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DI  C A L I  T E
F I L T E R A I D S

Unique in diatom aceous structure, and  
processed to rigid technical specifica
tions, Dicalite filteraids give most effi
cient an d  econom ical filtration of all 
types of liquors. Desired clarity  at high 
flowrates increases production, reduces 
costs, and  contributes tow ard im proved 
quality  of products. Twenty-four hour 
production of Dicalite filteraids in TWO 
plants insures am ple supply and  prompt 
shipments.
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WHEN YOU Æ2M7 
YOUR FILTER STATION

Johns-ManviUe
*
Fllter-Cel • Standard Super-Cel • Hyflo Super-Cel 

C elC eN o . 501 • Cellte Ko . 503 • Ceüfe Ko . 505 

Celite No. 512 • Celite No. 535 - Celite No. 545

   —

. . . t h a t ’s the time to decide on your

FILTER AID
F il t r a t io n  engineers and progressive makers of filter 
equipment agree th a t there should be a  definite relation
ship between filter equipm ent and filter aid. This means 
the filter aid best suited to  your needs m ust be determined 
before your filter station  can be properly designed.

W hether you are planning a new filter station or w ant 
to  increase th e  capacity of present equipment, Johns- 
M anville’s 30 years’ experience in working w ith filter 
equipment m anufacturers and filter-aid applications may 
prove of valuable assistance to  you. We will be glad to 
co-operate with you and your equipment maker in carry

ing out the test work necessary to  assure the proper 
balance between filtration equipm ent and filter aid for 
greatest efficiency.

Nine standardized grades of J-M  Celite F ilter Aids are 
available providing a wide range of porosities and screening 
properties. I f  you are already using Celite, certain minor 
changes in equipm ent and procedure m ay further in
crease capacity, reduce cost. I f  not, i t  will pay you to  in
vestigate these high flow-rate filter aids immediately. 
W rite Johns-ManviUe, 22 E ast 40th St., New York, N . Y.

Celite is a v a ila b le  for p ro m p t shipm ent

G IV E  M A X I M U M  FLOW RATES  WITH R E Q U I R E D  C L A R I T Y  
ON E V E R Y  F IL T R A T IO N  S E R V I C E
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► S y n t h e t i c  R u b b e r s  of several varieties oiler new materials to 
meet a variety of needs for which their properties particularly fit 
them. Scbrell (page 736), in his Charles Goodyear Memorial 
Lecture, examines these synthetics both broadly and in detail, 
pointing out their various applications and the directions in 
which they can he improved for useful futures in industry.

► C a t a l y s is , particularly of reactions of hydrocarbons, has as
sumed immense and growing importance in industry. Grosse 
(page 762) examines this field and proposes with excellent reason 
that catalytic chemistry be considered a separate branch cognate 
with classical organic and inorganic chemistry. Such special em
phasis, he suggests, is likely to accelerate development in this 
field.

► F l u id  C a t a l y s t , designating solid material maintained in 
flowing condition, has been the means of revolutionizing the 
technique of petroleum cracking, according to Murphree and his 
collaborators (page 768). The entire m atter is discussed in as 
much detail as necessary censorship permits, as i t  relates to cata
lytic cracking to produce high-octane motor fuel. Other applica
tions of the basic technique in widely diverse fields are suggested.

► R u b b e r ' s  E l e c t r ic a l  C o n d u c t iv it y  can be controlled be
tween wide limits by selection of both the quantity and quality of 
the carbon with which it is compounded. Cohan and Mackey 
(page 806) describe the effects of various loadings with different 
types of carbon in producing tread stocks of high conductivity, 
valuable in dissipating static charges through tires, floor cover
ings, and shoe soles.

► S u l f a m id e  is produced in good yield by the method proposed 
and described in detail by Degering and Gross (page 751). The 
reaction is between sulfuryl chloride and ammonia. The product 
is an approximate sulfur analog of urea.

► H y d r o c a iib o n s  of the aromatic series and containing eight 
carbon atoms are produced easily and in comparative abundance 
by new methods now used in the petroleum industry. Hammond 
and McArdle (page 809) examine the solvent properties of these 
xylenes as one of the steps toward their utilization by industry 
after the war.

► S o l v e n t  E x t r a c t io n  as a method of concentrating desired 
volatile products from dilute solutions is compared with distilla
tion processes by Othmer and Ratcliffe (page 798). Alcohol and 
acetone are the compounds studied, and the conclusion reached 
from experiments is tha t substantial savings can be effected by 
extraction and rectification as compared with usual distillation 
methods.

► D e n s i t i e s  of aliphatic hydrocarbons in the critical region, im
portant data in the design of many high-pressure processes, have 
been correlated by Stevenin and Allen (page 788) to simplify nec
essary calculations.

► S o a p ’s  S o r p t io n  of water depends on which of several hydrated 
phases are present, according to McBain and Lee (page 784).

► M o l d s  supply amylases which are effective agents for convert
ing the starch of corn to sugar for fermentation. Hao, Fulmer, 
and Underkofler (page 814) hove examined the activities for this 
purpose, of twenty-seven strains of molds. A new technique of 
growing molds is described and results are presented. Aspergillus 
oryzae gave alcohol yields of 95 per cent under optimum con
ditions.

► V i s c o s it i e s  of methane, propane, and their mixtures have 
been determined by Bicher and Katz (page 754) over a range of 
temperatures and pressures.

► C o f f e e ’s  Q u a l it y  deteriorates under many conditions of stor
age. Shuman and Elder (page 778) have investigated the effects 
of various factors involved, and find oxidation of aromatic con
stituents to be more important in staling than evaporation in 
containers or moisture content.

(► P h o s p h o r ic  A c id  in rock phosphate can bo efficiently and 
economically converted to available form by fusing the rock with 
olivine, according to Walthall and Bridger (page 774). The 
abundance and cheapness of olivine near phosphate deposits and 
the simplicity of the treatment suggest wide usefulness of the 
process.

► D e g r a d a t io n  o f  C e l l u l o s e  A c e t a t e  by light has been fol
lowed by Montonna and Winding (page 782), using a new modi
fied method of determining copper numbers.

► M e t a - , P y r o -, a n d  T e t r a p h o s p h a t e s , widely used to control 
corrosion and the deposit of scale from water, have been studied 
by Morgen and Swoope (page 821) to determine their rates of 
hydration in aqueous solution under various conditions, and 
hence their useful lines.

► W a t e r  C l a r if ic a t io n  by the use of activated silica sol with 
copperas offers important advantages. Hirscli (page 811) pre
sents results of tests on Mississippi River water and a graphical 
method of arriving at economical proportions in treatment. The 
activated silica sol is produced by partially neutralizing sodium 
silicate with sulfuric acid.

► S h e l l a c  can best be stored dry, according to McCulloch (page 
825), lost moisture being restored before use.

► S t a b i l i t y  o f  V i t a m in s , under conditions of use to fortify 
foods, is vital to their effectiveness. Morgal, Byers, and Miller 
(page 794) provide data on the stability of carotene in various 
food products.

► D e w  P o i n t s  of ethane-water mixtures have been determined 
by Reamer, Olds, Sage, and Lacey (page 790).
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SOM E ADVANTAGES  
oi T H E R M E XUniform, foster bonding or heat processing of 

nearly all non-conducting materials with THERMEX!

The best way to learn how the many remarkable advantages of Thermex 
high frequency heating can be applied to your products or processes 
is to consult the Girdler Application Engineering Service.

You are invited to submit a description of your heating problem. It 
will be studied by technicians experienced in industrial high frequency 
application engineering. If heating tests are required, the facilities of 
Thermex laboratories will be made available for experimental work 
on your problem.

Should you decide to install Thermex equipment in your plant, Girdler 
engineers will help you put it to work.

Illustrated bulletins describing Thermex are available. Write today.

Heat processing or bonding at 
a speed never before attained!
May be used with most known 
non-conducting materials!
Product is heated uniformly 
thruout the entire mass!
Great flexibility. Thermex may 
be used to supply heat for a 
variety of consecutive operations
Heating capacity continuously ad
justable from practically zero to 
maximum rating of equipment.
Sizes available for all require
ments.

Pioneers in the Developm ent o f Indus
trial High Frequency Heating Equipment

THERMEX DIVISION LOUISVILLE, KENTUCKY
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SECTION 
THROUGH DRYER 
NEAR FEED ENO

SECTION NEAR 
DISCHARGE END

Accurate Unif orm Drying... Dehydration

With the R O T O -L O U V R E  D R Y E R

LOUVRES COOL DURING 
T H R E E  Q UARTERS 

OF EACH 
REVOLUTION

RADIAL
LOUVRES

H O T
IN LET
GASES
PASS TH ROU GH / 
TH ESE CHAM BERS

Link-Belt Roto-Louvre Dryer, now doing very satisfactory job of dehydrating 
soy bean meal prior to extraction of oil. Products previously dried in this 
machine include copra meal, ground apricot kernels, and mustard seed.

TAN GEN TIAL
LOUVRES

A large volume o f dry hot air easily pene
trates the relatively thin bed o f material 
near the feed end o f the dryer for maximum  
heat transfer where greatest evaporation 
can take place. As the material moves for
ward th e bed becomes thicker and the air 
passages get smaller so th at a reduced vol
ume of heated air will penetrate the bed— 
thus preventing overheating.

DR IES UNIFORM LY—every particle of m ate
rial is subjected to  the  same uniform  trea tm ent, 
elim inating “sp o tty ” results.

H A N D LE S GENTLY—the Roto-Louvre design 
entirely elim inates cascading and avalanching— 
gentle rolling action preserves the desired form of 
m aterial.

NO O VERHEATING —highly heat-sensitive m a
terials are exposed to  an  efficient high-tem perature 
transfer m edium  w ithout overheating—therm al 
in p u t is reduced autom atically  to  p reven t a  surplus 
of heat from raising the tem perature.

HIGH EFFICIEN CY—you get maxim um  v a 
porization and  p rom pt removal of the  m oisture
laden exhaust gases.

M INIM IZES "D U ST IN G "—the R oto  Louvre 
D ryer gives you “ continuous aerated  mass drying” 
which re ta ins m aterial in  a  com pact bed y e t exposes 
every particle to  in tim ate  contact w ith  the  transfer 
medium.

BUILT FOR SERVICE—no moving p arts  w ith 
in  th e  dryer shell—nothing to  get o u t of order— 
longer service life—keeps m aintenance and repair 
costs low.

OCCUPIES SM ALL SP A C E —often  less th an  
50%  of the  floor space is needed over th a t  of con
ventional-type drying equipm ent of com parable 
capacity.

S E N D  F O R  T H I S  B O O K !
This informative Engineering D ata Book, No. 
1911, has been prepared by engineers who 
know drying problems such as yours. Address:

L I N K - B E L T  C O M P A N Y
300 W. Pershing Road, Chicago 

Indianapolis, Philadelphia, Atlanta, Dallas 
San Francisco, Toronto

U N K - B £ L T  h
ROTO-LOUVRE
EAT DRYER



PIPING
S T R A I G H T  L E N G T H S  or  
PREFABRICATED ASSEMBLIES
Formed and W e ld ed  from S ta in less Stee l and A llo y  Sheets

DIAMETERS 4" and up 

WALL THICKNESSES #19  GAUGE to %'■

You can have prompt delivery of piping 
. . .  welded and formed from alloy sheets 
. . .  in diameters and gauges usually hard 
to get...furnished with Van Stone joints 
with die drawn flanges . . .  steel back-up 
flanges smooth insides . . .  welds con
trolled by regular laboratory tests . . .
. . .  complete piping installations also 
produced including bends, coils, prefab
ricated assemblies, fabricated fittings . . .
For the production of the piping described, we 
use special machinery...we employ men trained 
in fabricating stainless steel and alloys. . .  an 
engineering staff capable of contributing to your 
war time jobs . . .  and we have a plant large 
enough to turn out your job on schedule . . .  
Submit your specifications or consult us for 
quick action.

