i o u s  T e m p e r a t u r e s  a n d  M o i s t u r e  L e v e l s

M oistu re ,—--------------V apor P ressu re , M m . Hg a t  0° C .— ----------- s
C o n ten t, % 17° C. 21° C. 25° C. 35° C. 45° C. 50° C.

2 .2 1 .3 1 .7 2 .2 4 .1 7 .5 10.0
3 .1 2 .4 3 .3 4 .2 7 .9 14 .5 19.8
4 .2 3 .5 4 .7 6 .2 12 .0 22 .1 29.5
5 .1 4 .4 6 .6 7 .8 14.7 2 6 .8 36.5
7 .6 6 .2 8 .5 10 .5 2 0 .0 35 .1 44.1

10.1 8 .4 1 1 .0 14 .5 2 5 .5 45'. 2 58.0
14.1 11 .0 14 .5 18 .8 34 .1 5 7 .0 72.1

T a b l e  II. R a t io  o f  H e a t  o f A d s o r p t io n  o f W a t e r  by

D e h y d r a t e d  A l f a l f a  t o  H e a t o f  V a p o r i z a t i o n o f  W a t e r

M oistu re, M oistu re ,
% E a/E La % E o/L i,a

2 .2 1 .13 7 .6 1.03
3 .1 1 .12 10.1 1.01
4 .2 1 .12 14.1 1.01
5 .1 1 .09

a Ea =  h e a t of a d so rp tio n  of w a ter v ap o r on a lfa lfa ; E l =  h e a t of vapori
zation  of w a ter a t  th e  sam e tem p e ra tu re .

blanched during commercial dehydration. The different levels of 
protein also seemed to have no effect on the vapor pressure data. 
The data presented here also show quite close agreement with 
those of Makower (S) on dehydrated egg powder which contained 
approximately 52% protein.

The slopes of the isosteres of Figure 1 may be used to calculate 
directly the ratio of the heat of adsorption of water by dehydrated 
alfalfa to the heat of condensation of water vapor a t the same 
temperature. The results of such calculations are shown in 
Table II. The ratio E„/El slowly increases as the moisture con
tent decreases; this indicates that the heat of vaporization of 
water from alfalfa increases as the moisture level drops. This 
agrees with other data of a similar nature (5) and should be useful 
information in the design of dehydration equipment. At mois
ture levels higher than the 14.1% given here, the ratio closely 
approaches unity, as is to be expected.

Figure 2 presents the data taken at two different temperatures 
calculated on the basis of relative humidity, with temperature 
constant (adsorption isotherms). These data are presented in 
order to show that the dehydrated alfalfa meal adsorption iso
therm is similar to that of many other substances (4, 9). The 
isotherms show tbe typical S-shape characterized by an inflection 
point at a moisture content of approximately 5%. This inflec
tion point is considered by Emmett (2) and also Stamm and Mil- 
lett (8) to represent the limit of ordinary surface adsorption at

0 2 0  4 0  6 0  8 0  100
RELATIVE HUMIDITY

Figure 2. Adsorption Isotherm s for Dehydrated Alfalfa 
Meal at 30° and 50° C.
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low humidities and the beginning of multilayer and capillary 
adsorption.

The isotherms of Figure 2 suggest that the adsorption data 
should follow the theory of Brunauer, Emmett, and Teller (1). 
Calculations based on their equation were made but are not pre
sented here, because more experimental points would be desirable 
for proper handling of these data. However, it was noted that, 
in the region of relative pressure (P/Po) between approximately
0.2 and 0.5, the data approximated a straight line in accordance 
with their theory.
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Industrial Aspects of 
Browning Reaction

TI. M . BARNES AND C. W. KAUFM AN
G e n e r a l  F o o d s  C o r p o r a t i o n , H o b o k e n , TV. J.

The browning reaction in foodstuffs is attributed to a 
reaction between reducing sugars and proteins or other 
amino bodies. This reaction has steadily achieved in 
creased recognition as a factor in  the form ation o f  color 
and flavor in  foodstuffs since Maillard published h is paper 
on the reaction o f am ino acids w ith  glucose in 1912. The 
flavor and color effect o f th e browning reaction m ay be 
either desirable, as in  th e drying o f m alt and in baking, or 
undesirable, as in  th e storage o f dried fru its and vegetables. 
The experience in  th e General Foods laboratories w ith  des- 
iccatcd coconut and tom ato is sum m arized. The study of 
the form ation o f  flavors from  the reaction o f pure am ino  
acids with reducing sugars resulted in  th e  discovery that 
aminobutyric acid and others o f sim ilar m olecular w eight 
frive rise to a flavor sim ilar to th a t o f m aple.

MAILLARD presented his paper in 1912 on the action of 
amino acids on sugars to produce what he called melan- 

oidins, dark colored nitrogen compounds of high carbon content 
(%4). Lafar (19) followed this with his study on foam fermenta
tion in the sugar industry, and Ruckdeschel (29) with a consider
ation of this reaction in kiln malt, whereupon the Maillard reac
tion took on industrial importance for the first time. Spasmodi
cally, during the early 1920’s and in increasing tempo through 
the 1930’s, the information on the Maillard reaction grew, to 
reach a climax during the recent war years. Today it is the sub
ject of extensive programs in many industrial laboratories and a 
major effort of a coordinated attack by university, government, 
industrial, and private laboratories under the sponsorship of the 
United States Office of the Quartermaster General.

Until the war years the Maillard reaction had been just slightly 
more than a laboratory curiosity. Then operations in the tropics 
developed food spoilage problems attributable to the browning 
reaction and necessitated immediate study to develop a means of 
control. Actually, the problem was not new', but it now became 
important. Earlier investigators had recognized the reaction in 
the sugar industry (9, 19, 33), the beer industry (11, 20), malting 
(21, 22, 23, 29), and milk (28). More recent work has demon
strated like deteriorative effects on dried eggs (3, 4, 26, 32), 
molasses (7), dehydrated vegetables (8, 27), dried fruit (IS, 30,

31), dried juices (16), breakfast cereal (17), coconut (17), soups 
(17), and dried fish and meats (17). I t  is undoubtedly a factor 
in the crumb color of breads and cakes and is suspected of being 
responsible for off colors developed in canned goods during process
ing. There is some indication of its occurrence in wines.

One glance at this list is, the authors believe, sufficient justifica
tion for the importance now assigned to the Maillard or browning 
reaction, in so far as the food industry is concerned, and its even
tual control assumes great importance in our plans for research 
today.

The course of the reaction between amino acids and sugars haa 
been studied by carbon dioxide evolution (1 , 2, 5 , 14), color change 
of reaction products (23), decrease in amino nitrogen during the 
course of the reaction (2, 6, 18), decrease in pH which occurred as 
the free amino groups were used up (B, 13), increase in property of 
reducing methylene blue (6, 12, 14), freezing point determina
tion (12), and the change in optical rotation (12, 14 , 26). 
Euler (12) showed that the decrease in free glucose determined 
by Willstâtter-Schudel method coincides with the decrease in 
amino acid determined according to Van Slyke, and both are 
in agreement with the results of the freezing point determina
tions. The velocity of the reaction depends on the nitrogen 
compound and carbohydrate used, conditions of concentra
tion, temperature, pH and time of heating, and the presence of 
accelerating and’ inhibiting agents. More recently, fluorescence 
has come to the fore as a tool in measuring the course of the reac
tion, and Dutton and Edwards (10) report thé colored compounds 
and the fluorescent compounds as identical. The present work 
confirmed this to the extent of showing that the color and fluores
cence curves are parallel, but with an interesting exception. In 
the presence of bisulfite the ratio of fluorescence to color was 
about five times that of an unprotected sample.

BASIC RESEARCH WORK

In our own laboratories we have attacked this general problem 
in two ways. Our basic research group has proceeded from the 
premise that a study of the reactions between individual amino 
acids and individual carbohydrates would ultimately develop a* 
sufficient understanding of the reactions involved, so as to enable; 
this type of change to be controlled much more rationally than alt
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present. In a sense, this may be considered the synthetic ap
proach; inasmuch as the objective of controlling the positive de
velopment of flavors is just as important to this program as is 
the negative control of the reaction to prevent formation of flavors 
that happen to bo regarded as undesirable.

In the course of the basic research program many hundreds of 
tests were made, each test generally involving only one amino 
acid and one sugar. In this way most of the simple binary mix
tures which are possible between the known amino acids and the 
known simpler carbohydrates were reacted under at least one set 
of conditions. The field is still far from covered, so that any con
clusions reported here must be regarded as purely tentative. 
Using dextrose and glycine mixtures in a 50% aqueous solution as- 
the simplest form of the reaction, a technique was developed for 
the comparison of the rates of color development by means of the 
half transmission time at 400 millimicrons in a cell of 1.3 centi
meters thickness. The factors influencing this development have 
been studied. pH has been found to be important, the reaction 
proceeding more rapidly a t higher pH values. Apparently the 
rate of browning is doubled a t pH 6 to the rate obtained at pH 4. 
Temperature is an important factor. Three or four hours a t 100° 
appear to be equivalent to one week at 40° C.; this indicates a 
two- or threefold increase for each 10° rise in temperature.

General conclusions which have developed from this program 
to date are as follows:

1. In many instances the development of flavor is rather 
specifically dependent upon the particular amino acid that par
ticipates in the reaction.

2. The reactivity of the sugars generally parallels the reac
tivity of these compounds in other respects. The aldopentoses, 
for instance, react more rapidly (or at lower temperature) than 
do the aldohexoses, and these, in turn, more rapidly than the di-, 
fcrl-, and polysaccharides. Carbohydrates having a free alde
hyde or ketone group naturally react more rapidly than those 
that first have to be hydrolyzed or otherwise broken down to 
release these groups. Xylose and arabinose were so reactive 
under the conditions used that color development, could not be 
satisfactorily measured even in the presence of sodium bisulfite. 
Additional work indicated that xylose is about forty times as re
active as dextrose, and arabinose about twenty times as reactive 
as dextrose.

3. The over-al' reaction of the amino acids and sugars ap
pears to be a complex series of stepwise reactions about which 
very little is known, except that the reaction mixture becomes 
rnore acid. Carbon dioxide is evolved under some conditions, 
and an aldehyde corresponding in structure to the amino acid

used is sometimes formed in significant amounts, but it contains 
one carbon atom less (through loss of carbon dioxide).

4. At elevated temperatures largo quantities of water are 
formed in proportion to the number of amino acid molecules en
tering into the reaction. In some respects it appears that the 
amino acid is acting as a catalyst in the dehydration of carbo

hydrate.
5. There appears to be a high degree of 

specificity in the kinetics of these reactions. 
For instance, the reaction characteristics of a 
given pair of reactants in the dry state cannot 
be used to predict with assurance the charac
teristics of the same pair reacted in aqueous 
solution. Dipeptides also participate in this 
type of reaction, but their rate of reaction 
may be either greater or less than that of the 
component amino acids.

6. Measured by color development, sulfur 
dioxide is still the best known inhibitor of 
these reactions.

Most of the present work has been in the 
area of inhibitors. Approximately 100 different 
compounds have been tested. Half transmission 
times have been determined for each of these" 
(Table I) compared to the uninhibited dextrose- 
glycine mixture. The ratio of glucose, glycine, 
and water used was 4:1:5 by weight. All results 
to date tend to confirm the statement given 
that sulfur dioxide or sulfur-containing com
pounds are effective to a degree comparable 
with their ability to liberate sulfur dioxide on 
hydrolysis. However, liydroxylamine, hydrazine, 
and semicarbazide were moderately effective.

In general, inhibition produced by sulfur diox
ide increased with increasing amounts of inhibitor. 

At the same time, the sulfur dioxide content decreased markedly 
during the course of the reaction, and it could be demonstrated that 
such loss was due to irreversible binding and not to oxidation 
to sulfate.

T a b l e  I .  H a l f  T r a n s m i s s i o n  T i m e s  a t  4 0 0  him (1.3-Cm. C e l l ) 
f o r  D e x t r o s e - G l y c i n e  R e a c t io n  P l u s  I n h i b i t o r s  a t  a  L e v e l  

o f  0 .1 %

In h ib ito r
T im e,

Hr. In h ib ito r
None 65 D extrose sodium  bisulfite
Sodium  bisulfita 250 addn . com pd.
Sodium  d ith ion ite 160 Sodium  form aldehyde sulf-
S tannous chloride 180 oxylate
Sodium  sulfide 110 liyd roxy lam ine
Glyoxal sodium  bisulfite 

addn . com pd. 120
H ydrazine
Sem icarbazide

The basic research groups at this laboratory have developed 
the conclusion that at the present time sulfur dioxide, properly 
applied and in limited but adequate quantities, represents the 
best means of preventing the deteriorative effects of the browning 
reaction.

TECHNOLOGICAL WORK

The second approach to the general problem was by the tech
nology group who endeavored to find solutions to specific product 
problems as they arose, utilizing all of the information available 
from the literature, or from the basic research of this company. 
I t  appeared that dehydrated vegetables, coconut, soups, etc., all 
of interest to the applied group, fell into this reaction class. At 
least they knew that each of these foods had a characteristic dark 
color, off-flavor, and off-odor. In desiccated coconut the authors 
had a problem representing their first acquaintance with this type 
of reaction. Here the reaction takes the form of producing 
saffron yellow coconut—an unsalable item.

D e s i c c a t e d  C o c o n u t . The applied work on desiccated coco
nut has just been completed. I t  is summarized in the following 
way:

F igu re  1
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1. A reduction in moisture level retards but does not stop the 
browning action. This statement should be qualified by a prac
tical limitation—namely, the inability or impracticability of 
drying below 2% moisture for general purpose use.

2. A shift in pH toward the acid side retards but docs not 
8top the reaction.

3. An increase in either invert sugar, protein, or amino nitro
gen accelerates the reaction. I t  has been established that invert 
sugar and protein decrease on ripening of the coconut. A correla
tion between analytical factors, maturity, and rate of browning 
has been established.

4. Partial removal by leaching, oxidation, fermentation, 
etc., of either amino nitrogen or invert sugar retards the reac
tion, but by all techniques used to date has so altered the flavor 
of the product as to make application impossible.

5. Among all chemical treatments tried, sulfur dioxide in 
concentrations of less than 300 parts per million prevented the 
reaction from occurring. This is effectively demonstrated in 
Figure 1, which shows (a) a color change curve actually estab
lished by plotting color change occurring in normal (70° F.) 
storage over a long period of time, and (b) the color change in the 
presence of sulfur dioxide on the same color scale.

Figure 2 shows (a) an accelerated change curve made at 175°
F,, (b) an accelerated change curve showing the effect of adding 
sulfur dioxide as an inhibitor, (c) the increased rate of color forma
tion in the presence of sodium acetate, pH 8, (d) the decreased 
rate in the presence of calcium chloride, pH 5, and (e) the de
creased rate caused by leaching out the water-soluble material.

D e h y d r a t e d  T o m a t o e s . As another example of even more 
complex nature, dehydrated tomatoes were selected for study. 
It was recognized that two chemical changes 
were involved in the storage effects noted on 
this product. In addition to the bitter, dark 
complex in the serum, this development is pre
ceded or paralleled by the appearance of the 
hay flavor and odor characteristic of some of 
the highly pigmented dehydrated vegetables.
One reaction is apparently catalyzed by the 
other, and as a result dehydrated tomatoes 
have an extremely short shelf life. Because 
of its delicate nature the product is also ex
tremely heat sensitive, and overheating dur
ing drying, with consequent chemical changes, 
appears to accelerate markedly the off-flavor 
changes in storage.

Although much of this work is still going on, 
it may be summarized as follows to date:

1. Good storage life depends upon adequate 
control of drying to see that the product is 
not overheated. The critical temperature of 
this product is extremely low, probably below 
150° F.

2. Darkening of the serum is attributable 
to the amino acid-aldehyde reaction plus a 
probable true caramelization of the invert 
sugar by the high acid in the dry final mixture.
This caramelization, as well as the Maillard 
reaction, is extremely susceptible to traces of
moisture. Metal ions in trace quantities materially accelerate 
the rate of deterioration, and trace quantities of copper from 
equipment are a definite hazard. Cyanides inhibit the reaction. 
Treating the juice with deaminase, extracted from pig kidneys, 
had a similar effect.

3. The hay flavor development, paralleling loss of red color, 
is an oxidative change (of the color fragments present). The 
authors have been able to isolate the flavor fraction in methanol 
extracts, which would indicate that it is xanthophyll in character 
rather than lycopene, carotene, or fat, as originally suspected.
. 4. Both changes can be controlled by the use of sulfur dioxide 
in comparatively low levels to give a product that will store ade
quately as long as the necessary reduction potential of the system
is maintained.

5. Proper packaging at low moistures is a necessity to keeping 
quality.

In summing up all of these practical observations, the authors 
conclude that these complex amino acid-aldehyde reactions can

in general be controlled by the use of sulfur dioxide in quantities 
of less than 1000 parts per million, so that the eventual consumer 
obtains a product superior to that which he would otherwise ob
tain.

FLAVORS FROM AMINO ACIDS

In the course of the fundamental studies, it was noted that the 
flavors and odors developed were apparently characteristic of the 
particular amino acid being used. A survey of the literature indi
cates a similar observation by earlier workers. Lintner (S3) re
ported that the aroma, taste, and color of the reaction products of 
the amino acids and sugars are different with each amino acid used. 
Ruckdeschel (29) reported that glycocoll plus dextrose resembles 
beer; phenylalanine resembles dead roses; and leucine, fresh 
bread. Ambler (2) noticed that melanoidins caused a tendency 
to foam. Enders and Lother (11) found that melanoidins in
creased foam and head retention in beer and that they further im
proved the taste of beer.

The present authors now believe that, in addition to being re
sponsible for many deteriorative changes that occur in food prod
ucts, the Maillard reaction may also be the contributing factor 
in the development of many of our characteristic food flavors. 
Although no evidence is as yet available, there is reason to suspect 
that the distinctive flavor differences in breakfast foods, the crust 
of baked bread, roasted coffee, etc., may be attributed to chemical 
combinations brought about during the heat treatment operation.

4
HOURS AT 175° F. 

Figure 2

As a specific instance, the applied laboratories of this company 
have demonstrated that soy flour may be processed with special 
sugars in a variety of ways to develop distinctly different flavors. 
The flavor characteristics resulting in the final product appear to 
be closely correlated with time, temperature, moisture, and pH 
relations of the baking operation.

M A PLE FLAVOR

In the course of considering the fundamental reactions of amino 
acids with reducing sugars, the authors went over again some of 
the same ground that was covered by Maillard thirty-five years ago 
and covered by many workers since. I t  was observed that many 
of the amino acids when heated with glucose or levulose generated 
odors which were similar to the aldehydes having one less carbon
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atom than the amino acids. The example of this which is most 
easily and certainly recognized is the benzaldehyde odor which is 
formed by the reaction of glucose with a-aminophenylacetic acid.

NH,

<t>—C—COOH +  dextrose — >
H

0—C = 0  -f- ?
H

A large number of amino acids formed aldehyde odors in this 
manner, the requisite conditions being that the aldehydes be 
volatile and that they have an appreciable odor intensity. 
Tyrosine, for example, would not be expected to give a volatile 
aldehyde, and the acetaldehyde derived from alanine would not 
be expected to have a high odor effect. The amount of aldehyde 
formed, however, is quite small. The major course of the reac
tion leads elsewhere. Sourness and bitterness are the main flavor 
products. Moreover, the aldehyde does not appear to be the only 
aromatic body formed. Leucine, for example, gives an odor which 
undoubtedly contains isovaleraldehyde, but the total odor of the 
reaction is reminiscent of rye bread. Similarly, a-amino-n-bu- 
tyric acid when heated with glucose yields an odor that is more 
■complex than the expected propionaldehyde. The total odor 
was strongly suggestive of maple.

The aminobutyric acid was not the only amino acid which 
would develop maple flavor on heating with glucose.

NHt
I

Serine HOCIL—CII—COOH

Threonine CH,—CH—CII—COOH

OH N il,

NIL

a-Methyl-a-amino-n-butyric CIL—CH2—C—COOH

CII,

NIL
I

:a -A m in o is o b u ty r ic  CIL—C—COOH

Ah ,

Serine, threonine, a-methyl-a-amino-n-butyric acid, and 
a-aminoisobutyric acid were also effective, although in a lesser de
gree. I t  was evident that a reducing sugar was necessary for the 
development of the maple character. As an example of a nonre
ducing sugar, sucrose was tried. I t  did not react until much 
higher temperatures were reached—that is, around 160° C.—and 
at this point the formation of caramel tended to mask the maple. 
I t  is known that the heating of sucrose to about this temperature 
range causes the formation of reducing sugars, and it is believed 
that this is a necessary precursor of the formation of a maple 
flavor.

A few roasts were made under conditions making it possible to 
catch the gases evolved, and it was found that 1 mole of amino
butyric and 2 moles of glucose formed 0.53 mole of carbon dioxide, 
5 moles of water, a trace of propionaldehyde, and insoluble mate
rial equal to 14% of the product weight. There was 0.17 mole of 
amino acid left, judged by formol titration, and 0.30 mole of or
ganic acid formed, judged by straight titration. The pH of the 
solution of the product was 3.6.

SUMMARY

The Maillard or browning reaction, as it is becoming more 
commonly known, is responsible for many of the deteriorative 
changes that take place in our food products, and it is amenable 
to control by the use of -sulfur dioxide in reasonable quantities. 
At this writing, a less frowned-upon control procedure has not 
been found. More recently the browning reaction is assuming an 
added industrial implication, that of being important in the area 
of developing flavor characteristics common to many of our food 
products. This area is only now beginning to unfold. Funda
mental research on this aspect may provide a means of chemically 
synthesizing some flavors which will nearly approximate the natu
ral flavors.
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Vegetable Oil Concentrates as 
Antioxidants for Vitamin A in 

Fish Liver Oils
L. O. BUXTO N

N a t i o n a l  O il  P r o d u c t s  C o m p a n y ,  I n c . ,  H a rr i so n ,  N . J.

Stability data on antioxidant concentrates, prepared 
from crude w heat germ , corn germ , and soybean oils by 
solvent extraction and tested in  crude and carbon-treated  
soup-fin shark liver and h alib ut liver oils, establish that 
such concentrates are h ighly effective antioxidants for 
inhibiting peroxidation and vitam in  A destruction in 
such type oils. In all cases, and for the sam e percentage 
of vitamin A destruction, m uch  lower peroxide num bers 
»ere observed in the o ils containing the vegetable oil a n ti
oxidant concentrates than in  the blank crude fish liver oils 
or carbon-treated oils. The crude vegetable oils, when  
tested under sim ilar conditions, displayed only m inor 
powers to in h ib it peroxidation and vitam in A destruction. 
The solvent-insoluble residual fractions, even though ex
hibiting no antioxidant activity for inhib iting vitam in  A 
destruction in th e  carbon-treated halibut liver oil, dis
played greater activity for in h ib itin g  peroxidation than the 
crude vegetable oils them selves.

MUCH work has appeared in the literature relating to the 
oxidative instability of glyceride-type oils and to the use of 

synthetic, as well as natural-type antioxidants for inhibiting such 
undesirable deteriorative changes. No attempt has been made to 
review all of that work in this report. Previous studies (1) from 
this laboratory established that the antioxidants occurring natur
ally in crude fish liver oils were either removed or destroyed when 
the oils were treated with activated carbon in the presence of an 
organic solvent for the oil. Furthermore, the addition of «-to
copherol or a-tocopherol plus lecithin to such carbon-treated fish 
liver oils, or to the untreated oils, failed to inhibit peroxidation 
effectively in such oils, even though that type of antoixidants 
markedly decreased the rate of vitamin A destruction (2).

Attempts to isolate and identify the individual, naturally oc
curring antioxidant principles of crude vegetable and fish liver 
oils have been only partially completed. Most natural oils con
tain more than one active antioxidant component, and in vege
table oils particularly two or more components act synergistically 
to afford antioxidant protection.

Mattill (9) was the first to associate the stability of a fat with 
the presence of natural antioxidants in it. Since that date (1927) 
numerous data have been reported to the effect that the stability 
of crude antioxidant-containing oils is decreased following certain 
treatments (1, 11). Mattill and co-workers (IS) showed that 
the antioxidant substances in certain vegetable oils could be con
centrated in the unsaponifiable fractions of such oils and that their 
activity depended on free hydroxyl groups. Sterols 
present in the unsaponifiable fractions were found 
to be devoid of antioxidant activity. Mattill (10) 
first recorded that gossypol present in crude cotton
seed oil possessed marked antioxidant activity.
Sesamol, a constituent of sesame oil, is an effective 
inhibitor for preventing oxidation (12). Fawcett 
(6) demonstrated that, during the molecular dis
tillation of crude cottonseed oil, the antioxidants 
are concentrated in both the first distillate and 
•n the residue. Golumbic (7) concludes that

cottonseed and soybean oils and mixed hydrogenated 
vegetable oils contain alkali-labile antioxidants other than 
the tocopherols, probably chroman-5,6-quinones. In a later 
article Golumbic (8) states that the antioxygenic chroman- 
5,6-quinones which appear during the induction period in 
vegetable fats, but never during the oxidation of animal fats, 
retard the accumulation of fat peroxides in vegetable fats 
after the complete disappearance of the tocopherols. These 
references are only a few of the many relating to the antioxidant 
qualities of vegetable oil materials which have appeared in the 
literature in recent years.

This investigation reports the antioxidant effect of crude vege
table oil materials for inhibiting vitamin A destruction and per
oxide formation in samples of crude and earbon-treated soup-fin 
shark and halibut liver oils. No attempt has been made to in
clude antioxidant effectiveness data on solvent extracts prepared 
from all types of crude vegetable oils under different experimental 
conditions, or with all possible types of solvents or solvent mix
tures. The only data included are on antioxidant concentrates 
prepared from the more common crude vegetable oils and with 
91% aqueous isopropanol at a low temperature.

CRUDE OILS

F i s h  L i v e r  O i l s . The same lots of crude soup-fin shark and 
halibut liver oil A from a previous study (2) were used in this 
investigation. The oils were carbon-treated in exactly the same 
manner as described previously. A partial analysis of the 
crude as well as the carbon-treated oils was included in the earlier 
article (2).

C r u d e  V e g e t a b l e  O i l s . The wheat germ oil and corn germ oil 
were commercial grades of solvent-extracted oils, obtained from 
the VioBin Corporation. A commercial lot of expeller soybean 
oil was obtained from A. E. Staley Manufacturing Company. 
The three oils were fresh and were filtered before use to free them 
from foreign and suspended matter. While antioxidant solvent 
extract concentrates from many other different lots of wheat germ, 
corn germ, and soybean oils were also examined, as well as those 
from numerous other varieties of vegetable oils, the variations 
were a matter of degree rather than a demonstration of some dif
ferent effect. A partial analysis of the crude oils used is included 
in Table I.

SOLVENTS

In this investigation on the use of solvent extract antioxidant 
concentrates from crude wheat germ, corn germ, and soybean

T a b l e  I .  C o m p a r a t iv e  A n a l y s is  o f  C r u d e  V e g e t a b l e  O i l s  a n d  91% 
I s o p r o p a n o l  E x t r a c t  C o n c e n t r a t e s  f r o m  t i i e  O i l s

%  free fa tty  acids 
%  unsaponifiable 
Iod ine  value 
Saponification value

Ext. E x t.
W heat W heat E xt. Corn Corn
Germ G erm Soybean Soybean Germ G erm

Oil Oil Oil Oil Oil Oil
5 .6 23-6 1.1 8 .4 1 .8 35.1
5 .3 10 .5 1 .3 8 .4 1.3 9 .7

119.1 113.2 121.1 115.0 118.5 108.3
182.5 184.6 193.0 183.3 189.0 169.0
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% VITAMIN A DESTRUCTION AT 34.5V.

HOURS AT 34.5’C.
C u rv e  1. C ru d e  s o u p -f in  s h a r k  liv e r C u rv e  4. C a r b o n - t r e a te d  so u p -f in

o il . « h a rk  liv e r o il +  5%  o f  s o lv en t ex-
C u rv e  2. C a r b o n - t r e a te d  so u p -f in  t r a c t  a n t io x id a n t  c o n c e n t r a te  fro m

» h a rk  liv e r o il c ru d e  s o y b e a n  o il
C u rv e  3. C a r b o n - t r e a te d  so u p -f in  C u rv e  5. C ru d e  s o u p - f in  s h a r k  liver
s h a r k  liv e r o il +  3 %  o f  so lv en t ex - o il +  5%  o f  s o lv e n t e x t r a c t  a n t i -
t r a c t  a n t io x id a n t  c o n c e n t r a te  fro m  o x id a n t c o n c e n t r a te  fro m  c ru d e

c ru d e  so y b e a n  o il so y b e a n  o il

oils as antioxidants for inhibiting peroxidation and vitamin 
A destruction in fish liver oils, only data on extracts prepared 
with 91% aqueous isopropanol at a low temperature (—18° C.) 
arc included. While many other types of solvents have been 
studied in the course of this work, most of them acted similarly, 
the difference again being a matter of degree. Percentage yield, 
as well as antioxidant potency of the solvent extract concentrates, 
depends largely on factors such as the temperature at which the 
extractions are performed, number of extractions, type of crude 
oil extracted, and the particular extracting solvent used. For

Vol. 39, No. 9

example, solvent extract 
concentrates prepared from 
crude soybean, corn, wheat 
germ, cottonseed oils, etc., 
by extraction with 85-88% 
aqueous isop ropano l at 
about +20° C. are slightly 
less effective as antioxi
dants in fish liver oils than 
extracts prepared with 91% 
aqueous iso p ro p an o l at 
— 18° C. The percentage 
yield obtained with the 
former type solvents is, 
however, somewhat greater. 
Extracts prepared from the 
same type oils with 91% 
aqueous isop ropano l at 
about —25° C. or lower 
are still more potent as 
antioxidants. The solvent 
cxtract concentrates can be 
processed further in several 
ways to improve the color, 
remove free fatty acids, 
part or all of the phos- 
phatides, and the inactive 
sterols, and thus further 
concentrate the active anti
oxidant principles. How
ever, in this study the 
crude solvent extract con
centrates were used without 
such further treatments.

The general extraction 
method used for preparing 
the a n tio x id a n t  ex tract 
concentrates studied in this 
re p o r t is reco rded  else
where (3). This general 
extraction method is also 
applicable for concentrat
ing the naturally occurring 
antioxidants in fish liver 
oils (5). Briefly, the de
tails of the method are as 
follows:

One hundred grams of 
the crude vegetable oil to 
be extracted were weighed 
into a 1000-ml. Erlenmeyer 
flask equipped with a ni
trogen gas inlet tube, and 
400 ml. of 91% aqueous iso- 
p ropano l were added. 
While bubbling a brisk 
supp ly  of n itrogen  gas 
through the oil and . sol
vent mixture, the mass was 
heated in a water bath to 
50° C. After the mixture 
was thoroughly shaken, 

the nitrogen supply was cut off, the flask stoppered, and the mass 
cooled gradually to the low temperature. The three oils were all 
solvent-extracted at —18° C. The oil and solvent mixture was 
allowed to remain at the low temperature for about 12 hours be
fore the supernatant extractant solvent layer was decanted. 
In most instances the said upper solvent layers were clear and 
the residual oil layers were solid. In this investigation two solvent 
extractions of cach oil were made; the second extraction was 
similar to the first. The first and second solvent extraction frac
tions were combined and gravity-filtered at — 1S° C. The clear 
solvent extract filtrates were distilled under reduced pressure in 
a hot water bath (maximum temperature about 50° C.) in the
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T a b l e II. S t a b i i IT Y  O F H a l i b u t  L i v e r  O il AT 34.5 ° c.