ALL ORDERS SUBJECT TO 
GOVERNMENT PRIORITY REGULATIONS

«»H i»

j l / fo s T  subjects connected with war possess immense interest, 
J r l  but few of them can be discussed with any reasonable de
gree of freedom. The outstanding exception is to be found in the 
sulfa drugs, whose already great importance has soared following 
their miraculous successes in all theaters of wTar. We shall learn 
much on this timely subject from a chemist’s point of view, as to 
both the basic chemistry involved and the problems solved in 
building production in priority-ridden war times. This is a 
“must” for everyone.

As if that were not enough meat for an issue in dog days, it 
will be followed by a highly provocative discussion of applica
tions of the resinous ion-exchange agents. Our thinking about 
these synthetic resins has naturally been linked with water soften
ing as accomplished by their zeolite predecessors. That is all 
very well, but the removal of both anions and cations to yield 
the virtual equivalent of distilled water is only a small beginning 
of what appear to be important new developments now possible. 
Applications in the sugar industry, among others, seem particu
larly promising.

Heat exchanger design, now diligently exercised in the creation 
of new industries for war, will be discussed with a view to im
proved performance and economy of materials.

Mixing, also a virtually universal operation, receives attention 
this time on the problem of power consumption of propellers.

Absorption and stripping of hydrocarbons form a basic pair of 
operations of greatest significance in the swift striding advances 
of the petroleum industry. On them we shall receive new and 
important design data and methods for their application to cur
rent and future problems in this essential industry. Not, be it 
noted, that absorption and stripping are important only in this 
field. Far from it!

Also in the petroleum field are papers on cyclopentane and 
hexane from natural gasoline.

In the plastics field, new work on plasticizers and on soybean- 
modified phenolics will be described.

An investigation of applications of the phase rule to soap boil
ing sheds new light on this old process.

New information will be forthcoming on crystalline compounds 
formed in water treatment (that damage high-speed equipment) 
and on the treatment of brandy with charcoal in manufacture.

And there will be more, much more, to help keep you up to 
date on things, even in the season once devoted to vacations.

Y o u r  H u m b l e  S p y

4" d iam eter a lloy  
pipe, stra ight sec
tions 10 f t .  long . 

Plate 7074

8 m d iam eter tcelded  
Sta in lessS tee lp ipe, 
w ith  pressed S ta in 
less S tee l flanges  
a n d  m i l d  s t e e l  
back-up flanges.

P late 707$

S .  B L I C K M A N ,  i n c .
1 2 0 7  GREGORY AVENUE, WEEHAWKEN, N. J. 
TANKS • KETTIES • CONDENSERS • AGITATORS • EVAPORATORS • PANS 

VATS • CYLINDERS • A llO Y  PIPING



ECOHOMX!

G irdler 
n iv a le ^  
/5  le ss

A Girdler hydrogen plant is semi-automatic, and operates in a continuous manner. It is 
extremely flexible; may be run from 20% to 100% of rated maximum capacity.

Carbon dioxide is a valuable by-product of this process. It may be used for fire protection, 
prevention of oxidation and many other uses.

Write for free illustrated bulletin No. 103, giving description and data on the Girdler 
Hydrogen Manufacturing Process.

Ike G I R D L E R  C O R P O R A T I O N
GAS PROCESSES DIVISION LOUISVILLE, KENTUCKY

A Girdler p lan t produces HYDROGEN 
at lower cost than any other process!
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Practically automatic!  Continuous in operation! do you use carbon monoxide?

Actually pays tor i tselt!  S i z e s  tor  al l  n e e d s !
Users of hydrogen gas in quantities from approximately 1,000 to 1,000,000 cubic feet per 
hour will find the Girdler Hydrogen Manufacturing Process provides II, at considerably 
less cost than heretofore possible. Savings are such that a Girdler plant often will pay 
for itself in less than three years.

Operating costs of a Girdler plant are usually from 30c to 50c lower per 1,000 cubic feet 
of hydrogen than any other process. This saving, of course, is contingent upon and varies 
with utility costs in different sections of the country.

Girdler offers several processes for 
manufacturing, purifying, dehydrating, 
separating or reforming various gases or 
mixtures. The Girdler Carbon Monoxide 
Manufacturing Process is one such pro
cess. It produces CO at an extremely 
low cost by utilizing stack, kiln or similar 
waste gases. The resulting carbon monox
ide is pure and moisture-free. Write for 
illustrated bulletin No. 102.



^ y y y y v v t  w w w w *

INSTANT OPERATION ]
w ith  .

9 Û - th e  li^ tu u f a c tio n  

a j th e  tU ic  th a t g A A m a & î

EA S E  OF OPERATION

Af e wo f t he  reasons why the 
r e e d  v a l v e  will operate easily 
at all times and lower your pip
ing upkeep costs.
• NO STEM THREADS TO COME INTO CONTACT WITH 

MATERIAL IN THE LINE

•  CAN BE INSTALLED IN ANY POSITION AS THERE 
IS NO COMPLICATED MECHANISM TO JAM AND 
KEEP DISCS PROM OPERATING.

•  EXPANSION OR CONTRACTION OF THE VALVE BODY 
DOES NOT AFFECT THE ACTIO N  OF THE DISC.

•  NON-RISING STEM — FOR INSTALLATIONS WHERE 
HEAD ROOM IS LIMITED.

•  THROUGH-CONDUIT PRESENTS FREE FLUID FLOW  
PASSAGE: IDEAL WHERE UNRESTRICTED FLOW IS 
IMPORTANT.

•  QUARTER TURN OPERATION.

•  DISC POSITION INDICATOR ON ALL TYPES.

G  y n t h e t i c  rubber, 
its life history and 

physiognomy, its func
tions and future, all 
bound within one cover 
may be had for the 
asking. The United 
States Rubber Com
pany has prepared a 

book on the five commercial types of rubber which will answer 
most of the questions usually asked about these products. And, 
as they say, questions will be asked as our supply of natural prod
uct diminishes and more and more mechanical goods are made 
from the polymerized products of man-made rubber trees.

Reed Valves list a number of important features which make 
their valves well worth investigation by the whole clan of “pipe 
fitters” . No stem threads, quarter-lum  operation, nonrising 
stem for close quarter spots, and unrestricted flow are some 
things mentioned. Instant operation of the valve spots i t  as be
ing of great usefulness in many chemical plant processes.

An exciting vista has been opened up by the new ion ex
changers. Through their use de-ionized water is being produced 
which in many cases is replacing distilled aqua. The Illinois 
Water Treatment Company tells of treating 10,000 gallons of 
water for less than a dollar, and with dissolved solid content of 
less than 1 to 5 p. p. m. Though they don’t mention ion ex
changers, we are guessing the process is just that; but to make 
certain, send for their literature.

Cleaver-Brooks Company comes out with a pipin of an ad. A 
complete steam generator in full operation only a few hours after 
arrival! Here indeed is an answer to  a problem which has 
bothered a lot of engineers faced with production expansion and 
an inadequate steam plant. Cleaver-Brooks builds completely 
a steam generating system, plant tests it, and ships it out to you. 
I t  is installed in a few hours. Stacks, brickwork, special founda
tions, and breechings are all out, eliminated—one of the reasons 
for such a short installation time. Guaranteed an 80 per cent 
efficiency, the units range from 20 to 500 horsepower, pressures 
15 to 200 pounds per square inch. To tuck away in your mind 
also, here is a way to get a plant into operation again after a dis
aster has damaged the regular steam plant. Packaged steam, 
wrapped in cellophane! Little things like th a t make an engineer 
happy. How can we lose?

Houdry, diagrammatically, shows how to make more catalytic 
aviation gas per barrel of crude. They have a new process, adia
batic, for producing a super fuel from heavy naphthas. This 
makes three catalytic processes the Houdry Company has on 
tap, all working to make belter and more powerful fuel.

Sturtevant Mill Company is able to  streamline process units by 
grouping machines coordinated for maximum production. Thus 
each item in an operation is designed and built with a capacity 
equal to that following and preceding. All conveyors, spouts, etc., 
are designed to handle the production of the unit, and everything 
is sold as one package.

Photoswitch is showing a floatless level control which owes its 
life to electronics. The number of jobs this little instrument can 
control is amazing—and listed. Some day they will probably 
use radar to detect the approach of an enemy molecule through 
the reacting mass, and countermolecules will be sent out to do 
battle. No matter, for the present, Photoswitch has here some
thing of great value.

C a u  S i n e

B R EA K IN G  TH E SEAL
The disc is lifted directly away from the seat at the trail
ing edge before it starts to move to the open position.

REED VALVE DIVISION
of the REED ROLLER BIT COMPANY
P. O.  B O X  2119 H O U S T O N ,  T E X A S

10
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to meet individual  requirements .
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SWENSON FILTERS are engineered

1. Analysis of Requirements

ONLY SWENSON PROVIDES TH IS  FIVE-WAY S E R V IC E

3. Manufacture of Equipment 4. Test Operation 5. Periodic Check-ups

Optimum efficiency in filtra
tion is obtained only with equip
m ent th a t  meets the specific 
conditions o f  the operation. 
Swenson filters are giving excel
lent service in many different 
applications, because in each case 
design has been based on careful 
analysis of individual needs.

T h e  eng ineers 'w ho  design 
Swenson filters also supervise 
their construction. H aving their 
own manufacturing facilities, they 
can make sure that every pro
duction detail conforms to all 
requirements.

Swenson engineering insight 
and skill are the result of nearly 
sixty years’ experience. Through 
observations of filter performance 
under all sorts of operating con
ditions—as well as through scien
tific research— Swenson engi
neers are constantly developing 
im provem ents  in design and 
enhancing the functional effi
ciency of chemical equipment.

I f  you have a filtration prob
lem, bring it to Swenson. Com
petent engineers are prepared to 
give you practical assistance.

S W E N S O N  EV A PO R A TO R  
C O M P A N Y

Division o f  W hiting  Corporation

15671 Lathrop Ave. Harvey, 111.

The Rotary Drum Vacuum Filter 
is suited to filtration of solids that 
are easily kept in suspension by a 
mechanical agitator.o

Extensively used fo r  Glauber s 
salt, lime sludge, zinc sulphate, 
copperas, starch, cement, and simi
lar materials.
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G E N E R A L  ®  E L E C T R IC

VERTICAL, HOLLOW-SHAFT INDUCTION MOTOR

Another G-E "first" for hazardous service
H ere’s a m otor th a t  provides extra security in the im 

p o rtan t wartim e task  of pum ping aviation gasoline from 
underground storage tanks. I t  is ideally applicable to  high- 
capacity, deep-well tu rb ine pumps, wherever hazardous 
fluids like gasoline are being handled.

Included as an  integral p a rt of the m otor is a nonreverse 
ra tchet which prevents the  possibility of reverse ro tation 
and consequent damage to  the pum p. This ra tchet is built 
of nonsparking parts—an im portan t explosion-proof feature.

W hatever your need for motors for hazardous service, 
you’ll find your best chance for m eeting i t  in  the G-E line 
of “U-L listed” m otors. Also, G .E. will help you select and 
apply them , and see th a t they  reach you as prom ptly as 
your priority  s tatus perm its. Ju s t call your local G-E R ep
resentative. General Electric Company, Schenectady, N . Y.



A Cleaver-Brooks Steam Gen
erator Just Out of Factory Test- 
Fit—Ready for Shipment When 
Blocked and Trim  Removed.