A ntiox idan t
0

D ays
2

D ays
3

D ays
4

D ays
5

Days
7

D ays
8

D ays
9

D ays
10

D ays
11

D ays
12

D ays
13

D ays
16

D ays
20

D ays

C rudk H a l i b u t  O il

None Perox. No. 
%  A d estr .

1 .2 2 1 .2
7 .7

28 .4
18.1

5 2 .6
5 3 .9

7 1 .3
7 0 .0

8 0 .5
7 7 .0

3% ext. soybean  oil Perox. No. 
%  A d estr .

1 .2 4 .8
4 .0

5 .2
11.0

5 .4  
14.1

7 .3
17.0

11.0 
2 1 .0

12 .5
3 0 .0

13.8
3 7 .0

[Ie f i n e d  H a l i b u t  O i i .

None P erox. No. 
%  A d estr .

3 .0 2 6 .7
3 5 .4

3 9 .3
5 2 .6

5 7 .4
6 8 .5

3% w heat germ  oil P erox. No. 
%  A d estr .

1 .1 10.9
13 .8

19 .8
3 2 .6

3 0 .8  
55 .1

3% ext. w heat germ  oil Perox. No. 
%  A d estr .

2 .6 3 .0
2 .9

4 .4
3 .3

10.1
9 .9

11.6
17.0

12.0
3 4 .6

13.1
5 5 .2

16 .2
6 9 .2

3% residue w heat germ  oil Perox. No. 
%  A d estr .

3 .3 16.3
2 4 .6

19.2
4 3 .2

2 4 .6
6 1 .8

3% corn germ  oil Perox. No. 
%  A destr .

1 .8 12.0
2 3 .9

2 3 .0
36 .7

3 6 .4
5 4 .5

4 6 .9
6 9 .7

3% ext. corn germ  oil Perox. No. 
%  A d estr .

5 .7 7 .5
5 .4

11.0
13.5

14.4
29 .4

20 .9
3 8 .4

2 2 .3
5 1 .8

2 4 .4
5 7 .3

31.1
6 8 .5

3% residue corn  germ  oil Perox. No. 
%  A destr .

3 .2 20 .7
3 0 .0

19.1
4 5 .1

27 .1
6 3 .7

3% soybean oil Perox. No. 
%  A destr .

1 .8 12.1
19 .8

2 1 .3
3 2 .4

3 5 .8
5 4 .0

4 7 .8
6 9 .8

3% ext. soybean oil Perox. No. 
%  A destr .

2 .4 4 .7
2 .3

7 .5
5 .2

* 5 .7  
13. 1

5 .6
18.7

11.6
2 8 .7

14.8
4 0 .0

16.8
5 4 .5

5% ext. soybean oil Perox. No. 
%  A d estr .

1 .7 2 .0
1.4

6 .7
1 .4

4 .3
5 .9

4 .9
7 .7

10.1
12.4 18.4

11.2
2 8 .0

14 .8
36.1

3% residue soybean  oil Perox. No. 
%  A destr.

3 .2 2 1 .5
3 5 .5

2 1 .0
4 9 .5

21 .9
6 5 .6

0.5% a-tocopherol Perox. No. 
%  A destr .

9 .8 46. 1 
1 .4

7 0 .1
4 .7

9 1 .0
8 .4

121
14.5

134
2 0 .6

154
5 8 .5

presence of nitrogen gas to remove all traces of the solvent. The 
residual oil fractions insoluble in the solvent at the low tempera
ture were also freed of solvent traces in a similar manner. Both 
the soluble extract fractions and the solvent-insoluble oil. frac
tions were stored in closed vials a t + 4 ° C. until they could be 
tested. Table I gives comparative analysis of the crude vegetable 
oils used, as well as of the solvent extract concentrates prepared 
from these oils.

Samples of the crude soup-fin shark liver and halibut liver oils 
were carbon-treated in cyclohexane using 20% of activated carbon 
(Nuchar XXX) exactly as reported previously (1). The carbon- 
treated samples were either used immediately or stored in com
pletely filled closed vials at —18° C. until the studies were con
ducted.

Portions of the crude soup-fin shark liver and halibut liver oils, 
the same oils carbon-treated, and the oils containing the various 
vegetable oil materials to be tested for antioxidant properties, 
were studied for percentage vitamin A destruction and peroxida
tion at 34.5° C. by the method outlined in a previous report (1). 
The results on vitamin A and peroxidation for the various oils 
studied arc summarized in Figures 2 and 3 and in Table II. An 
experiment is shown in Table II in which 0.50% «-tocopherol was 
added to the carbon-treated halibut liver oil for comparison. The 
percentage of vegetable oil material added to the fish liv^r oils and 
tested for comparative effectiveness, as indicated by rate of per
oxide formation and percentage vitamin A destruction, was 
arrived at somewhat arbitrarily from preliminary studies. One 
of the aims was to add sufficient of the vegetable oil solvent ex
tract antioxidant concentrates to the samples of carbon-treated 
oils to produce oils exhibiting approximately the same rate as, or a 
slower rate of vitamin A destruction than that displayed by the 
crude fish liver oils. Comparison of curves 1 and 3, Figure 2, 
shows that when 3% of the solvent extract of crude soybean oil 
was added to the carbon-treated soup-fin shark liver oil, the result
ing oil exhibited about the same vitamin A stability as the crude 
soup-fin shark liver oil. This type of antioxidant concentrates is

also equally effective for inhibiting oxidation of many other types 
of oxidizable substances (S, 4).

•  EFFE C T  O F PEROXIDATION ON VITAMIN A DESTRUCTION

Figure 1 and Table II show the data obtained on the relation 
between peroxidation and percentage vitamin A destruction in 
the samples of crude and carbon-treated soup-fin shark liver and 
halibut liver oils containing the various types of crude vegetable 
oils and fractions studied. These results indicate that, at a given 
percentage of vitamin A destruction, the peroxide numbers of the 
crude fish liver oils containing the solvent extract cone, ntrates 
and of the carbon-treated oils containing the crude vegetab'e oils, 
the solvent-soluble extract concentrates and the solvent-insoluble 
residue fractions from the crude vegetable oils are considerably 
lower than the peroxide numbers of the corresponding blank 
samples. In the carbon-treated oils, the solvent-insoluble residue 
fractions are more effective in holding down the peroxide num
bers at various percentages of vitamin A loss than the crude vege
table oils, even though the crude oils exhibit slightly greater abil
ity to prevent vitamin A destruction. At various percentages of 
vitamin A destruction, the peroxide numbers of the carbon- 
treated halibut liver oil containing the solvent extract and residue 
fractions from the crude vegetable oils are much lower than those 
of the crude and carbon-treated halibut liver oil. The solvent 
extract concentrates are greatly superior to the residue fractions 
in this respect. All of the vegetable oil materials were much more 
effective than «-tocopherol for holding down the peroxide number 
at a given percentage of vitamin A destroyed (Table II).

E FFE C T  O F T IM E  ON VITAMIN A DESTRUCTION

One of the main objects in fractionating the various crude vege
table oils was to prepare, by relatively simple and practical means, 
highly active antioxidant concentrates for inhibiting peroxidation 
and vitamin A destruction in fish liver oils. These oils, particu
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larly when refined, are such easy prey to the influences of oxidation 
that many commonly used antioxidants, normally active in other 
types of fats at low percentage concentrations, are of little value 
in preserving vitamin A and minimizing peroxidation in such oils. 
Figure 2 and Table II show the percentages of vitamin A destroyed 
after various hours of standing at 34.5° C. Comparison of curves
1 and 3 shows that 3% of the solvent extract from soybean oil 
when added to the carbon-treated soup-fin shark liver oil, makes 
the vitamin A content of the oil as stable as that of the crude soup- 
fin shark liver oil. Five per cent of the solvent extract (curve 4) 
makes the vitamin A content of the same oil more stable than that 
of the crude oil. The carbon-treated soup-fin shark and halibut 
liver oils display a vitamin A destruction rate directly propor
tional to the time, which suggests that these oils must have been 
devoid of active vitamin A antioxidants. The results in Table II 
on the rate of vitamin A destruction in the carbon-treated halibut 
liver oil containing the solvent extract antioxidant concentrates 
from crude wheat gem , corn germ, and soybean oils clearly 
demonstrate that 3% of the concentrates stabilizes the vitamin A 
content of the carbon-treated oil to a degree much greater than 
that displayed by the crude halibut liver oil. When 3% of the 
solvent extract antioxidant concentrate from soybean oil was 
added to carbon-treated halibut liver oil, the rate of vitamin A 
destruction was nearly the same as when 0.50% of synthetic a - . 
tocopherol was added to the same oil (54.5% vitamin A destruc
tion after 1G days as compared to 58.5%, respectively). The 
remarkable difference was in the respective peroxide numbers, 
which were 16.8 as against 154. Five per cent of the solvent ex
tract concentrate from soybean oil was considerably more effec
tive for stabilizing the vitamin A content of the carbon-treated 
halibut liver oil than 3% of the concentrate or 0.50% of a-to
copherol. The results show further that the solvent extract concen
trates from soybean oil are more effective for inhibiting vitamin 
A destruction in the carbon-treated halibut liver oil than similar 
extracts from wheat germ and corn germ oil. These findings are 
substantiated by unpublished data on similar type solvent extract 
antioxidant concentrates from many individual lots of the threg 
types of oils. The percentage yield of antioxidant extract concen
trate obtained from the wheat germ oil was considerably greater 
than that obtained from the soybean oil (10.9% as against 5.5%, 
respectively). This may account in part for the slightly lower 
antioxidant potency displayed by the wheat germ oil extract con
centrate. From a percentage weight yield standpoint, there is 
actually more antioxidant in the solvent extract from wheat germ 
oil than from soybean oil. Results in Table II indicate that at a 
3% concentration the three crude vegetable oils possess only 
minor ability to protect the vitamin A in the carbon-treated hali
but liver oil under the conditions employed. The solvent-insolu
ble residue fractions exhibit no protective action for vitamin A 
under the same circumstances.

EFFE C T  O F T IM E  ON PER O X ID E FORM ATION

The inhibition of peroxidation is secondary in importance to 
the prevention of vitamin A losses in fish liver oils on contact 
with air. Antioxidants of the type of a-tocopherol or a-tocopherol 
plus lecithin are ineffective for preventing peroxidation in fish 
liver oils (2). Figure 3 and Table II show the results obtained in 
this investigation on the peroxidation rate of the various samples 
studied. Curves 3 and 4, as compared with curve 1, demonstrate 
clearly that the soybean antioxidant extract fractions at a 3 and 
5%level in the carbon-treated soup-fin shark liver oil are extremely 
potent in peroxide-inhibiting principles. After 125 hours the 
peroxidation rate of the sample containing 5% was much slower 
than in the sample containing 3%. The blank carbon-treated 
soup-fin shark liver oil (curve 2, Figure 3) exhibited a straight line 
of oxidation, which indicates the absence of active antioxidants. 
The rate of peroxide formation in the samples of carbon-treated 
halibut liver oil (Table II) containing the antioxidant extract

concentrates from the three crude vegetable oils studied was much 
slower than in the crude halibut liver oil. For example, after a 
storage period of 9 days at 34.5° C. the peroxide numbers of the 
crude halibut liver and the carbon-treated halibut liver oil con
taining 3% of the antioxidant extract concentrates from wheat 
germ and soybean oils were 80.5, 12.0, and 5.6, respectively. 
The antioxidant extract concentrate from crude corn germ oil was 
slightly less active for inhibiting peroxidation in the carbon- 
treated halibut liver oil than in the carbon-treated soup-fin shark 
liver oil. This behavior is undoubtedly due to differences in the 
degree and type of unsaturation and in the glyceride configuration 
of the two fish liver oils. Samples of the carbon-treated halibut 
liver oil containing 3% of the crude vegetable oils and the solvent- 
insoluble residue fractions from the erode vegetable oils displayed 
slower peroxidation rates than did the blank carbon-treated oil

The results indicate that crude wheat germ, corn germ, and 
soybean oils are valuable sources of antioxidants; from them con
centrates very active for inhibiting vitamin A destruction and 
peroxidation in fish liver oils can be prepared by solvent extrac
tion. Even though the crude vegetable oils, as such, possess only 
minor powers to inhibit peroxidation and vitamin A destruction, 
solvent extract concentrates from the said oils are highly effective 
for both purposes.

The insoluble residue fractions from the crude vegetable oils 
possess less antioxidant potency toward preventing vitamin A 
destruction, but somewhat greater activity than the crude vege
table oils themselves for inhibiting peroxide formation in the car
bon-treated halibut liver oil. This fact indicates that the pci 
oxide-inhibiting type antioxidants are not removed by the solvent 
extraction treatment to the same extent as are the vitamin A 
inhibiting type antioxidants. Certainly the solvent extract con
centrates contain large amounts of the active peroxide-inhibiting 
type antioxidants; otherwise these concentrates, which are known 
to contain the major proportion of the unesterified tocopherols 
present in the crude vegetable oils, even though they are effective 
in inhibiting vitamin A destruction in the carbon-treated oils, 
wouid not have so effectively inhibited peroxide formation. Some 
of the antioxidant activity of the concentrates is the result of the 
synergistic action between the phosphatides, which are present in 
large amounts in the extracts, and other antioxidant components 
also present, such as the tocopherols and chroman-5,6-quinones 
Further work is required along these lines before a clear under
standing of all the factors Involved can be realized.
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Boiling 

Binary Solutions
A CETONITRILE■ WA TER

SYSTEM'
DONALD F . OTHM ER AND 

SAM UEL JO SEFO W ITZ
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T he vapor-liquid com positions for the binary sy.slem  
acetonitrile-w ater were determ ined at atm ospheric pres
sure, at 300 m m ., and at 150 m m . pressure. It was found  
that at all o f these pressures a m inim um -boiling azeolrope 
was present. Extrapolation showed that at about 10 m m . 
pressure this azeolrope would have a com position o f  95 
m ole %  acetonitrilc boiling at approximately —12° C. 
The data were correlated by the m ethods o f Othm er and 
G ilm ont (8) and were further checked by the m ethod of 
Carlson and Colburn (j).

THE use of acetonitrile as a solvent and as a starting point in 
the production of ethylamine, intermediates, and synthetic 

aromatics has expanded greatly during the last few years. Users 
of acetonitrile have been confronted with the problem of separat* 
ing this material, which is completely miscible with water, from 
its aqueous solutions. The data on this system are sparse in
deed. Ewert (2) reported some vapor pressures of aqueous solu
tions of acetonitrile at 20°, 25°, 30°, 35°, and 40° C. In review
ing the vapor pressures of binary solutions, Landsberg (4) calcu
lated the composition of aqueous acetonitrile solutions at 30° C. 
Therefore, the vapor-liquid equilibrium of aqueous solutions of 
acetonitrile was studied, and the effect of pressure on the azeo. 
trope formed was investigated.

In this investigation c . p . acetonitrile was further purified by 
drying with calcium chloride and by redistilling. The fraction 
boiling between 81.5° and 81.7° C. was used for these experiments. 
The specific gravities of aqueous solutions of acetonitrile were 
studied by a Westphal balance at 20° C., and are given in Table
I and Figure 1. The analysis was made by measuring the specific) 
gravity of solutions and reading off. the compositions directly 
from Figure 1.

The method and apparatus for determining the vapor-liquid 
equilibria have been described previously (S, 7). The tempera
ture was observed directly with a thermometer calibrated by the 
National Bureau of Standards within 0.1° C., and the pressure 
was read and maintained constant by a mercury manometer and 
constant pressure device (3). The liquid and vapor states in 
equilibrium were determined by gravimetric analysis of samples 
of the liquid withdrawn from the still and from the distillate

'  P revious articles in th is  series ap p eared  in  1928 (page 743), 1943 (page 
614), 1944 (page 1061), 1945 (page  279), and  1946 (page 751); a lso  in  A n a -, 
l y t i c a l  E d i t i o n , 1932 (page  232).

Figure 1. Specific Gravity o f Aqueous Solutions of 
A cetonitrile at 20° C.

40 50 60 70 80 90 100
Liquid Composition Mol % Acetonitrile

Figure 2. Vapor-Liquid Com position Equilibrium  of 
cetonitrilc-Water System  at 760, 300, and 150 M m . 

Pressure

60
% Acetonitrile

1175



T a b l e  II. V a p o r  C o m p o s i t io n s  f r o m  B o i l i n g  A q u e o u s  
S o l u t i o n s  o f  A c e t o n i t r i l e

T otal 
Pressure, M m .

760

■Liquid----------- » /----------- V apor-
T em p., Sp. nr., C om pn., Sp. Er.. Compn.,

° C. 20 /2 0 ° C. mole % 2 0 /2 0 °  C. mole %
8 1 .5 0 .787 1 00 .0 0 .787 100.0
7 9 .2 0.789 9 6 .0 0 .797 87.9
7 8 .8 0 .790 9 5 .0 O.SOO 85.1
7 7 .9 0.793 9 1 .4 0 .802 83.5
7 7 .1 0.797 8 8 .0 0 .807 79.5
7 6 .3 0 .807 7 9 .5 0 .814 74.0
7 6 .0 0 .816 7 2 .6 0 .8 1 6 72.6
7 6 .3 0 .8 3 5 59 .7 0 .820 69.3
7 8 .2 0 .886 3 4 .9 0 .827 64.5
7 8 .4 0 .9 0 6 2 7 .9 0 .8 3 0 62.7
7 9 .3 0 .935 18 .8 0 .837 58.5
80 .9 0 .9 6 7 9 .9 0 .843 55.0
85 .2 0.987 3 .9 0 .8 6 4 44.7
90 .1 0 .995 1 .5 0 .894 32.0
9 1 .7 0 .9 9 8 0 .6 0 .9 0 6 27.9
9 5 .0 0.999 0 .2 0 .938 18.0
9 7 .8 1.000 0 .0 0 .974 7 .9
9 9 .0 1 .000 0 .0 0.991 2.6

100.0 1.000 0 .0 1.000 0.0

54 .4 0 .787 100.0 0 .787 100.0
5 3 .2 0 .7875 9 9 .0 0 .7 9 0 95.3
5 2 .3 0 .788 9 8 .0 0 .793 91.4
51 .0 0.793 9 1 .4 0 .802 83.5
5 1 .2 0 .799 8 6 .0 0 .804 80.8
5 1 .1 0 .819 7 0 .0 0 .8 1 0 77.2
51 .4 0.849 5 2 .0 0 .813 74.6
5 1 .7 0 .896 31 .1 0 .814 73.2
5 4 .0 0 .9 6 0 1 1 .8 0.821 68.6
6 4 .7 0.990 3 .0 0 .876 42.0
7 3 .5 0 .9 9 8 O.S 0 .9 6 4 10.7
7 5 .8 1 .000 0 .0 1 .000 0 .0

3 6 .7 0.787 100 .0 0 .787 100.0
3 6 .6 0 .7 8 8 9 8 .0 0 .790 95.5
3 6 .0 0 .790 9 5 .5 0 .794 91.0
3 4 .6 0.795 90 .0 0.799 86.0
3 4 .1 0 .810 7 7 .2 0 .8 0 2 S3.5
3 4 .5 0 .8 5 0 5 1 .3 0.S 06 81.0
3 6 .7 0 .942 16 .8 0 .814 73.2
44 .8 0 .9 8 4 5 .2 0 .851 50.7
58 .7 0 .999 0 .3 0 .9 7 9 6 .4
60 .2 1 .000 .0 .0 1.000 0 .0
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Mol % Acefonilrile

Vapor Pressure j
Figure 4. T otal Vapor .Pressure o f Aqueous Solutions of 
A cetonitrile vs .  Vapor Pressure o f W ater at Sam e 

Tem perature

T a b l e  I. S p e c i f i c  G r a v it y  (20/20° C.) o f  A q u e o u s  S o l u t i o n s  
o f  A c e t o n i t r i l e

W t. %  Ace Sp. W t. %  Ace Sp. W t. %  Ace Sp.
ton itrile G r. ton itrile G r. to n itrile G r.

100.0 0.7S7 7 3 .7 0 .8 4 4 2 2 .8 0 .965
97 .1 0 .794 5 0 .0 0 .899 8 .1 0 .990
9 0 .3 0 .804 2 6 .3 0 .955 3 .7 0 .994
8 3 .0 0 .S22 0 .0 1.000

°  Experimental 

■ Calculated

P r e s s u r e  (mm. ng j

Figure 5. Com position o f  Aeetonitrile-W ater 
Azeotrope v s .  Pressure

trap, respectively, after the mixtures were allowed to boil for at 
least 30 minutes after they had reached constant temperature. 
The data are presented in Table II  and were correlated accord
ing to methods described previously (5, 6, 8).

Figure 2 gives the vapor-liquid equilibrium curves of acetoni- 
trile-water, and Figure 3 shows the boiling point curves for the 
system, at. 760, 300, and ISO mm. An azeotrope is formed at all 
these pressures. The data were then correlated (ff) by cross 
plotting the total vapor pressure of the solution against a.tem
perature scale calibrated from the vapor pressure of water (Fig
ure 4). In such a graph the lines are plotted at constant composi
tion, and the line which has the highest vapor pressure at any 
given temperature represents the azeotrope at that temperature 
and pressure.

Since for this system there was little change in boiling point 
over a large range *of liquid concentrations, these constant con-

1 1 1 1
O 20 4 0

Composition Mol %

Figure 3. Tem pcrature-Com position Curves for 
Acetonitrile-W ater at 760, 300, and 150 M m .

150 mm.
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Figure 6 ( T o p ) .  Partial Pressures of A celonitrile us 
Vapor Pressure o f Water at Sam e Tem perature

Figure 7 ( C e n t e r ) .  Activity Coefficients of A celonitrile  
and Water v s .  Com position at 760, 300, and 150 M m.

9 0  M o l  %  A c e to n it r ile  In L iqu id - 

8 0 --------------------------------------------------

6 0 -------------------------------------------— 7

40---------------------
20----- -------- ¿ y y S -

centration lines fell extremely close together; for clarity only a 
few of them are reproduced on Figure 4. These lines are straight 
and, hence, may be extrapolated. When this is done, it is found 
(Figure 5) that at approximately 50 mm. pressure the azeotrope 
contains 90 mole % acetonitrile, and at approximately 10 mm., 
95 mole %.

To check the accuracy of the data, a plot was made on logarith
mic paper of the partial pressures of acetonitrile at constant liquid 
compositions against a temperature scale calibrated from the 
vapor pressure of water (Figure 6). The lines obtained were all 
straight within the accuracy of the experimental data, as pointed 
out previously (8).

Figure 7 shows further correla
tions of the activity coefficients of 7. , ,
both components against liquid \ ;
composition at constant pressure. 6 X 150 mm
Excellent correlations were thus ob- 5 \
tained which, as pointed out by \
Carlson and Colburn (1), may give 4 _ \
another evaluation of the accuracy \
of this type of data. By plotting »  \
the activity coefficients a t constant _ 3 — \
concentration against a temperature \
scale calibrated from the vapor pres- ^  \  ,
sure of water (Figure 8), straight S 2 __ \  T
lines are obtained which permit easy ^ \  /
extrapolation and show the effect on ~ ' \ f
the activity coefficients of changes Z y \
in pressure. The excellent correla- < /  \
tion on this plot and on the direct 
logarithmic plot against pressure, |
previously described (8), is çrobably 'o 20 40 60
the best indication of the reliability , 
of the data.

60 80 100 200 300 400
Vapor Pressure Of Water (mm.)

o Acetonitrile 
» W ater

8 0  100 0  2 0  4 0  6 0  8 0  100 0  2 0
L iq u id  C o m p o sitio n  Mol % Acetonitrile

T e m p e ra tu re  ° C .
4 0  5 0  6 0  7 0C O N C L U S IO N S

Because of the formation of azeotropes, it is not 
practical to separate the aqueous solutions of aceto- 
uitrile by a straight distillation process. I t  is, how
ever, possible to purify this material to a degree 
sufficient for most of its present applications by 
using low pressure distillations in order to increase 
the percentage of this material in the azeotrope.

10 M o l %  A c e to n it r ile  In  L iq u id
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A 2-tim -per-day continuous pilot p lant has dem onstrated  
conclusively the chem ical and m echanical feasibility of 
¡1 process for iron-free alum  production. Under optim um  
conditions o f operation, an alcohol loss o f 0.43% is realized. 
T he estim ated production cost o f $39.91 per ton o f  alum  
in a com m ercial 20-ton-per-day p lant indicates that, under 
present m arket conditions, the process would n ot he eco
nom ically feasible. The basic significance o f th e  process 
lies in the fact that an  expensive organic chem ical can, 
by proper engineering design, be utilized to produce a 
very cheap inorganic tonnage product. I f  a m aterial wi:h  
a higher cost differential between crude and finished 
product than  alum  were purified, th e  proccss would un
doubtedly be econom ically sound.

T O M EET the growing demand during World War II  for 
iron-free alum, used primarily in the production of synthetic 

gems, gasoline cracking catalysts, fine chemicals, and certain 
military applications, and to stop the diversion of strategic 
aluminum trihydrate for this purpose, the Bureau of Mines 
developed and evaluated a novel process for the production of 
alum directly from domestic raw materials of unrestricted supp"ly- 
The Bayer process for the manufacture of aluminum trihydrate is 
the only method tha t has achieved industrial application or 
commercial significance in this country. Although the pro
duction of aluminum metal has created the major outlet for 
alumina, this material was in great demand during the war as a 
base for the manufacture of certain strategic and critical alumi
num salts, such as iron-free alum.

Low grade bauxite and clay are more amenable to acid ex
traction than to alkaline treatm ent; but the aluminum salts 
resulting from an acid leach are always contaminated with, and 
heretofore difficult to separate from, iron salts. Any acid proc
ess for the production of alumina is thus confronted with the 
problem of first separating the iron and aluminum salts formed 
during extraction of the ore. When sulfuric acid is used, the 
resulting salts are sulfates; therefore an effective purification 
procedure will provide a source of iron-free alum independent of 
the Bayer proccss.

High silica bauxite and clay remained unrestricted during the 
national emergency, and although such material can be processed 
in a Bayer plant, the consumption of soda and loss of alumina 
make production expensive. A successful acid process for 
manufacturing iron-free alum must, as a minimum objective, 
achieve an economy tha t will compare favorably with the alter
native of using a premium-priced aluminum trihydrate made 
from low grade bauxite.

The separation of two water-soluble salts can frequently be 
achieved by introducing to the system an organic solvent in which 
one of the salts is insoluble and thus effects selective removal of 
that component. The fact th a t aluminum sulfate can be precipi
tated from its aqueous solution by the addition of ethyl alcohol 
lias long been recognized, and the marked solubility of ferric 
sulfate in this same organic solvent is well established. Vittorf 
was apparently the first to propose the application of this phe
nomenon as a practical method for the purification of crude alum 
solutions (6). Patents covering the use of alcohol to purify 
aluminum sulfate have been issued in England, France, Switzer
land, and Belgium, although the first three presumably cover the 
same procedure (2).

Roller (3,4) has conducted considerable experimentation on the 
fundamental considerations of the problem, and brought to the 
attention of the Chemical Engineering Section of the Bureau of 
Mines a flow diagram utilizing elevated temperatures, the ad
vantage being a substantial reduction in the quantity of alcohol 
required.

LABORATORY STU D IES

An exhaustive series of laboratory tests demonstrated that, 
within practical process limits of temperature and concentration, 
the alcohol does not enter into chemical combination with other 
components of the system, nor does any appreciable amount of the 
solvent decompose. A theoretical approach to the problem of 
developing a process therefore resolved itself primarily into » 
study of solubility and phase relations.

The solubility of aluminum sulfate in aqueous solutions was 
determined and plotted as shown in Figure 1. Although the 
concentration of dissolved salt is a t a minimum when the solvent 
contains approximately 81% alcohol, it was apparent from the 
change in slope of the curve tha t an ultimate process concen
tration of 50 to 55% alcohol would favor the use of less alcohol 
without appreciable sacrifice in yield of product. As the in
solubility of aluminum sulfate in alcohol solutions is significant 
only as contrasted with the solubility of iron sulfates, these data 
were determined and are also plotted in Figure 1. To prevent 
hydrolysis of iron salts, a  small quantity of free sulfuric acid was 
added to the solutions.

I t  is apparent that both ferrous and ferric sulfates are consider
ably more soluble in alcohol solutions than is aluminum sulfate. 
Crude alum normally does not have an FeiOsiAljOi ratio greater 
than 0.04; on this basis, if precipitation with alcohol is effected 
from a saturated solution, the residual solvent mother liquor 
will be greatly undersaturated wdth respect to iron sulfates.

Simple mixing of alum and alcohol solutions, however, was 
found to result in precipitation of a product from which only
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»bout 90% of the iron had been extracted. If the crude alum 
contains Fe2C>3 equivalent to 3% of the AI2O3 content, it is neces
sary to extract 97 to 98% of the iron in order that the product, 
may meet specifications for iron-free alum. Extensive laboratory 
studies were conducted to develop processing details that would 
raise the efficiency of extraction from 90 to 98%.

Quality specifications for iron-free alum depend upon the pur
chaser’s requirements. One large consumer has reported that, 
before the national emergency, material made from high grade 
trihydrate had to conform to the following analysis: AI2O3, ap
proximately 17.00%; Fe20 3, not to exceed 0.003%; Na-.O, not 
to exceed 0.15%. An inferior but apparently acceptable grade 
that was available under wartime restrictions had the following 
composition: AI2O3, 17.33%; FC2O3, 0.010%; Na20, 0.11%.

Quantitative investigation of the system Alj(SO.i)3-C 2HsOiI- 
1120 (i) revealed that a three-phase system of alum hydrate plus 
alcohol-rich liquid phase plus water-rich liquid phase could be 
produced under certain conditions of temperature and con
centration; further empirical tests demonstrated that con
sistently high purification could be attained only when the final 
crystal crop was developed from the foregoing three-phase 
system.

To minimize the amount of alcohol required for precipitation 
and attain optimum purification, the following procedure was 
finally adopted: Alcohol at room temperature was added to hot 
alum solution to effect an immediate precipitation of impure alum 
which, upon heating to equilibrium temperature and subsequent 
cooling, gave the required 97-98% iron removal. The following 
points were also established during the laboratory development:

1. The quality of the final product depends upon the quality 
of the raw material; low iron in the crude will give a superior 
product.

2. In the range 0.1 to 5.0% equivalent FC2O3, no distinction is 
apparent between extraction of ferrous and ferric iron, an average 
iron removal of 97-98% being easily obtained.

3. Product yields of 93 to 97% are realized.

EtOH,Weight percent

Figure 1. Solubility of Ferric, Ferrous, and A lum inum  
Sulfates in  Ethanol-SVater Solutions at 33° C. (1.7% Free 

Sulfuric Acid)

4. The alum hydrate precipitated is uniformly the hexadeca 
salt at room temperature.

5. The common industrial denaturant, formula 2B, may be 
substituted for U.S.P. alcohol, and the process can thus use a tax- 
free solvent.

Figure 2. South Elevation o f Small Scale Pilot Plant
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Figure 3. Ground Floor and Second Floor Plans of Equipm ent Layout in  C ontinuous P ilot P lant

9.
14.
15.

17.
18.

Tw o lead-lined  jack eted  disso lu tion  tan k s  for a lum , each of 450-gallon 
cap ac ity , w ith  s team  coils and  padd le  ag ita to rs  

T w elve-inch S h river p la te -and -fram e filter press
Single, lead-lined, Jacketed  evap o ra to r, prov ided  w ith 1-inch lead coils 

for p rim ary  h ea t transfe r; 18-inch flue a tta ch e d  for v ap o r exhaust 
A lum  sto rage  tan k . Id en tica l in construction  to  e v ap o ra to r except for 

s team  coils and  s igh t glasses; bo th  item s of 530-gallon capacity  
Lead-lined 840-gallon alcohol sto rage  tan k
B atch  c rystallizer (th is u n it d id  no t figure in  con tinuous operation) 
L ead-lined  940-gallon s lu rry  sto rage  ta n k  prov ided  w ith  tw o large 

p add le  ag ita to rs  
S ta in less-steel 28-inch B ird  solid-bow l con tinuous centrifugal 
F il tra te  s to rag e  ta n k  (identical to  item  5)
T h irteen -p la te , bubble-cap  frac tio n a tin g  colum n, fab rica ted  of stainless 

steel
C opper condenser (6 feet X 16 inches) for vapors from  colum n 
P rim ary  alcohol receiving tanks, of copper construction  and  120-gallon 

capac ity

19. Alcohol b lending tan k , iden tical to  item  5 w ith  s ide-en tering  propeller
a g ita to r

20. E igh ty-gallon  lead-lined, ja ck e ted  m ixer, equ ipped  w ith steam  coils
and  tu rb ine  ag ita to r

21. H alf-inch lead  heating  coil, 45 feet in length , im m ersed in a drum  of
w a ter prov ided  w ith s team  in le t as a  h e a t source

22. F o u r 25-gallon crystallizers fab rica ted  of s tain less steel, w ith cooling
coils a n d  tu rb in e  ag ita to rs

25. Tw o dup lica te  lead-lined  a lum  stills  of app rox im ate ly  230 gallons
capacity , jack e ted , prov ided  w ith  h e a t coils and  large paddle agita
to rs  w ith  su p p lem en ta ry  baffles

26. Sm all copper w ater-cooled condensers, 3 feet X 6 inches
27. Six-inch stain less-steel screw  conveyer fo r w et cake
28. C o n sta n t-h ea t lead  feed tan k s  of approx im ate ly  6 gallons capacity
29. Tw o su p p lem en ta ry  lead-lined  alcohol sto rage  un its , of approxim ately

300 gallons cap ac ity  each 
T he  re c tan g u lar blocks rep resen t 1- and  3A -m ch cen trifugal pum ps with 

the  m ateria l of construction  p rin ted  for each.

SM ALL SC A LIC PI LOT PLANT

Superficial consideration of. any process for an inexpensive 
tonnage chemical, using an organic carrier for the product, dis
closes that solvent losses in the operation must be held very low. 
For this reason it seemed advisable to pursue a pilot plant devel
opment as a two-stage study. First, the fundamental char
acteristics of the operations were explored in an inexpensive 
batch plant, and from the data obtained a well designed con
tinuous plant of semicommercial scale was erected. In the

continuous unit, investigation was to be directed toward achiev
ing a minimum loss of solvent and developing a detailed economic 
evaluation of the process.

The small pilot plant was erected a t the Southern Experiment 
Station, Bureau of Mines, Tuscaloosa, Ala., and Figure 2 shows the 
general arrangement. The majority of tests were made on a 
batch basis, approximately 40 pounds of alum being processed 
per batch in equipment units of approximately 35 gallons ca
pacity. The following points were established during the batch 
pilot plant tests:
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Mixer, H eating Coil, and Crystallizers (Item s 20, 21, and 22 o f Figure 3)

1. Pilot plant iron-extraction 
efficiencies average 97.8%.

2. An average alum yield oC 
94.6% was attained.

3. No unusual mechanical prob
lems were encountered.

4. Of the alloys tested to meet 
the abrasive characteristics of the 
crystal slurry, stainless steel ap
peared to be the most satisfac
tory, except where concentrated 
alum solutions were concerned.

5. Lead was an acceptable ma
terial for all stationary equipment 
and piping requirements.

6. Based on higher recoveries 
of solvent, simplicity of equip
ment, and superior heat transfer 
characteristics, distillation drying 
was selected as the best system 
for recovery of the wash alcohol.

7. As expected, the over-all loss 
of alcohol in this unit was ex
tremely high, amounting to 0.05 
gallon of 100% ethanol per pound 
of product.

8. As it was impossible to 
relate the foregoing figure to 
performance that could be an
ticipated in a well designed, totally 
enclosed plant, a larger instal
lation was a virtual necessity 
for evaluating this factor alone.

CONTINUOUS P IL O T  PLANT

The foregoing laboratory and semipilot plant studies demon
strated the chemical feasibility of the process, but the operations 
were not on a scale large enough to permit a reliable evaluation of 
cost. As stated before, the critical variable that could not be 
fixed was alcohol recovery, which obviously controlled the 
commercial possibilities of the development.

The continuous pilot plant was located in the College Park 
Experiment Station of the Bureau of Mines where 3700 square 
feet of floor space equally distributed between two floors was 
allocated to the project. Plant design was based on the fore
going two sections, and Figure 3 shows location of various items.

P r o c e s s .  The initial conception of the continuous process is 
illustrated by Figure 4 which shows the flow of materials based on 
primary process piping.

The raw material for the process was crude alum containing 
varying percentages of iron and insolubles as the principal im
purities. The alum, as received in 100-pound paper sacks, was 
charged to the dissolution tanks by means of chute and hopper 
from the second floor. Sufficient alum was dissolved in hot 
water to produce the desired specific gravity, and the solution 
was acidified by the addition of concentrated sulfuric acid in
troduced through a lead funnel via the chute. Insolubles present 
in the solution were removed in the Shriver filter press, and the 
clarified liquor was pumped to the evaporator, where the final 
adjustment of concentration (varying from specific gravity 1.20 
to 1.44) was made. The adjusted alum solution was then 
pumped to the alum storage tank, from which it was metered 
through a rotameter at any desired rate and mixed with a me
tered stream of alcohol in the mixing tank at about 60° C. with 
the immediate formation of a slurry of impure alum crystals. 
% means of the coil heat exchanger the temperature was raised 
to the invariant point and the requisite three-phase system was 
attained, temperature varying from 68 ° to 78 ° C., depending upon 
initial conditions. Cooling and concomitant crystallization were 
accomplished in four successive stages of approximately 10° 
temperature differential. The cooled alum-alcohol-water mix
ture was collected in the slurry storage tank, where large-blade 
agitators prevented premature solids separation. Slurry was 
subsequently metered to the Bird centrifugal, where the alcoholic

mother liquor was separated from the alum crystals, which were 
then washed with fresh alcohol. The combined filtrates were 
pumped to storage preparatory to fractionation, and the alum 
cake was carried alternately by screw conveyer to one of the 
distillation units, where adhering alcoholic wash liquor was dis
tilled off. Molten alum from this operation was poured into 
iron pans for solidification and packaging.

E q u i p m e n t  M o d i f ic a t i o n . In view of the limited design 
data and operating experience that could be gathered from the 
batch pilot plant, it was anticipated that initial operation of the 
continuous unit might demonstrate the necessity for some major 
changes. However, this was not the case, and, except for minor 
piping revisions and slight adjustments, the basic arrangement 
of the plant was not altered during the entire development study.

A major difficulty arose in the metering of slurry. It had been 
planned originally to maintain a constant level of slurry in the 
alum-alcohol mixing tank by automatic instrumentation actuat
ing a centrifugal pump. Frequent plugging of the elbows re
sulted from intermittent pump operation, and manual control 
of flow was attempted with little improvement. The problem 
was nicely solved by the use of a side overflow on the mixing tank, 
whereby the slurry was indirectly metered by the incoming 
streams of alum and alcohol.

A similar problem resulted in attempted metering of slurry 
from the storage tank to the Bird centrifugal. The special 
rotameters provided for this purpose failed completely, and it 
was again necessary to utilize a side overflow to control flow. 
In this instance rate of flow was regulated- by the incoming 
stream of slurry from the last crystallizer.

Some difficulty was experienced in duplicating the high iron- 
reduction ratios characteristic of the laboratory. This was 
attributed to the relatively large temperature drops experienced 
by the slurry in the crystallizers and the short interval of time 
at which the reaction mixture was maintained at the invariant 
point. An additional holding tank, in which the slurry was held 
for about 15 minutes at its invariant point, was installed between 
the reheat coil and the crystallizer; this obviated the foregoing 
variable. Prohibitive delivery schedules mitigated against in
stallation of additional crystallizers, and the slurry storage tank 
was adapted subsequently as a crystallizer and arranged par
allel with the preceding four. This lowered the individual tem
perature drop to about 7 0 and had a beneficial effect on purity of
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product. In similar 
equipment at least 
eight crystallizers 
should be utilized, 
representing a tem
perature drop of 
approximately 4° 
per unit.

The Goslin-Bir- 
mingham ro ta ry  
vacuum filter was 
tested in lieu of 
the 'centrifuge for 
solid-liquid separa
tion, and some 
modification of 
equipment was 
ncccssary. How
ever, this was a 
planned alternative 
and was not caused 
by operating ex
igencies. Figure 5 
is a material bal
ance based on the 
optimum conditions 
of operation.

C a p a c it y . Origi
nally designed for 
a production of 2 
tons of alum per 
24-hour day, the 
plant proved quite 
flexible, and satis
factory operating 
rates of 1 to 2.5 
tons per day were 
a ch iev ed . A ll 
equipment proved 
to be of sufficient 
size and flexibility 
to operate ade
quately over this 
range, with the 
exception of the 
Bird centrifugal. 
This unit did not 
provide satisfactory 
washing efficiencies 
at the higher rates.

The Goslin-Bir- 
mingham ro ta ry  
vacuum filter was 
oversize a t the 
lower ra te , and 
a portion of the 3 
continuous operation.

CRUDE ALUM
AI, (SO,), 
Fe,(S04), 
INSOLUBLE

2420.7 
22.4 

6 2
AI20,(£Xoess) 28.9
HjO 17 95.6 

_4273.8

DILUTION 
HjO 10811.2

MIXING

TO
ATMOS
PHERE

VAPOR
HjO 7362.6

EVAPORATION

S TO R A G E
AI2(S0„)3 2517.6
Fe2(S04)3 22.4
HjSOa 74.0
H,0 5266.0

7880.0

W ET C A K E
AI2(S04)3 2301.1
Fe2(S0«)3 0.6
EtOH 1559.7
H20 2979.4

6840.8

DRYING

TO
GRINDING

P R O D U C T  
AI^SOo), 2301.1
Fe2(S0,)j .6
H,0 1698.3

4 000 .0

♦CUMULATIVE ALCOHOL 
LOSS SHOWN IN S T ILL  
RESIDUE.

♦'CRYSTALLIZATION

SLU R RY STO RAGE
Ala(S04)3 2517.6
F8j (S0,)3 22.4
H2SO„ 74.0
EtOH 6413.0
H20 8283.9

17310.9

FILTRATION

FILTR A T E WASH
AI2(S04)3 216.5
Fea(S04) 3 21.8
HjSO« 74.0
EtOH 9573.3
H,0 8464.5

18350.1

C O N D EN SA T E  
EtOH 1559.7
Hs0 1281.1

2840.8

FILTRATION

S TO R A G E
AIjCSOJ, 25 17.6
Fej(S04), 22 .4
HjSQ, 7 4 .0
H,0 12628.6

15242.6

R ESID U E  
INSOLUBLE 6.2 — * T 0  

WASTE

P R O C ES S  ALCOHOL
EtOH 6413.0
HjO 3017.9

9430.9

WASH A LCOH OL
EtOH 4720.0
H20 3160.0

7880.0

MAKE UR WASH
EtOH 55.6
HjO 1503.6

1559.2

MAKE UF? PROCESS
HjO______________ 710.9

D IS T IL L A T E  
EtOH 9517.7
H,0 2682.3

X
12200.0

D IS T ILLA T IO N

TO WASTE

E
R E S ID U E

Ala(S0a)3 216.5
Fe2(S0<J3 21.8
Hj S0„ 74.0
EtOH * 55.6
HjO 5782.2

6 150.1

Figure 5.

X 1 foot drum was blocked off for

UNIT OPERATIONS

C r u d e  A l u m  A d j u s t m e n t . Although any industrial applica
tion of an alcohol process for producing iron-free alum undoubt
edly would be located in a commercial plant producing crude 
alum, the pilot plant necessarily included facilities for dissolving 
and concentrating dry ground alum as supplied to the market.

After dissolution in acidified aqueous solution, the crude alum 
solution was filtered in a Shriver platc-and-frame press, using 
canvas cloth. Concentration in a steam-heated evaporator prepar
atory to storage or use was controlled by specific gravity and pH 
measurements. An operating schedule for this unit follows:

M aterial Balance in Pounds per Day

Charge. 635 gallons of solution at specific gravity 1.196 (25° 
C.); alum content 1000 pounds at 17% AI2O3, H2SO4 content 35.7 
pounds.

E v ap o ra tio n
l im e ,
H ours

Sp. Gr. 
(80° C.)

1 .1 7 4
1 .1 8 4
1.217
1.252
1.280
1.316
1.378

S team
C ondensa te ,

Lb.

048
936

1324
1602
1862
2100
2325

Product. 155 gallons of solution at specific gravity 1.378 
(80° C.); alum content, 1000 pounds at 17% AI2O3 = AU(SO«)j* 
16H.O.
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Performance
Alum throughput = ——  = 131 lb. a lum /hr. =  31501b./dayO
W ater evaporated =  17501b. =  219 lb ./h r . av.
Steam condensed (2325 lb.) =  291 lb ./h r. av.
Lb. w ater/lb . steam  =  0.75
Lb. steam /lb . alum  =  2.21
Theoretical heat (assume sp. heat of soln. =  1.0)

Sensible =  365 X 8.33 X 1.196 (100 -  25)
1.8 X 1.0 =  490,000 B .t.u.

L aten t =  1750 X 970 =  1,700,000
T otal 2,190,000

Actual heat =  2325 X 940 -  +2,185,000 B.t.u.

C r y s t a l l i z a t io n . Laboratory and batch pilot plant ex
perience indicated that crystallization was the critical step as far 
as purity of product was concerned. Retention of mother 
liquor, washing characteristics, and filterability all depended to a 
great degree on the characteristics of the crystalline product.

Alum solutions (specific gravity 1,37), containing 8.87% alumina 
at 90° C. and 68% by weight ethanol at 25° C., were fed con
currently and continuously to a closed tank provided with 
agitation. A two-phase system consisting of aluminum sulfate 
crystals in an aqueous-alcohol solution formed immediately at 
approximately 50° C. (the blending temperature of the two 
solutions). From this point on, the process consisted mainly of 
heating the slurry to the invariant point of the system (68° C. 
for this alum feed) and subsequently cooling the mass stepwise 
until a good crop of crystals developed and a two-phase system 
was re-established.

Considerable thought and study were devoted to the design 
of the crystallizers in order that the requisites of agitation and 
cooling would be met. A vigorous agitation rate was necessary 
to prevent formation of cake together with a cooling rate of not 
more than 0.5° C. per minute. In effect, an 
ideal erystallizer would be a narrow, jacketed 
pipe of infinite length such that concurrent water 
flow would allow a low differential cooling rate 
and turbulent slurry flow in the tube would 
provide requisite agitation. Conventional crys
tallizers failed to meet one or both of these re
quirements. Final design was a bank of four 
cylindrical stainless-steel tanks, each of 25-gallon 
capacity, with alternate over-and-under flow 
connections provided with turbine agitators and 
water coils. This system worked satisfactorily, 
although the 10° drop per tank was too high 
and a minimum of eight units is indicated.
Average operating data follow:

R u n  A B
Al!(SO*)rHiH-iO, lb ./d a y  2300 4600
A verage iro n  ex trac tion , %  9 7 .2  97 .1
B est iron  ex trac tion , %  9 7 .7  9 7 .2
O ver-all processing tim e, ruin. 600 300

F i l t r a t i o n . One of the most important unit 
operations is undoubtedly filtering and washing 
the purified alum crystals. This step controls 
the ultimate quality of product and must be 
conducted in a vapor-tight continuous unit to 
minimize loss of solvent. Either a continuous 
centrifugal or a hooded vacuum filter fulfilled 
these requirements; therefore, both were pro
vided for alternate testing. I t  was immediately 
apparent that the smaller the temperature differ
ential between adjacent coolers or crystallizers, 
the better the filtering and washing character
istics of the resulting alum crystals.

Centrifugal. Mechanically the continuous, 18 
X 28 inch, stainless steel centrifuge was the sim
pler unit, although supplied fume seals failed to 
provide good solvent recoveries. The following 
factors were evaluated for this unit: (a) The mirii-

murn wash : alum ratio, which gives wash efficiencies of better than 
95%, is 0.78 gallon per pound of alum. (6) The maximum cen
trifuge speed, 2000 revolutions per minute, proved most effi
cient, and resulted in decreased wash and mother liquor retention, 
(c) An alum feed rate of 97 pounds per hour gives better wash 
efficiency than higher rates. This is because of machine design, 
however, and if the washing tube were enlarged the rate could 
undoubtedly be increased, (d) Over the range of slurry density 
tested, there is no effect on washing efficiency. The range tested 
was 0.40 to 0.626 gallon of slurry per pound of alum.

Vacuum Filler. This unit required numerous mechanical 
accessories, including refrigerating unit, vacuum pump, blower, 
and miscellaneous condensers. The entire system was totally 
enclosed, and during operation the vapor system was main
tained at a carbon dioxide content of 36% by volume to minimize 
the possibility of explosions. As previously stated, the capacity 
of the filter exceeded other plant units, and a portion of the 3 X
1 foot rotary vacuum filter was blocked with canvas strips. 
Figure 6 shows the arrangement, of the filter and accessories. In 
general, the characteristics of the filter were superior to the cen
trifuge, as evidenced by the following data: (a) The minimum 
wash rate that gives efficiencies better than 95% is 0.21 gallon, 
of wash per pound of alum in contrast to 0.7 in the centrifuge. 
This represents a saving of over $3.00 per ton of alum produced.
(6) An alum feed rate of 64 pounds of alum per square foot per 
hour appeared to be optimum, (c) Retention of wash liquor is a 
direct function of washing rate, which is attributed to variable 
drainage time of the alum cake. (d) Product purity is compar
able to optimum laboratory washing.

D r y i n g . This operation represented a major obstacle to 
successful engineering design, as all commercially available units
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T a b l e  I. S t i l l  P e r f o r m a n c e  i n  5 - H o u r  R u n s

Total feed, gal.
Feed ra te , g a l./h r .
Alcohol concn. of feed, \vt. % 
Alcoholic co n ten t of feed, lb ./g a l. 
Total d is t., lb.
Alcohol in  d is t., lb.
W ater in d is t., I d . ,
Alcohol concn. of d is t., w t. %
Total slop, lb.
Slop from feed, lb.
Slop from  steam , lb.
Total s team  consum ption , lb.
Steam consum ption , lb ./lb . alcohol

T est 1 T e s t 2
645 670
129 134

5 7 .0 5 3 .6
4 .2 8 4 .0 6
3340 3415
2750 2720

660 745
80 .6 84 .8
3980 3980
1425 1605
2555 2375
2560 2380
0.93 0 .875

were inadequate for various reasons. Since virtually all alcohol 
must be recovered, a completely enclosed system is mandatory, 
and continuous operation does not appear feasible.

As alum will melt in its water of crystallization, retained al
coholic mother liquor could be recovered by simple distillation in a 
scmicontinuous unit. Wet cake discharged from the filtration 
operation was transported to the batch stills by a 6-inch stainless 
steel screw conveyer. Between the conveyer and each dryer were 
two 6-inch rising-stem gate valves, separated by an auxiliary 
horizontal conveyer. After a dryer was three quarters filled, 
the horizontal conveyer was reversed and the alternate dryer 
placed in operation. Closing the gate valve on the filled dryer 
isolated it from the conveyer system, and alcohol could then be 
recovered by distillation. Temperature measurements of the 
melted alum provided an index of concentration.

The molten alum, free from alcohol, was discharged through
2-inch drainage valves by gravity into stainless steel pans of 
300 pounds capacity. These alum ingots were finally crushed 
and bagged.

This rather novel semicontinuous drying operation worked 
smoothly and had no outstanding mechanical or technical de
fects. iThe following conclusions were drawn: When operated 
continuously, the dryers required 0.75 pound of steam per pound 
of alum. The average capacity is equivalent to 215 pounds of 
alum per hour. Adhering wash is recovered as 60% ethanol and 
is suitable for subsequent process requirements. Stainless-steel 
pans had sufficient strength and corrosion resistance for molding 
300-pound alum ingots.

D i s t il l a t io n . I t was necessary to recover continuously 
the alcohol discharged in the filtrate and wash liquors as a result 
of the solid-liquid separation. The required unit consisted of a
12-foot-high, 20-inch-diameter, stainless steel exhausting column 
equipped with thirteen plates; each plate contained twelve 
bubble caps. Still feed was pumped from storage through a 
preheater, which consisted of 73 feet of Vj-inch stainless steel 
tubing inserted in the top of the column, where ascending vapors 
provided the requisite amount of preheat. The alcoholic prod
uct was collected in an intermediate copper receiver after liqui- 
fieation in a 6 X IV j foot vertical tube condenser, and the still 
bottoms were discharged to a central sump after partial neutral
ization.

Instrumentation consisted principally of a series of rotameters, 
hydrometers, and pressure'regulators. Two rotameters provided 
with stainless steel floats were utilized to meter the still feed and 
to control the reflux ratio. A Brown recording regulator, actu
ated by pressure within the still, controlled the flow of steam 
by means of an automatic valve. Two hydrometers, mounted 
ou the control panel, were used to determine the concentration 
of alcohol in the distillate and in the vapor over the still bottoms. 
Two thermometers were inserted in the still body below the first 
»id the tenth plate, respectively, providing an index for the 
operator of the relative concentration of alcohol in the slop and 
distillate.

To minimize fluctuation in the still feed and in the rotameter 
readings, constant-head tanks were installed for both the feed 
and product rotameters.

As the still bottoms contained free acid, it was necessary to 
provide partial neutralization before discharge. A lead-lined 
tank was filled with a 2-foot bed of crushed limestone, and the 
slop was allowed to percolate through the bed to a central sump. 
The time of contact was restricted, but the pH was raised from 
1.03 to 1.97.

A series of tests was conducted to determine the operating 
characteristics of the distillation unit, and average data are given 
in Table I.

R E C O V E R Y  O F  A L C O H O L

The lowest loss of alcohol in the pilot plant was 0.022 pound 
per pound of alum produced, with an equivalent average figure of
0.0478. As the former figure was maintained over a 21-hour 
operating schedule, it is assumed to represent a true evaluation 
of the over-all solvent recovery efficiency.

Loss of 0.20% of the alcohol processed in the distillation column 
was good for a unit of this capacity. Filtration represents the 
largest unit processing loss, and the rotary filter is superior to 
the centrifuge in this respect. I t  is believed that modification of 
design would permit utilization of the mechanical superiority of 
the Bird centrifugal a t equivalent recoveries. Losses of 0.0075 
pound of alcohol per pound of alum were experienced in the drying 
unit.

M A T E R IA L S  O F  C O N S T R U C T IO N

Corrosion was the major problem encountered in the con
tinuous pilot plant although materials of construction were 
selected in accordance with extensive small scale tests and the 
experience of the Tuscaloosa batch plant.

The greatest difficulty lay in the distillation column and the 
crystallizers, both of which were constructed of Type 304 stainless 
steel. After one month of operation severe corrosion of the column 
became apparent, locating primarily on the spiders which held 
the bubble caps to the plate disk. Because of difficulties in 
machining, these pieces had been fabricated from Type 303 
stainless steel which.was completely unacceptable, as low initial 
resistance, coupled with galvanic action, quickly resulted in its 
dissolution. After additional laboratory testing, Type 316 
stainless was selected as the best material for process require
ments. It was necessary to cut 6-irich handholes in the still 
shell above each plate to permit replacement of the spiders, and 
then portholes were permanently attached.

This substitution proved to be only a temporary solution, as 
acidic alum filtrate immediately attacked the Type 304 shell 
after removal of the Type 303 spiders. At this point it was 
realized that Type 316 or 317 stainless was mandatory in any 
subsequent installation.

Fortunately the problem of the existing plant was completely 
solved by the addition of 0.5% nitric acid to the alum feed. This 
did not appreciably affect processing and, for all practical pur
poses, completely inhibited corrosion of the still and other steel 
units.

Minor difficulties were experienced with pinholes in the lead, 
which is directly attributable to faulty workmanship. Bal
looning of linings on application of heat to faulty tanks was 
eliminated by providing weep holes in all lead-lined equipment. 
These should bo specified on all such equipment used at atmos
pheric pressures.

Stainless steel or Duriron pumps were used for crystal slurry, 
antimony lead for hot alum, and bronze for alcohol, all with 
satisfactory results. Lead was employed for alum, slurry, and 
filtrate lines, and copper for transporting all alcohol-water 
mixtures.

C O L L E C T IO N  O F  DATA

Data were collected on each of the unit operations and are 
itemized in Table II; Table III gives the sampling schedule.
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T a b l e  II. D a t a  S c h e d u l e

Un it  O peration M easu rem en t M ethod F requency

C rude alum  a d j u s t  A lum  analysis C hem ical 8 hr.
ment Alum  charged W eight 8 hr.

W ater charged F low m eter 8 hr.
HjSO< charged M easurem ent 8 hr.
Alum  specific g rav ity H ydrom eter 30 min.
F ree acid p H  m eter 30 min.

( Tyntallization Alum  feed ra te R o tam ete r 15 min.
Alcohol feed ra te R o tam ete r 15 min.
Alcohol concn. H ydrom eter 3 hr.
M ixing tem p. T herm om eter 15 inin.
E qu ilib rium  tem p. T herm om eter 15 min.
1st cooler tem p. T herm om eter 15 min.
2nd cooler tem p. T herm om eter 15 min.
3 rd  cooler tem p. T herm om eter 15 m in.
4 th  cooler tem p. T herm om eter 15 min.

F iltra tion  (B ird  cen S lu rry  tem p. T herm om eter 15 min.
trifugal) F il tra te  tem p. T herm om eter 15 min.

W ash ra te R o tam ete r 15 min.
C u rre n t consum ption A m m eter 15 min.
F il tra te  vol. G age glass 1 hr.
F il tra te  concn. D istilla tion 1 hr.
W ash-liquor re ten tio n E v ap o ra tio n 30 min.

F iltra tio n  (G oslin-B ir- S lu rry  tem p. T herm om eter 15 min.
m ingham  filter) F il tra te  tem p. T herm om eter 15 m in.

D rum  speed S top  w atch O n a d ju s t
m ent

W ash ra te R o tam ete r 15 min.
V acuum Gage 15 mjn.
H ood pressure 
Blow pressure, cake

Gage 15 m in.

discharge Gage 15 min.
V apor tem p. T herm om eter 1 hr.
C ondenser tem p. T herm om eter 1 hr.
.F iltra te  vol. Gage glass 1 hr.
F il tra te  concn. D istilla tion 1 hr.
W ash-liquor re ten tio n E v ap o ra tio n 30 m in.

Drytnit Vol. of charge O bservation 15 min.
A lum  tem p. T herm om eter 15 min.
D ist. vol. G age glass 1 hr.
A lum  discharged W eight 6 hr.
A lum  analysis Chem ical 6 hr.

D istillation Feed ra te R o tam eter 10 min.
Reflux ra tio R o tam ete r 10 min.
D istn . ra te R o tam ete r 10 min.
D ist. concn.
Pressure  on bo ttom s

H ydrom eter
A u tom atic

recorder

30 min. 

10 min.
T op-p la te  tem p. T herm om eter 10 min.
B o tto m -p la te  tem p. T herm om eter 10 min.
Feed vol. G age glass 30 min.
D is t. vol. G age glass 30 min.

T a b l e  III. S a m p l i n g  S c h e d u l e

U n i t  O p e r a t io n S a m p l e F r e q u e n c y

C rude-alum  a d ju stm en t Raw  alum 3 hr.
C rysta lliza tion Alum  feed 1 hr.
F iltra tion Slurry  to  filter 30 min.

C ake from  filter 30 min.
F il tra te 1 hr.

Drying D ischarged a lum 5 hr.

No special problems were encountered in either collection of 
data or sampling. For purposes of pilot plant control, several 
analytical control expedients were adopted to facilitate opera
tions.

A n a l y s is  o f  A l u m i n u m  S u l f a t e  S o l u t i o n s . Iron was de
termined in the crude alum solution by'titration with 0.25 N  
potassium dichromate. Diphenylamine was used as indicator 
after total reduction of the iron with stannous chloride; excess of 
the latter was destroyed with mercuric chloride.

Alumina was determined in the crude alum liquor by gravi
metric precipitation of the R2O3 with ammonium hydroxide, us
ing bromocresol purple’ as indicator. The alumina was then de
termined by difference, using the iron value obtained above. For 
rapid pilot plant control this method was unsatisfactory; there
fore, specific gravity or density was employed in the pilot plant. 
Table IV gives data 011 these constants, which agree in general 
with those previously reported (5). The boiling points provided 
an additional index of alumina concentration and were of special 
value in the drying operation.

Considerable difficulty was experienced in determining free 
acid. The standard potassium fluoride titration is difficult, time 
consuming, and not applicable to pilot plant operations. To mini
mize lag in obtaining control data, considerable study was made, 
and a novel procedure was developed in which pH of diluted alu
minum sulfate solutions (specific gravity 1.18) were plotted 
against concentration of sulfuric acid per 100 grams of alumina. 
Data were obtained by adding known quantities of sulfuric acid

to an acid-free solution of aluminum sulfate, and the pH was de
termined. By means of such an empirical relation, the net acid
ity of aluminum sulfate solution can be measured when diluted 
to the above specific gravity. Figure 7 shows such a curve and 
the data from which it was plotted.

A n a l y s is  o f  A l u m i n u m  S u l f a t e  H y d r a t e s . Iron in the final 
product was determined colorimetrically; using orthophenanthro- 
line as indicator. In the reduced state, iron produces a red com
plex with orthophenanthroline, the intensity o£ which is propor
tional to the iron concentration. The reagent has several ad
vantages over usual colorimetric methods in stability of color and 
independence of color intensity from impurities.

An alternate procedure utilizing sodium thiocyanate was em
ployed in preliminary work. A red complex is obtained with iron 
in the oxidized state which also is proportional to the concentra
tion of iron; however, sulfate solutions have a detrimental effeci 
upon color formation, and numerous precautions are necessary to 
procure accurate results.