W H Y IN STALLATIO N  
TIM E IS CUT!

4  No Stack 

4  No Brickwork 

4  No Special Foundations 

4  No Breeching 

4  No Multiple Sources 
of Supply C l e a v e r - B r o o f e s

STEAM  
GENERATORSC L E A V E R - B R O O K S  P R O D U C T S  I N C L U D E

Steam Generators Food Dehydrators Tank Car Heaters Bituminous Boosters Special Military Equipment
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YOU'LL FIND ’EM IN

'P /P //V 6  P O W

R A N  E V A L V E S

W hat to do when a tee can’t be had—a globe valve—or a 
needed reducer? H ow  to get jobs com pleted despite mate
rials shortages? H ow  to help themselves in  em ergencies is 
what today’s p iping m aintenance men must learn if vital 
production lines are to be kept flowing.

For practical examples of w artim e p ip ing ingenuity, see 
Bulletin 6 of Crane "P ip in g  Poin ters.” In the hands of your 
m aintenance men, veterans as well as trainees, this bulletin 
can do much tow ard preventing delays on pip ing  jobs. Any
one can use the maintenance short-cuts and the safe hints 
it gives on substitution of m aterials. i ,

SENT FREE TO ANY PLANT
:■% fcv v - ■ '

Aimed at speeding the war effort by helping all industry getitbetfer service from 
valves, fittings and piping, "Piping Pointers" are based on eigne Co.’s |8j-y’ear 
background in flow-control engineering. Your Crane Representative will 
gladly supply copies of Bulletin 6 and others in the series. Or, write to Crane 
Co., 836 S. Michigan A ve., Chicago, III.

Ask fo r  as many sets 
asyoti need. Requests 
f i l l e d  as received  
while supply lasts.
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SIMPSON 

0  
'INTENSIVE 
MIXERS

B E T T E R  PRO D U CTS 

fTODAY AND TOMORROW
T"T T H E R E  improving today’s products and developing new 
W  and better products for tomorrow requires rapid, intensive 
mixing with perfect blending of all elements in the mix , a 
Simpson L aboratory Size M ixer is an ideal machine for the job. 
This laboratory size unit, like the larger production size Simpson 
Mixers, employs the mulling principle of mixing. I t subjects 
material to the same rubbing, smearing action as a m ortar and 
pestle, thus, insuring rapid, positive, uniform blending of all 
materials, w hether dry, pasty or plastic.

Simpson Laboratory Mixers are compact, self contained units 
for experim ental and “light” production work. Ruggedly built 
to exacting specifications, they will give long service, with mini
mum m aintenance. Available in two sizes: 18 and 24 diam 
eter pan, they can be supplied with jackets for w ater or steam  
— for mixing in vacuum or under pressure— with dust covers or 
cooling hoods— or to m eet most any special requirements.

T o help you solve your mixing problem s and to achieve 
better, faster mixing at less cost, National Engineering and 
Laboratory Service is available. Ask a N ational Engineer to 
go over your m ix in g  p ro b le m s  with you.
T here  is no obligation, of course.

i i N n r f i r e r v E
M IX E R S  

B u ilt in  10  S izes

N A T I O N A L  E N G I N E E R I N G  C O M P A N Y
M A C H I N E R Y  H A L L  B U I L D I N G  • C H I C A G O ,  I L L I N O I S

Manufacturers and Selling Agents tor Continental European Countries:— The George Fischer Steel A Iron Works. Schaffhausen. 

Switzerland. For the British Possessions. Excluding Canada and Australia -  August’s Limited. Halifax. England. For Canada -  

Dominion Engineering Co., Ltd., Montreal. Canada. For Australia and New Zealand — Gibson. Battle 4  Co., Pty.. Ltd. Sydney, Auslraha



A D VERTISEM ENT— This entire page is a paid advertisement. Prepared M onthly by V. S . Industrial Chemicals, Inc,

U .S . I .C H E M IC A L  N E W S
July ★  A Monthly Series for Chemists and Executives of the Solvents and Chemical Consuming Industries 1943

Vitamin B<> Synthesis 
Requires the Use of 

Ethyl Acetone-Oxalate
Production of Pyridoxin

Aided by U.S.I. Compound

A new synthesis of Vitamin B, (pyridoxin) 
that has just been published requires the use 
of ethyl acetone-oxalate (ethyl acetyl-pyruvate 

CHjCOCIiaCOCOOC.lb), a compound 
which offers many interesting possibilities for 
experimental work.

The ammonium derivative is first prepared 
according to the method of Mumm and Bergell 
[Berichte 45, 3041 (1912)] and this is then 
combined with cyanoacetamide according to 
the method of Bardhan (Journal of the Chem
ical Society, page 2227 (1929)) to give ethyl
2-m ethyl-5-cyano-6-hydroxy-pyridine-4- 
carboxylate. Ammonia in methanol gives the 
amide which is reacted with phosphorus oxy- 
chloride to give 2-methyl-4, 5-dicyano-6- 
hydroxy-pyridine. By means of nitric acid, the
3-nitro derivative is obtained which is reacted 
with phosphorus pentachloride to give 2- 
methyl-3-nitro-4, 5-dicyano-6-chloro-pyridine. 
Hydrogen reduction converts the 3-nitro com
pound to the 3-amino from which is obtained, 
by reacting hydrochloric acid in methanol, 2- 
methyI-3-amino-4,5-diaminomethyl-pyridine- 
trihydrochloride. Sodium nitrite with hydro
chloric acid gives the hydrochloride of Vita
min B„.

Sample quantities of ethyl sodium acetone- 
oxalate may he obtained by writing U.S.I.

Emulsifying, Foaming Agents 
Produced from  Soybean Oil

A new method for producing emulsifying 
and foaming agents, together with phosphat- 
ides, from soybean oil was described in a 
recent patent.

The inventor suggests that compounds con
taining phosphorous be removed from the soy
bean oil. by passage through an absorbent 
such as silica gel. The absorbent may then 
he (a) extracted with acetone and evaporated, 
the sterols removed, and the residual oil again 
passed through the absorbent, or (b) the ab
sorbent extracted with acetone and then with 
diethyl ether, giving a good grade of phos
phatide. The residue is next extracted with 
99-99.5% ethanol, giving a sterol glucoside, 
and the remainder extracted with 20-70% eth
anol to produce a foaming agent soluble in 
dilute aqueous alkali and precipitated by 
aqueous hydrochloric acid or aqueous sul
furic acid. Pho9phatide-rich material (an oil- 
free viscous liquid soluble in diethyl ether, 
ethanol and acetone and insoluble in water- 
ethanol) is obtained from this last step by 
evaporating the water-ethanol extract to quar
ter bulk and skimming off the floating gum.

Ethyl Chloride Recovery
According to a new method recently pat

ented, ethyl chloride can be recovered from 
the eutectic mixture of ethyl chloride-butane 
obtained in the manufacture of tetraethyl lead 
upon treatment under pressure at —10° to 
30° with an aqueous solution of an alcohol 
such as 70% ethanol.

Ethyl Formate Used in Synthesis 
Of Sulfadiazine and Thiamin

H ighly Reactive Ester Produced by U.S.I. Employed
In Condensation Step of Two War-Important Products

Ethyl formate, a very reactive ester which heretofore has been used chiefly 
in the production of fumigants, is now being employed in substantial quantities 
for the synthesis of thiamin (Vitamin Bi) and sulfadiazine, one of the newer 
sulfa drugs. Both of these products, now filling vital war needs, will undoubtedly 

'  play an increasingly important part in the ad-
Reducing Compounds Detected  

Rapidly with Spot Tests
A test for the rapid detection of reducing 

compounds which can be carried out with 
small amounts of material in the form of spot 
reactions was described in a recent issue of 
“The Chemist Analyst.”

The following procedure is recommended: 
place one drop of the solution, or several 
granules of the solid substance, in one of the 
cavities of a spot plate and add one drop of 
an approximately 5% solution of pliospho- 
molyhdic acid in water or ethanol. In the case 
of difficult soluble compounds, a drop of dilute 
sulfuric acid can be added if necessary. In the 
presence of reducing compounds there is 
formed, in proportion to their amount, a blue 
or green coloration. A blank test is required 
only when very small amounts of the reducing 
substance arc present.

New Process Patented for 
Paper, Cloth Coating Material

EAST ORANGEr  N. J . — A patent has 
been awarded to an inventor here for a 
method of preparing paper and cloth coating 
materials from cashew nut shell liquid said 
to produce resistant, infusible and insoluble 
films. A suggested use is for coating paper 
to be used as liners for the caps and covers 
of containers for food, cosmetics and paints.

A typical coating is prepared 'by heating 
together about three parts by weight of cashew 
nut shell liquid and one part of hexamethylcne 
tetramine to about 250° F. After holding at 
that temperature for about thirty minutes, 
two parts of a fifty per cent solution of an 
organic solvent soluble urea-formaldchyde 
resin in equal parts of butanol and xylol, and 
four parts of a petroleum spirits are added.

vancement of peacetime medicine.
The extensive use of thiamin in supplying 

certain body deficiencies is well known and 
its importance is becoming more apparent 
each day. It is, for example, an ingredient of 
the concentrated chocolate bars issued to 
soldiers as part of their emergency rations.

Sulfadiazine, while exhibiting the same 
bacteria-killing action of the other sulfa drugs, 
has been found to cause less reaction than 
some of the others. Tablets of sulfadiazine are 
included in soldiers’ first aid packets.

Synthesis Is Similar
The synthesis of thiamin and sulfadiazine 

follows a similar pattern. In the synthesis of 
the pyrimidine part of thiamin, ethyl formate 
is condensed with ethyl beta-ethoxy propio
nate. This is a typical Claisen condensation 
with sodium which gives ethyl beta-ethoxy 
sodium formylpropionate. This product on con
densation with acetamidine hydrochloride, 
yields 2 - methyl - 4 - hydroxy - 5 - ethoxy - methyl - 
pyrimidine. The hydroxyl group in the 4- posi
tion is converted to the chloride by phosphor
us oxychloride, and finally into the amino 
group by ammonia in alcohol. After replace
ment of the ethoxy group with bromine by 
action of hydrobromic acid, the pyrimidine 
part is condensed with the thiazolc part to give 
thiamin.

The synthesis of sulfadiazine actually re
quires another U.S.I. product, ethyl acetate, 
as well as ethyl formate. The first step here 
again involves a Claisen condensation. The 
ethyl formate is condensed with ethyl acetate 
in the presence of sodium ethoxide to produce 
ethyl sodium formylacetate. The remainder of 
this synthesis consists of condensing the ethyl 
sodium formylacetate with guanidine to the 
hydroxypyrimidinc, which is then treated with 
phosphorus oxychloride and hydrogen in or
der to substitute hydrogen for the hydroxyl 
group. In the last step, the pyrimidine is

( Continued on next page)

Photo by U. S .  A rm y  Signal Corps
Thiamin and sulfadiazine, which are being synthesized with U.S.I.*s ethyl formate, guard the health 
of soldiers at the front. Shown at left are emergency field rations for the Army, included among 
which is a concentrated chocolate bar (Ration D) containing thiamin. At right is a front line first 
aid station where sulfadiazine is administered to prevent infection*
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combined with sulfanilyl chloride to give 2- 
sulfanilamido-pyridine (sulfadiazine).