A n a l y s is  o f  A l c o h o l . The alcohol content of various mix
tures was determined by distillation. A  unit volume of sample 
was diluted with two units of water, and a two-unit volume of dis
tillate was collected. The specific gravity, as the index of alcohol 
concentration, was then determined with a specific gravity bal
ance or pycnometer.

Using these analytical techniques with reference tables and 
charts prepared for the various unit operations, there was no 
lag in data reports. Plant technicians made all determination* 
concomitant with operational duties, and satisfactory result? 
were obtained.

The time required for equilibrium or steady-state condition* 
was, of course, a function of production rate, varying from (i 
hours at 1 ton per day to 3 hours a t 2.5 tons per day.

All crystallization conditions are rather critical, feed rates and 
temperatures being maintained within very narrow limits. The 
most critical temperature control is that of the heating coil, 
(item 21, Figure 3) in which the slurry is brought to its invariant 
point, — 1° C. being the maximum allowable limit. Higher 
temperatures cause complete solid-phase dissolution, while the 
converse is true of lower .temperature; both, however, result in 
marked lowering of ultimate purity of product. Crystallizes 
were maintained by automatic regulators at ±  2° F., but even 
larger variations did not appreciably affect either purity of prod
uct or subsequent operational details.

Figure 7. Calibration Curve for pH M easurem ents of 
A lum inum  Sulfate Solutions (Specific Gravity 1.18, 25° C.)

G. HiSO«/ G. H iSO ./
pH  100 G. AI1O1 p H  100 G. AljOi

2 .7 2  0 .0  1 .57  10 .0
2 .6 3  2 .1  1 .38  13.7
2 .4 8  4 .2  1.47 10.0
2 .3 1  6 .1  1 .06  2 0 .0
1 .78 7 .9  0 .84  30..0
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T a b l e  IV. S p e c i f i c  G r a v it y , D e n s i t y , a n d  B o i l i n g  P o i n t  
o p  A q u e o u s  A l u m i n u m  S u l f a t e  S o l u t i o n s

Concn., 
Grams 

AltOi/lOO Ml.
10
12
15
16
17
18

Sp. Gr. 
(9 0 ° /4 °  C.)

1 .27  
1.33 

. 1 .40  
1.43 
1.4G 
1.48

D ensity  
(100° C.)

1 .26
1.32
1.39
1.42
1.45
1.47

Boiling 
P o in t, 

° C.
102.4
104.0
106.0  
106.6 
107.2 
107.8

EVALUATION O F PROCESS

Thu primary objective of the pilot plant development was to 
evaluate this process with respect to potential commercial ap
plication. The preceding discussion of pilot plant data is con
fined largely to mechanical operation and quality of product 
obtained. While these studies were being conducted, the op
timum operating conditions were being established, and on this 
basis the material-balance flow chart (Figure 5) was prepared. 
Data and basis for calculation of the balance are as follows:

Product: 20001b. Al2(S04)314H2'0 ; 0.035% Fe20 3/Al20 3.
Crude alum: sp. gr. 1.37 at 100° C.; 1.19% Fe203/Al20j; 

pH = 1.0 (21 lb. II2S04/100 lb. A120 3); 352 gal. of solution; 
2200 lb. A12(S04)3- 14H20  = 2360 lb. A12(S04)3 16H20.

Alum yield: 90% recovery (from plant experience).
Process alcohol: 68% by wt. (sp. gr. 0.868); 660 gal. (from 

chart 1.88 gal./gal. alum).
Wash alcohol: 60% by wt.; 550 gal. (from filter data, 0.25 

gal./lb. cake).
Wet cake: 35/1 reduction ratio (40/1 in crystallization); 

97.3% washing efficiency; 35% wash-liquor retention; 90% 
product yield.

Dry cake (product) : 2000 lb. A12(S0<)3-14H20.
Filtrate: approx. 54.2% EtOH by wt.; sp. gr. 0.899; approx. 

1225 gal.
Distillation: 8680 gal. distillate; 78% EtOH by wt.; sp. gr. 

0.844 (plant practice) ; steam consumption 4900 lb. (from plant 
run 25) (0.875 lb/lb. C2H6OH fed).

Residue: approx. 0.58% acid.

As a starting point for developing the cost estimate of a com
mercial plant, it is well to review the actual cost of the 2-ton-per- 
day continuous pilot plant. These data are summarized as 
follows:

$39,020
9,820
5,740

$54,580

Total major item s of e qu ipm en t
Total minor item s of eq u ip m en t (valves, pipes, etc .)
Total labor (direct)

Total construction cost (exclusive of buildings, pow er 
generation, etc.)

This cost can be distributed as follows:

Alum dissolution 
Evapn. «fc storage 
Alcohol storage 
Crystallization 
Filtration (filter only) 
Drying 
Distillation 

Total

Since the pilot plant was designed for production of 2 tons per 
day, the foregoing cost represents an investment of approximately 
$91.00 per annual ton, 54,580/(2 X 300).

The production of iron-free alum by this process can be con
sidered as a series of operations supplementary to standard com
mercial practice in the manufacture of crude aluminum sulfate. 
The annual domestic production of crude alum is approximately 
WO,000 tons, whereas the manufacture of iron-free alum is nor
mally about 25,000 tons per year. In attempting to evaluate the 
Purification process, it has been assumed that a commercial plant

P ro 
M ajo r % ra te d P ro 
I te m T o ta l M inor ra ted T o ta l
C ost, M ajo r Item s, L abor, C ost,

A Item s B C A +  B +  C
4,020 10 .3 1010 590 5,620
3,130 8 .0 785 460 4,375
1,500 3 .9 385 225 2,110
8,040 2 0 .6 2020 1180 11,240

11,400 29 .2 2870 1675 15,945
3,150 8 .1 795 465 4,410
7,780 19.9 1955 1145 10,880

39,020 100.0 9820 5740 54,580

would be constructed in conjunction with an existing crude alum 
plant and that an annual production of 6000 tons could be mar
keted. Based on 300 operating days per year, the daily capacity 
of the unit would be 20 tons.

To distribute the anticipated capital investment equitably, 
process equipment for crude-alum manufacture has been included 
in the cost estimate, but no investment cost for buildings or 
power-generating facilities has been charged to the cost of the 
production unit.

The foregoing breakdown of pilot plant construction cost 
indicates that the accessory items of the unit cost approximately 
25% of the major item cost [(9820/39,070)100 = 25.1%]. Simi
larly the installation labor amounted to 14.7% [(5740/39,020) X 
100] of the major item investment. This labor cost, however, 
included no supervisory expense, and in a comparable commercial 
construction it was estimated that labor would comprise about 
20% of the major item cost.

With the foregoing ratios in mind and applying a conservative 
estimate to the cost of necessary major equipment items for a 
commercial plant, the estimated capital expenditure for a unit 
to produce 20 tons of iron-free alum per day can be broken down 
as in Table V. As previously mentioned, the cost of buildings 
and power-generating facilities has been omitted, since it is 
assumed that the unit would be erected in an operating crude 
alum plant.

In the commercial production of crude alum, reaction of bauxite 
with sulfuric acid is exothermic, and the resultant hot solution is 
normally discharged to the settling tanks at about 35° Bé. A 
solution of this strength is suitable for feed to the crystallization

T a b l e  V. E s t i m a t e  o f  E q u i p m e n t  C o s t

In s ta l
Acces la tion
sories L abor

M ajo r a t a t T o tal
Item s 25% 20% Cost

C rude a lum  p rep a ra tio n
C rusher 51,500 $400 S300 $2,200
B auxite feeder & conveyer 3,000 800 600 4,400
Acid sto rage 2,000 500 400 2,900
D igester 2,000 500 400 2,900
S e ttling  tan k s  (2) 5,000 1200 1000 7,200
F ilte r 3,000 800 600 4,400
E v a p o ra to r 3,000 800 600 4,400
Storage 3,000 800 600 4,400
Pum ps (4) 2,000 500 400 2,900

Alcohol storage
S torage tan k 2,000 500 400 2,900
F eed tank 1,00Q

1,000
300 200 1,500

P um ps (2) 300 200 1,500
C rystalliza tion  u n it 

M ixer 2,000 500 400 2,900
H eaters 1,000 300 200 1,500
H olding vessels 2,000 500 400 2,900
Coolers (8) 8,000 2000 1500 11,600
Storage 3,000 800 600 4,400
P um ps (4) 3,000 800 600 4,400

F iltra tio n
V acuum  filter 12,000 3000 2400 17,400
10-inch conveyer 4,000 1000 800 5,800
W ash ta n k 2,000 500 400 2,900
F iltra te  storage 3,000 800 600 4,400
P um ps (3) 2,000 500 400 2,900

D ry ing  u n it 
D ryers (2) 8,000 2000 1600 11,600
Condensers 1,000 300 200 1,500
R eceivers 1,000 300 200 1,500

D is tilla tion  u n it
Feed tan k 1,000 300 200 1,500
Still 15,000 4000 3000 22,000
Receiver 1,000 300 200 1,500
B lending tanks (2) 4,000 1000 800 5,800
P um ps (4) 3,000 ■ 800 600 4,400

P ro d u c t hand ling
1000Cooling pans 4,000 800 5,800

C rusher 2,000 500 400 2,900
D u st collector 2,000 500 400 2,900
Bagging m achine 3,000 800 600 4,400
C onveyers 4,000 1000 800 5,800

Sewage tre a tm e n t (neu tra lizer) 
F ire p ro tec tion

3,000 800 600 4,400
8,000 2000 1600 11,600

Service lines, etc. 6,000 1500 1200 8,700
S u b to ta l 199,000
C ontingencies (20% ) 41,000
T o ta l estd . cost $240.000
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process, and although the equipment cost estimate has included 
an evaporator, it is assumed that this will be required only 
periodically for minor adjustments of density. Steam con
sumption in this operation is, therefore, negligible. A detailed 
calculation of manufacturing cost estimate per ton of product 
follows:

I. Raw Materials 
/I . Bauxite at 55% A12Oj and S6.00/ton

102 98
AI20 3 +  3H2SO.i -

594
■ Al2(S(M.rl4H20  

2000

AI2O3 — 

B auxite

102 X 2000
594 344 lb.

344

R. Sulfuric acid

0.55 X 0.90 X 0.97 
3 X 98 X 2000

594

= 717 lb. = $2.15

= 990 lb.
990/0.90 = 1100 lb. digestion

SO lb. adjustment 
1180 lb. total H-jSO*

1180
(21 X 3.44)/0.90

= 1262 lb. 66° Bé. at 16.50/ton = 10.420.935
C. Alcohol at 99.5% recovery at $0.30/gal. 95%

660 gal. 68% for ppt. =  660 X 8.33 X 0.868 X 0.68 = 3250 lb. 
550 gal. 60% for wash = 550 X 8.33 X 0.860 X 0.60 = 2360 lb.

5610 lb.
5610/(0.785 X 0.95 X 8.33) = 904 gal.

904 X 0.005 X 0.30 = $1.36/ton

II. Labor (proccss per 8-hr. shift) : crushing 2 hr., extraction 4, 
adjustment 2, crystallization 4, filtration 2, drying 2, crushing 2, 
packaging 3, distillation 4, alcohol adjustment 3; total 28 hr. -f 
supervision (15%) 4 hr. = 32 hr. at $1.20 hr.

(32 X 3 X 1.20)/20 = S5.75/ton

III. Packages'(100-lb. bags estd. at $0.10 each)
20 X SO. 10 = $2.00/ton

IV. Power
A. Electricity at S0.03/kw.-hr.

E std .
sepower H r ./  D ay H. P .-H r.
20 2 40
10 4 40
15 20 300
5 24 120

24 24 575
15 24 360
10 6 60
20 2 40
10 ■1 40
30 15 450
10 16 160

2185

O peration
C rushing 
C onveying 
E x trac tin g  
M ixing 
Cooling 
F iltering  
D rying 
C rushing 
C onveying 
P um ping  (gen.) 
L ighting 

T o tal

(2185 X 0.745)/20 = 82 kw.-hr./ton 
82 X 0.03 = $2.45/ton

B. Steam at SO.35/1000 lb.
1. Crude alum prepn. is exothermic = 0
2. Crude alum evapn. = 0, assuming 35° Be. soln. from 

digesters
Reheat = negligible
Distillation of alcohol (from pilot plant data) = 4900 

lb. steam/ton alum 
Drying (from pilot plant data) = 0.85 lb. steam/lb. 

alum
2000 X 0.85 = 1700 lb. steam
Miscellaneous (10% of distn. & drying) = 660 lb. 

stciini
Total steam = 4900 -f- 1700 -f 660 = 7260 lb./ton 
7260 X S0.35 = S2.54/ton

3.
4.

6 .

C. Water a t S0.015/1000 gal.
1. Still and dryer condensers (assumc20° F. rise). H eatto 

be removed is essentially 1000 B.t.u./lb. steam con
sumed; sensible heat is lost in still bottoms and hot 
alum:

(4900 +  1700) X 1000 = 6.60 X 106 B.t.u.
(6.60 X 106)/(20 X 8.33) = 39,500 gal./ton

2. Cooling slurry (180 B.t.u./lb. alum from batch pilot;
plant)

2000 X 180 = 360,000 B.t.u.
Assume 5° F. rise in water 
360,000/(5 X 8.33) = 8600gal./ton

3. Miscellaneous water = 10% of foregoing = 4820 gal./
ton

Total II2O = 39,500 +  8600 +  4820 = 52,920 gal./ton 
(52,920 X 0.015)/1000 = S0.79/ton

Total power (/t +  B +  C) = S2.45 +  $2.54 +  S0.79 = 85.78/ 
ton alum

V. Maintenance (estd. 9% of capital investment/year)
(0.09 X 240,000)/6000 = S3.60/ton alum

VI. Depreciation (estd. at 10%)
(0.10 X 240,000) /6000 = $4.00/ton alum

VII. Miscellaneous Minor Cost Items
A . Insurance (2% capital cost)

(240,000 X 0.02)/6000 = S0.80/ton
B. Research (2% gross sales) (iron-free alum at S2.15/100

lb.)
[6000 X (20 X 2.00) X 0.02]/6000 = S0.80/ton

C. Analytical control: one sample/ton estd. at S0.50 =
S0.50/ton

D. Management and sales expense (estd. 20% direct labor) 
0.20 X 5.75 = SI. 15/ton

K. Taxes (estd. 4% capital cost)
(240,000 X 0.04)/6000 = $1.60/ton

S u m m a r y  o f  M f g . C o s t  E s t im a t e  p e r  T o n  I r o n - F r e e  A l u m

Raw  m ateria ls 
(bauxite  -f 
acid  +  alco
hol) S13.93

L abor 5 .7 5
Packages 2 .0 0
Pow er 5 .7 8
M ain tenance  3 . GO

D epreciation
Insurance
Research
Analysis
M anagem ent
Taxes
T o tal

4 .00
0 .80
0.80
0.50
1.15
1.60

39.91

D IS C U S S IO N

The cost evaluation demonstrates that under current con
ditions of peacetime economy with an available supply of alumina 
trihydrate, this process, a t a manufacturing cost estimate of 
S39.91, will not economically compete with comparable market 
product selling a t S40.00 per ton. The entire pilot plant devel
opment was carried out a t a cost of approximately $100,000 and 
permitted a technical and economic evaluation of the process.

The significance of the entire development is twofold. It 
provides a reliable alternate process for the production of iron- 
free alum from virtually inexhaustible domestic raw materials 
in time 'of national emergency. In addition, it clearly demon
strates the economic possibility of utilizing relatively expensive 
organic solvents for producing cheap-tonnage inorganic products. 
There are innumerable inorganic salts with phase diagrams similar 
to aluminum sulfate and ethanol, and further laboratory investi
gation should be directed along these lines. If a  cost differen
tial of over 2 cents per pound between crude and purified product 
were available, other factors being equal, the process would 
undoubtedly be justified.
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August’ s HEADLINES. . .
Events of Interest to Chemists, Chemical Engineers, and hmW m— Review ed by the Editors

f A u g u s t  1. Louis Schmerling, Universal Oil Products Co., 
Chicago, 111., selected to receive first Ipatieff Prize in chemistry, 
honoring achievements in study of catalysis or high pressure, for 
his contribution to knowledge of catalytic reactions of hydro
carbons, A.C.S. announces1.
U A u g u s t  2. Report by Isotopes Branch, U. S. Atomic Energy 
Commission, on first year’s use of radioisotopes in medical, bio
logical, industrial, and agricultural research, proves atomic aid to 
man through more than 1000 shipments to 170 institutions and 
researchers in 92 localities in country; reveals most important iso
topic use as research tool through tracer technique2. ~~Am erican 
Cancer Society announces 22 new grants totaling §133,382 have 
been recommended by National Research Council to research 
centers and cancer specialists in 10 states to aid in search for 
cancer cause and cure.

, ? A u g u s t  3. Record on bills affecting chemical and allied indus
tries approved or discussed by closing session of Congress in
clude: Congress-approved—National Science Foundation, fats 
and oils census, allocation extensions on quinine and fertilizers, 
extension of 1920 Mineral Leasing Act, extension of permission to 
produce alcohol, sugars, and sirups in industrial alcohol plants; 
held over—6 bills relating to atomic energy, health legislation, 
Hatch Bill amending Mineral Leasing Act, Rogers Bill on bar
biturates; House-approved—legislation authorizing construction 
of mining research laboratory; House-discussed—food and drug 
amendment; Senate-approved—water pollution control, milder en
forcement provisions on same; Senate-discussed—national soil 
fertility policy, technical information centralization. ~~A m eri- 
can oilmen and Dutch civil authorities report only slight damage 
to Sumatra oil fields by Indonesian conflict; expect full production 
by fall.~~Manufacture of industrial chemicals reaches 4 times 
1935-39 production rate.
i  Au g u s t  4. Bureau of Mines will conduct 35 explorations in 19 
states and Alaska for strategic metals and minerals on nation’s 
scarcity list; lead deposits head group including tin, copper, iron, 
mercury, beryllium-tantalum, and tungsten.
Ï  A u g u s t  5 . Office of Materials Distribution announces amend
ment of tin conservation order removing restrictions on tin con
tent of solder for list of specified refrigeration and motor uses, and 
permitting production and unlimited use of tin tetrachloride from 
low-grade drosses, residues, and scrap metal.~~Office of Inter
national Trade ends export controls of acetone to all countries 
but Spain, Spanish possessions, and K orea.~~D epartm ent of 
Agriculture authorizes third quarter export quota of 6000 to 7000 
metric tons linseed oil.~~Soviet Union seizes Austria’s largest 
oil refinery in Russian zone, property of U. S. and British oil 
interests and controlled by subsidiaries of Shell Oil Co. and 
Socony-Vacuum Oil Co. ; act to be brought before 4-power com
mission on Austrian peace treaty now meeting in V ienna.~~M o- 
jave Desert, Trona, Calif., yields record output of borax expected 
to exceed 1946 total of 429,798 tons borate minerals; operation 
produces 95% of world’s output and all of U. S. supply.
}  A u g u s t  6. President vetoes Science Foundation bill, terming 
>t so complex and unwieldy” as to “impede rather than promote 
government's efforts to encourage scientific research” ; urges

tn??-j$SP- Newa' 25' 2195 (Aub- 4, 1947).'IM „  2202 (Aug. 4, 1947).

Congress to pass new bill8.~~Frederick  H. Osborn states Soviet 
proposals on atomic control agency are “wholly unacceptable” 
to U. S .~ ~ \V ar Assets Administration announces sale of 
Morganton, N. C., graphite electrodes plant to Great Lakes 
Carbon Cor)), for §2,000,000; new owner plans to lease plant to 
National Carbon Co., wartime operator, for production of special 
graphite for A E C .~~India  can become self-sufficient in fine 
chemicals, drugs, and pharmaceuticals in 15 years, report by ad
visory panel to Indian chemical industry says.
II A u g u s t  7. Investigators at Lederle Laboratories, Pearl 
River, N. Y., find high vitamin B content in penicillin waste, en
abling its use as livestock feed enricher; American Cyanamid Co. 
converts and markets by-product.~~Yale University will 
double science requirements in “revolutionary” step to meet 
demands of atomic age, Wm. C. Do Vane, dean, discloses4.
1f A u g u s t  8. Great Britain will submit questionnaire to Soviet 
Union asking further explanations on how Russian atomic control 
plan would work; general feeling is that attempt to set up con
trol plan has reached deadlock as serious as that of last y e a r .~ ~  
President vetoes bill to subsidize mining of copper, lead, zinc, and 
manganese for 2 years. ~ ~ G E  breaks ground at Knolls, near 
Schenectady, N. Y., for government’s fifth nuclear research 
laboratory, to cost §20,000,000; objective is “utilization of atomic 
energy for production of power for industry and domestic use.”
If A u g u s t  10. Chamber of Commerce condemns proposal that 
UN control world oil resources, saying it violates free enterprise 
policy, Earl 0. Shreve, president of chamber, declares. ~ ~ M o n - 
santo Chemical Co. announces completion of $3,000,000 synthetic 
detergent plant at Monsanto, 111.
1i A u g u s t  11. Ground is broken at Brookhaven, L. I., for gov
ernment’s §10,000,000 peacetime atomic project; staff ultimately 
expected to reach 2000, including 500 scientists. ~ ~ R u b b er 
firms ask Government to terminate war agreement pooling all dis
coveries; claim pact stifles incentive to develop synthetic rubber 
favorably comparable to natural.~~Im perial Chemical Indus
tries restores full soda ash production. ~ ~ A E C  appoints follow
ing to administrative and operating positions: R. S. Warner, Jr., 
director of engineering; J. C. Franklin, manager, Oak Ridge 
operations office; A. L. Tammaro, acting manager Chicago office; 
and P. S. Fogg, adviser to Tammaro.~~-Quaker Chemical 
Products Corp. begins manufacture of polyethylene glycol esters 
a t Conshohocken, Pa., laboratories. ~ ~ C o a s t Guard bans load
ing or unloading of ammonium nitrate in populated areas except 
by A rm y.~~D u Pont develops new insecticide, Methoxychlor, 
which is V« as toxic to warm blooded animals as DDT.
11 A u g u s t  12. U. S., Britain, and Russia join in successful fight 
to shelve proposal for UN control of Middle East oil resources. 
~~ S idney  P. Colowick, Public Health Research Institute, New 
York, N. Y., selected to receive Eli Lilly and Co. award in bio
logical chemistry, W. Albert Noyes, Jr., President A.C.S., an
nounces. ~~Stanolind Oil and Gas Co. contracts to sell entire 
production of by-product chemicals from its two Fischer-Tropsch 
synthetic gasoline plants, scheduled for completion in 2 years, to 
U. S. Industrial Chemicals, Inc.11

» Ibid., 2347 (Aug. IS . 1947).
< Ibid., 2485 (Sept. 1. 1947).
S Ibid., 2430 (Aug. 25. 1947).
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H A u g u s t  14. Glidden Co. completes Chicago plant for com
mercial recovery of soya sterols, Paul E. Sprague, vice president, 
announces6.
if  A u g u s t  17. Continental Oil Co. announces plans for con
struction of $8,500,000 refinery on 100-acre tract in Billings, 
Mont., with daily capacity of 7500 bbl., to manufacture high oc
tane gasoline and full line of burning oils and road asphalts.
11 A u g u s t  18. UN Security Council extends membership to 
Yemen and Pakistan, rejects Albania, Outer Mongolia, Trans- 
Jordon, Ireland, and Portugal.~~Government files criminal 
complaint accusing Dayton Rubber Co., Firestone Tire and 
Rubber Co., General Tire and Rubber Co., B. F. Goodrich Co., 
Goodyear Tire and Rubber Co., Lee Rubber and Tire Corp., 
Seiberling Rubber Co., and U. S. Rubber Co., 10 company of
ficials, and Rubber Manufacturers Association, Inc., of conspiracy 
to fix prices of automobile tires and tubes since 1935, and deter
mine other trade practices on uniform basis.~~Organon Phar
maceutical Laboratories, The Netherlands, announces first suc
cessful synthesis of vitamin A, completely by chemical methods, 
after 4 years’ research by J. F. Arends and D. A . Van D o rp .~ ~  
Libby-Owens-Eajd Glass Co. announces it has received experi
mental shipment of 500 tons soda ash from Oslo, Norway, for 
use in pot-casting operations where special type glass is processed. 
~ ~Shell Pipe Corp. and Texas Pipe Line Co. announce plans 
for construction of $22,000,000 common carrier petroleum pipe
line from Cushing, Okla., to Wood River and Salem, 111., with 
daily capacity of 150,000 bbl., to be completed early in 1949.
11 A u g u s t  19. OIT will appeal for reversal of Inter-agency 
fixport Policy Control Board’s recent decision to ban issuance of 
new export licenses for soda ash and caustic soda until Oct. l . ~ ~  
WAA approves sale of government’s $14,000,000 wartime 100- 
octane gasoline refinery at Duncan-Beckett, Okla., to Sunray Oil 
Corp., Tulsa, for $5,100,000.~~George C. Supplee, president
G. C. Supplee Research Corp., selected to receive 1947 Borden 
Prize for research in chemistry of milk at A.C.S. New York meet
ing Sept. 15, for first practical methods for commercial irradiation 
of milk to increase vitamin D conten t.~~E . H. Volwiler, ex
ecutive vice president Abbott Laboratories, will Teceive honor 
scroll of American Institute of Chemists on Oct. 10 for “outstand
ing work in organization of research programs and active part in 
furthering work of scientific societies.”~~ K oppers Co., Inc., 
chemicals division, will begin operation of new Kearny, N. J., 
chemical plant on Sept. 1, for production of sulfuric acid; hydro
gen cyanide and related chemicals will be produced next year*.
If A u g u s t  20. Chemicals production in zone of Germany now 
occupied by U. S. continues restrained by shortages of coal, 
transportation, and skilled labor, but reaches approximately half 
prewar volume. ~ ~ S h a rp  & Dohme, Inc., purchases plant 
facilities on 72-acre tract near North Wales, Pa., from WAA for 
$1,750,000; plans eventually to move entire pharmaceutical 
and biological facilities and shipping and warehouses depart
ments to location.~~Westvaco Chlorine Products Corp. dis
closes mining of 10-foot bed of trona, natural sodium carbonate, 
near Rock Springs, Wyo.; deposit expected to become important 
new sourcc of commercial soda ash.
1f A u g u s t  21. Russian veto bars Italy, Austria, Rumania, 
Bulgaria, and Hungary from UN membership on grounds peace 
treaties of former enemy countries have not been ratified .~ ~  
OIT places naphthalene, lead arsenate, naphthalene balls and 
flakes, and tri- or pyro-sodiuin phosphate on consolidated license 
basis when exported to any country but Korea, Spain, and Spanish 
possessions.~~Monsanto (Canada) Ltd. forecasts 100% in
crease in its Canadian plastics production within 2 years.
If A u g u s t  22. J. D. Goodloe, Reconstruction Finance Corp. 
chairman, discloses federal government made wartime profit of

« Chem. Eng. News, 25, 2568 (Sept. 8, 1947).

$37,000,000 on Big Inch and Little Big Inch pipelines. ~~M id- 
Continent Pipe Line Co. plans $2,000,000 expansion and modern
ization program including construction of crude oil line into ac
tive development area of McClain and Garvin counties, Okla.
If August 26. WAA announces sale of Building 401 at Ken
tucky Ordnance Plant, Paducah, Ky., to AEC for $315,440; 
Commission will dismantle electric and steam generating equip
ment for use elsewhere.'-'-"'-'Department of Commerce establishes 
August streptomycin export quota of 300,000 grams, double July 
quota, in view of 100% streptomycin production increase.~~ 
Government authorizes Research Information Service, Inc., to 
translate and publish in near future German technical information 
reports of interest to industry, engineers, and scientists in various 
fields of research; subjects given priority are: cellulose products, 
plastics, rayon, compounding formulas for dyestuffs, textile 
auxiliaries, intermediates, as well as metals and metallurgy, 
alloys, optical and photographic equipment, color photography, 
and preparation of emulsions7. ~ ~ E 1  Paso Natural Gas Co. 
applies to Federal Power Commission for authority to construct 
470-mile pipeline from San Juan, N. Mex., to Needles, Calif., at 
estimated cost of $55,000,000; construction to begin in 1951, 
and be completed in 1952.
11 A u g u s t  27. President’s Scientific Research Board urges 1% 
outlay of national annual income for U. S. scientific research and 
development, double present percentage. Federal program de
signed to correct present imbalance between basic and applied re
search through following 6 recommendations: set up National
Scicnce Foundation to make grants in support of basic research; 
assist undergraduate and graduate students in sciences as part of 
over-all national scholarship and fellowship program; assist uni
versities and colleges in maintaining laboratory facilities and sci
entific equipment as part of aid-to-education program; set up 
federal committee to assist in coordinating and developing 
government’s research and development programs; and help 
reconstruct European laboratories and orient scientists of other 
countries with >vartime scientific research and development gains. 
Program to be in full effect by 1957; requires $1,000,000,000 in 
federal funds. Corporate tax laws revisions suggested to encour
age continued industrial research a t present level of $1,000,000,- 
000, giving total of $2,000,000,0008.~ ~ C anada  permits continua
tion of ammonium nitrate shipments through British Columbia 
ports; will enforce strict safety regulations. ~ ~ M ajo r U. S. 
platinum refiner increases price $10 per ounce; London refiner 
boosts price $4.
If A u g u s t  28. Justice Department engages in probe to deter
mine whether streptomycin manufacturers are violating antitrust 
laws.'-'-"-"•'Commerce Department will discontinue monthly maga
zine, “Domestic Commerce,” after September issu e . ~~Sinclair 
Refining Co. announces completion of pipeline connecting re
fineries at East Chicago, Ind., and Marcus Hook, Pa.
If A u g u s t  29. AEC announces undertaking, with National Re
search Council, of long-range, Truman-ordered study of survivors 
of Hiroshima and Nagasaki atom-bomb attacks to determine 
effect of atomic radiation on blood cells, physical growth of 
children, mechanisms of heredity, and development of various 
pathological conditions, including formation of massive scar 
tissue. ~~ A ndrei A. Gromyko rejects operational blueprint of 
Atomic Control Agency, says it would give U. S. virtual monopoly 
in atomic field.~~Farben officials trial discloses transmission of 
American tire firms’ complete records on progress in synthetic 
rubber experiment to German industry in prewar years.
IT A u g u s t  31. AEC announces new atomic power plant at Los 
Alamos, N. Mex., “has been operated successfully at low power 
since November 1946” ; first to use fast, instead of slow, neutrons, 
and employ fission of plutonium, instead of uranium.

> Ibid., 2440 (Aug. 25, 1947).
» Ibid., 2551 (Sept. 8. 1947).
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K E E P I N G  A S T E P  A H E A D

"Follow the leader” is no game for the refiner 
who plans for the future. Continued successful 

operation in the face of competition demands 

that he keep a step ahead.

Enabling licensee refiners to maintain efficient, 
economical production is the primary purpose 

of the Universal organization.

A constant search for new methods and for 

improvement in present methods means that each 

Universal licensee is always a step ahead with 

the latest in processes and operating technique.

In planning your next step, remember 
. . .  UOP facilities and service are 

always available to help you derive 
the greatest possible benefit 

from your operations.

P e tr o le u m  Is P r o g r e s s iv e

u n i u E R s m  o i l  p r o d i i e t s  c o m p n n v
G e n e r a l  O f f i c e i :  3 1 0  S .  M I C H I G A N  A V E .  | l l l j j j |  C H I C A G O  4 , I I I I  N O l  S ,  U .  S .  A .  

L A B O R A T O R I E S :  R I V E R S I D E ,  I L L I N O I S

R E S E A R C H  • E N G I N E E R I N G  • P R O C E S S E S  • S E R V I C E
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e
be our 

Introduction

T here’s nothing like trouble to bring people together. 
That’s how some of Revere’s closest friends were 

gained—through a mutual struggle against difficulties, 
troubles such as occasionally beset any business.

Take the case of an important product, originally devel
oped for war uses, now finding many applications in peace
time services. When manufacture began, rejections ran 
extremely high, over 4095, costs were skyrocketing, and 
badly-needed production was being lost. The maker asked 
if we would care to collaborate in solving the problem. Of 
course we would! After studying the subject in detail (and 
also under conditions of the greatest secrecy), we suggested 
a radical change in the properties of a non-ferrous metal 
used in the manufacture of the. vital part with w'hich so 
much trouble was being experienced. New processes of 
manufacture were developed, and in a short time test runs 
of the recommended material proved successful. Rejections 
of finished units dropped to less than 1%. Thus an expensive 
and vexing bottleneck was broken, and we gained a new 
customer and a firm friend.

This success story demonstrates that Revere has an open 
mind as well as an informed one, and is always ready to 
question the customary, find new answers to new problems, 
or to old ones, for that matter. If something is worrying you 
in your employment of non-ferrous metals, get in touch 
writh Revere, not for ready-made answers, but for whole
hearted cooperation, a joint search for better results. This 
help is given freely, without obligation, through the Revere 
Technical Advisory Service, which has at its command the 
knowledge and facilities of our laboratories, and the accu
mulated experience of the entire Revere organization.

C O P P ER  A N D  B R A SS  INCORPORATED
Founded by Paul Revere in 1801 

2 3 0  Park A venue, N e w  Y o rk  17, N e w  Y ork
M i l l ’ - B a l t i m o r e ,  M d . :  C h i c a g o ,  I I I . ;  D e t r o i t ,  M i c h . ;  N e w  B e d f o r d ,  M ä S S . ,  

K o i n e ,  N .  Y . — S a l e s  O f f i c e s  i n  P r i n c i p a l  C i t i e s ,  D i s t r i b u t o r s  E v e r y w h e r e ,
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t h e r e  a r e  s o m e E A S T M A N  O R G A N I C  C H E M I C A L S

“ MP 4 6 -4 8 °— completely solid b e
low 46°C . and melts sharp ly to a 
clear liquid above 4 8 °C .”

S U C H  s p e c i f i c a t i o n s  a c c o m p a n y i n g  l i s t i n g s  

i n  t h e  c a t a l o g  o f  E a s t m a n  O r g a n i c  C h e m i 

c a l s *  p r o v i d e  i n f o r m a t i v e  a n d  a p p r o p r i a t e  

i n d i c a t i o n  o f  p u r i t y  . f o r  o r g a n i c  r e s e a r c h  

c o m p o u n d s .

T h e s e  m e l t i n g  r a n g e s  ( o r  b o i l i n g  r a n g e s  i n  

s o m e  c a s e s )  a r e  a c t u a l  o b s e r v a t i o n s  r e p o r t e d  

b y  o u r  c o n t r o l  l a b o r a t o r y .  W e  o f f e r  t h e m  a s  

a  s t a t e m e n t  o f  t h e  minimum  t o  b e  e x p e c t e d  

i n  u n i f o r m i t y  a n d  p u r i t y .

F o r  l e s s  s t r i n g e n t  w o r k ,  s o m e  E a s t m a n  

O r g a n i c  C h e m i c a l s  a r e  a l s o  a v a i l a b l e  i n  

" P r a c t i c a l ”  g r a d e — o f  s u f f i c i e n t  p u r i t y  f o r  

t h e  u s u a l  l a b o r a t o r y  s y n t h e s e s — a n d  i n  

" T e c h n i c a l ”  g r a d e ,  r e p r e s e n t i n g  g o o d  q u a l i t y  

c o m m e r c i a l  m a t e r i a l s .

EASTMAN KODAK COMPANY
Organic Chemical Sales Division 

Rochester 4 , N .Y .

* lf you don't already have a copy of List No. 35, 
please write us. It is your directory to the world's 
most complete stock o f organic compounds.

K O D A K
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THE SUPER-D-CANTER
A new and highly efficient centrifuge for the recovery 

of solids from pumpable slurries.. . .  Continuously 

k . separates and discharges both solids and

liquid____Automatically compensates for

fluctuations in the ratio of solids to 

liquids, assuring a homogeneous 

output.. . .  Adjustable for 

use as a C la rif ie r, 

De h y d r a t o r  or 

Classif ier .SOME ■ :m 
TYPICAL *  
APPLICATIONS

Casein Recovery

Fish Meal from
Press Liquor

Dehydration of Fine 
Crystals

Clarification of Vegetabl
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Equipment and Design

S everal rea so n s are g iven  to  sh o w  th e  a d v a n ta g es  
of o p era tin g  tw o  ty p e s  o£ valves m e ch a n ic a lly .

bff d i a r ie s  Owen Brow n

T h e r e  are at least two reasons why valves should be 
operated mechanically rather than by hand. Ma

terials or fluids are now handled at much higher pres- 
'sures in the lines containing the valves, and chemical 
plant operators are often young ladies who are not cap
able of opening and closing high pressure valves man
ually. Both trends are modern, and it is desirable that 
both be encouraged. The need for perfected devices to 
operate valves mechanically is urgent. - 

The problem, like the prevailing types of valves, 
may be divided into two classes. One type should be 
capable of positioning the valve opening so that the

Figure 1. C ut-aw ay S ec tio n  o f  W edge-T ype G ate  V alve for H igh  
Ircssure L ines, A ctu ated  by  So len o id  C ontrol and a H ydrau lic  S y stem

fluid flow may be regulated from
full capacity down to a few
per cent of capacity, or com
pletely shut off. The second type 
of control need be only a full- 
shut or full-open device to corre
spond with that type of valve.

The first or regulating type is 
the more difficult to design. Among the many de
signs that exist to accomplish the controlled regu
lation of large and small high pressure valves, one 
is to enlarge the diameter of the stem of a regulat

ing type valve and substitute a motor-
driven pinion and worm gear for the 
hand wheel at the top .of the valve 
stem. The worm gear stops a move
ment of the valve from internal pres
sure and has sufficient reduction to 
change the position of the valve by 
very minute amounts. This design 
is widely used, but is expensive be
cause the reversing limited torque 
motor is a highly developed ap
paratus and requires costly electri
cal controls. This valve is many times 
heavier than the manually operated 
valve for the same pipe size and pres
sure.

S im p lic ity

A much simpler design has been 
perfected and used to a limited ex
tent, but in practice the performance 
has not been nearly so good as the 
design appeared on paper. This 
mechanism was hydraulic, simple, and 
rugged; but in use it either failed or 
reverted to a control of the second 
type—either full open or completely 
closed. This design deserves a brief de
scription. It is a regular high pressure 
regulating type of valve with a straight 
packed stem, and the outside yoke is 
equipped with a cylinder attached 
to the yoke. The valve stem enters



E q u i p m e n t  a n d  D e s i g n

tliis .cylinder and contains a piston equipped with 
three or four rings attached to the valve stem. The 
piston usually has twenty times the area of the full 
valve seat opening; thus when oil at 250 pounds per 
square inch is pumped into the cylinder above the pis
ton, the valve can be closed against 5000 pounds per 
square inch, and 300 pounds of oil pressure will provide 
a seating pressure of 1000 additional pounds. The valve 
is opened by internal line pressure, and it was assumed 
that, by regulating the amount of oil released (or sent in 
above the piston), the valve could be held in any regu
lated position. The element of time, however, and the 
large influence of a small seepage of oil past the piston 
rings proved more disturbing than was anticipated; 
as a result this simple rugged type of control is not well 
accepted.

A new design of the simpler second type has recently 
been perfected by the Shafer Valve Company, Inc., of 
Mansfield, Ohio. This simple mechanical control is 
shown in cross section in Figure 1. This device is sim
ply a cylinder with upper head closed, containing a pis
ton connected to the valve stem, all mounted on the 
bonnet flange of the valve body. The valve is a wedge- 
type gate without packing, which is opened by pressure 
of the fluid flowing in the line, acting below a piston; 
and it is closed by a strong spring above the piston. 
Operation is controlled electrically by a strong solenoid 
coil and plunger connected to two small valves which 
divert the line pressure into the cylinder above the pis
ton or to the atmosphere. Of course the lever connected 
to the solenoid may be hand-operated, if desired, and 
requires no more effort than the solenoid supplies. 
The piston and cylinder are under full-line pressure and 
in contact with the fluid flow. The electrical circuit ac
tuating the solenoid can be carried to places as remote 
from the valve as desired, and current is required only 
while the valve is opening or closing. Constant exhaust 
of the line fluid has been eliminated, as only one volume 
of the line fluid is vented to atmosphere as the valve is 
changed from closed to open position.

This simple device appears excellent for an open or 
fhut valve, but it is also a challenge to urge the creation 
of a similar sturdy control for regulating-type valves. 
The electrical circuits which operate the solenoids are 
less costly to install than are the high pressure oil pipe 
lines, pumps, and oil valves which are needed to control 
the hydraulic type of cylinder mentioned.

The Shafer valve is available in sizes of 1 inch up and 
for pressures of 25 to 6000 pounds. It should be noted 
that, when open, the line pressure is confined only by 
the packing rings on the movable piston. These rings 
have a differential of 0000 pounds per square inch gage 
to atmospheric pressure.

\
Highest practical heat transfer, obtained 

through metallic bonding and complete 

tinning. Compact, light-weight, easy to 

install in limited space. Removable headers 

permit easy cleaning and servicing.

Aerofin rating tables and charts 

are nationally known for their accuracy, 

and these ratings are maintained throughout 

the life of the unit. For long, efficient 

service install Aerofin.

A e ro f in  is  so ld  o n ly  th ro u g h  m a n u fa c tu re r s  

o f n a t io n a l ly  a d v e rt ise d  fa n  syste m  a p p a r a tu s .

L is t  on re q u e st .

A e r o f i n

C o r p o r a t i o n

410 South Geddes St., Syracuse A ,  N . Y.

N EW  Y O R K  •  C H IC A G O  • P H IL A D E L P H IA  •  C LE V E LA N D  • D E T R O IT  • D A LLA S  • M O N TR E A L
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HOW TO PREVENT

The sure and economical way to avoid 
packing leaks and the troubles that go 
with them is to avoid pumps that have to 
be packed. Install instead the LaBour 
Type G, which has no packing, no pack
ing gland, no rubbing seal. There is no 
part of a  LaBour Type G which rubs 
against any other part at any speed. Yet 
this seli-priming centrifugal pump doesn't 
leak a drop around the shaft.

Thus you save completely the labor and 
downtime otherwise spent in inspecting, 
tightening and replacing pump packing. 
On that basis alone, the Type G is a  profit
able investment, particularly if you han
dle corrosive or dangerous liquids. In 
addition, the Type G features higher effi
ciency, faster priming and greater com
pactness.

t h e  l a b o u r  c o m p a n y ,  inc .
Elkhart, Indiana, U.S.A.

It you haven't received your copy  of Bulletin 51, 
giving complete details on this new est LaBour 
chemical pump, write tor it immediately. You'll 
iind the bulletin interesting reading.

IF YOU NEED A L a B O I H S  NOTHING ELSE WILL DO
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a n y  d e g r e e s  m o r e e o m f o r  t a b l e

V

A real advance in goggle protection for 
work in hot and humid conditions, the AO 705 Super- 
Vent Goggle employs a special nosepiece with an in
halation and exhalation valve to prevent fogging and 
steaming. On inhalation, air evaporates moisture on 
the inner lens surface before latter can fog. On ex
halation, inlet valve shuts, permits moist air to escape 
through exhalation valve.
Other advantages o f this rubber frame goggle include 
unusual wide-angle vision through a single large

acetate lens . . . acid and dust-tight fit due to conform
ance to face contours . . . cushioned comfort from 
scientific design. Highly recommended for work on 
acid lines, storage batteries, metal plating baths and 
for many operations where dust is a hazard as in 
locomotive cabs, foundry shake out, ship holds and 
railroad car and coal apparatus cleaning.
Your nearest AO Safety Representative can provide 
complete details about how this goggle can benefit 
your production.

Division
A m e r i c a n  f p  O p t i c a l

SOUTH BRIDGE, MASSACHUSETTS • BRANCHES IN  PRIN CIPA L CITIES

In Dust and Chemical 
Protection Service

N e w  A O  

S u p e r - V  e n t  

G o g g l e  

T h e  A n s M v e r

T o  F o g g i n g  &  

S t e a m i n g
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t h e  f o r m u la

t o r  c a '
l e a d e r s h i p

It’s the proven formula, resulting in unified control of materials 
and techniques from start to finish. And, because we keep the bonds 
unbroken, you get the ultimate in supported catalysts that are low 
in cost and high in operating efficiency.

Samples of Ni, Mo, Cr, A1C13, ZnCl2, FeCl3, and CuCl2 supported 
catalysts are available in a range of uniform mesh sizes. Please send 
your request on company letterhead. Attapulgus Clay Company 
(Exclusive Sales Agent) Dept. C, 260 Soulh Broad Street, Phila
delphia 1, Penna.
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NOT AT A LL . It’s an  equation  instrument users are 

a p p ly in g  to sim plify meter and  control installations. 

It's an  equation worth rem em bering.

H ere ’s how  it w orks:

The Bailey M e te r C om pan y  has simplified electronic 

instruments and  controls to 4  basic circuits and  8 basic 

component parts. W ith  these 4  circuits and  8 parts you 

can ge t more than 1 0 0 ,0 0 0  com binations o f electronic 

instruments and controls.

H e re 's  w hat happen s when you  spec ify  Ba iley  Controls. 

First o f  all, you  can autom atically reduce you r stock of 

replacem ent parts. You  d on ’t need  a s  m any. Parts are 

interchangeable. You  have  few er do llars idling in the 

stockroom.

Next, you save  m aintenance costs. M a in tenance  men 

quickly becom e fam ilia r with the standard ized  Bailey 

Parts. Repa irs take  less time. Furthermore, training on a 

multiplicity o f different assem blies is unnecessary.

Tube prob lem s vanish, too, when Ba iley M ete rs a re  in

stalled.Tubes a re  the s tan d a rd ,e a sy -to -ge ttype . Specia ls 

and order-from -the -factory  va rie ty  have  been avo ided.

If you  a re  crow ded  fo r panel space, then b y  all means 

ge t complete information abou t Ba iley M e te rs and  C on 

trols. W rite  to d ay  fo r a copy  o f bulletin No. 17. Bailey 

M eters sa ve  panel space.

BAILEY METER COMPANY
1023 Ivanhoe Road C leveland  10, Ohio

it! h  t  m ■ 1 1 1  i
I N D U S ' K  V

Tem pe ra tu re  » P rn s& uru  * F lo w  » %  O x y g e n  *  
C d m b u s t ib ie s  ■ L e v e l -  D e n s it y  * R a tio

Tr i c k  A r i t h m e t i c ?

Bailey Electronic Recorder

4 records, 1 chart
Foor Mr«»*"»
This f o u r - p e n  Pyr° tr^  as four

num be r o f continu  ̂ ^  sepa ra te  system

separate  mstrumen ^  record is in a

aClUateS t ^ - e ^ c h o n . e o ^ e .  
distinctive co»o t- n about this space-
For com pte inborn^ 230.A.

saving instrument ask _„
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Instrumentation
M a n a g em e n t h a s  reco g n ized  th e  u t i l i t y  of in s tr u 
m e n ts  ; n ow  it  sh o u ld  d iscover th e  in s tr u m e n t  m a n .

P ROCESS industry executives, research workers 
who devise industrial processes, process plant 

design engineers, and chemical engineers who operate 
plants have all come to realize the advantages of proper 
instrumentation in their plant. Even the plant foremen 
and the operators, who at first rather resented instru
ments because they felt that management was using 
instruments to check up on them, or that instruments 
would result in workers’ losing their jobs, are coming 
to realize that instruments help them and make their 
jobs better ones.

Instruments are required to make most processes 
operable. Even simple batch processes require a 
certain amount of instrumentation. They may be as 
elementary as mercury-in-glass thermometers or 
hydrometers, but usually recorders and controllers will 
earn a good return on the money invested in them.

In addition to those applications where instruments 
are necessary before a process can produce, there are 
other instances where they allow production of more 
uniform finished goods and eliminate the need for re
working bad lots and blending off goods not quite up to 
specifications.

Some processes are safe when conditions are main
tained within certain limits, but may become exceed
ingly dangerous to the lives of workers and to the 
plant equipment if these limits are exceeded. It is 
much safer to trust instruments to maintain con
ditions within the safe range and to give warning if 
safe limits are exceeded "than it is to trust human 
watchfulness. Great care must be used in planning 
instrument layouts for plants to ensure that failure of 
an instrument will not produce unsafe conditions.

The advantages mentioned all result in lowered pro
duction costs. Also, instruments often make it possi
ble to produce more material in smaller, less expensive 
equipment, so that costs are still further reduced.

The use of instruments has now become sufficiently 
widespread so that the cost of instruments and their 
installation is a very appreciable fraction of the cost of 
installing a process plant. In an article entitled “Esti
mation of Instrument Costs,” which appeared in the 
July 1947 issue of Chemical Engineering, D. M. Con- 
sidinc of the Brown Instrument Company presents some 
interesting data on the cost of instrumenting plants 
for producing various types of chemical and petroleum 
products. The figures he has compiled indicate that 
instrumentation costs range from a negligible amount 
for such industries as superphosphate up to 19% of the 
plant cost for certain processes in the perfume and
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by R a lp h  Mi. M unch

cosmetics industry. To some ex
tent the wide variation is an indi
cation of the difference in process 
complexity from one industry to 
another. It also indicates that 
some industries are more progres
sive than others. Other causes of 
the variation are the scale of opera
tions in the different industries and the precision with 
which the quality of the output must be controlled. 
Considine states that it is not unusual for 50% of the 
total investment in a pilot plant to be tied up in instru
mentation. This is because of the small scale of the 
operation and the large amount of data desired for de
sign of plant size units.

In addition to the cost of the instruments and their 
installation must be considered the cost of operation, 
which includes repairs, maintenance, calibration, 
chart changing, compressed air, and electricity, lh is  
amounts to about SCO per year for an average control 
instrument. Where hundreds of instruments are used, 
this becomes an appreciable item.

Because instruments are necessary to make plants 
operate, to secure uniformity of product, to promote 
safety of employes and plants, and to secure economy 
of operation, and because instruments account for an 
appreciable fraction of the investment in a plant and of 
plant operating expenses, management is becoming 
increasingly aware of instruments. Management, 
however, has not yet become sufficiently aware of the 
men who are responsible for the results which their 
organizations get from instruments.

Those who make and sell instruments employ design 
engineers who are responsible for many of the new 
developments in the field of instrumentation. Their 
mathematicians contribute much to the theory of 
instrument performance, making possible more efficient 
and widespread use of instruments. The instrument 
sales and service organizations of manufacturers are 
available to help select their most suitable instrument 
for a given job and to help keep it on the job after it is 
installed. These activities all increase the sale of 
instruments. Although the user finds these organi
zations very helpful he cannot rely altogether on the 
services of instrument manufacturers if he is to make 
much use of instruments.

As soon as it appears likely that a process under de
velopment by a research group may end up as a plant 
process, someone should be assigned to make a study 
to find which of the process variables are critical, and
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O LD BU RY  

E L E C T R O -C H E M IC A L  
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•
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•

P H O S P H O R U S  

S E S Q U I  S U L P H I D E  

•

Manufactured to strict 

specifications 

for the M atch Trade

P lant and M a in  Office:

N I A G A R A  F A L L S ,  N E W  Y O R K

]\[ew T o r\  Office:

19 RECTOR ST., NEW YORK 6, N . Y.

L________________

what means can be used to control them. If these 
variables are such that they can be controlled by 
standard commercial instruments, no further work is 
required at this point. However, it is quite likely that 
no suitable instrument will be available to control one 
or more of the critical process variables. In this case 
a group which specializes in adapting available com
mercial instruments must be called upon. Savings in 
time and effort can be effected by carrying out this 
development while the process is in the laboratory and 
pilot plant stages.

When plant design is started it becomes exceedingly 
important to have someone familiar with instrumen
tation check the design to see that it takes full ad
vantage of the savings available through instrumen
tation.

During construction of the plant, care in installation 
of the instruments is well repaid. Before operation is 
attempted calibration of all instruments should be 
checked, and each should be shown to be functioning, 
control instruments should be adjusted to suit the proc
ess characteristics. When the plant is in operation, a 
good preventive maintenance program will help avoid 
emergency repairs.

The men who fulfill these functions for instrument 
users should be regarded as valuable assets by their 
employers. Unfortunately, they cannot be hiied 
already trained. No schools have courses which fit 
men for these j obs. Men who do instrument work have 
various backgrounds. Some were trained as mechanical 
engineers, others as chemical engineers; but too many 
have had little or no training for the important jobs 
they are expected to fill. They have merely an interest 
in gadgets and more or less experience in their jobs.

In tins situation instrument users who wish to make 
the most of the benefits of instrumentation must en
courage the instrument men in their employ to improve 
their knowledge of the subject. The company library 
should include the standard texts and journals coveiing 
the field. Able men should be encouraged to study 
related subjects such as electronics, mathematics, 
and chemical engineering in night schools. Some men 
should be sent to the instrument schools maintained by 
manufacturers. Other educational opportunities aie 
provided by short courses, such as those presented 
annually by the Texas Agricultural and Mechanical 
College'. The meetings of the Instrument Society of 
America include short courses on various types of 
instruments as well as technical sessions where research 
papers are presented. Their meetings feature exhibits 
of instruments by all makers and provide instiunient 
men with an opportunity to learn from one another. 
Men should be encouraged to present papers on instru
mentation before technical societies and in technics 
j ournals. Key men have the obligation of training those 
who work under them. Employers’ efforts to impro\e 
the training of their instrument men will be repaid by 
increased benefits from instrumentation.

98 A
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Instruments for indicating, recording 
and controlling temperature, pressure, 
humidity, flow and liquid level.

T a y lo r  2 2 9 R  Liquid  L e v e l T ra n sm itte r . Accur
ately measures the liquid level o f  slurries, 
soap, paper pulp, or  any other viscous or  
corrosive liquids containing solids. Simple, 
highly responsive, built on force-balance  
principle. R anges w ithin 12 and 240  inches 
o f  water.

UtAMIKC
ROD

OKIHCf
CUK

Toylor 2 2 6 R  P neu m atic  T ra n sm itte r . H elps  
keep every process in your plant right under 
your finger tips. Accurate w ithin o f  1 % 
scale range. Gives you constant rem ote con
trol of temperature, pressure, rate o f  flow  
and liquid level.

T a y lo r  P re ssu re  P u lsa tio n  D am p 
ing U n it . Dam ps pulsating pres
sure waves and gives you a true 
instantaneous average of pressure. 
Perm its m easuring instrument 
to make a clean-cut, easily in
terpreted  pressure record . 
M akes instrum ents practical 
where they otherw ise couldn’t 
be used.

Taylor Sq uare Root In te g ra to r . Totalizes ac
curately the flow o f  liquids, and o f  gases and 
steam under constant pressure. Easy to read 
through 2 inch w indow  in R ecorder case 
door. Auxiliary scale and pointer for quick  
checking of calibration.

5  HITS-NO ERRORS
T a y l o r ’ s  R e c o r d  a t  1 9 4 7  I .  S .  A .  S h o w !
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ixposition
of

hemical
Industries 
DEC. 1 - 6

GRAND CENTRAL PALACE 
NEW YORK CITY

M anagem ent International Exposition Co.

BIGGER  
and BETTER
- m o r e  helpful ideas —

THAN EVER
Awaiting you at the 1947 Chemical 
Exposition w ill b e . . .  more informative 
exhibits. . .  more new ideas. . .  more new  
developments . . .  more new practical so
lutions to present and future problems 
. . .  the greatest display of its kind ever 
assembled under one roof. Concentrated 
here w ill be the very latest advances in 
materials, equipment, and products of 
interest to every branch o f the vast 
chemical industries. A preview, too, of 
developments in the offing. By studying 
the d isplays, ta lk in g  first-hand w ith  
techn ical men, you’re bound to get 
money-saving ideas on new and better 
w ays to get th ings done, faster and 
cheaper in your p la n t. . .  suggestions, 
too, for adapting newest techniques and 
equipment to your future plans.

W hatever your interest in the realm 
of chemistry, a wealth of helpful infor
mation is in store for you at this greatest 
of all chemical expositions.

PLAN TO ATTEND
B r i n g  Y o u r  A s s o c i a t e s  

You’ll say "time well spent”

J
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th e  d i a t r o n  is t h e  H Efiffr  of the Consolidated Vacuum Leak Detector. It is 
a miniature version of a similar tube found in world-famous Consolidated 
Mass Spectrometers. Inherent characteristics of this tube for quickly separating 
helium molecules in minute quantities from any atmosphere is the secret of 
rapid leak detection. Helium, introduced anywhere in the vicinity of the leak, 
is immediately indicated on the instrument.
Combining the Diatron with features of good engineering, Consolidated has 
developed a leak detector that is superior to the many other leak-detecting 
devices. Portability, neat appearance, simplicity and efficiency of operation 
make it desirable to use this instrument wherever gas leakage is a problem. 
It can be adapted to production-line testing of large pipes, tanks, high-vacuum 
"plumbing”, gaskets, joints, valve seats, etc. Consolidated stands ready to fit 
this instrument to your needs. Write for a detailed description of the Vacuum 
Leak Detector, Bulletin No. CEC 24101.

j l P O R T A B LE
Mounted on ball-bearing, rubber- 
tired casters. 22 in. x 25 in. x 43 
in.; wt. 300 lbs.

^ .S EN S IT IV E
Measures leakage rate to 
.00000001 cc (1 0 '8 ) per second.

^ S IM P L E  TO  O P ER A T E
Audible and visible alarm for one- 
man operation. Only one amplifier 
setting used throughout testing.

^ R E M O T E  O P E R A T IO N
Jacks provided for remote opera
tion of speaker, earphones, or in
dicating meter.

^ S T A N D A R D  P O W E R
115-v, 60-cycle a-c. Operates 
wherever ordinary lighting circuit 
is available.

^ E C O N O M IC A L
Uses only 840 watts and negligible 
amounts of helium and liquid air. 
N o water is needed.

^ S IM P L E  TO  M A IN T A IN
All components are standard and 
very readily accessible.

^ •FIELD  E N G IN E E R IN G  S ER V IC E
Installation and operation at your 
plant. Consultation for application 
to other leak-detection problems.



LUBRICATING 
PRESSURE SCREW

STUFFING BOX 
I GLANDLUBRICANT \  

RESERVOIR ^
PACKING--------^
PLUG THRUST RING
LUBRICATING^
PORTS BOD\

SPLIT FLANGE LUBRICANT PRESSURE 
CHAMBERPLUG

Float valve

CORROSIÓN RESISTING 
ALLOYS 8, EQUIPMENT

w j i e * *  ’ í.C ,s e f ' ' í c €
' f a ' *

The screw  in  the stem forces lu b r i

cant through the ch an n e ls o f the 

p lug  into the re se rvo ir  an d  p ressure 

ch am ber a t the bottom o f  the body. 

A  turn o f the p ressure  screw  lifts  

the p lug h y d ra u lic a lly  from the seat 

fo r  e a sy  tu rn in g , at the sam e time 

fo rc ing  lu b rican t from  the g rooves 

o ver the sea tin g  su rfa ce . The re s il

ie n cy  of the ac id -re s is tin g  p ack in g  re

turns the plug to its norm al position .

Turn-stops p revent e xpo su re  o f the 

lu b rican t channe ls to the liq u id .

CORROSION-RESISTANT 
DURCO VALVES

Top lubricated 
plug valve

| Plunger-release 
plug valve

i

¡ ¡ t i j j f t  j j M j f  »< o n io
WHTO» «■ CWIIHS ~
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MÉ
7 1 HOW THE VALVE 

OPERATES

X h is  look inside a Durco top 
lubricated p lug valve tells the 
story of permanent, through-and- 
through corrosion-resistance.
Every part o f the valve in contact 
with corrosive solutions is of Dur- 
iron or Durichlor. These Durco 
high silicon irons have almost per
fect resistance to the corrosive 
action of most commercial corro
sives. Durichlor has much greater 
resistance to hydrochloric acid 
and chlorides.

These valves are especially suited 
for muriatic acid and other corro
sives h av in g  no lu b rica tin g  
properties.

V a lv es  a v a ila b le : Standard  
straight-way type. Sizes 1", V/z", 
2", iVz", 3", 4", and 6". Also avail
able in 3-way, 2-port and 3-way 
3-port.

For complete details ask for your 
copy o f bulletin 617.

DURCO Adv. 27-GM

Angle valve 

Y valve

Horizontal 
check valve

Relief control 
valve
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A n ew  th eo ry  for th e  p a ss iv a tio n  an d  corrosion  
res ista n ce  of 18-8S s ta in le ss  s te e l is  d escribed .

by M a r s  G. F o n tan a

Septem ber l ih l7

T h e  excellent corrosion resistance of the stainless steels is usu
ally attributed to “passivation” of the surfaces of these 

materials. A “passive” surface is one that exhibits “ noble” 
characteristics or practical immunity to attack by corrosive envi
ronments as compared to the substantial corrosion that occurs on 
an “active” surface. In other words, a passive alloy shows much 
better corrosion resistance than the electromotive series positions 
of the constituent elements would indicate. For example, the 
position of chromium in thee.m .f. series indicates poor corrosion 
resistance, yet chromium is the major element contributing to 
the corrosion resistant properties of the stainless steels.

Several explanations have been advanced concerning the nat ure 
ami mechanism of passivity of stainless steels. (It should be 
emphasized that passivation is a relative term; an alloy may be 
passive to one environment, but it may be violently reactive to 
another corrosive medium.) The most widely accepted theory 
postulates the formation of an oxide, such as chromium oxide, on 
the surface of the metal and the protection of the metal by this 
oxide from corrosion. Another theory assumes that chemically 
adsorbed oxygen forms a protective layer on the metal surface. 
However, little or no proof has been found to substantiate and, 
accordingly, to promote the definite acceptance of these theories.