These uses of ethyl formate again show the 
diversified applications for such organic chem
icals, and the typical reactions in which they 
are used. The impetus of war needs is result
ing in many new synthetic chemicals, espe
cially for medicinal purposes. As illustrated 
here, the Claisen condensation reaction is 
extremely important in many of these syn
theses. U.S.I. has had years of experience with 
this reaction in the production of ethyl aceto- 
acetate and ethyl sodium oxalacetate. This 
company is undertaking the development of 
other chemicals for similar syntheses which 
will undoubtedly find a role in the manufac
ture of hormones, amino acids, vitamins, insec
ticides and new chemo-therapeutics. U.S.I.’s 
technical staff will collaborate with any organ
ization whoso products call for intermediates 
obtained by the Claisen type reaction.

Describe Method for  Making 
Air-Drying in k  Vehicle

DOVER, Del. — A patent has been awarded 
to a company here for a non-oily air-drying 
vehicle to be used in the formulation of vitri- 
fiable inks that is claimed to offer many ad
vantages over oil vehicles.

The following mixture is recommended:
Parts

Copaiba resin ..........................................................  32
Venice tu rpen tine ...................................................  16
Molasses ........................................................................ 4
Dammar (crystal dammar varn ish )  4
Dibutyl phthalate .................................................. 1/32

The vehicle is prepared by mixing together 
and stirring slowly the copaiba resin, Venice 
turpentine and dibutyl phthalate. To this mix
ture is added the molasses and dammar. The 
powdered solids are then added and mixed to 
produce a finished ink or color.

New Formula Devised 
For Topical Anesthetic

The following formula has been suggested 
for a topical anesthetic:

Benzocaine ...............................................................  7.5
O il of peppermint................................................... 6.0
Phenol crystals ........................................................ 3.5
Ethylene g lycol, q .a ..............................................50.0

The inventor suggests that the benzocaine, 
oil of peppermint and phenol crystals be 
mixed in a flask and heated until the benzo
caine dissolves, and sufficient ethylene glycol 
be added to make 50 cc.

Butanol, Glycerine Mixture 
Declared Best Soap Solvent

A mixture of 56% of glycerine and 44% of 
butanol was found to be the most effective 
solvent for soap, following recent tests in 
which the solubility of sodium stearate was 
determined at 25° C . in various mixtures of 
ethylene glycol with different monohydric alco
hols; of butanol with different glycols and 
glycerine; of chloroform with glycols, and of 
acetone with ethylene glycol.

It was discovered (hat for the same glycol, 
the percentage of different alcohols required 
to produce maximum solubility is between 
40 and 45, except for methanol which was 
60%. For a single solvent or mixture to be a 
good soap solvent, the experimenters say it 
must have two adjacent hydroxy groups and a 
hydrocarbon-dissolving portion.

Purification Advised for Use 
Of Fibrous Sodium Pectate

Recently developed as a substitute for agar 
in bacteriological gels, fibrous sodium pectate 
is claimed to be more satisfactory for such use 
when purified. To achieve purification, it is 
suggested that the material be suspended in 
60% ethanol and pH adjusted to 7.5. The 
pectate is then filtered and dried in a vacuum 
at 60° C. ______________

Transparent Sheet Materials 
Made With Aid o f Acetone

A new method has been patented for the 
manufacture of transparent or translucent 
sheet materials. An open-work fabric — wire 
netting, woven-wire fabric, knitted or leno 
fabric of organic derivatives of cellulose -— is 
wetted with a mobile, volatile liquid such as 
acetone. It is then treated with a dope com
patible with acetone and containing a lacquer 
base. The solvent is removed by evaporation 
and the product calendered.

Chloroformie Esters Used 
To Treat Cellulosic Fabrics

A process for permanently imparting water 
repellency to cellulosic fabrics was recently 
patented which comprises reacting a chloro
formie ester of ten carbon atoms or more 
with hexamethylenetetramine directly on the 
fabric in the presence of heat and an inert 
solvent. A number of chloroformie esters have 
been produced by U.S.I.

T E C H N IC A L  DEVELOPM ENTS

Further,, information on these items 
may be’obtained by writing to U.S.I.

An organic alkyl peroxide is offered for use os a
catalytic agent in one or two phase polymeriza
tions, as an oxidation agent for laboratory use, 
ex a drying accelerator, and as a bleaching 
agent. Described as comparatively stable, it is 
standardized at concentration of 50 to 60% with 
moie than 10% ava ilab le  oxygen. (No. 710)

U S I
A grinding, mixing or compounding mill has been
developed for relatively small or moderate size 
batches of wet or dry material. (No. 711)

U S I
A photoelectric gloss meter has been developed 
for measuring the reflecting ab ility  of a finished 
surface in terms of per cent of an arb itrary stand- 
a .d  such as a mirror. It consists of a galvanometer 
with connection switches and adjusting controls 
and a photoelectric search unit. (No. 712)

U S I
Deodorant oils are offered which the maker say i 
can be read ily mixed with formaldehyde and 
water in proved proportions. It is claimed that 
deodorants so made w ill kill a ll tobacco, cook
ing, theatre and tavern odors. (No. 713)

U S I
A line of paints for machinery and building in
teriors is offered that can be applied by brush 
or spray on wood, brick, plaster and metal sur- 
iaces. Included are a mill white flat, a mill white 
gloss enamel, commercial interior gloss and 
semi-gloss enamel, commercial interior flat, dado 
enamel, machine enamel, a primer, an undercoat 
and a thinner. (No. 714)

U S I
Direct current resistance decades have been de
veloped with ranges of 0.9 to 999.999 ohms total 
and accuracy of plus or minus 1% and 0.1% re
spectively. Switches are described as having self- 
cleaning, multi-bladed phosphor bronze spring 
wipers. l No* 715'

U S I
Tempered glass tubing is offered which is said to 
be suitable for handling a ll types of corrosive 
fluids except hydrofluoric acid and strong, hot 
caustic soda solution. (N*. 716)

U S I
A strainer* for handling highty viscous liquids or 
liquids that are solid at room temperatures has 
been announced. Maximum operating pressure is 
50 psi at temperature of 600°F. The bottom and 
sides are completely enclosed in a steam jacket 
suitable for ]25 pounds pressure. (No. 717)

U S I
Two water and stain-repellent materials a re
ava ilab le  to treat clothes by dipping after wash
ing or dry cleaning. One is an emulsion that is 
diluted with w ater, the other a solvent type.

(No. 718)
U S I

Skin-protecting creams are offered which are de
scribed as non-clogging, non-toxic, and non- 
irritating. One is recommended for protection 
against skin absorption of paints, lacquers, tars, 
resins, glues, graphite and other materials. The 
second is insoluble in cutting oils or soluble oil 
emulsions. It is said to afford protection against 
strong or dilute acids and a lka lis , metallic salts, 
dyes and coal tar d istillates. (No. 719)

U q  I n d u s t r i a l  C h e m i c a l s ,  I n c .
■  ■  I ----------------------------------- t i m c m  : __t  s . t . i . i i  /-

T 1 5 T  M p / B R A N C H E S  IN  A L L  P R IN C IP A L  C IT IE S
SERVICE 10 ilIhHL/60  E AST 42ND STREET,  NEW Y OR K

ALCOHOLS
A m yl A lcohol
Butano l (N orm al B u ty l A lcoho l) 
Fusel O il— Refined 

Ethanol (Ethyl Alcohol)
S pecia lly  D enatured— A ll regu lar 

and  anhydrous fo rm ulas 
C om plete ly D enatured— a ll regu lar 

and  anhydrous form ulas 
Pure-—190 p roof, C P .  9 6 % , 

Absolute  
U .S .I . D enatured Alcohol 

A n t i- fre e ze  
:'Super Pyro  A n ti- fre e ze  
*So lox P rop rietory So lvent 
rS o lo x  D -l De-icing  F luid

SANSOLS
Ansol M 
Anso l PR

ACETIC ESTERS
A m yl A c e ta te  
B u ty l A c e ta te  
E thy l A c e ta te

OXALIC ESTERS
B u ty l O xa la te  
E th y l O x a la te

PHTHALIC ESTERS
A m yl P h th a la te  

. B u ty l P h th a la te  
E thy l P h th a la te

OTHER ESTERS
$D iato l 

E th y l Carbonate 
E thy l C h lo ro form ate  
E thy l Form ate

INTERMEDIATES
A ccto ace tan ilid e  
A ce to ace t-o rtho-an is id ide  
A ce to ace t-o rtho -ch lo ran ilid e  
A ce lo ace t-o rtho -to lu id id e  
A ce to ace t-p ara-ch lo ran ilid e  
E th y l A ce to o ceta te  
E thyl B enzo y laceta te  
E thy l Sodium O x a la ce ta te  

-R eg iste red  T ra d e  M a rk

ETHERS
Ethyl Ether
Ethy l E ther A b so lu te - -A .C .S .

OTHER PRODUCTS
Acetone 
Collodions 

sC u rb a y  B-G  
^Curbay B inders 
t fC u rb a y X  (Pow der) 

Ethylene 
E thylene  G lyco l 

* ln d a lo n e  
N itroce llu lose  Solutions 
Po tash , A g ricu ltu ra l 
U rc th an  

*V a ca to n e



STANDARD
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Name

July, 1943 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

MALLINCKRODT CHEMICAL WORKS JpyiCTOKY

ST. LOUIS

QUALITY IN QUANTITY
7 6  ‘O /eaM  c fl ¿ P ek v ic e  ¿0  9 % /u m u c a / 

PHILADELPHIA • CHICAGO • NEW YORK • MONTREAL

BUY
UNITED
STATES

WAR
IONDS

STAMPS

LOS ANGELES

W H E T H E R  y o u  use Stearates in

LUBRICANTS  

PAPER COATIN GS  

PAINTS & VARN ISH ES  

W ATER REPELLENTS 

COSMETICS 

PHARM ACEUTICALS

or to modify the properties of 
other colloidal systems.

Standardized Stearates of Aluminum, Cal
cium, Magnesium, and Zinc are now avail
able. Special applications of the soaps of 
many other metals have been studied in 
our laboratories. W e invite you to draw on 
our extensive experience in the application 
of the Standardized Stearates, or to confer 
with us on your particular needs for other 
metallic soaps. Call our representative or 
write us today for the New Product Data 
Booklet on Stearates.

MALLINCKRODT STEARATES

sim plify  your processing 
problems, make it easier for 
you to maintain uniformity 
of your product. Our long 
experience in  producing 
STANDARDIZED STEARATES 
is your assurance of maxi
mum lot-to-lot dependability.
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FURNACES like this, con

structed with Corhart Electrocast, are now in use 

throughout the world. W e have been serving the 

glass industry for fifteen years, during which we 

have become one of the most important refractory 

manufacturers in this field. Do you have a tough ap

plication for which you are seeking better refractories?
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Now Still Another 
Corhart* Uninsulated Bottom!
ERE’S another item to add to your "mental file” 

on Corhart* Electrocast bottoms.

In March, 1942, a well-known glass manufacturer in

stalled his first uninsulated Corhart Electrocast melting- 

end bottom. On the strength o f its performance, this 

customer has now installed another uninsulated Corhart 

bottom in another of his tanks. Both are o f 12" Corhart 

Standard Electrocast.

But these two tanks are by no means the only ones in 

which uninsulated Corhart bottoms are now being used.

In addition to numerous insulated bottoms, there are now 

a t least T H IR T Y  - EIG H T uninsulated Corhart bottom 

installations in glass tanks in North and South America. . . .

W e knew you’d like to have these facts.

Corhart Refractories Company, Incorporated, Sixteenth & 

Lee Streets, Louisville, Kentucky.

• N o t  a  p ro d u ct , bu t a re g istered  trade-m ark.