Physicall// a d so rb ed  i/as
Studies during recent months in the Corrosion Research Labo

ratory at The Ohio State University, 011 a fundamental corrosion 
research project sponsored by the Office of Naval Research, indi
cates that 18-SS stainless steel becomes passive because of a 
physically adsorbed gas. At room temperatures specimens of 
this alloy display passivity upon exposure to air and lose passivity 
upon exposure to reduced pressure (vacuum). This process is 
reversible in that the alloy can be passivated, broken down, re- 
passivated, broken down, and so on, by alternate exposure to air, 
vacuum, air, vacuum, etc. The ready breakdown of the pas
sivity under vacuum at room temperature indicates weak bonds 
between the gas and the metal, which, in turn, indicates physical 
adsorption. Oxides or chemisorbed gases would be considerably 
harder to remove or break down, and this would probably require 
an elevated temperature.

Treatments a n d  te s ts
Several passivation treatments were tried during the prelimi

nary phases of this study. The treatment found most effective, 
based on corrosion tests, is the one which is designated as the sul
furic-air treatment. I t  consists of exposing a specimen of 18-8S 
to boiling 10% sulfuric acid for 3 minutes, washing thoroughly in 
water, and then exposing the specimen to air. Similar results arc 
obtained if hydrochloric instead of sulfuric acid is used. Removal 
by corrosion of a small amount of metal from the alloy, followed 
by exposure to air, was found to be an effectve passivation treat
ment by the writer several years ago. (Incidentally, this situ
ation accounts for many of the apparent inconsistencies in the 
data resulting'from corrosion tests on stainless steels and stainless 
alloys in sulfuric acid and some other media.)

We arbitrarily prefer to regard the air passivation as the true 
passivation of stainless steel. This alloy can be protected from 
corrosion by the formation of surface coatings such as corrosion 
Products, by inhibitors in the corroding medium, and-—to take an 
extreme case—by painting.

Specimens treated in the preferred 
manner and so passivated are then tested  
for corrosion resistance by complete im
mersion in 10% sulfuric acid and in 
synthetic ocean water at 50° C. (122° F.).
Sulfuric acid is selected because it rapidly 
corrodes an active specimen and is practi
cally harmless if the specimen is passive.
In other words, this test is a good yard
stick to determine in a short time the performance of the speci
men. Another reason for the selection of these media is that the 
acid results in uniform corrosion or general attack, and the sea 
water results in the localized or pitting form of corrosion.

In order to clarify the procedures used, it  should be emphasized 
that sulfuric acid is used to treat the specimen prior to exposure to 
air (passivation), and also to determine the corrosion resistance of 
the 18-8S after passivation.

Table I shows the breakdown of passivation as a result of ex
posure to vacuum. Specimens 2 and 3 indicate that passivity is 
destroyed after 1.5 hours under a pressure of 0.001 mm. Speci
mens 4 through 11 show' that a longer time, or about 4 hours, is 
required for breakdown at the higher pressure of 0.002 mm. 
Specimens 12, 13, and 14 also show- that the time for breakdown 
increases as the pressure increases. Perhaps there is a critical 
pressure above which the passive film would not breakdown.

T a b l e  I. V a c u u m  B r e a k d o w n  o f  P a s s iv a t io n

(Passivation treatm ent: boiling 10% II^SO* for 3 minutes, washed, then 
exposed to air)

Speci
men

Time Behavior in Corrosion Test®
under Corrosion

Desig Pressure, Vacuum rate,
nation Mm. Mg Hr. Surface m ils/year Remarks

1 (many) None None Passive 0
2 0.001 1.5 Active 27S
3 0.001 G.O Active 280
4 0.002 1.8 Passive 0
5 0.002 2 .0 Passive 0
G 0.002 3.2 Passive 0
7 0.002 4 .5 Active N.D.6 Corrosion started

immediately
8 0.002 6.3 Active N.D. Corrosion started

immediately
9 0.002 7 .0 Active N.D. Corrosion started

immediately
10 0.002 18.0 Active N.D. Corrosion started

immediately
11 0.002 24.0 Active N.D. Corrosion started

immediately
12 0.06 6 Passive 0
13 0.03 75 Borderline N.D. Broke down slowly,

then corroded
14 0 .2 24 Passive N.D.

« 10% HîSO* a t 50° C.
b N ot determined.

Table II gives the results of experiments where the passive film 
is destroyed by vacuum treatment and then the specimens are 
again made passive by a subsequent exposure to air. Based on 
the results in Table I and numerous similar tests, the 6-hour ex
posure to vacuum assures breakdown of the passive film. With a 
little experience one can readily tell whether the specimen is ac
tive or passive by observing the action on the metal for afew  min
utes after the acid is bled into the specimen flask. In most runs, 
however, the specimens arc subjected to an actual corrosion test.
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STOKES MICROVAC PUMPS produce and main
tain high vacuum, within the micron range, eco
nomically and dependably, in hard, continuous 
service. They are improved pumps, developed to 
meet present-day requirements for greater capacity, 
higher volumetric efficiency, lower power require
ments...built by pioneers in high vacuum techniques 
and equipment. They are simple, rugged pumps, four 
moving parts only, all easily accessible; compact, 
with top-mounted motors; furnished with continu
ous oil clarifier capacities from 10 to 500 cu. ft. min.

Ask for Bulletin -f63- 
F. J . STO KES M A CH IN E COM PANY
5 9 2 2  T ab o r R oad P h ilad e lp h ia  2 0 , P a .

rrrâr
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[E s t .  . 8 9 5 ]

SEE  FO R H IG H E R  V A C U U M

...T E C H N IQ U E  AND EQUIPM ENT

T a b l e  I I .  R e s u l t s  o f  C y c l i c  T e s t s
(Specimens exposed to air after breakdown of passivation by vacuum

Specimen 
Designation

C-l 
C-2 
C-3 
C-4"
C-5a 
C-5a

a Runs 4 and 5 run simultaneously. Run 4 removed and tested for cor
rosion resistance, bu t run  5 again broken down by vacuum treatment 
(see 5a)

à Not subjected to corrosion test bu t continued as run 5a.

T a b l e  III. C o r r o s io n  o f  1S-SS b y  S y n t h e t ic  O c ea n  W ater 
a t  5 0 °  C .

(Heavy metftls added; pH = S 2)
Specimen Passivation Treatm ent Pits

S-l None Many
S-2 Boiling 3%  H2SO1, 3 min.; a ir 1/ î  hr. None
S-3 Fuming HNO 3, 1 hr. a t room temp. Many
S-4 30% HNOj +  0.5% K-CnOr, 1 hr. a t 00° C. Many
S-5 10% K2O 2O7, 1 hr. at 60° C. Many
S-6 Air a t 870° C., 1 hr. Large

Table III shows the results of tests in synthetic ocean water on 
18-8S specimens with different passivation treatments. The 
sulfuric-air treatment is the only one which prevents pitting of 
the alloy. In connection with run S-6, it may be of interest to 
state that numerous corrosion tests were also made in sulfuric 
acid on 18-8S heated in air at temperatures in the range 225° to 
870° C. (430° to 1600° F.) to form oxide coatings. None of these 
coatings arc protective in this acid.

Exposure of act ivo specimens to an atmosphere of purified argon 
indicates that passivity develops. If passivation by argon could 
be conclusively demonstrated, it would provide definite and strong 
support for the new theory involving physically adsorbed gas.

E lec tron  d iffra c tio n  s tu d ie s
Passivated 18-8S surfaces were intensively investigated by elec

tron diffraction in an attem pt to find crystalline oxides. Electron 
diffraction patterns gave no evidence of their existence, and these 
experiments arc considered as indirect evidence that passivity is 
due, rather, to an adsorbed gas.

Electron diffraction did show, however, a diffuse and unidenti
fied pattern which may be a hydrous oxide of nickel or chromium.
This material may be of assistance in providing a surface that 
readily adsorbs gas.

“ ss ivu tio n '' tcith  n i tr ic  a c id
“Passivation” of stainless steel equipment by exposure to warm 

dilute nitric acid is quite a common practice in industry. Nu
merous tests using this “passivation” treatment force the conclu
sion that this treatment does not passivate stainless steel; it 
is a fruitless operation and a waste of money as far as passiva
tion benefits are concerned. More and more students of corro
sion are adopting this viewpoint. The nitric acid treatment may 
be of some benefit in removing iron particles that may have been 
imbedded in the surface of the metal during rolling or other fabri
cation operations, but this is not a passivation effect; if the metal 
is pickled after rolling or forming, which is often the procedure, 
the nitric acid treatment is a superfluous operation. The usual 
mill operation of pickling should be considerably more effective 
than the nitric acid treatment by the fabricator or user, as far .is 
passivation is concerned. Pickling doubtless dissolves some o 
t he metal surface, and the pickling operat ion is normally folio« e 
by washing and exposure to air. In other words, a pickling op 
oration in the steel mill is somewhat similar to the sulfuric-air 
passivation treatment described.

Vacuum Treatm ent Time Exposed 
to Air after

Pressure, 
mm. Hg

Time,
hr.

Vacuum
Treatm ent Surface

<0.0005
0.001
0.001

<OM)005
<0.0005
<0.0005

6
C>
G

50
50

6

1 hour 
5 min. 

30 min. 
30 min. 
30 min. 

None

Passive
Passive
Passive
Passive

b
Active
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Backed by 25 years of Stainless 
Steel “ know how”, each Cooper valve or fitting is 
“ Certified” to do its job efficiently . . . for Cooper 
registers the analysis of each heat, and stamps each 
casting with its heat number. When desired, a 
certificate of the analysis and heat number is issued 
which applies to all Stainless Steel parts which come 
in contact with the liquid being handled. Each valve 
or fitting rigidly meets the specifications of the job.

COOPER S ta in le ss S tee l V a lve s and  Fittings are  so ld  
through the la rg est S ta in less S tee l d istribu to rs in the  
country . Check w ith  your lo ca l d istribu to r.

Just off the Press!
The behind-the-scenes story of 
Cooper and 25 years of pioneering in 
Stainless Steel Castings . . . taking 
you on a tour of Cooper’s facilities 
and detailing the production methods 
employed in Stainless Steel Castings. 
We will be glad to forward a copy 
upon request.

The COOPER ALLOY FOUNDRY CO.
H I L L S I D E ,  N .  J .

Specialists in Corrosion Resisting Stainless Steel 
. . . For a Quarter of a Century. . .

s i i
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•  Long experience, and a searching, technical, 
mathematically exact approach to problems of 
surface evaporation or diffusion, corrosion, 
abrasion, dust condition and possible galvanic 
action,— has enabled Bartlett-Snow Heat Engi
neers to make noteworthy contributions to the 
art of catalyst preparation.

Typical of many, are a stainless steel equip
ment—jacketed—that separates distilled water 
from an impregnated catalytic support, dis
charges the dried material through an enclosed 
plug gate without any dust loss whatever . . . 
Cylinders of special design and construction that 
withstand the high temperatures of producing

oxides . . . Equipment for processing in a reduc
ing atmosphere, at 2000°F., that exhausts the 
hot gases safely, and discharges the processed 
material, first cooled to normal temperatures, 
continuously, at the desired rate per hour.

Whether yours is a problem of crystallization, 
oxidation, or reduction . . .  or merely a simple 
drying, calcination, or heat treatment, call the 
Bartlett-Snow Heat Engineers,—It’s your assur
ance that the equipm ent recommended will 
prove thoroughly suited to all phases of your 
requirement. Our Bulletin No. 89—more tban 50 
pages—and profusely illustrated—contains much 
technical data on heat processing of interest to 
development and operating men. Send for a copy.

the C.O. BARTLETT & SNOW co.
6 2 0 7  H A R V A R D  A V E N U E  • C L E V E L A N D ,  O H I O
E n g i n e e r i n g  a n d  S a l e s  R e p r e s e n t a t i v e s  in Pr i  n c i p a I C i t i e s

D R Y E R S  • C A L C I N E R S  • K I L N S  • P R E S S U R E  V E S S E L S

COMPLETE MATERIAL HANDLING FACILITIES TO MEET ANY REQUIREMENT 
ONE CONTRACT • ONE GUARANTEE OF SATISFACTORY PERFORMANCE • UNIT RESPONSIBILITY

P R E P A R A T I O N
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Plant management
N ew  lite r a tu r e  on  p la n t  m a n a g e m e n t, p u b lish ed  by  
th e  A m erican  M a n a g em en t A sso c ia tio n , is  d iscu ssed . 

by W alter von P eehm ann

E v e r y  plant executive likes to have at his finger tips specific 
written information pertaining to problems he occasionally 

encounters. Information should deal directly with the problem, 
should be short and concise, and, above all, should suggest prac- 
tical means for solving the problem.

The American Management Association, 330 W est 42nd St., 
New York 18, N . Y., periodically issues pamphlets which are an 
excellent source of information for busy production executives 
in the chemical industry. The following review of some of the 
articles published recently by the American Management As
sociation is intended to give executives in the chemical industry 
an outline of the material which is available and to give the high
lights of its content. The pamphlets are issued in consecutive 
numbers and consist of articles written by mechanical and chemi
cal engineers with production experience, top executives well 
known throughout the industry, and management’s consultants 
and statisticians. The articles usually follow the pattern of 
problem discussion a summary, and a record of questions and 
answers as they took place at panel sessions.

No. 163 : M a n a g e m e n t  T e c h n i q u e s  i o n  I n c r e a s i n g  L a b o r  
Pro d u c t iv ity

A. “Economic Considerations for Production Executives,” 
by Charles F. Roos. The writer discusses the subject according 
lo the following groups: perishable goods, consumers’ semidur- 
able goods, consumers’ durable goods, and capital goods. Three 
charts are given: Federal Reserve Board production index and 
components, labor cost and prices, and population, labor force, 
and its use.

The author points out that the production levels he forecasts 
"ill require ‘capacity operations in a vast majority of industries 
and that the principal problems of the economy during the next 
several years will be concerned with production. Future output, 
per man-hour, unit labor cost, and wage levels are forecast. The 
article also deals with employment and supply of materials within 
the next few years. It is the author’s opinion that a manufac
turer who would like to protect himself adequately against the 
ever-present risk of deflation must take steps now to maintain in 
his plant an output at or above the industry average. He also 
points out that the various supply situations will force manufac
turers to operate with less material and, therefore, where possible, 
products should be redesigned to use lighter gages and weights or 
substitutes that are in adequate supply.

B. “Labor Productivity and Technological Advances,” by 
.1 Ibert Ramond. This article deals with measures for attaining a 
real productive efficiency of workers, which, according to records, 
is now substantially lower than it was before the war. The 
author points out that, in order to achieve real technological 
progress, one must not only be able to stimulate constructive 
ingenuity but also make sure that this ingenuity is used to the 
®st advantage. He believes that the time has passed when 
management could compel acceptance of new ideas without con
vincing evidence that their adoption will result in more effective 
operations. Factors of resistance on the part of labor, and cor
rective and compensating measures, are discussed. Pros and 
wns of suggestion plans, profit sharing, production incentives, 
wd special incentives are considered. Ramond believes that it is 
fundamentally necessary to convince labor that it will benefit 
oore than anyone else from increased productivity, and that it is 
the relation between wages and prices rather than the dollars of 
Wte-home pay that regulates material comforts.

C. "What Is a Fair D ay’s Work?” A panel session. This is 
> record of a 1 panel session which makes interesting reading. 
Productivity and wage rates, management’s failure to sell time 
5tUc|y, union time study stewards, wash-up time and rest periods, 
porker morale, union authority and time study, making time 
study acceptable, incentive pay, effort rating, and training fore
men are discussed. No practical solution is given to all the prob-
1113 involved. However, some of the specific problems dis- 

«■fd ®&y provide the answer to a certain problem with which a 
Production executive is confronted.

N o. 1 6 6 : T i i e  F o r e m a n , t h e  J o b , a n d  
t h e  M a n

A. “The Foreman, the Job, and the 
Man,” by C. F. Mugridge. This article 
deals with foremen and their respon
sibilities. The following questions are 
answered: Do foremen have unique char
acteristics that mark them off from other 
people in industry? Are they truly part o f 
management? What is it that gives them  
distinction and makes them the subject 
of endless discussion? What qualifications must one possess to 
(ill adequately the job of foreman?

The author especially discusses the effect of foremen unioniza
tion, the Case bill, industrial democracy, the need of a new busi
ness philosophy, selection of foremen and their salaries, and 
management training. He believes that an analysis of the 
present standing of foremen refutes the opinion of those w'ho 
believe them to be management. Foremen, he says, often per
form almost no real executive duties; they are not entrusted with 
decisions of importance; they are seldom consulted about con
fidential plans; only in rare cases do they participate in policy 
making; in fact, they are frequently not so well informed about 
company matters as are union stewards; literally they function 
in no greater capacity than lead men, clerks,'inspectors, and ex- 
peditors. The present author believesthat Mugridge generalizes 
too much about a condition which might exist in some organi
zations; however, the point is well taken that jurisdiction over 
technical matters does not make a foreman, and that a real fore
man is management in the true sense and, therefore, should 
function as a member of the management team.

B. “Labor Relations Tools for Foremen,” by C. W. Hodges. 
In order to play an effective part in the development and main
tenance of good relations between the management and the union, 
the author calls attention to the foreman’s need to be properly 
coached and adequately equipped with labor relation tools. 
Simple loose-leaf labor relations manuals called “Your Questions 
Answered” and “Grievance Digest” are available which contain 
an account of settled cases of grievances. Attention is called to 
the fact that labor relations tools are of little value if the right 
spirit is not behind them. Of special interest is the author’s in
sistence that management make it clear to supervision that the 
union is a permanent part of the framework in which a company 
must operate. He also points out that every level of supervision 
is part of management and, therefore, must include the carrying 
out of company policies. Finally, he says, supervisors can stand 
together only if their authority, rights, and responsibilities are 
clear-cut.

C. “Incentive Compensation for Foremen,” by Charles W. 
Lytle. The author realizes the need of strengthening the fore
man’s position. The true solution to this problem is believed to 
be an adequate financial awrard for services rendered and special 
awards for achievements not usually expected from supervisory 
personnel below the executive line. Arguments for and against 
incentives for foremen are discussed. This article should be of 
considerable interest and help to chemical concerns which intend 
to install an incentive compensation system for foremen, since 
this author not only covers the entire subject thoroughly but 
also describes in detail how to set up a compensation system. Of 
interest to the reader should be a list of comments from com
panies which have a foreman bonus plan in operation.

No. 1 6 5 : G e t t i n g  a n d  U s i n g  E m p l o y e e s ’ I d e a s

A. “ Why a Suggestion Plan?” by F. A . Denz. The article 
deals first w ith the reasons why suggestion plans are often not 
successful. The author encourages the use of suggestion systems, 
believing that management, employees, and the consumer will 
benefit by it. He points out that a good suggestion system does 
not mean fewer jobs and that industrial relations are bettered 
when employees receive a compensation for suggestions not



P lan t M anagem ent
High-Temperature 

DRYI NG

a i l  W I LI I

RUGGLES-COLES 
“XF”Rotary Dryers

E s p e c ia l ly  S u i t e d  
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The Rugg le s-Co le s C la ss  " X F ” Rotary Dryer, 
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considered within the scope of their regular work. The Rem
ington Rand plan is described.

B. “Suggestion Plans— the Value to the Personnel Relation? 
Program,” by Herman W . Seinwerth. Suggestion programs, 
saj's the author, should be looked upon as an aid in improving 
employee-cmployer relations but not as panaceas or cure-alls for 
labor troubles. You must have the proper policy and procedure 
setup, and you must administer them well. Advantages of a 
suggestion sj'stem are given as follows: (a) Cash awards are 8 
primary incentive to constructive thinking; (6) there is a per
sonal satisfaction on the part of an employee in contributing an 
idea and assisting in putting it to use; (c) employees feel that they 
are an integral part of management; (d) accepted suggestion 
make employees feel that they are important and needed; («) 
employees learn more about the company and its various proh 
lems; (/) suggestion plans are an excellent means of determining 
who is most suited for advancement; and (g) suggestion plans 
encourage individuals to make the most of their latent abilities

Attention is called to the fact that a suggestion plan deals with 
people and not things. The delicate matter of turning down 
suggestions is discussed at length. Other paragraphs deal with 
awards, eligibility, grievances, and the importance of dealing 
promptly with suggestions submitted.

C. “Suggestion Statistics,” by L. J . Alger. This interesting 
article states that 90% of the suggestion systems initiated during 
the last twenty-five years have failed. Features common to all 
suggestion systems are used to analyze and compare the various 
plans now in existence. A survey covering the actual perform
ance of suggestion systems is also included. It deals with par
ticipation, percentage of adoptions, and 'average awards. The 
author concludes that the economic return which industry as s 
w'hole can reasonably expect from the adoption of a suggestion 
system is considerable; he backs up his statements by figures

D. “Building a Suggestion Program,” by R. E. Loesgcs 
This discussion is unique inasmuch as the author considers the 
suggestion program a buying and selling relation between man
agement and employee. Although it is suggested that idea5 
submitted should be handled ¡is a pure matter of business, at
tention is called to the need for considering suggestions as "brain 
children” of the employees. Special stress is put on the impor
tance of proper executive support. Adequate organization, 
proper incentive, continued and dramatic publicity and pro
motion, promptness and thoroughness of investigation, and tact
ful and complete presentation of the reasons for action by man
agement, are discussed in the order stated. The articte con
cludes with a summary of tangible and intangible advantages 
having a suggestion plan in operation.

E. “Training or Educating Imagineers,” by W. E. Bymt 
The following subjects are discussed: support of top management, 
cooperation of supervision, introducing the plan, publicity, 
recognition, training classes, personal contact, and awards.

The success of suggestion systems is believed to depend upon 
giving employees a certain percentage of the savings resulting 
from their suggestions, with no strings attached. Although the 
operation of a suggestion system on this basis seems rather un
conventional, some companies do operate a suggestion plan suc
cessfully in this way. Although the author states that sugges
tions must be in operation and be proved successful before an.' 
payment is made, the reviewer noticed the absence of a formula 
for determining the savings expressed in dollars and cents. In
tangible suggestions submitted can seldom be evaluated; there
fore a fixed percentage can scarcely be applied to all suggestions 
submitted. ,

F. “The Illinois Central Suggestion System ,” by H. C. Mar- 
maduke. .This article will probably be of little help to a pro
duction executive in installing a suggestion system as far as the 
technique is concerned; but, it is one of the most interesting 
articles on the subject of suggestion systems, since it deals witc 
the subject entirely from the human point of view. The author 
states that when, in the suggestion business or anything else, 
we come to the point where we are no longer willing to learn, we 
are beginning to stand still. He criticizes justly management? 
attitude of “you do the work and we up here will do the thinking- 
He believes that the man behind the wheelbarrow' or the lathe 
knows more about his own particular job than anyone else in an 
organization, and thinks that it is smart for management tn 
recognize this fact and to obtain essential information from the 
men who have the know-how. Advantages gained by manage
ment in the installation of a suggestion system are discussed. I1 
is believed that every production man, every officer, and everv 
supervisor who has anything to do with investigating an employees 
suggestion profits from it himself; he is supposed to_ learn more 
about the department when he is given an opportunity to see it 
through the other fellowT’s eyes and therefore becomes a better 
boss.



S»ptembei 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 109 A

:hloride
phosphorus
trichloride.

, average a s
ía  5 pounds. 1 
2r to handle. 
JP on freight

Tare weight 
drum is less 
are not only
enable you

RESISTANCE

Drums manufactured by 
Niles Steel Products: 

Division Republic 
Steel Corp., Niles, Ohio

ttrrtci

THE I N T E R N A T I O N A L  N I C K E L  C O M P A N Y ,  INC  
67 Wall Street, New York 5, N. Y.



SCRAPER

Fouling of the inner pipe surfaces 
of Vogt Chillers is eliminated, because 
they are swept clean continuously 

during operation by patented spiral, 
spring type scrapers. And these clean 

surfaces achieve the highest possible 
rate of heat transfer between the solu
tion and the refrigerant.

V O G T DOUBLE PIPE TYPE CHILLERS are
designed to use ammonia, brine, or cold 
dewaxed oil as the cooling medium; Oil 
or brine, when employed, is circulated 
through the jacket pipes counter- 
current to the flow of the solution in 
the inner pipes.

. Mu l t i-pipe  t y p e  c h il l e r s , for direct
\ expansion, have large jacket shells
A each containing seven inner pipe
1 sections and employ volatile re-

\ frigerants such as ammonia, freon,
\ propane, etc.

Our engineering staff is qualified by training 
and experience to help you find the right answers 
to your heat transfer problems. Their recom
mendations are available without obligation.

I N C O R P O R A T E D

in a 
tough heat 

transfer problem

Photos show shop assem
bly without driving m oior.

LOUISVILLE 10r KENTUCKY
BRAN CH O F F IC E S : NEW Y O R K , P H IL A D E L P H IA , C L E V E L A N D , C H IC A G O , ST . L O U IS , D A LLA S
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You m ay need this Buyers’ G u ide  in your p lant right this moment . . .  o r m aybe  tom orrow  morning. 
In any event, if you have  even one pyrom eter instrument, you will have  need for this easy-to-use, in form a
tive Buyers' Guide.

This Buyers' G u ide  reduces the often com plex job o f ordering pyrom eter supplies to A, B, C 's. W hen  
a thermocouple, lead  w ire o r other pyrom eter supp ly needs re-ordering, it is e a sy  to locate, o rde r and 
find the price in this book.

Purchasing, maintenance and  engineering departments have  found this book a boon to their work. 
If you send for this free  Buyers' G u id e  right now, there will be no hurry later on. For you r free copy, ask 
for Buyers G u id e  No. 100-1. W rite  or wire the Pyrom eter Supplies Department.

The Brown Instrument Com pany, 4 4 8 0  W ayne A v e . ,  Ph iladelphia 4 4 , Pa.

D I V I S I ON  OF  M I N N E A P O L I S - H O N E y W E L L  R E G U L A T O R  C O M P A N Y
Offices in all principal cities 

SUBSIDIARY COMPANIES IN TORONTO • MEXICO CITY .  LONDON • STOCKHOLM

B R O W N
PYROMETER SUPPLIES

AMSTERDAM • BRUSSELS 

M A I L  TH IS C O U P O N  FO R  Y O U R  FREE C O P Y

THE BROW N INSTRUMENT CO M PANY, Pyrometer Supplies Department 
4 4 8 0  W ayne A ve., Philadelphia 4 4 , Pa.

Gentlemen:
Without obligation, please send me copy of "Pyrom eter Supplies 

Buyers’ Guide No. 100-1."

N am e................................................................................................. T itle . . . .

Com pany...............................................................................................................

Address...................................................................................................................

C ity ..................................................................................... Zone . . . .S ta te .
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p y r o m e t e r  s u p p
B U Y E R S ’ G U I D E
P R IC E  L IS T — M A R C H  2 , 1 9 4 6

•  THERMOCOUPLES

•  PROTECTING TUBES 
•THERM OCOUPLE WIRE

•  LEADWIRE

•  INSULATORS

N O .  1 0 0 - 1
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p j l  E ’M Sfl1 JjjP A  T  A  I  Theory and Operating Characteristics
I E  V W  || M L i f i p  Steam Jei Ejectors for all classes of

vacuum service. Single, Two, Three, 
Four and Five Stage Types. Non-condensing and Condensing types with Barometric or 
Surface Inter- and After-condensers for vacuum requirements in chemical plants, food 
plants, sugar refineries, oil refineries, power plants, etc. Steam Jet Vacuum Refrigeration 
for water cooling requirements of air conditioning and process applications. . . . This 
catalog No. 1462 reflects our over 30 years’ pioneering experience. Write for it today 
on your company letterhead. . . . C. H. WHEELER MFG. CO., 1806 SEDGLEY AVE./ 
PHILADELPHIA 32, PA. Representatives in most principal cities.

S T E AM CO N P E N S E R S — WAT ER C O p  LING TOW E R S - S T E A M  j  E T EJE  CTORS



C  o  *• 1» o  r  «s # I  o  jhi

Now York 17 • Philadelphia 5 • Pittsburgh 19 * Atlanta 3
Chicago 4 * Tulsa 3 • Seattle 1 « Los Angelos 14

International D iv ision : M ilwaukee 1

«■■g iBBSll 

l i i i  iuiig]
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I ° ° , BIG FOR T H R O U G H  RAIL SH IPM ENT, four 16 'x  
coke drums were moved to location on Lake M ichigan’s 

^ggest barges, tw o vessels to a barge. T o  get the vessels 
° m A. O. Smith shops to the Lake Shore dock, special 
rangements had to be made on five miles o f  railway track.

THESE SULFUR CRACKS are dangerous in w elded heavy 
sections. A. O. Smith metallurgists have figured out a way to  
avoid them by controlling the residual sulfur in welding wire.

ORCHIDS to the production-control crew, headed by a 
twenty-five-yeir A. O. Smith man, w ho w ere responsible  
for keeping to a schedule the sim ultaneous production of  
four large 16' x 90' alloy-lined coke drums, a feat few  shops  
in the w orld could accom plish.
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TRIETHYL CITRATE

ACETYL TRIETHYL CITRATE ^

TRIBUTYL CITRATE ★

ACETYL TRIBUTYL CITRATE if

PFIZER
Q UA L I T Y

Easily compatible with most resins. Low oil solubility 
makes it of especial interest as a plasticizer for products 
which may come in contact with fats and oils.

Less volatile and more water-resistant than the 
unacetylated ester.
Particularly recommended for cellulose acetate.
Possesses good oil resistance.

A general-purpose plasticizer of low volatility and good 
water resistance which is compatible with most resins.
Has proved to be an excellent foam-breaker in many cases.

Its very low volatility and high water resistance renders 
this plasticizer particularly valuable /or various types 
of films, cast or extruded.
Also recommended for any product in which low volatility 
is of especial importance.

For further information please inquire of Chas. Pfizer & Co., Inc., 
81 Maiden Lane, New York 7, N. Y.; 444 IFest Grand Ave., 
Chicago 10, Illinois; 605 Third Street, San Francisco 7, Calif.

tÂ (/ (> u (fa c  fo ilin g  ¿/P in ce -J8 4 9
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ET CETERA

Chemico’s service is complete . . . in
cludes origination of processes when nec
essary, the design and construction of 
the plant, training of operating person
nel, initial operation of the plant . . . 
all this backed by an overall perform
ance guarantee.

CHEMICAL 
CONSTRUCTION 
CORPORATION

EM PIR E S T A T E  B L D G ., 350  F I F T H  A V E .,  N E W  Y O R K  1 , N .  Y .

opean T e c h n ic a l  R e p r e s e n ta t i v e : C y a n a m  id  P r o d u c t s ,  L td . ,  

B rellenham  H o u s e , L a n c a s te r  P la c e ,  L o n d o n  W . C . 2 .  E n g la n d  

C a b le s :  C h e m ic o n s t ,  N e w  Y o rk

Pmrf-

★  In countries both strange and distant, and in cities not 
over a few hours away . . . you will find Chemico plants 
in operation. There are more than 600 Chemico installations, 
each specially designed to meet individual require
ments. •  Chemico builds plants for the production, con
centration and recovery of sulfuric acid, the synthesis of 
ammonia, and the production of nitric, hydrochloric, 
and phosphoric acids, phosphates and synthetic methanol 
. . . has been doing it for 33 years. •  This wide 
experience provides immeasurable benefits to those I
who commission Chemico to design and construct 
their heavy chemical plants. •  Preliminary recom  ̂
mendations are furnished without obligation.

"Chemico p lan ts  are profi tab le  investments”
C-145



More than a century ago Powell
started pioneering in the field of ""
industrial valves. -jf,« A

The first bronze regrinding globe ,K . Us A a
valve was a Pow ell “f ir s t” -v.— ^ r | [ ul* X

And, twenty-five years ago, with
the establishment of the Special ^ ''—~
Design and Alloy Valve Division,
Powell Pioneers were the first to set forth on the trail to a line of corro
sion-resistant valves for the chemical and process industries.

Today the complete Powell Line includes Bronze and Iron Valves of 
every required type, design, size and pressure; Cast Steel Valves of 
every type, in pressure classes from 150 to 2500 pounds; and, for the 
chemical and process industries, a complete line of Corrosion-Resistant 
Valves in many special designs and the widest range of pure metals 
and alloys ever used in making valves. ------

v k

F ig . 2097— S ta in less Steel G lass S ight Feed, 
or Look Box. A vailab le  in pipe sizes from M * 
to 6% inclusive , in iron, stee l, pure metals, 
special a lloys, and rubber lined.

F ig . 1503— C lass 150-pound Cast 
F ig . 1969-N i— Pure  N ickel Gate Valve Steel Gate V a lve . Has flanged
for 150 pounds W . P . H as flanged ends, outside screw  rising stem,
ends, bolted flanged bonnet, outside bolted flanged yoke and taper
screw  rising stem , and precision-fitted wedge solid disc,
solid wedge.

The  Wm. P o w e l l  Co. ,  C in c in n a t i  2 2 ,  Ohio
DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES

F ig . 1886— Screwed end Liquid 
Level Gauge for 350 pounds W .W .P . 
Powell offset pattern. A vailab le  in 
S ta in less S tee l, Inconel*, Monel 
M eta l* , P u re  N icke l, and other 
metals and a lloys for corrosive 
se rv ices .

F ig . 2433-M — Monel M etal* Swing Check 
Valve for 150 pounds W . P . H as flanged 
ends and bolted flanged cap.

*A  registered trade name of the 
International N ickel Com pany, Inc.
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1 Alkali Fluorides

GENERAL CHEMICAL COMPANY
Potassium Fluoride 
Sodium Fluoride

E L E C T R O P L A T IN G

P E T R O L E U M  R E F IN IN G

L IG H T  M E T A L  C A S T IN G

G L A S S  &  C E R A M IC S

A E R O S O L  D IS P E R S A N T S

P A IN T S

R E A G E N T S

L A U N D R Y  S O U R S

M E T A L  C L E A N IN G

IN S E C T IC ID E S

R IM M IN G  S T E E L

C A T A L Y S T S

Aluminum Fluoride 
Antimony Trifluoride 
Barium Fluorido 
Cadmium Fluorido 
Calcium Fluorido 
Chromium Fluorido 
Copper Fluoride 
Ferric Fluorido 
Lead Fluoride 
Magnesium Fluorido 
N ickel Fluorido 
Strontium Fluorido 
Zinc Fluoride

» 3 Double Fluorides
Potassium Chromium Fluoride 
Potassium Ferric Fluoride 
Potassium Titanium Fluoride

4 Non-Metal Fluorides
Boron Fluoride— Diethyl Ether Complex 
Sulfur Hexafluori'de

5 Acid Fluorides
Ammonium Bifluoride 
Potassium Bifluoride 
Potassium Polyacid Fluoride “ 50" 
Sodium Bifluoride

N ine different groups of fluorine compounds—embracing 
half a hundred organic and inorganic products—these are the 
contributions of General Chemical’s Fluorine Research to 
American Industry to date. Many more are ready for announce
ment, for General Chemical’s work in the field of fluorine 
chemistry is extensive and continuous, ever reaching into the 
unexplored.

That is why General Chemical Company is recognized as 
"First in Fluorides” the nation over.

F irs t. . .  in the diversity and availability o f its products.
F irs t. . .  in the scope and achievement of its Research.
F ir s t . . .  in its knowledge of the present and potential ap

plications of these increasingly important Basic Chemicals for 
American Industry.

Whenever you require fluorine chemicals—those listed here 
or others made for your particular needs—rely on General 
Chemical Company.

6 Alkali Fluoborates
Ammonium Fluoborate 
Potassium Fluoborate 
Sodium Fluoborate

1 7 Metal Fluoborate Solutions
Cadmium Fluoborate 
Chromium Fluoborate 
Cobalt Fluoborate 
Copper Fluoborate 
Ferrous Fluoborate 
Indium Fluoborate 
Lead Fluoborate 
Manganese Fluoborate 
Mercuric Fluoborate 
N ickel Fluoborate 
S ilver Fluoborate 
Stannous (Tin) Fluoborate 
Zinc Fluoborate

8 Fluorine Acids
Fluoboric Acid  
Fluosulfonic Acid  
Hydrofluoric A cid  
Hydrofluoric A c id ; Anhydrous

G E N E R A L  C H E M I C A L  C O M P A N Y  9 Organic Fluorine Compounds
40 Rector Street, New York 6, N. Y.

Sales and Technical Service Offices From Coast to Coast
In Canada: Th» NICHOLS CHEMICAL COMPANY, Ud., Sun llf«  Bldg., Montreal 2, Ou»,

Ethylidene Fluoride (G enelron* 100) 
1,1,1 Difluorochloroethane 

(Genetron* 101}
♦ Heg. U. S. Pat. Off.

The above products are available 
either in commercial or experimental 
quantities. For information contact 
General Chemical Fluorine Division, 
40 Rector Street, New York 6, N, Y.



V  STRONG, DURABLE
V  CORROSION RESISTANT
. /  ALL NON-FERROUS
V  MATERIALS

/ HIGH HEAT TRANSFER
V RATE

/ EASILY INSPECTED AND
V CLEANED
V  SIMPLE TO INSTALL

I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

d R E  FILLED PROMPTLY
FROM STOCK

Widespread use of small, lightweight Ross “BCF” oil and water coolers for Diesels, 
compressors, hydraulic presses, torque converters, reduction gears and turbines 
REQUIRES MASS PRODUCTION OF PARTS AND ASSEMBLY LINE 
METHODS to keep current with the needs of industry.

Thus, quantities of those sizes in greatest demand are carried in stock for imme
diate shipment.

Save time! Save costs! Check with your nearest Ross representative (or the main 
office) on filling your requirements from stock. Our Monday morning stock lists 
show how many of each size can be shipped within 24 hours . . . and you’ll be 
quoted from published price and discount lists.

Ross Equipm ent Is M a n u fac tu re d  and

R O S S  H E A T E R  & M F G .  C O . ,  I N C .
D iv is io n  o t  A m erica n  R a d ia to r  &  S ta n d a rd  jjja n ita r .g  c o r p o r a t io n

1 4 2 3  W E ST  A V E N U E  B U F F A LO  13, N . Y.

S o ld  In C a n a d a  b y  H orton  Steel W o rk s, Ltd., Fort Erie, Ontario
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Raymond Im p Mill 
with furnace for 
supplying heated air 
to system.

With Mechanical Air Separator 
Classification In Closed Circuit

Write for Catalog No. 55

SO many different materials and operations can be 
handled by this versatile pulverizer that it has become 
known as the "Mill of a Thousand Uses.”
The set-up shown above is widely employed in the 
chemical and process industries. It consists of the Imp 
Mill with air separation and flash drying system. The 
material is dried, ground, classified and conveyed to the 
bin in one continuous process, automatic and dustless. 
The product may also be cooled in the same system for 
bagging or storage.
At left are alternate arrangements: (a) With screen
classification, as in making coarse granular materials; 
(b) With cyclone collector for standard pulverizing, 
blending and separating; (c) With tubular collector for 
recovering superfine dust in grinding special materials; 
(d) With Mechanical Air Separator in closed circuit for 
extreme fine classification and uniformity of product.

COMBUSTION ENGINEERING COMPANY, INC.
RAYMOND PULVERIZER D IV ISION

1313 North Branch Street Chicago 22, Illinois
S a le s  O ffices  in  P rin c ip a l C ities  

C an a d a : £■ombustion Engineering Corp., Ltd., Montreal



DE LAVAL
STEAM  TUR BIX E CO.
T R E N T O N  2,  N E W  J E R S E Y

This D e Laval blower has been de
signed and constructed to meet the 
most exacting service with the utmost 
reliability and efficiency. The heavy, 
cast casing is smoothly finished and 
scientifically contoured. The vanes of 
the built-up forged steel impeller are 
curved to assure stable flow charac
teristics. A  Kingsbury type thrust bear
ing is employed in place of ball or 
collar type thrust bearings. The sleeve 
type bearings in the pedestal are pres
sure lubricated. The case rings are re
placeable. The discharge opening may 
be positioned at any angle in 15° incre
ments for either direction of rotation.

C-5
Atlanta * Boston • Charlotte* Chicago • Cleveland • Denver • Detroit • Helena* Houston • Kansas City 
Los Angeles • N ew  Orleans * N ew  York • Philadelphia • P ittsburgh • Rochester * Salt Lake City 
San Francisco* Seattle* Str PauI *Tu!sa »Washington, D. C.* Edmonton «Toronto* Vancouver* W innipeg

TURBINES • HELICAL GEARS • WORM GEAR SPEED REDUCERS • CENTRIFUGAL PUMPS • CENTRIFUGAL BLOWERS AND COMPRESSORS • IMO OIL PUMPS
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d ie
D e L a v a l 
sing le in le t  
b lo w e r
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Here’s a NEW book describing the most modern and economi
cal way to a readily accessible supply of mineral-free water. 
Here are some of the questions the book will answer for you:
A  Why is demineralized water so much more economical 

than distilled water?
^W h at other advantages do Cyanamid’s FILT-R-STIL* 

Demineralizing Units offer as compared to distillation?
©W hat’s in raw water besides H20  ?

Q W h y  is water processed by a FILT-R-STIL Demineralizer 
always of uniformly high quality—even though the raw 
water fluctuates considerably?

© W h y  are FILT-R-STIL Demineralizers so easy to operate? 
What capacities are available? How little space is required?

© H o w  can operating costs be calculated . . . and savings?
@ W hat does Cyanamid do to “stay ahead of the parade” in 

demineralization? • u. s. p m . off.

If your operations call for an economical supply of mineral-free 
water, you need this new, free book. Mail coupon for it today!

Name_________________________________________

Company______________________________________

Address_______________________________________

City______________________________________; State.

Send me your new booklet on F IL T -R -S T IL  Demineralizers. 
Briefly, m y water problem is o j the follow ing nature:

American Cyanam id Company
Ion Exchange Products Dept. 10
30 Rockefeller Plaza, N ew  York 20, N . y.



CONTAINER

J 0 SEPH A. O C 0 N ro R 1 C 0 MPAiYY
î ptuahiÎL. in Jh\a>Uj- O’iyatùÿû.tîcn, ohJ. <̂J\eJMA.ci 

424  MADISON AVENUE .  NEW  YO RK 17, N . Y. '■

EQ U IPM EN T

Have you been 
able to purchase  
your sm aller  
distillation and 
absorption plants 
for solvents and 
chem icals?

Com plete Units for d istillation and 
absorption specially designed and fu r
nished for your plant requirem ents.

w it h  STEVENS ’J H e to t
B A R R ELS  AND DRUMS 

of EN D U RO  S t a in l e s s  S t e e l

For the first time, the vast scientific 
collections of the great libraries of 
New York and Washington are 
readily available to you. Our expert 
librarians are ready to search these 
collections for you and dig out the 
data you need.

By calling upon us you not only 
obtain full use of these libraries but, 
because we know how to get the 
facts you will find our service 
accurate, rapid and inexpensive.

We can provide 

you with:
Easy to open— easy to close—tha t's  
the p a te n te d  R in g lo x  closure shown  
a t th e  le ft. I t  insures a  positive a n d  
p erm a n en t sea l— a n d  you m ay have  
i t  on S T E V E N S  Products.

AESTRACTS 
BIBLIOGRAPHIES 

INDEXES 
PHOTO-COPIES 

SEARCHES

NI L ES  S T E E L  P R O D U C T S  D I V I S I O N  
R E P U B L I C  S T E E L  C O R P O R A T I O N  

N I L E S ,  O H I O

us quote on your n ex t lib ra ry  research jo b ?

METAL BARRELS  AND DRUMS

122A I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 39, No 9



to meet increasing preference
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to producing better Filtro! products

T O N N A G E  I N C R E A S E  I N  

R E F I N E R S '  U S E  O F  

F I L T R OL  P R O D U C T S

This great new Filtrol plant _  a two-million-dollar project-will augment 
the ever-increasing productive capacity of our present modern plants 

in Vernon, California, and Jackson, Mississippi. Filtrol is 
maintaining its leadership in the field of catalysts, adsorbents and other 
highly activated, chemically treated materials by supplying added 

manufacturing facilities and technical resources to meet the ever-increasing 
demands of present users, and providing necessary plant capacity tor 
the growing demand of existing as well as the newer fields of operation.

C A T A L Y S T S  
A D S O R B E N T S  
D E S I C C A N T S

F IL T R O l C O R P O R A T IO N : General O ff ice ,: 634 So. Spring Street, Los Angeles 14, Colifornio 

Plants: Vernon, Co lifo rn io , ond Jackson, Mississippi *R ,g. U.S. r e .  Oft.



M O R E  O P E R A T IN G  H O U R S

with TABER VERTICAL PUMPS

ALL PURPOSE MIXERS fo r  WET a n d  DRY M ix in g
USE FOR:

Pow ders  
Chem icals  
Bakery M ixes 
Paint
Flour B lending  
Poultry Feeds 
Stock Feeds 
Soaps
Processing Seeds 
Drugs 
Cosm etics  
G lue
O il & G reases  
Colors
M arshm allow s  
Plastics (dry) 
F lo o r-S w eep

No matter what your mixing problem, the 
Do-All w ill help you solve it. Built for extra 
long life , a ll welded steel construction, ball 
bearings, chain drive. Fast, efficient, minimum 
of horsepower. Also, steam jacketed cooker- 
mixers that reduce cooking time one-third , 
increase production and moisture absorption. 
A va ilab le  for Im m ediate Shipm ent. For de
ta ils , mail coupon below.

FO R  FR EE  B O O K L E T  
N O  O R 11 G  A T I O  N

i D. B. LEWIS CO.
\ 3 4 0 6  A v a lo n  B lv d ., Lo t A n g e le s  11, C a lif .
;  SEND INFORMATION ON:
;  ( ) DO-ALL MIXERS AND BLENDERS 
I ! ) STEAM JACKETED COOKERS 
I N am e................
J A d d re ss  ....................................................
[ City, an d  S t a t e .....................................................

■j . . .....................................................................................

TABER PUMP CO . .  i s t . ?85S> ♦ '293 ELM 5T ., BUFFALO 3 ,  N . T ,

f0' HWO''j,, “l(oin,«nceT a b e r  P u m p s

5 ad van tag es  of s c h n e ib l e  
dust  and fume con trol

-IMPORTANT TO YOUR POCKETBOOKl

I i p r P? T « nt e q i pm ? f n.m p l7 etd Schne ib le  system  has em erged  from  the experience of
i+ V u -l i  cont.ro llm 9 dust and creating  opera tions in the p rocess industries. A s  a 

result, bchne ib le  equ ipm ent —

1. Provides the demonstrated advantages and greater safety of the wet method of dust control.
2. Requires a minimum of exhaust air from the operations being ventilated.
3. Occupies a minimum of space.

4. Is made of the material which best withstands destructive effects of contamination handled.
5. Effectively copes with the various dust and fume conditions encountered in the process industries.

124 A
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The Schneible Multi-Wash 
Collector— the heart of the 
Schneible System— receives 
the dust and fume-laden air 
picked up at the sources, 
and thoroughly removes con
tamination from the a ir be
fore it  is discharged. The 
collected material is con
verted into a sludge, which 
is much more readily dis
posed of than an accumula
tion of dust, and cannot re- 
contaminato the atmosphere.

DO-ALL  
M IX E R S  and BLENDERS

Oleum, concentrated sulphuric, mixed acids and 
similar liquids, are well within the handling ranee of 
Taber Vertical Pumps.

By locating the stuffing box away from fluid being 
handled, repacking interruptions are reduced to an 
inconsiderable minimum . . . thus more operating 
hours with Taber Vertical Pumps.

Liberal size bearings and oversize 
shafts extend the useful life of these 
pumps and also retard vibration. For 
complete information, please write on 
your letterhead for Taber Special Bul
letin V-837,

See us at Pacific 
Chemical Exposi
tion ; Booth 80 . . .  
also at Chemical 
Industries Exposi
tion, New York; 
Booths 421-422.

Submit your dust and fume problems,

C L A U D E  B.  S C H N E I B L E  C O
2827 Twenty-Fifth St., Detroit 16, Mich.

Offices in Principal Cities

S C H N E IB L E
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CELANESE
OUNCES

OH

• CA/ ^

’ " c h ~ . c h  i

V i ,

GLYCOL
2-METHYL-l, 3-PENTANEDlOL

A n e w  c o m p o u n d  c o m b i n i n g  s o l v e n t ,  l u b r i c a t i n g  a n d  p e n e t r a t i n g  p r o p e r t i e s

W ith the grow ing industrial importance o f glycols Ce lanese  

Chemical Corporation  now  announces this new type  g lyco l— a 
dihydric alcohol, 2 -M ethy l-1 , 3-Penfanediol, with an unusual 

structure and combination o f  properties.

It will be o f special interest in the field o f soaps, detergents, 

softening and  penetrating agents, finding other potential a p 

plications in hydraulic fluids, g rea se s and  lubricating oils. It will

also find applications a s  plasticizer and coupling a gen t for

resin solutions and printing inks.

Containing one prim ary and  one secondary  h yd roxy  group, 

Celanese* M ethy l-Pentaned io l has unusual solubility fo r a w ide 
variety o f resins and  is miscible with most common organ ic  

solvents. Its high boiling point (2 I 5°C.) plus limited solubility in 

water give it a combination o f properties not found in any  
other glycol now  in use.

This glycol is now  offered for the first time in experim ental 

quantities. Call o r write for add itiona l information. Celanese  
Chemical Corporation, division o f  Ce lanese  Corporation  o f

America, I 8 0  M ad iso n  Avenue, N ew  York  I 6, N. Y.

P H Y S I C A L  P R O P E R T I E S
COLOR 
ODOR
SPECIFIC GRAVITY 2 0 °/4 °  C .
REFRACTIVE INDEX 2 0 ° C.n________
POUR POINT, °C . D
PUSH POINT, °F. approx.
BOILING POINT, °C .
SOLUBILITY IN WATER ® 20° 
w ater s o lu b il it y  in  @ 20°

W ate r White 
Slight 
.9692  
1.4492

minus 4
230
215
I 0 cc in 100 cc 
250  cc in I 0 0  cc

METHYLAL

/ I  CelatieA e C h e m ic a l

M ethylal (dim ethoxy-m ethane) is  n o w  a v a il

able in com m ercial quantities from Celanese.

This chem ical prom ises to be of great va lue  fo 

those industries requiring a lo w  boiling liquid  

of extrem ely high solvent pow er. A s  a  chem ical 

intermediate in organic synthesis it can  be used  

fo provide a controlled source of anhydrous  

form aldehyde and m enthanol by  hydro lysis  

under acid  conditions. If has re lative ly  high  

w afer solubility  and is  read ily  salted out of

solution. C a ll on Ce lanese  for technical assist

ance and inform ation regarding the applica

tions of M ethylal in your field.

¿ :Reg. U. S. Pat. Off.

A L D E H Y D E S  .  A L C O H O L S  • A C I D S  • S O L V E N T S  • I N T E R M E D I A T E S  • P L A S T I C I Z E R S  .  K E T O N E S
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Top and middle sections of 8400 sq. ft. 
quadruple evaporator. Shells, heads and 

bottoms {bottoms not shown) are % "  
Anaconda Copper. F o r  British  Colum bia  

D istille ry  C om pany Lim ited , 
V a n co u ve r, B .C .

Three copper w ater jacketed yeast tanks, 
each of 1600 Imp G a l. capacity. Cold rolled, 
0 .109" Anaconda Copper was used for 
these, and for the two smaller water jacketed 
Dona tanks. Fo r M o n tre a l P roducts  
Com pany L im ited ,  M o n tre a l, Q u e b ec .

Bottom sections for five new 10,000 gal. 
copper alcohol storage tanks. Tanks w ill be 
12' in diameter and 13' 6 "  high, made 
entirely of Anaconda Cold Rolled Copper 
for C a n a d ia n  S ch en ley  Lim ited ,
V a lle y fie ld , Quebec.

This varied distillation equiprr 
beer still, heads column, condense, 

cooler—all fabricated from Anac 
Copper fo r  Monfmorency D istille ry ,
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LIMITEDCANADIAK
M O N C E A U .

copper for distillery equipment.

For these same reasons, copper and copper- 
alloys are widely used by all branches of the 
process industries, particularly in heat ex
change equipment of all types. Leading fab
ricators look to The American Brass Com
pany for Anaconda Metals of unvarying high  
quality and uniformity. «¡m

A L L  of the equipment shown was recently 
fabricated from Anaconda Copper by 

Canadian Vickers Limited, Montreal, for sev
eral well-know n Canadian distilleries. In 
each distillery, copper tube coils are used by 
the score, and copper and brass pipe lines are 
the connecting links between copper equip
ment which is found at every stage of the dis
tilling process — from mash tubs to bottling 
rooms.

W hen copper was first used in distilling  
has probably been forgotten. But its ease of 
fabrication, corrosion-resistance, strength, 
durability and high thermal conductivity 
have all contributed to the traditional use of

Anacc>ndA
from mm# to contumH

COPPER & COPPER ALLOYS

THE AMERICAN BRASS COMPANY
G e n era l Offices: W a te rb u ry  88, C o n n ecticu t

Subsidiary of Anaconda Copper M ining Company
h i  C a n a d a :  A n a c o n d a  A m e r i c a n  B r a s s  L t d .  

N e w  T o r o n t o ,  O n t .
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4000
A P P R 0^B -

L IQ U IPO M ETER

\REW ORTH MEASURING

C A D  r  A  S A R C O  C O M P A N Y ,  I N C .

w  1^. EmpireStateBldg.,NewYorkl,N.Y.
' S A V E S  S T E A M  s a u c o  Ca n a d a , l t d ., t o r o n t o  5, o n t a r io

Costly human erro rs
ELIMINATED WHEN YOU 

MEASURE VALUABLE STORED 
LIQUIDŜ

E R

f o r  GA i 0 0 0/ o * % R i T £ &

WRITE,
COMPLET,

DETAILS

*LIQUIDS WORT>

Fan Blades, Ducts and Hoods 

protected by N U K E M I T i  
are IMMUNE TO CORROSIVE FUMES

| M aintenance  and  replacem ent costs can be
* practically eliminated b y  coating fan  blades,

ducts and  hoods with NUKEM ITE. Easily app lied  
b y  brushing o r sp raying, N U KEM IT E  quickly air 
dries to form a hard, tough film which is e x 
tremely resistant to corrosive fumes. It is im
pervious to acid, a lka li and salt solutions, most 
solvents and  extreme w eather conditions as well.

Sc N U KEM IT E  has a strongly adhesive  capacity
for all types o f  surfaces —  w ood, concrete or 

pit steel —  yet is h ighly resilient and flexible.

dn< Descriptive booklet mailed on re-
ân quest. A complete NUKEMITE
ôr Tria l Kit is ava ilab le  at $ 2 .95

d | i | ( C H  —  (Postpaid in U. S.)

s 1 ^ C O R P O R A T I O N. #
1 2 5  C O L G A T E  A V E N U E ,  B U F F A L O  2 0 ,  N . Y .

S A R C O  T R -40

COOLING 
CONTROL
For engine  and  com pressor jack

ets, condensers and  degrease rs. 

Throttles the flow  o f fresh coo l

ing water, a llow ing on ly  enough 

to flow  to ¿he coo ling  system to 

m aintain the desired  w ater outlet 

temperature. Factory tem pera

ture setting can be adjusted 

10°F. lower and  30°F. higher 

than fac tory  calibration. The 

T R -40  saves up to 5 0 %  o f the- 

coo ling  wafer, increases the effi

c iency and  protects the equ ip 

ment. A sk  fo r C a ta lo g  7 00 .

212

fy a & te s i.  .  .

Weighing and Proportioning
u u ilt

SCHAFFER PO IDO M ETERS
O v e r  1000 s e r v in g  in d u s t r y

Speed plus accuracy in handling crushing limestone, 
gravel and sim ilar materials is "right up the alley” fof 
producers w ho em ploy SCHAFFER Poidom eters.

T hese are automatic, h igh-speed, precision machine* foi 
feeding and proportioning raw materials.

They are finely engineered and durably constructed for 
continuous, low -cost operation.

Available w ith remote control recording and operating 
devices, and total w eight recorders.

SCHAFFER POIDOMETER CO.
2828 Sm allm an St., • • • PITTSBURGH 22, PA,

THE LI/MJiPOMETERcone
38-13 SKIILM AN A V E . ,  LONG ISLAND CITY.I.NY.



' Consult 
DRACCO
Engineers

DUST CAUSES WASTE
DRACCO Dust Control SAVES MONEY

cnsoLinE piniiTs mid refiheries

DRACCO C O R P O R A T I O N
4055 E. J16IK  St., C leve land  5, O h io  New York Office: 130 W . 42nd St.

I  D U S T  C O N T R O L  E Q U I P M E N T  I

Pl0NEERS in  RESEARCH FOR PREVENTION OF INDUSTRIAL DERMATITIS

THE MILBURN CO.
3218 E. WOODBRIDGE •  DETROIT 7, MICH.
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WRITE
FOR

CATALOG
200

d e A iq s ie d  j f i s i . .  g h s o l ih e
BUTHRE • PROPRHE • [RUSTICS 
REIDS • BUTHDIERE • STVRERE
. . write our Engineering Dept., McGowan 
Pump Division, Leyman M(g. Corp., Cincin
nati 2. Ohio, for complete information. Dust, even in small quantities, causes 

W A S T E S  in many ways —  it is always de

structive. Dust causes excess wear of bear

ings and other working parts necessitating 

more maintenance and reducing useful life 

of equipment. It is a health hazard that 

should be eliminated. The installation of 

D R A C C O  Dust Control, in thousands of 

plants, has always resulted in greater effi

ciency. W h y  not consu It D R A C C O  Engi

neers about your dust problem? They 

have over 30 years’ experience in dust and 

fume control.

F o r  F u r t h e r  I n f o r m o t io n  W r it e

BETTER
THAN EVER

We ore glad to announce to our many friends this new Im
proved water repellent cream. PLY NO 3 w ill now meet worker»' 
requirements for protection against w ater or w ater soluble oil* 
or other solutions which do not exceed Ph 6 acid or Ph 8 a lka li. 
Where the acid or a lka li content exceeds these specifications, 
other types are ava ilab le .

There are thirteen other PLY form ulae which provide specific 
protection against more than 2000 industrial dermatitis hazards. 
Write us describing your requirements. A  
FREE sample for testing w ill be furnished.

F R E E
Ask fo r a copy of "The A nsw er To 

Industrial D erm atitis," the only reference book 
of its kind. Everyone interested in combating 
dermatitis should have a  copy.

¿ t ie  T fc c a  

y n tfe u w e c l

PLY  NO 3
$10.00 p tr  d ot., 12 ez. ¡or, net weight
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Ano th er
Distinguished

PUMP
s4tou vt< i

S/° *  St/CTVO^

AURORA
CENTRIFUGALS

to r  Every  
Pumping Job 

HORIZONTAL 
SPLIT CASE  

Single & Two Stage 
SID E SUCTION  

V ERTICA L  
NON C LO G  

SUMP 
MIXED FLOW  

SP EC IA L  DESIGN 

W rite fo r  
CONDENSED  

CATALO G  "M" 
or 

Consult 
SWEETS

Electrically Controlled 
Discharges of ACCURATE 
Net W eights
Edtbauer-Duplex, Series "C,”
Automatic N et W eighers, for 
dry, granular and powdered  
materials, com bine w eigh ing  
accuracy and operating sim 
plicity w ith an electrical con 
trol o f  the w eighed discharges, 
to provide the ideal w eighers  
for operation in conjunction  
with other production and 
packaging m achines. 4 sizes 
are available for w eight ranges 
between 4  oz. and 5 0  lbs., 
at rates up to 26 discharges 
per min. P ossib le w eight ac
curacies are from =¡=1/10 to 
1 /5  o f 1%. Complete inforrra- 
tion is available upon reque.'t.

G u m p  E n g i n e e r s ,

TL1 b a c k e d  b y  7 5  y e a r s '
I n  e x p e r i e n c e  i n  t h e
>> d e s i g n  a n d  m a n u -
( E A R  f a c t u r e  o f  m a c h i n 

e r y  f o r  p r o c e s s i n g  
d r y ,  f l a k e d ,  g r a n u 

l a r ,  a n d  p o w d e r e d  m a t e r i a l s ,  ’w i l l  b e  
g l a d  t o  w o r k  w i t h  y o u  i n  s e l e c t i n g  t h e  
G u m p - B u i l t  E q u i p m e n t  b e s t  s u i t e d  t o  
y o u r  s p e c i f i c  r e q u i r e m e n t s .

75

ENGINEERS AND MANUFACTURERS SINCE 1872 
415 SOUTH CLINTON STREET, CHICAGO 7, ILLINOIS

DISTRIBUTORS IN PRIN CIPA L CITIES

f c i o r a ________________________
U I T I I  64 L o u c k s  S tree t, A U R O R A , IL L IN O IS

INDUSTRIAL
P R O C E S S  E N G I N E E R S

" S p e c ia l  a n d  S ta n d a rd  Process E q u ip m en t |

En g in e e re d  to  Your R eq u irem e n ts"

5208 HUDSON AVE. WEST NEW YORK, N. J. 

_____________________________________________________________________________I

NOW! AN |*P *E
T U R B I N E

A G I T A T O R

FOR BATCH AND CONTINUOUS OPERATIONS!* ......... .... . "■ ....... ..... . ■ ...........

.jU  V io le n t a g i ta t io n  in  a w id e  ra n g o  
^  of l i q u id - l i q u id  v is c o s it ie s , s o l id -  

l iq u id  s u sp e n s io n s  a n d  « a s  a b 
s o rp tio n .

r  H o r iz o n ta l  m o- 
1 t o r  a n d  r i g h t  

a n g l e  g e a r i n g  
a l l o w  f o r  low  
h e a d  r o o m  i n 
s ta l la t io n .

jl . S p e c ia lly  d e s ig n e d  r i g h t  an isic  d riv e  
n  e l im in a te s  s te p  b e a r in g — e lim in a te s  

b e a r in g  t r o u b l e ,  p a r t i c u l a r l y  on 
s ta in le s s  s te e l  e q u ip m e n t.

(WE D E L I V E R  ON / / T I ME !

JL- S p e c ia lly  d cs lR n ed  b lad e s  
*  to  g iv e  d o w n w ard  a n d  r a 

d ia l  m o tio n — id e a l  fo r  d is h  
bo tto m  tan k s .

.A .U n i ts  e n g in e e r e d  
*  to  Y O t ’R  p a r t ic u 

l a r  a p p l ic a t io n .