EN D U RA N C E

K U I F K Ä C T O K Ö l i S

The entire flux walls and bottom of this 16' x  56' glass furnace are constructed of Corhart Electrocast blocks.
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m o l e c u l e s  f r o W V  

p t T R ° l E U M

Alumina catalysts and carriers are helping squeeze 
every last molecule out of petroleum being synthe
sized to  vital aviation gasoline, synthetic rubber, 
and explosives. Catalytic technical literature and 
patents make frequent reference to  aluminum 
oxide, and  copper—, chrom ium —, vanad ium —, 
molybdenum—, and other catalytic agents on 
aluminum oxides.

Yields are increased and operating temperatures 
can often be lowered by using active catalysts 
mounted on aluminas. Products arc improved and 
operating costs are reduced.

Because these aluminas are pure, danger of un 
controlled side reactions and poisoning are greatly 
lessened. Surface areas of particles are great, giv
ing increased efficiency. High strength and resist
ance to  tem perature changes enable the aluminas 
to withstand heavy service for long periods.

I f  you are producing a war-necessary product, 
aluminas m ay be the answer to your catalyst 
problem; ask us for samples. ALUM INUM  
COMPANY OF AM ERICA (Sales Agents for  
A l u m in u m  O r e  C o m p a n y )  1911 Gulf Building, 
Pittsburgh, Pennsylvania.

A L U M I N U M  A N D  F L U O R I N E  C O M P O U N D S
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ON THE BALL"!
G et more out of instrum ents  

w ith  th is  Q u ic k - C h e c k  

n t e n a n c e  S y s te m

Attached to installations or handily filed, Foxboro Quick- 
Check Cards give clear-cut directions for all essential 
steps in instrument maintenance.

 RECORDING • CONTROLLING • INDICATING

H e r e 's  a  w ay to put your instrum ent m ain te
nance on a  surer, sim pler basis that will 
production-robbing shutdow ns for instrum ent 
servicing !

Foxboro's new  Quick-Check System  
you a  convenient 9 "x ll"  card  of A-B-C m ain
tenance instructions for every  m ajor instru
m ent in your p la n t . . .  indicating, recording, 
or controlling . . .  pyrom eters, therm om eters, 
gauges and  m eters. It m akes correct m ainte
nance  practically  fool-proof for the new est in
strum ent m an . . .  saves time, ends oversights, 
keeps instrum ents a lw ay s "on the ball"!

Any user of industrial instrum ents m ay  
obtain these useful Quick-Check C ards 
out charge. They outline correct m ain tenance 
for s tan d ard  instrum ents of an y  m ake. W rite 
for your set, specifying types of instrum ents 
you  use. The Foxboro Com pany, 40 
Ave., Foxboro, Mass., U. S. A. Branches in 
principal cities of United S tates an d  C anada .

tO X B O R O
/  REG. U. 5- PAT o rr.

I n s t r u m e n t s
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Red head
Special grades of Eag le Red Lead are  ava ilab le  for the 
paint, storage battery, ceram ic and varnish industries. 
Pb3 ¿ 4  content accu rate ly  maintained to meet exact re 
quirements o f each industry.

Litharge
Eag le M illed Litharges are exceptionally  high standard 
lead oxides. They are  finely ground, low  in impurities 
and light brown in co lor. A va ilab le  in special grades 
to suit each industry.

Sublimed Litharge
A  fumed, amorphous, light cana ry  ye llo w  monoxide of 
lead (P b O ) of low  apparent density. Purest and smallest 
particle size type of Lead O xid e  on the market.

Orange M ineral
Eag le O rang e M ineral has a definite orange tone and 
is noted for its strength, fineness, and uniform color. 
95% minimum. Outstanding for paints, colors, inks.

Zinc Oxide
Eagle Zinc O xid e  A A A  is especia lly  designed for use 
w herever a lead-free, Am erican process zinc oxide is 
required. Exceptionally  white and bright pigment, hav
ing excellent tinting strength and opacity. Produced in a 
series o f varying paint viscosity ranges.

Leaded Zinc Oxides
A  complete line o f all types and grades, notably Eagle 
A A  5% Leaded Z inc O x id e ; Eag le A  35% Leaded Zinc 
Oxide,- Eag le 50% Leaded Z inc O xid e .

White Lead Carbonate
Three types of Eag le Dry W hite Lead C arb onate are  
produced. Unite chem ically with linseed oil to form an 
elastic, deep-anchoring , long-w earing  paint film.

Sublimed White Lead
For years, the standard basic sulphate of white lead . For 
the paint or rubber industries. Exceptionally white and 
bright. Conforms with ASTM  and govornment specifications.

Lithopone
A precipitated white pigment o f  normal or regular type. 
Three general grades — A , A A , A A A , signifying low , 
medium and high oil absorption respective ly . H as a 
c lean , white co lor.

Titanated Lithop one
Eagle Titanated Lithopone is a precipitated white pig
ment blended with 15% Titanium D ioxide. A v a ila b le  in 
grades to suit individual requirements.

Lead Silicate
Eagle Lead S ilicate is especia lly  designed for the ceramic 
industry and is outstanding fo r uniform ity, high purity 
and ad van tag eo us physica l properties. Free from un
combined lead oxide and silica . G ran u la r particle s ize ; 
rem arkably dustless. * * #
Above products are  Included In the comprehensive line of 
line  and lead pigments manufactured by The Eagle-PIcher 
Lead Company for the paint, chemical, varnish, storage  
battery, rubber, ceramic and other process industries. 
Eagle-PIcher research facilities are  ava ilab le  to manufac
turers on request. W rite for free sam ples and literature.

E A G L E - P IC H E R
I n d u s t r i a l  P i g m e n t s

PICHER

T H E  E A G L E - P I C H E R  L E A D  C O M P A N Y
G e n e r a l  Of f i ces  •  C i n c i n n a t i ,  Ohio
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ju n g le  waters are purified 

. . . with the aid of a 

deep-drawn cylinder

Shown below is another oj the many 
products built by Hackney fo r  the war 
effort. This cylinder is used for trans
porting and storing liquid chlorine, vi
tally needed by the armedforcesfor puri
fying water supplies in the tropics. This 
Hackney Cylinder is cold-drawn to speci

fications. I t meets a ll the strength, weight, 
safety and handling requirements for 
this type of container.

H ackney C h lo rin e  C ylinders a re  used 
in  the tran sp o rta tio n  and  sto rage  of 
ch lo rine , b r in g in g  it safely to desti
nation  over thousands o f m iles o f land  
and sea. T hey  com ply w ith  I.C.C. 
specifications. T h ese  cy linders are 
m ade from  flat c ircu lar p la tes o f steel. 
By a series o f cup p in g  and  co ld  d raw 
in g  o p era tio n s  they are fo rm ed  in to  
seam less cy linders m ade to  exacting  
specifications w ith  un ifo rm  sidew all 
th ickness. T h e  resu lt is a lig h tw eig h t 
cy linder, yet one  p ro v id in g  adequate 

streng th .

I t  m ay be tha t your w ar and  p o stw ar 
p ro b lem s can be solved by H ackrtey 
designs and  p ro d u c tio n  o f specia l 
deep-draw n cy lindrica l shapes. T hey  
m ay p rove  advantageous fo r  w ar p ro d 
ucts you are  no w  m ak in g —fo r im 
p ro v in g  ex isting  eq u ip m en t—and in 
the  desig n  o f new  p ro d u c ts  fo r the 
p o s tw a r  p e r io d .  T h r o u g h  u se  o f  
H ackney  D eep-D raw n Shapes, m anu
factu rers have been able to  conserve 
m ateria l, m an-hours and  equ ipm ent 
—assure adequate s tren g th  w hile  re 
ducing  w eigh t. W rite  today fo r all 
the  facts.

G E N E R A L  O F F I C E S  A N D  F A C T O R Y  • 1451 S O U T H  6 6 t h  S T R E E T  

Milwaukee, Wisconsin

D E E P - D R A W N  S H A P E S  A N D  S H E L L S



for
outstanding 

perform ance

. . .  o n  t l i e  
P r o d u c t i o n  F r o n t

The Army-Navy “E ” flag, signifying 
exceptional performance in the production 
of war materials, now flies over two of the 
Chicago Bridge #  Iron Company’s ship
yards. The privilege of wearing the “E ”
P in  is a proud tribute to our 18,000 men 
and women employees.

I t ’s been said th a t this is the age of production 
miracles. B u t is it? To those who really know 
American industry, today’s staggering produc
tion figures cause no surprise.

The foundations for these so-called produc
tion miracles were laid years and generations 
before Pearl H arbor. The needs of war have 
brought to  light the vast am ount of “know

how” which industry has accumulated through 
years of research and experimentation. This 
knowledge of how to accomplish things fast 
and well, is enabling our nation to m ete out the 
potent weapons of w ar a t a ra te th a t  augurs 
disaster for our enemies.

The Chicago Bridge & Iron Company is 
proud to  serve the war effort both directly and 
indirectly. In  addition to  the increasing number 
of ships and floating dry docks being launched 
from our yards, our p lants are designing and 
fabricating Hortonspheres, Hortonspheroids, 
tanks and pressure vessels of all descriptions 
for the petroleum industry, the synthetic rubber 
program and other vital phases of our country s 
vast w ar production.

CH ICAG O  B R ID G E  
it  IR O N  C O M PA N Y

CHICAGO • NEW YORK . PHILADELPHIA 
HAVANA .  CLEVELAND . BIRMINGHAM

TULSA • HOUSTON . GREENVILLE 
SAN FRANCISCO • WASHINGTON

P la n ts  in  BIRM INGHAM , C H IC A G O  a n d  GREENVILLE, PA . I n  C anada: H O R T O N  STEEL W O R K S, LIMITED, FORT ERIE, ONTARIO
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Dropping
M ercury
Electrode

Micromax
Recorder

Polarizing
U n it'

Therm ion ic
Amplifier

M aybe E l e c t r o - C h e m o g x a m s

Can Help You A nalyze Faster
An Electro-Chemogram is the record supplied by the 

Micromax Recorder which is a part of the L&N Electro- 
Chemograph. I t  is an ink-recorded chart which shows 
the current and potential curves of a dropping-mercury 
electrode. I t  records the progress of an electro-analysis 
while the analysis is still proceeding; and when the 
analysis is finished, the record is finished simultaneously. 
An Electro-Chemogram thus relieves the chemist of the 
necessity for first completing his work, then develop
ing a photographic chart, before he knows his results. 
The usefulness of the entire dropping-mercury electrode 
method of analysis is thus increased in two fields:

1. In process control, the time which an Electro- 
Chemogram saves in analyses is passed on directly to 
the process and m ay be of great additional benefit in 
improving the operation.

2 In exploratory or experimental analysis, the 
Electro-Chemogram helps the chemist to see and correct 
any faults in technique as he proceeds. Since the user 
of the dropping-mercury electrode method m ust, at
present, nearly always develop his own calibration of the
current/potential curves, he finds this feature extremely
valuable.
J r l . 'A d  E -9 4 (7 )

A complete Electro-Chemograph equipment is shown 
above. The Polarizing Cell and Electrodes are simple, 
sturdy and adapted to a wide range of analyses. ne 
Polarizing U nit makes available four programs of 
applied potential: For cathodic polarization, 0 to - 3  v 
or + 1  to —2 v; for anodic polarization, 0 to + 3  v or 
— 1 to + 2  v. The complete range of 3 volts is covered 
in approximately 25 minutes, bu t an analysis may be 
started or ended at any desired potential within the 
range.

The time constant of the current-measuring system is 
equivalent to th a t of a galvanometer having a period o 
approximately 8 seconds. The full-scale current range 
of the equipment can be varied by the user in 8 steps 
from 2 X 10-6 ampere to 100 X 10~6 ampere; a t.th e  
lowest value the approximate total concentration or the 
substance to be determined is 0.0005 gram equivalents 
per liter, and at the highest current this value is 0.025.

The amplifier is fully shielded and well insulated. The 
Micromax Recorder is, in general, our standard design, 
widely used for electrical measurement.

For further particulars of the Electro-Chemograph, 
see Bulletin E-94(l), which will be sent on request.

A  Slogan for A l l  Am ericans M EA SU R IN G

L E E DS & NORTH RUP COMPANY, 4820 STENTON AVE.t PH I LA., PA.

IN ST R U M EN TS • T E L E M E T E R S  • A U T O M A T IC  C O N T R O LS  • H E A T -T R E A T IN G  FU R N A C E S
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E l e c t r o - C h e m o g r a p h  i n  t h e  g r a d u a t e  a b o r a t o r y  o f  a  u n i v e r s i t y .
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TO M A K E  Y O U R  
" C H A N G E - O V E R "  

A  C H A N G E  F OR  

THE B E T T E R

Reconversion — America’s post-war 
challenge to  Industry  —  c a n  be an un
paralleled opportunity to  improve your 
process and product, w ith the help of 
AT&M centrifugals.
“ Change-over” from filters. In  some 
instances, filters have been found hard- 
to-clean and wasteful of fine substances. 
A change-over to  AT&M centrifugals 
has saved production time, loss of m a
terials and floor space . . .  in one case 
saving 25 to  40 percent of a  scarce 
chemical.

“ Change-over” from tanks, kiers, or 
au toclaves. In  im pregnation , also, 
AT&M-engineered centrifugal force now 
presses liquids into semi-solids or solids, 
faster, more uniformly, more conven
iently —  then throws off the surplus in 
the same swift, space-saving operation. 
Today, n itrating and final wringing of 
cotton for war explosives is speeded up 
by  AT&M centrifugals.

“ Change-over” from settling tanks.
In  precipitation of particle-sized sub
stances, or slimes from suspension, ad
vantages of change to  AT&M centrifu
gals have included immediate precipita
tion, finer degree of clarity, dryer cake. 
Floor space saved, of course.

“ Change-over” from ovens, squeeze 
rolls, boxes. In  dehydration, A T & M  
centrifugals whirl out H 20  in a hurry — 
in one case 70% faster than  an expensive 
machine formerly used for drying. Sav
ings over other equipment also include 
cost of power, tim e of supervision, fac
tory footage.

After th e war, A T & M  centrifugals,now 
heavily engaged in war production, will 
be available in all machinable metals

and coatings . . . link-suspended . . . 
suspended . . . base-bearing . . . with 
additional time-and-space-saving ad
vances stim ulated by war,

Now is the tim e, as national needs per
m it, to  plan w ith us how you can get the 
most out of your re-conversion dollars, 
or solve the special problems which 
AT&M engineers are accustomed to 
deal w ith . . .  in stric t confidence. W rite 
American Tool & M achine Co., 1421 
Hyde P ark  Avenue, Boston, —  or 30C 
Church Street, New York, N. Y.

B i  I ¡¡I
& M â l l l F U G

A T & M  Centrifugals S a v e  

T im e and S p a c e  in  —

EX TR A CTIO N

D EH YDRA TIO N

FILTRATION

PRECIPITA TIO N

IM PREG N ATIO N

CO A TIN G
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. . .  on
Red-HotValve Problems

W hen new products or processes dish up valve- 
problem s that look too hot to handle with any
thing but special equipm ent . . . stop and help 
yourself to a little cold turkey. W hich is simply 
this: I t’s true your needs for valves and fittings 
m ight well lead to a special o rder in many d irec
tions. But it’s also true that Chapm an’s standard 
line of valves includes many types and sizes that 
actually are specials elsewhere. Because Chap
man has solved so many special process problem s 
. . . and has then continued many of these spe
cials as standard items. So on all new valve p ro b 
lems that confront you, always check with Chap
man . . .first o j } . . .  to see what you may be able 
to save in time, trouble, and cost, on iron , 
bronze, chrome and m olybdenum alloy valves.

THE

CHAPMAN VALVE
M anufacturing  C om pany

I N D I A N  O R C H A R D ,  M A S S A C H U S E T T S
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S T R E A M L I N E  y o u r  p r o c e s s  w i t h

STURTEVANT CUSTOM-M  UNITS*
Groups of machines 

coordinated for maximum pro
duction and Continuity of Operation

Streamlined Units are composed of Sturtevant 
machines, each serving a particular and predeter
mined service, each of a quality and capacity 
equaling the mechanism preceding or following, 
with every Elevator, Conveyor, Spout, Chute, 
Hopper or Bin made for that particular Unit and 
assembled in the shop to avoid errors and save 
erection costs in the field . . . Thus you purchase 
a balanced Unit, standardized by experience 
we alone responsible for its production. Erected 
quickly at low cost, it is ready to operate in short 
order.

If you have had experience with purchasing 
equipment from different sources and assembling 
the various items at your plant, you can appreciate 
the time and money savings effected by these 
Sturtevant C U S T O M -M A D E  UNITS.

The flow sheet illustrates a Closed Circuit 
Pulverizing and A ir Separating Unit. The fines 
are removed, by A ir  Selection, from the output 
of the preliminary grinder before it is fed to the 
pulverizer. After the material is processed in the 
Pulverizer, the A ir  Selector again separates and 
removes the fines, while the over-size is returned 
to the pulverizer for refinishing.

T h e G R IN D E R
A  Sturtevant Swing Sledge M ill for 

coarse and medium reduction —  ( 1 '  to 
20 mesh). O p e n  door accessibility. 
Grinds soft, moderately hard, tough or 
fibrous substances. Built in several 
types and sizes.

T h e  P U L V E R IZ E R
A  Sturtevant Ring Roll M ill 

built for grinding soft and moder
ately hard materials to a fineness 
of 10 to 2 0 0  mesh.

competent engineering

SE L E C T O R
A  Sturtevant A ir  Separator for finest separa

tion of dry materials. Range of work 4 0 -4 0 0  
mesh. Capacities 1 /4  ton to 50  tons per 
hour. Large feed opening, steep cones, 
rigid construction, Ball and Roller bearings. 
Sizes: 3 ' to 1 8 ' diameter.

Consult our sta ff for fu ll details

STURTEVANT MILL CO. 2 S T  BOSTON, MASS.



N O longer is it necessary to manually balance 
an Indicating Potentiom eter to obtain 

tem perature readings.

T he new Brow n Electronic "Self-balancing” 
Precision Indicator reads the correct tem pera
ture instantly w hen the operator throw s the 
proper key switch.

T his new instrum ent utilizes the standard 
"Continuous Balance” electronic principle in 
corporated in  the w ell-know n Brow n Circular 
Chart Air-O-Line Potentiom eter C ontroller. 
I t uses no conventional galvanom eter and is 
not affected by vibration.

Precision readings are made possible by the 
use of a rotating scale, over 28" in length, 
graduated to perm it readings to  w ithin one 
part in  2400. T his scale is pow er driven and

can travel th rough  full range in  less than 10 
seconds. T here is no w aiting for a galva
nom eter to balance— the instrum ent balances 
quickly w ithout cycling.
T he Brown Precision Ind icator can be used 
w ith  any num ber of separately m ounted key 
switches, in exactly the same m anner now 
employed in manually balanced instrum ents. 
Integrally m ounted push button switches w ill 
also be available in lim ited quantities.
W R ITE TH E BRO W N  IN STRUM EN T 
COM PANY, 4480 W ayne Avenue, P hiladel
phia, Pennsylvania, a division of M inneapolis- 
Honeyw ell R egulator Company, M inneapolis, 
M innesota. Offices in  all p rincipal cities. 
119 Peter Street, T o ron to , Canada — W ads
w orth  Road, Perivale, M iddlesex, England 
N ybrokajen 7, Stockholm, Sweden.

M IN NEA PO LIS-H O N  EYW EL1

Vol. 33, No. 7
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Chemical laboratory

D ishing H ead s

Graver

e service

CHICAGO, MB*
CHICAGO
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PRODUCING

R A Y M O N D  
Imp M ill

R A Y M O N D  
Roller M ill

RAYMOND Mills with Air Separation provide a 
positive method of obtaining a complete and 
thorough intermixture of ingredients in finely 
powdered form.

The Roller M ills, Im p M ills and  
Screen Pulverizers have been used  
as standard equipm ent for years in  
blending operations on various m a 
terials. W ith suitable feeders for pro
portioning the several ingredients to 
the m ill, the finished product is de
livered w ith  an in tim ate  dispersion  
of the particles, in  the proper pro
portions and to specified fineness.

The Raym ond system  both w ith and 
w ithout air separation is successfully  
used in blending the various ingredi
ents used in  face powders . . .  m ixing  
of conditioning and w etting agents  
when grinding sulphur for i nsecticide  
spray purposes. . .  blending pigm ents  
. . . m aking food product m ixtures 
. . . introducing flavoring m edia, ex
tenders and free flowing adm ixtures.

R A Y M O N D  
Screen M ill

RAYMOND PULVERIZER DIVISION
C O M B U S T I O N  E N G I N E E R I N G  C O . ,  I N C .

1313 N orth B ranch  S tree t , CHICAGO 
S a les O ffices in  a ll P r in c ip a l Cities

Canada: Combustion Engineering Corp ., L td ., M ontreal

Other recent applications include  
grinding of coal and salt m ixtures, 
coal and pitch, and other com bina
tions. If you have a special problem  
in grinding and blending, let Ray
m ond engineers aid you in getting  
accurate and econom ical resu lts.
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Has te Hoy High-Strength Alloys 
R esist T hese C orrosive Media

H aste llo y  alloys w ere  developed  in fou r types—
A , B, C , an d  D —to w ith stan d  ce rta in  sev e re  cond i
tions of chem ical co rrosion  m ore adequately  than 
m ost o th er com m ercially  availab le  m ateria ls , and 
thus to m in im ize the trem endous losses from  co rro 
sion in the chem ical and  process in d u stries . In  ad 
d ition  to ou tstand ing  corrosion  resistance, these

alloys have excellen t physical p ro p e r
ties, a re  availab le  in  a v arie ty  of form s, 
an d  can be read ily  fab rica ted  by the 
usual m etal-w orking  m ethods.

Som e of the com m on co rrosive  m e
dia fo r w hich these alloys a re  especially  
su ited  a re  ind icated  below .

i f T  " H y d r o c h l o r i c  A c i d —Hastelloy alloy
A is very resistant to all concentrations of 
hydrochloric acid at temperatures up to 70 deg. 
C. (158 deg. F.). Hastelloy alloy B has an 
unusually high resistance to hydrochloric acid 
in all concentrations and at temperatures up to 
and including the boiling point. Hastelloy 
alloy C resists all concentrations of hydro
chloric acid at temperatures up to 50 deg. C. 
(122 deg. F.). Near this limiting temper
ature, however, Hastelloy alloy A is the better 
choice of material, except where salt's or traces 

of free chlorine are present.

S l l l p h u r iC  A c i d —Hastelloy alloy A is suitable for 
equipment handling sulphuric acid in concentrations up to 
50 per cent and at temperatures up to the boiling point. It 
is resistant to concentrations over 50 per cent up to 70 deg. 
C. (158 deg. F.). Alloy B is more resistant to boiling sul
phuric acid than Hastelloy alloys A, C, and D at concen
trations up to about 60 per cent; above that figure, Has
telloy alloy D is more resistant, and is, in fact, employed 
in equipment used to concentrate sulphuric acid. Hastel
loy alloy C is recommended for boiling sulphuric acid only 
up to 50 per cent concentration; in concentrations from 50 
to 100 per cent it can be used up to a maximum tempera
ture of 70 deg. C. (158 deg. F.).