-X-.No o i l  le a k a g e  on th e  ver- 
*  t l c a l  s h a f t .

C a p a c it ie s  to  1400 G .P .M . 
H eads to  190 F t .

W herever liquids play an important or in
cidental part in Industrial processing, this 
Aurora Type G G U  serves perfectly and 
with lasting efficiency. Because the casing 
is separate from the bearing bracket, the 
need for special metals to handle corrosives 
Is minimized. Discharge may be placed in 
any of eight positions. W e commend these 
pumps for high satisfaction and economy.

A P C O  TURBIN E-TYPE PUMPS

For high pressure, small capacity 
requirements (up to 150 g .p .m .).
W ide operating range character
istics. No metal to metal con
tact. Handles non-lubricating liquids with
out wear. Only one moving part —  tha 
Impeller.

Designed for a wide variety of chemical proc
esses, our new I*P*E Turbine Type Agitator 
is particularly effective in suspending solid 
materials in light viscosity liquids. Each in
stallation is engineered to your manufacturing 
process.

We also design and^build complete equip
ment, using these agitators for batch and 
continuous operations in chemical and other 
processes . . . and DELIVER ON TIME.

Why not have I*P*E analyze your produc
tion process—make suggestions that will help 
you step up output—help you meet today’s 
heavy orders. There is no obligation! Why not 
write, phone, or wire today?
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PROCESSING EQ U IPM EN T

ATTRITION MILLS

proved Type!

Attrition Mills for grinding a ll types of m aterial. Adjustable for coarse or 
fine grinds. Hard iron grinding p lates. Capacities to your requirements. 
Robinson Processing Equipment is designed by engineers whose reputation 
is founded upon doing things right. Literature ava ilab le . Inquiries invited.

R O B I N S O N  M A N U F A C T U R I N G  C O .
Plant: M u n cy , Pa.

S A L E S  R E P R E S E N T A T I V E

M ERCER-ROBINSON COM PANY, INC.
30 CHURCH ST., NEW Y O R K  7, N. Y .

H o w  ah important new “ to o l"  
can be applied to your 

heating, cooling and drying problems

HEAT PUMPS
B y  P H I L I P  S P O R N ,  E x e c u t i v e  V i c e - P r e s i d e n t  a n d  
C h i e f  E n g i n e e r ,  A m e r i c a n  G a s  a n d  E l e c t r i c  S e r v i c e  
C o r p o r a t i o n ;  E .  R .  A M B R O S E .  A i r  C o n d i t i o n i n g  
E n g i n e e r ,  A m e r i c a n  G a s  a n d  E l e c t r i c  S e r v i c e  
C o r p o r a t i o n :  a n d  T H E O D O R E  B A U M E I S T E R ,  
C o n s u l t i n g  E n g i n e e r ,  A m e r i c a n  G a s  a n d  E l e c t r i c  
S e r v i c e  C o r p o r a t i o n ,  a n d  P r o f e s s o r  o f  M e c h a n i c a l  
E n g i n e e r i n g ,  C o l u m b i a  U n i v e r s i t y ,

H ere is a com plete, authoritative volum e w hich  offers 
an easily understood technical treatment o f  the de
velopm ent o f  the heat pump, and 
the progress made in adapting it 
not only to build ing heating and 
coo lin g  service, but also to such 
industrial processes as the evapo
ration and purification o f  liquids, 
the drying o f  so lids, and the si
multaneous ch illin g  and heating  
o f process fuels. T he b ook  con
tains practical questions and data 
w hich those concerned w ith the 
developm ent and use o f this im 
portant new  too l want to know

1947 188 Pages $3 .75

FR EE  E X A M IN A T IO N  C O U P O N  
J O H N  W IL E Y  & S O N S , IN C .
44 0  Fourth A v e . ,  N ew  Yo rk  1 6 , N . Y . IEC-9-47
Please send me, for ten days' free exam ination, a co p y  of 
Sporn-Am brose-Baum eister’s H E A T  P U M P S . If I desire to 
keep the book , I w ill remit $ 3 .7 5  plus postage/ otherwise I 
w ill return the book postpaid.
N a m e ..................
A d d re s s ............
C it y ........................
Em ployed b y .

{ O f f e r  n o t  v a l i d  o u t s i d e  U .  S . )

Frick Ammonia Compressors Serving a Large Hospital m a c  treon-12 Compressors A ir Condition an Office Building

Whether You Need Ammonia or Freon-12 Equipment, You Get What You Want with

A s  builders of both ammonia and low-pressure 

systems, we are in an unbiased position in filling your requirements.

For the ultim ate in satisfactory  coo ling equipment, put your p ro b 

lems up to the nearest Frick Branch or Distributor.

trickAmmoniaCompressor FrickFreon-I2Com pressor
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G E O R G E  A R M IS T E A D , JR . 
Chemical Engineer 

PETROLEUM  • CH EM ICALS • ENGINEERING 
INDUSTRIAL SAFETY 

1519 Connecticut Avenue 
Washington 6 , D . C.

E . W . D . H U F F M A N , P h .D .

M icroanalytica l Laboratories

Organic, Inorganic —  Quantitative, Qualitative 
Precision Analyses —  Special Analytical Problems

Majestic Bldg. Denver, Colorado

--- li:— ...... ij.. inn.1...
R ES E A R C H  CH EM ISTS and EN G IN EER S

A  staff of 75 including chemists, engineers, bacteriolo
gists and medical personnel with 10 stories of labora
tories and a pilot plant are available for the solution of I 
your chemical and engineering problems.

Write today for Booklet No. 10 
“ The Chemical Consultant and Your Business”

FO STER  D . S N E L L  
Incorporated

29 W . 1 5th St. New York 11, N . Y.

R O B E R T  C A L V E R T
Chemical Patents

U. S. and Foreign Applications 
Interferences — Reports 

155 East 44th Street, New York 17 , N . y . 
Telephone M Urray H ill 2-4980

K O H N  & P E C H E N I C K  
Consulting Chem ical Engineers

Plants — Processes —  Equipment

D E S I G N
Reports Trouble-Shooting Appraisals

A rch itects Building Philadelphia 3 , Pa.

S P E C T R O G R A P H IC  SER V IC ES  and SU PPLIES, INC.
Composition of Chemicals Metals and Minerals 

by
Spectrographic, Chemical, Optical,X-Ray Methods

Research —  Consulting — Analysis
Spectrographic Electrodes — Standards to Order

21 Madison A v e ., Saratoga Springs, N . Y . 
Lester W . Strock, P h .D ., Director

G U S T A V U S  J. ESSELEN , INC.

Chemical Research 

and Development

857 Boylston Street Boston, Mass.

“ Today’s Research Is Tomorrow*« Industry1'

L A  W A L L  & H A R R IS S O N
Biological Assays —  Clinical Tests 

Chemical — Bacteriological — Problems 
Organic Synthesis 

Pharmaceutical and Food Problems 
Research

j 1921 W alnut St. Ph iladelphia 3 , Pa.

IV A N  P . T A S H O F
Attorney and Counselor at Law

Patents
Specialist in the Protection of Inventions Relating 

to the Chemical and Metallurgical 
Industries

Munsey Building Washington, D. C.

C. L .  M A N T E L L  
Consulting Engineer

Electrochemical Processes and 
Plant Design

601 W . 26th S t ., N ew  Yo rk  1 , N . Y .

T E X T IL E , P L A S T IC S  T E C H N IC A L  
S E R V IC E , IN C .

Poso-Arch and Development Project» 
in

Textiles, Plastics 
and 

Related Fields 
Norrlstown-Penn Trust Building 

Norristown, Penna.

C O N S U L T A T I O N  

F U N D A M E N T A L  R E S E A R C H  

M A N A G E M E N T

R A LP H  L. E V A N S  

A S S O C IA T E S

2 5 0  East 43rd S t ., N ew  Yo rk  1 7 , N . Y .

M E T C A L F  & E D D Y  
Engineers

Industrial Waste Treatment 
Water Supply and Water Purification 

Stream Pollution Investigations 
Laboratory

Statler Bldg. Boston 1 6 , M ass. 

C O N SU LT IN G
Rubber Technologist 

Natural and Synthetic R u b b e r  
R . R . O L IN  L A B O R A T O R IE S  

Complete Rubber Testing Facilitiei 
Established 1927 

P. O . Box 372 , Akron 9 , Ohio 
Telephones H E  3724 , FR 8551

THE W ESTPORT M ILL

W estport, Conn.

Laboratories and Testing Plant ol 

T H E  D O R R  C O M P A N Y

Chemical, Industrial and Metallurgical Engineer! 
Consultation — Testing — Research — Plant Design

Descriptive brochure "Research, Testing and Process 
Engineering" upon request

E V A N S
R ES EA R C H  and D E V E L O P M E N T  

C O R P O R A T IO N

Organic and Inorganic Chemistry 
Processes • Products

U N U SU A LLY  EXTEN SIVE FACILITIES 
YO UR INSPECTION INVITED

2 5 0  East 43rd S t ., N ew  Yo rk  1 7 , N . Y .

H A R R Y  PRICE
Chemical Patents

Suite 2618 Graybar Building 
420 Lexington A v e .
New York 17, N .Y .

PRO JECT EN G IN EER IN G
C O M P A N Y

•

C H E M IC A L  A N D  IN D U S T R IA L  P LA N T S  
•

Design —  Fabrication — Construction 

115 Fulton St. New York 7 , N . Y .

YOUR ANNOUNCEMENT  

of P rofession al Services 

c a n  carry YOUR M ES

SAGE to  th e  readers of 

the lead in g  p u b lica tion  

in  th e  ch em ica l process  

in d u str ies . R a tes upon  

request.

IN D U S T R IA L  A N D  

E N G IN E E R IN G  C H E M IS T R Y

Advertising Office:

330 West 42nd Street 

New York 18, N . Y .

i ^ l  FOOD RESEARCH 
LABORATORIES, INC.

j Founded 1922

Philip B. H awk, P h .D ., President 
Bernard L . O ser, P h .D ., Director 

R ES E A R C H  ♦ A N A L Y S E S  ♦ C O N S U LT A T IO N

Biological, Nutritional, Toxicological Studies 
for the

Food, Drug and A llied  Industries
48-14 33rd Street 

Long Island C ity , New York

Write for descriptive brochure — mentioning this 
publication

Established 1891

S A M U E L  P . S A D T L E R  & S O N , IN C .
Consulting and Analytical Chemists 

Chemical Engineers

Chemical Research, M icro & other analyses 
210 S . 1 3th Street Philadelphia 7 , Pa.

"Nothing Pays Like Research"

Harvey A .  Se il, Ph .D . Earl B. Putt, B.Sc.

S E IL , PU TT  & R U S B Y
Incorporated 

Consulting Chemists
Specialists in the analysis of 

Foods, Drugs and Organic Products 
16 E . 34th Street, New York 16 , N . Y . 
Telephone — MUrray H ill 3-6368



TER MEER” CENTRIFUGAL
A U T O M A T IC A L L Y  C H A R G E S ,  SEPA R AT ES, A N D  

U N L O A D S  AT  C O N S T A N T  R U N N IN G  SP EED  ,

133 AI N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R YSeptember 1947

Im m m m m



134 A I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 39, No. 9

A L P H A B E T I C A L  L I S T  OF A D V E R T I S E R S
(All page numbers listed below are complemented 
with the letter “A" on the respective pages.)

Acme Coppersinitliing & Machine Co.......................  135
Aerofin Corp.................................................................... 92
Allied Chemical & Dye Corp...................................... 73
Alsop Engineering Corp.................. ............................  8
Aluminum Co. of A m erica.......................................... 35
American Blower Corp...................................... G4
American Brass Co......................................... 126-127
American Cyanam id Co...................................80:121
American H ard Rubber Co.........................................  27
American Optical Co..................................................... 91
American Radiator & Standard Sanitary

Corp..................................................................64:118
American Tool & Machine Co.................................... 18
Anaconda Copper Mining Co.......................126-127
Armistead, Jr., George.................................................  132
Attapulgus Clay Co....................................................... 95
Aurora Pum p Co............................................................ 130

Bailey M eter Co...........................  .........................  96
Baker Perkins Inc ..........................................................  133
Baldwin-Hill Co.............................................................. 6
B arrett D iv...................................................................... 73
B artlett & Snow Co., C. 0 ..........................................  106
Bean Mfg. Co., John .....................................................  136
Bell Telephone L aboratories....................................... 72
Blaw-Ivnox Co...................................................... 49:55
Bristol C o ............................................................. 78-79
Brown Instrum ent C o .. .............................1 5 :1 1 1
Buflovak Equipm ent D iv............................................. 55

Calvert, R o b e rt.............................................................  132
Carbide & Carbon Chemicals Corp................62:86
Carrier Corp.................................................................... 26
Carter & Nansen Co., In«...............................  122
Celanese Corp. of America........ ..................... 125
Chapman Valve Mfg. Co................................. 80
Chemical Construction C orp..........................  115
Chemical Industries Exposition..................... 100
Combustion Engineering Co., Inc.............................  119
Consolidated Engineering Corp.................................  101
Cooper Alloy Foundry Co............................. '. 105
Corhart Refractories Co., Inc....................................  52
Crane Co..........................................................................  44

De Laval Separator Co....................................  11
De Laval Steam Turbine Co........................ 42:120
Dorr Co................................................................  132
Downingtown Iron Works Inc....................... 22
Dracco Corp........................................................  129
Duriron Co., Inc......................... ...................  102

Eagle-Picher Co.......
Eastm an Kodak Co. 
Edward Valves, Inc. 
Eriez Mfg. Co...........

............................... 66

.............................. 89

..............................  84

..............................  59
Esselen, Inc., Gustavus J ................................. 132
Evans Associates, Ralph L.............................. 132
Evans Research & Development Corp......... 132

Filtrol Corp........................................
Fluor Corp. L td ................................
Food Research Laboratories, Inc.,
Foote M ineral Co.............................
Foster Wheeler Corp........................
Foxboro Co.........................................

123
46

132
37
67
61

Frick Co............................................................................ 131
Fuller Co..............................................................  48

General American Transportation Corp.. . . 25
General Chemical Co........................................ 117
General Electric Co............................................. 40-41
Girdler Corp....................................................................  9
Globe Steel Tubes Co.....................................   38
Goodrich Co., B. F ........................................................  51
Gump Co., B. F ............................................. .. . 130

Hardinge Co., Inc........................................................... 108
Haynes Stellite Co.........................................................  24
Hooker Electrochemical Co.........................................  39
H oudry Process Corp....... ‘............... : ............  60
Huffman, E. W. D .........................................................  132

Industrial Process Engineers......................................  130
Ingersoll-Rand Co................................................45:56
International Exposition Co........................................  100
International Nickel Co., Inc......................................  109

Johns-M anville Corp.....................................................  4
Joy Mfg. Co.....................................................................  31

Kimble Glass C o ............................................................ 43
Kinney Mfg. Co..............................................................  16
Kohn & Pechenick............................................  132

LaBour Co., Inc ............... ............................................... 93
La-Del D iv.......................................................................  31
La Wall & Harrisson. .!*.................................................  132
Leeds <fe N orthrup Co.................................................... 36
Lewis Co., D. B ..............................................................  124
Ley man Mfg. Corp......................................................... 129
Link-Belt Co....................................................................  7
Liquidometer Corp................ ........................................  128

M allinckrodt Chemical W orks.................................... 58
M antell, C. L ...................................................................  132
M arblehead Lime Co.....................................................  76
M aster Electric Co.........................................................  21
McGowan Pum p D iv.................. ..................................  129
Mercer-Robinson Co., Inc............................................  131
M etcalf & E d d y ..............................................................  132
M ilburn Co.......................................................................  129
Minneapolis-Honey well Regulator Co....... 15:111
M onsanto Chemical Co.......................................70-71

Nash Engineering Co.....................................................  50
N ational Carbon Co., Inc .............................................  17
National Engineering Co..............................................  29
N ational R adia to r Co....................................................  68
Niles Steel Products Div............................................... 122
N orth American Philips Co., Inc................................ 28
Nukem Products Corp...................................................  128

O’Connor, & Co., Joseph A.........................  122
Oldbury Electro-Chemical Co........................  98
Olin Laboratories, R. R ...................................  132

Parker Appliance Co............................ ......................  30
Pfizer & Co., Inc., Chas.............................................  114
Pittsburgh Coke & Chemical Co.............................  57
Porocel Corp.................................................................  95
P orter Co., Inc., H. K .......... ..................................... 2
Powell Co., W m ........................................................... 116
Price, H a rry .................................................................  132
Professional D irectory................................................ 132
Project Engineering Co.............................................. 132
Proportioneers, Inc...................................................... 138

Quaker Oats C o............... ...........................................  34
Quimby Pum p D iv.....................................................  2

Raymond Pulverizer Div...........................................  119
Reed Roller B it Co...................................................... 10
Republic Steel Corp..........................................47:122
Revere Copper & Brass In c ......................................  88
Robinson Mfg. Co.......................................................  131
Rockwell Mfg. Co........................................................  84
Ross H eater & Mfg. Co., Inc ...................................  118

Sadtler & Son, Inc., Samuel P .................................. 132
Sarco Co., Inc...............................................................  128
Schaffer Poidometer Co.............................................. 128
Schneible Co., Claude B ............................................. 124
Seil, P u tt & Rusby Inc...............................................  132
Sharpies Chemicals Inc...................................... 53-54
Sharpies Corp................................................................ 90
Smith Corp., A. O........................................................  113
Snell, Inc., Foster D ................................... .. 132
Solvay Sales Corp........................................................  77
Sonneborn Sons, Inc., L.............................................  81
Spectrographic Services & Supplies, In c .. . .  132
Spencer Lens Co...........................................................  94
Stacey Dresser Engineering................... .. 83
Standard Oil Co. (In d ian a)......................................  14
Stokes Machine Co., F. J ........................................... 104
Sturtevan t Mill Co......................................................  32
Sullivan D iv ..................................................................  31
Swenson Evaporator Co.....................................12-13

Taber Pum p Co............................................................  124
Tashof, Ivan P .............................................................. 132
Taylor Forge & Pipe W orks.....................................  33
Taylor Instrum ent Cos...............................................  99
Textile, Plastics Technical Service, Inc.......  132
Tri-Clover M achine Co..............................................  69

Union Carbide & Carbon Corp.........  1 7 :24 :62:86
U. S. Industrial Chemicals, Inc .......................19-20
U. S. Stonew’are Corp.................................................. 140
Universal Oil Products Co.........................................  8/

Vapor Recovery Systems Co.....................................  ̂ 2
Vogt Machine Co., H en ry ..............................
Vulcan Copper & Supply Co.....................................  ̂ 9

War Assets A dm inistration............................ 23 :137
W estport M ill................................................................ ̂ 2
Wheelco Instrum ents Co................................... 74-75
Wheeler Mfg. Co., C. H .............................................  112
W hiting Corp........................................................ 12-13
Wiley Sons, Inc., Jo h n ...............................................  ̂
Wilfley & Sons, Inc., A. R ..............................
Wilson, Inc., Thomas C ............................................  ̂



September 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 135

‘ i r  t n ? y ______M e r z  P ‘  f „ r  t h e i r  p  „ „ e a tt S Z z g S t ^ S f r t S f t f g .  'S # * * *  . ^
eCOnß°e” l r a ^  f * &  P l 0 i K ° s t  e f r c ie D  s p e c i a l  i g g m i n e d

throußk®1̂  ^gjycase

oW ^ rth eir  sa{reJ s  *ey * lUecon°i"V nVatecwls UiCtŝ
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LAYO UT OF A T Y P IC A L  M ERZ PLAN T 
FOR THE R EC O V ERY  OF V EG ETA BLE O ILS
Illustrating just one application for Solvent Extraction

DESCRIPTION OF PROCESS: Crush
ed seed is charged into Extractor l  from 
Hopper C; solvent from Tank s, and 
weak solution from the preceding 
charge stored in Miscella Tank B 
are fed into the Extractor L where it 
quickly dissolves the oil. This solution 
passes through a specially designed 
filter bottom to Chamber M, separated 
from Extractor L by an intermediate 
division bottom, and connected with 
Calandria Heater F. Circulating rapidly, 
the evaporation of the solvent com
mences at once. While the concentrated 
solution passes back to M, and is 
there mixed with fresh solution com
ing from L, the solvent vapors rise 
to the Condensers C-1, and C-2. There 
the solvent is recovered according to 
requirement, either hot (Water Sep
arator S - l), or cold (Water Separator 
s-2), and returned to Extractor (.until 
a test indicates that practically no oil 
remains in the seed. The weak solution 
in L is then usually collected in B and 
used again in the following charge. 
Any solvent remaining in the seed 
residues, as well as in the oil, is driven 
off by live steam, accelerated by the 
use of suitably designed mechanical 
stirring gear, which also aids in dis
charging the residue.

CO., ORELAND, PA ., U . S,

__^ Jvlf §SbbI
ACME COPPERSMITHING MACHINE&
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S ep tem b er 1 9 4 7 . Pneumatic rubber tires designed for 
use with conventional railroad rails are used on several traint 
now in successful operation in France. Additional rubber appli
cations are shock absorbers, springs, and flexible couplings be
tween axles and cars. Improved comfort and increased aceeler- 
ation and deceleration have resulted. Tires are Inflated to ap
proximately 125 pounds per square inch and require retread
ing about every 20,000 miles. [Rubber Age (London), p. 156. 
July 1947]

■ Radioactivity from cosmic ray-induced radiocarbon in tht 
human body is about ten times that of radium present in the 
human system. Largest source of human body radiation comes 
from potassium, which emits about twice the number of total 
disintegrations per minute produced by t.he carbon. (,Scienc*. 
p. 88, July 25, 1947)

■ Transparent methyl methacrylate and polystyrene resins with 
refractive indices approximating crown and flint glass are used 
to correct spherical aberrations in some recent television receivers 
An image 2 to 3 inches in diameter at the fluorescent end of a 
cathode ray tube is projected through a Schmidt optical system 
onto a larger screen. The system consists of a deep concave mir
ror of large aperture and the transparent plastic correction plate 
of the necessary complex surface. (Nature, p. 99, July 19, 1947)

■ A new low in use of Plexiglas may soon be achieved. 
Two conical-shaped pieces 15.5 inches in outside diameter, 6 inches 
thick, and nearly 4 inches in inside diameter will be used foi 
windows in the Bathyscaphe, in which Auguste Piccard hopet 
to  establish a new deep sea exploration record. (North Ameri
can Newspaper Alliance release, Aug. 7, 1947)

■ Minute quantities of carbon 14 can be measured by conversiou 
to carbon dioxide, which is used as a gaseous filling for a Geiger- 
Müller counter. Quantities below 10 ~6 gram-moles of radioactive 
carbon dioxide can be measured with satisfactory accuracy by 
this method. (Review of Scientific Instruments, p. 496, July 
1947)

■ Brazil’s  tung oil output has increased from 20 tons in 1942 u> 
nearly 300 tons in 1946, with 1947 production expected to double 
the latter figure. Total present plantings are expected to provide 
an eventual annual output of about 2750 tons. Production ol 
tung oil in China totaled 90,000 tons in 1946, and approximately 
the same amount is expected this year. (Chemistry & Industry. 
p. 444, July 19, 1947)

■ Production schedules of ceramic floor and wall tile manufac
turers increased an estimated 13% in the first quarter of this 
year, compared to the last quarter of 1946. The industry is ex
pected to produce 95,000,000 square feet of tile this year, 35% 
over 1946 output and 20,000,000 square feet over that of 1925. 
the Nation’s greatest homebuilding year. (Domestic Commerce. 
p. 72, June 1947)

■ A lack in perception of odors is common in nearly 40% ol 
people tested recently. In the case of potassium cyanide 44% 
were not conscious of any smell, whereas the rest described the 
odor of bitter almonds. Hydrogen sulfide, sulfur dioxide, and 
hydrogen cyanide appear to promote insensitivity by acclimating 
nasal organs to their odors. (Chemical Age, p. 181, Aug. 1947)

B E  AIM

HIGH PRESSURE
PUMPS

John Bean high pressure pumps arc compoct, 
light, efficient . . . yet deliver pressures up 
to 8,000 P.S.I. with capacities up to 80 G.P.M. 
Heavy, bulky pumping equipment has been 
outmoded by John Bean's engineering skill 
and modern designing. Over 60 years experi
ence in pump manufacturing, improved pro
cessing techniques, constant field testing —  
all ore combined to make pumps that "fit" 
the job . . . pumps that are easier to service 
and require less maintenance. Three models, 
each in several sizes, furnish a wide range of 
pressures and capacities. Write for further 
information —  John Bean Engineering Staff 
will be glad to assist you without obligation.

BEAN MFG. CO.
D ivis ion  o f Fo o d  M ach inery Corp. 

LAN SIN G 4, M ICH IGAN

ROYAL
Copocity: 10 to 80 G.P.M.
Pressure: Up to 500 P.S.I. Constant Duty 

Up to 800 P.S.I. Intermittent 
Service

Weight: 210 pounds to 1700 pounds

DUPLEX
Copocity: 2 to 6 G.P.M. \
Pressure: Up to 320 P.S.I. Constant Duty 

Up to 500 P.S.Í. Intermittent 
Service \

Weight: 49 pounds to 125 pounds

ROYAL OP
Copocity: 1 to 11 G.P.M.
Pressure: Up to 5000 P.S.I. ConstantDufy 

Up to 8000 P.S.I. Intermittent 
Service

Weight: 525 pounds to 550 pounds

136 A
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WAR ASSETS ADMINISTRATION
OFFICE OF REAL PROPERTY DISPOSA L

ROOM 137— 131 IN D IA N A  AVENUE— W A SH IN G TO N  2 5 , D . C .

R e g io n a l O f f i c e s :  Atlanta • Birmingham • Boston • Charlotte • Chicago •  Cincinnati • Cleveland • Denver 
Detroit • Grand Prairie, Texas • Helena • Houston • Jacksonville  •  Kansas City, M issouri • Little Rock 
Los Angeles •  Louisville  • M inneapolis •  N ashville  •  New Orleans • New York •  Om aha •  Philadelphia 
Portland • Richmond • St. Louis • Salt Lake City • Son Antonio • San Francisco •  Seattle • Spokane • Tulsr
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One call
may solve all

YOUR NEW-PLANT HEADACHES

NEW PLANTF1NDER —  FR EE . .  .
Describes imm ediately available 
properties — lists others soon to 
m made available —  indexed, 
cross-indexed for your conven
ience. Write for free copy-— 
to the address listed below, on 
Tour company letterhead, please.

MANY FINE, READY-BUILT PROPERTIES

AVAILABLE NOW'. . . PHONE TODAY

One telephone call to our nearest 
Regional Office may well get the 
wheels turning in your new or branch 
plant months quicker.

Right now— today—hundreds of 
sound, well-built, modern manufac
turing plants and other production 
facilities are available for immediate 
purchase or lease. General manufac
turing plants, chemical processing 
facilities, buildings adaptable to tex
tile requirements—in big cities and 
small towns— north, south, east or 
west. The chances are excellent that 
among these you may find precisely 
what you are looking for, or some

property that can be easily and eco
nomically adapted to fit your needs.

Already, hundreds of industrial 
executives and proprietors of smaller 
businesses have solved their plant 
relocation and expansion problems 
by acquiring Government-owned 
properties— and at favorable com
petitive costs. Why don’t you take 
advantage of this practical way to 
save yourself time, worry and money?

Our nearest Regional Office can 
tell you what properties are avail
able now, advise you how to bid on 
them, provide you with descriptive 
literature and other information.
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%PROPORTIONEERS%
in s t a l la t io n  e n g in e e r e d  for 
Vacuum Foods Corp., Plymouth, 
Florida, by  N ation a l Research 
Corporation, Boston, Mass.
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In. this successful streamline process, %Proportioneers% Treet-O-Units add fresh orange 
juice, in exact proportion to the flow of orange concentrate, to maintain the original fresh 
flavor and to add pulp to the product. The process is continuous, automatic and com
pletely flexible: Without interrupting production, adjustments can be made to compen
sate for slightest variations in the flavor of the raw material. Here, as in the production 
of many other timely products, %Proportioneers% method of streamline processing 
eliminates guesswork, assures accurate proportioning, protects investments in materials 
and controls the guality of the end product.

Asic for Bulletin 1200 and reprint of Food Industries article describing this process.

Write to % PROPORTIONEERS, INC.%, 27 Codding Street, Providence 1, R. I.
Technical service  rep resen ta tives in p rincipal cities of the United States, C a n ad a  a n d  Mexico.



The Kennedy Extraction Division of Vulcan offers complete 
Solvent Extraction Plants fo r the economical and efficient 
recovery of oils, fats  and waxes from a va rie ty  of vegetable 
and animal m aterials.

The Kennedy Continuous Extracto r of stainless steel con
struction is unique in its ab ility  to handle high oil content 
Materials and finely ground products containing excessive 
fines". M aterials containing as high as 5 5 %  oil are read ily 

®x| ra^ ed to less than 1% in a single, continuous operation. 
(His one step" method of extraction elim inates the costly 

ore-pressing" operation. The Kennedy Extractor is also ad ap t
able to many leaching and washing processes.

Com plete p ilot p lant facilities are available  fo r the com 
prehensive study o f special extraction problem s. In conjunction 
with pilot plant operation, the Vulcan laboratories, adequate ly  
s affed by chemical engineers and chem ists o f long experience, 
are at your service for analytical work. Vulcan design  engineers 
carefully convert p ilot plant data  to com m ercia l scale design.

Vulcan has the organ ization  to design, fabricate, erect, 
aj! ln'tially operate  com plete  plants to  successfully overcom e 

extraction problems.

D I S T I L L A T I O N  
E V A P O R A T I O N  p r o c e s s e s  
E X T R A C T I O N  and e q u i p m e n t

E X T R A C T I O N  D I V I S I O N  F O R
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f o r  details.

A V A I L A B L E

One way to reduce material handling costs is to eliminate the extra 
step of emptying drums into m ixing units.

W herever m ixing can be performed by revolving or tumbling the 
container, "U. S.” Drum M ixing equipment can save you time and money.

"U. S.” Drum M ixing equipment permits m ixing in your own or sup
plier’s drums . . . avoids the costly delays from emptying and cleaning 
fixed containers . . . eliminates danger of contamination.

DRUM ROLLERS
"U. S.” Adjustable Drum Rollers w ill roll 

any round container from a one-gallon pail 
to a 70-gallon drum. Eight heavy-duty rub
ber wheels are adjustable to provide ample 
clearance for rolling hoops and bung open
ings. Powerful, heavy-duty motor w ill roll 
loads up to 1,000 lbs. "U. S.” Drum Rollers 
are built in sizes to handle one, m o , three, 
or four drums, constant or variable speed 
drive.

Fig. 745-S 
Drum Roller

Fig. 730-VS 
Drum Tumbler

"U. S.” Drum Tumblers are built in two  
sizes: single and double drum units to handle 
standard 55-gallon drums. Units to handle 
30- or 70-gallon drums are available on 
special making order. Variable speed drive 
permits tum bling speeds from 8 to 21 RPM. 
Powerful, heavy-duty motor w ill handle 
loads up to 1,000 lbs. Adjustable yoke opens 
quickly and easily, locks securely.

DRUM TUMBLERS