N i t r i c  A c i d  a n d  O x i d i z i n g  = = |wf= 
A c i d  M i x t u r e s —Alloy c  resists dilute h n o 3
nitric acid at temperatures up to about 65 deg.
C. (149 deg. F.), and nitric acid of over 40 per 
cent concentration at room temperature. In 
addition, alloy C is resistant to oxidizing acid 
mixtures such as nitric and sulphuric; chromic 
and sulphuric; sulphuric and copper sulphate; 
sulphuric and dichromates, permanganates or 
persulphates; and similar combinations.

O r g a n i c  A  c i d s —Penetration tests show 
that Hastelloy alloys are highly resistant to 
acetic and formic acids. They also resist many 
other organic acids. These alloys are espe
cially valuable for linings in equipment for ex
trusion and injection molding of plastics 
containing chlorides. They are also recom
mended for the handling of organic chlorides, 

A,B, C,D suc], as ethyl and methyl chlorides, carbon
tetrachloride, and similar compounds which hydroiize to 
form acids.

C h l o r i n e  a n d  H y p o c h l o r i t e s —Hastelloy alloy
C is one of the few metallic materials possessing adequate 
resistance to hypochlorites and other solutions containing 
free chlorine in appreciable concentrations. However, at 
temperatures over 40 deg. C. (104 deg. F.), even Hastelloy 
alloy C may be attacked.

S a l t s —Hastelloy alloys A, B, and C 
are highly resistant to acid chlorides, 
such as ammonium or zinc chloride.
Hastelloy alloys C and D resist acid sul
phates, such as aluminum or ammonium 
sulphate, and acid phosphates. Hastel
loy alloy C possesses unusual resistance, 
at temperatures up to 70 deg. C. (158 deg. A,B,C 
F.), to such strongly corrosive oxidizing media as solutions 
of ferric chloride and ferric sulphate.

W e t  a n d  D r y  G a s e s —Hastelloy alloys A, B, and
D are resistant to progressive atmospheric oxidation and to 
oxidizing and reducing flue gases, carbon monoxide, carbon 
dioxide, and hydrocarbons at temperatures up to about 800 
deg. C. (1,470 deg. F.). Hastelloy alloy C is resistant at 
temperatures up to 1,000 deg. C. (1,830 deg. F .). All four 
Hastelloy alloys resist ammonia, wet or dry. Types C and 
D are highly resistant to wet hydrogen sulphide or sulphur 
dioxide up to about 70 deg. C. (158 deg. F.).

For More Information on Hastelloy alloys, including results of penetration tests, available forms, 
and methods of fabrication—write for the 40-page booklet, "Hastelloy High-Strength Alloys.”

% S T E L L 0V
H a y n e s  S t e l l i t e  C o m p a n y

Unit of Union Carbide and Carbon Corporation 
N ew  Y o rk , N . Y . | i m  Kokomo, Ind.

Chicago—Cleveland—Detroit—Houston—Los Angeles—San Francisco—Tulsa

HIGH-STRENGTH NICKEL-BASE ALLOYS FOR CORROSION RESISTANCE
T h e  word “ H aste llo y" is a registered trade-m ark o f H aynes S te llite  Com pany.



Nash Clean-Air Compressors
(TRADE-MARK REG.)

are Long Life compressors, because 
they  have no internal wearing parts.
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The Nash Clean-A ir Compressor has but 
one m oving p a r t , c a s t  in one p ie c e  and  
rotating in the pump casing without metallic 
contact. No internal lubrication necessary; 
therefore air or other gas compressed with a 
Nash is entirely free from oil contamination.

Dust and heat are removed from the air, or 
gas compressed, by the unique Nash "Liquid 
Piston". Air from a Nash Compressor is there
fore delivered free from dust, heat, or oil, 
without supplementary filters or air washers,

in a perfected m echanical structure with no 

internal wearing parts.

Air or gas from a Nash Compressor may 
be used for agitating, blending, maintaining 
pressure on storage tanks, or moving liquids 
and materials by pressure displacement, in 
connection with the most delicate food, bev
erage, or chemical process, without danger 

of contamination.
Bulletin D-252 tells all about Nash Clean- 

Air Com pressors, and it is free on request.

THE NASH E N G I N E E R I N G  C O M P A N Y
2 2 0 -A S  W I L S O N  R O A D ,  S O U T H  N O R W A L K ,  C O N N E C T I C U T ,  U . S . A .
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n the industrial front . . .  as on the 

ba ttle  front . . . the electron tube, miracle of 

m odern science, is today  accomplishing the im 

possible — with precision, speed, efficiency. I t  has 

eliminated from the field of level control the need 

for complicated mechanical devices. I t  has made 

available to indus try  P H O T O S W IT C H  . . . 

the modern floatless level control.

Affected by manpower shortages \  ' 
. . . mechanical breakdowns? Let \  
os put the science of electronics 
to work for you — show you how
to achieve greater operating ef
ficiencies — freedom from war
time replacement problems. For 
recommendations on photo
electric smoke density indica
tion, liquid turbidity control, 
counting, timing, automatic in
spection, conveyor control, m a
chinery safeguards, and similar 
applications . . . consult Photo
switch Incorporated, specialists 
in photoelectric and electronic 
controls for industry.

THESE ARE THE AMAZING FINGERS OF PHOTOSWITCH
—  electronic fingers th a t actually “ feel” liquids or pow
ders — operate Photoswitch Level Controls. Today, in 
hundreds of industrial and chemical plants, modern 
Photoswitch installations . . .

%  C o n tro l p u m p s to m a in ta in  c o n s ta n t  liq u id  level.
4  P rovid e h ig h  an d  lo w  level sa fe g u a rd s.
0  M a in ta in  in te rfa c e  betw een  tw o liq u id s.
«  C o n tro l liq u id s in  m ix tu re , fo r desired co n cen tra tio n  or specific  

g r a v ity .
«  G o v e rn  p u m p  p ro g ra m m in g  o p eratio n s.
•  D e te ct  w a te r  a c c u m u la tio n  in  ga so lin e  sto ra ge  ta n k s  an d  in  

tra n sfo rm e rs.
•  P rovid e co m p le te  boiler fe e d w a te r co n tro l.

L

T here is a  Photoswitch Level Control to m eet every need. . .  for use 
with alt types o f liquids and powders. Write for complete cata
logue information.

PHOTOSWITCH INCORPORATED
PHOTO-ELECTRIC & ELECTRONIC CONTROLS FOR EVERY INDUSTRIAL PURPOSE

C A M B R ID G E , .M A S S .  • District Offices IN  ALL P R I N C I P A L  C I T IE S
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The surest w ay  to get sustained  efficiency in your 
chem ical pum ps is to use pum ps whose efficiency is 
not m ateria lly  affected by  the inevitab le w ear an d  
corrosion accom panying chem ical service.

That w as a  large  order until the adven t of the 
LaBour Type Q, a  high efficiency centrifugal having  
an  open im peller an d  using no sealing  rings. The 
Type Q does not depend  on close clearances to se
cure hydraulic efficiencies com parable to those of 
most closed im peller pumps.

Exclusive design features, born of LaBour's field- 
secured know ledge of process industry pum ping 
problem s, a re  responsible for the Type Q 's high effi
ciency. That these features en ab le  the Type Q to 
m aintain  unusually  high efficiency even  after long 
service, h as b een  dem onstrated  time after time by 
countless installations in process industries.

Full information about the Type Q or other LaBour 
centrifugal pum ps for chem ical service is yours for 
the asking.

t h e  l a b o u r  c o m p a n y ,  in c .
E lkhaxt, In d ia n a , U . S . A .

F R E E  T H IS  H A N D Y  

FLUID FLOW CALCULATOR

w
We have available for distribution to engi
neers and pump buyers a  limited number 
of LaBour Fluid Flow Calculators. Greatly 
facilitates figuring of elements entering into 
the pumping of most industrially used 
chemicals at various temperatures and 
specific gravities.

When writing for your free Calculator, 
please use company letterhead.



Strew Feeders Pressure Ves

Also complete materials handling facilities to meet any requirement 
One contract \  One guarantee of satisfactory performance • Unit responsibility

Rotary Crushers Bucket Elevators Belt Conveyors Dust Collectors

translates tÂ e cn a  a eZ o p /ta cZ ce
•  T o  take an inexpensive organic material specified use. In the reducing atm osphere of this air tight, gas
by the custom er . . .  to  calcine it at high tem peratures 
in a reducing atm osphere . . .  to get the required 
product with just the yield d esired . ..  seemed possible 
in theory, although it had never been done before, but

Bartlett-Snow did it with 100% Results
Based on Bartlett-Snow theoretical calculations, 

Bartlett-Snow design and heat engineering, and 
constructed in Bartlett-Snow’s completely equipped 
machine and structural shops, this indirect heat cal
ciner has met every operating condition. Every p red ic
tion and every expectation has been entirely fulfilled.

Special Construction
From the receiving hopper the m aterial is passed 

by a m otor driven, but instantly variable and volu- 
metrically exact screw feeder, capable of handling 
from 29 to 745 pounds per hour, into a specially 
cast high nickel-chrom e tube, guaranteed to w ith
stand tem peratures of 2000°F., when in continuous

tight chamber, the material is broken d o w n .. .gaseous 
products are released through a water-jacketed out
let, and the solid material, first cooled to norm al 
tem peratures, is discharged continuously at the 
desired rate per hour.

Use Bartlett-Snow Experience
Equipped with auxiliary manual driving mecha

nism, to insure the safety of the calcining tube in 
case of current failure, with spidery air-cooled riding 
rings and with discharge equipm ent mounted on a 
traveling and counterweighted frame, that com pen
sates the lVa-inch expansion o f the nickel-chrom e 
calcining tube . . . this installation proves again the 
ability of Bartlett-Snow engineers to master even 
the m ost severe heat engineering problem s . . . 
W hat is your problem ?

THE C. O. BARTLETT & SNOW COM PANY  
6207 HARVARD AVENUE,  CLEVELAND, OHIO
30 Church St., Now York Firs! Nat*! Bank Bldg., Chicago

B A R T L E T T - S N O W
D R Y E R S  • C A L C I N E R S  • C O O L E R S  • K I L N S



WHEN BIG PRODUCTION

INVOLVES

EFFICIENT HANDLING OF

CORROSIVE LIQUIDS

Raschig rings o f  Lapp Porcelain  
fa c ilita te  gas absorption  processes 
by p roh ib itin g  con tam in ation , and  
by sta n d in g  up w ith o u t crum bling  
under lon gest, m o st severe d u ty .

Lapp Chem ical Porcelain Pipe is available in  all s tan dard  
sixes up to  8* inside d iam eter. I ts  ground en ds p e r m it in 
sta lla tion  icith th in  hard gaske ts, elim in atin g  a t  i t s  source 
th e  ch ief cotise o f  trouble in  m o st corrosion-free p ipe.

The Lapp Valve is designed to  bring  
liq u iils in to  con tact on ly tc ith porce
lain . Fine grinding, polish ing and  

'b elapping o f  bearing surf aces—and a 
u n iq u e  sp r in g  w a sh er a rra n g e
m ent—assure sm ooth  action , and a 
p erm an en tly  m a in ta in ed  seal, even  
under vibration  and therm al change.

is the first...and quickest...ansvs

t0 n 0 fT i'if=’K^F= T o in s ta lla t io n s  for in d u str ia l-sca li 
p ro cessin g  o f  corrosive liq u id s , Lapp C h em ica  
P orcela in  offers n o ta b le  ad van tages:

QUICK AVAILABILITY. N o n e  o f  th e  m a te r ia ls  o f  por  
c e la in  i t s e l f  is  o n  th e  c r it ica l l is t .  L app fa c ilit ie s  ar 
a d eq u a te  for th e  p ro d u ctio n  o f  a la rg e  v o lu m e  o 
p o rce la in  p ieces . For p ip e  fla n g es, valve hardwari 
an d  o th e r  m e ta l p arts, reason ab le  p r ior ity  ra tin g  
are su ff ic ie n t  for n ear ly  a n y th in g  ca n  b e  p u t  o n  ; 
delivery sc h e d u le  to  fit  a n y  c o n str u c tio n  program

CHEMICAL PURITY. As a m a te r ia l o f  co n stru c tio n  
L app P o rce la in  b r in gs t h e  p u r ity  a lw ays associate«  
w ith  lab oratory  p o rce la in  to  in d u str ia l processing  
C o m p lete ly  iro n -free , i t  is  a  d e n se , th o ro u g h ly  
v itr ified n o n -p o ro u s  b o d y , s m o o th  a n d  corrosion-free

STRENGTH AND LONG LIFE. T h e  fr a g ility  w h ic h  th  
w ord  “ p o rce la in ”  so m e tim e s  su g g e s ts  is  n o t  
p rop erty  o f  L app P o rce la in . T h is  m a te r ia l is  rem ark  
ab ly  ru gged , a b le  to  w ith s ta n d  m e c h a n ic a l sh o e  
o f  su rp r is in g  in te n s ity . A s a  m a jo r  c o n tr ib u tin  
fa cto r  in  i t s  p u r ity  an d  lo n g  life  b o th , is  i t s  com  
p le te  n o n -p o r o s ity — it  d oes n o t  ahsorh  th e  liq u ie  
exposed  to  i t .  T h e  o n ly  exp osu re is  o n  th e  s u r fa c e . .  
th e  b o d y  c a n n o t  b e  w ea k en ed  b y  th e  capillar  
forces o f  p e n e tr a tin g  liq u id s .

A p h o n e  ca ll or le t te r  w ill b r in g  
q u ick  an sw er as to  h o w  L app P o rce la in  c a n  he] 
y o u  m e e t  y o u r  p ro cessin g  p ro b lem , q u ic k ly  an  
w ith  to p  p r o d u ctio n  p erfo rm a n ce . L app In su la te  
C o., In c .,  C h em ica l P o rce la in  D iv is io n , L eR oy, N .
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N o. 1 in a series o f case studies on dust and 
fume conditions in the process industries.

THE PROBLEM
Controlling bleaching powder dust.

THE SOLUTION
A  6,000 c.f.m. Schneible Senior 

Multi-Wash Collector of standard 

steel construction, using only water 

as the collecting medium, was in

stalled for handling the exhaustfrom 

all dust-creating operations.

The air in these working zones is now 

free of dust. The morale of the 

workers has improved, and produc

tion has increased.

5 E H N E I B L E
D U S T ,  O D O R  A N D  F U M E  C O N T R O L  E Q U I P M E N T

Prob lem ?
Many contaminated air conditions 
found in the process industries have 
been overcome by standard Schneible  
Multi-W ash Dust Co llectors. C o lle c 
tor towers are built of the metal most 
resistant to the dust and fumes han
dled, in capacities up to 30,000 
c.f.m., in multiple unit installations

and self-contained units. Settling 
and dewatering equipment provides 
for water or other cleansing liquid 
being used over and over again. 
W here valuable dusts are collected, 
they can be easily recovered.
W rite  us about your dust and fume 
problems.

CLAUDE B. SCHNEIBLE COMPANY
3959 L a w re n c e  A ve . C h ica g o , 111.

Engineering Representatives in  Principal Cities

W h a t  Is Your
Dust and Fume



n m  M OTORIZED  
W w  PLANETARY  
W  REDUCER

Horizontal drive, 
m ade in 3 5  sizes in 
r a t i o s  o f  1 0  t o  
1200 : 1  and from 
%  to 7 5  h o r s e 
power.

M OTORIZED WORM  
GEAR REDUCER 

V e r t ic a l  d r iv e  —  
m ade in 11 sizes in 
ratios of 6  to 80:1  
and from '/» to 50  
horsepower.

D . O . J A M E S  p m j ,  
M O T O k l Z E D t § § f W .  

S P E E D  R E D U C E R S

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. 35, No. 7

M OTORIZED H ELICAL REDUCER 

Horizontal drive— m ade in 13 sizes in 
ratios of 1 V4 to 9 Y i ' ^  anc  ̂ from Ya to 
5 0  horsepower.

MOTORIZED  
PLANETARY  

REDUCER 

V e r t ic a l  d r iv e  —  
m ade in 35  sizes in 
r a t i o s  o f  1 0  t o  
1 200 : 1  and  from 
%  to 75  horse
power.

M OTORIZED W ORM  GEAR  
REDUCER 

Horizontal drive— m ade ¡ n i l  
sizes in ratios of 6  to 80:1  
and from Ye to 5 0  horsepower,

Established 1888

i_

F O R  5 5  Y E A R S  M A K E R S  O F  E V E R Y  T Y P E  O F  G E A R  A N D  G E A R  R E D U C E R

SAVE ESSENTIAL AND
VALUABLE SPACE

War time requirements make the D.O.James 
Motorized Reducers a very important Must in 
solving and meeting the power-saving needs 
of modern industry. Their accessibility and 
compactness make them most desirable when 
floor space is limited. Their soundness of design 
and manufacture insures maximum efficiency 
with minimum maintenance.

D . O . J A M E S  M A N U F A C T U R I N G  C O .
1140 W. Monroe Street Chicago, U. S. A.

M OTORIZED HELICAL R ED U C ER -?-  

Vertical drive— m ade in 13 sizes 
in ratios of 1 Va to 9 % ':!  and from 
3A  to 5 0  horsepower.



C H I N E S  • P R O C T O R  DRYING M A C H IN E S  • P R O C T O R  DRYING MA

Shown below is the P roctor Type “C” Veneer 
Dryer. It is especially designed for handling face 
veneer. It handles any thickness from 1/28" to 
1/100". It handles small pieces and pieces up to 16 
feet long. The flitch is delivered in rotation, allow
ing immediate crating. Veneer is in much better 
condition than when dried by other means. Mois
ture is removed uniformly all over each sheet. Veneer 
is not discolored on removal from crate. This 
m odern Proctor Machine also assures great savings 
in needed manpower and in steam and motive power.

Just as the men of the Navy recognize, from experience, the 
dependability and super-efficiency of their instrum ents of 
war, leading veneer manufacturers recognize, also from 
experience, the all-around advantages of P roctor Dryers. 
Today, the p roper drying of the veneers that go into gliders, 
planes and com bat boats is essential. For m aintaining abso
lute drying uniformity and keeping output up to the highest 
possible levels with minimum cost, P rocto r Veneer Dryers 
are unparalleled. W hether it be for veneer, food, tobacco, 
soap, plastics, paint, synthetic rubber o r a score of o ther 
m ajor products, P rocto r Dryers are custom-built to do each 
job right. If you have a drying problem , now is the time to 
have P roctor engineers consider its solution tow ard that 
day when other-than-w ar products can be purchased. 
Naturally, if your product is vital to the w ar effort, we can 
supply you with new m achinery today.

PROCTOR & SCHWARTZ . Inc • P h i l a d e l p h i a

C H I N E S  • P R O C T O R  DRYING M A C H I N E S  • P R O C T O R  DRYING MA

P R O C T O R  D R Y E R S
A R E  R E C O G N IZ E D  

BY L E A D IN G  V E N E E R  M A N U F A C T U R E R S

July, 1943
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can be A C C U R A T E L Y  C O N T R O L L E D
Photo above shows typical in
stallation of an SK  Barometric 
M JS  Condenser in a large 
sugar refinery. Chain-operated 
Valves provide ready adjustment 
of injection and cooling water.

A m ong the SK features w h ich  con 
tribute to the flex ib ility  and h ig h  effi
c ien cy  o f  th ese  con d en sers is  the 
separate control o f  water to the jets and  
the sprays. A djustm ent o f  the relative  
am ounts o f  in jection  water for con
d en sin g  and air-reinoval can be readily  
m ade to m eet ch an gin g  steam , vacuum  
or tem perature cond itions.

T h e  m ulti-jet spray p r in c ip le  in  SK  
B arom etric C ondensers was perfected

several years ago. H undreds o f  th ese  
condensers now  in  su ccessfu l opera- > 
tion  throughout the p rocess, chem ical 
and food in d u str ies have proved the 
sim p licity , reliab ility , and year-after- 
year efficiency o f  th is equ ipm ent.

M ore than h a lf  a century o f  exp er ien ce  
in  the d esign  and the construction  o f  a 
broad range o f  pow er and ch em ica l 
process eq u ipm ent is available to you  
through theSK  engineering organization.

SCHUTTE & KOERTING CO. MANUFACTURING ENGINEERS

Main Offices and Works, 1160 Thompson St., Philadelphia, Pa.





you  have a job tha t can be done better with carbon dioxide. 
Let our Researcli and Development departm ent work with 
you to help solve your problem. Just drop a line to Walter- 
Kidde & Company, Inc., 730 Main St., Belleville, N. J.

K i d d e r
HIGH PRESSURE GASES • FIRE.PROTECTION

that’s carbon dioxide—
POWERHOUSE 

IN A PACKAGE
H e r e ’ s  energy th a t can he packed in a handy cylinder, 

carried to the battle fronts, stored indefinitely in a 
factory. Wherever, whenever it’s needed it’s instantly 
available at the turn  of a valve. I t  can be utilized in a 
sudden burst or over a long period of time.

Carbon dioxide is the most compressible of all industrial 
gases. When stored under 850 pounds pressure a t 70° F, 
there are 30,000 foot pounds of energy packed in every 
pound. T hat means that a Kidde container, with a carbon 
dioxide capacity of only 1.4 pounds, stores 42,000 foot 
pounds of energy— a real "powerhouse in a package!”

W alter Kidde & Company has found applications for 
this power actuation principle in many industries. Perhaps



Cave-of-the-Winds in Miami
Inside tlnsiunique building,the engines 
of Pan A m erican Clippers are put 
through their paces. Propellers roar 
with the thunder of i-000 horsepower 
—creating super-hurricanes as air is 
pulled down one set of stacks and 
pushed out through the other set.

Outside, there’s hardly a sound— 
for in each stack a honeycombed unit 
of cells soaks up the resonance, bit by 
bit, until it is finally dissipated.

Naturally, this completely window- 
less test house had to be air condi
tioned— to remove heat generated by 
fcbe engines, to provide controlled

testing temperatures, to make working 
conditions bearable for the engineers. 
As in so many other exacting applica
tions of air conditioning and industrial 
refrigeration, the equipment selected 
was General Electric.

Today, G-E air conditioning and 
refrigeration engineers are devoting 
all their talents to problems of war

production and testing. The}"are learn
ing much that will lead to better, more 
economical manufacturing methods— 
to healthier, happier living—when we 
return to the pursuits of peace.

A ir  C onditioning rind Commercial 
Refrigeration Department, Division J/S7, 
General Electric Company, Bloomfield, 
Xexc Jersey.

s 4 û i ( Z o t t c U t iM c a y

GENERAL Ü  ELECTRIC

July, 1943
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P I T T S B U R G H

L E C T R O D R Y E R
Kif.VJ.hLin.

C O R P O R A T I O N

Heat Treaters 

, have a 

Moisture Problem, 

too

Ttvo iAtclrodrycrs DR Y  deoxidizing gas,produced 
in generators, for these heat-treating furnaces

Perhaps this use of Lectrodrvers by Atlantic Wire 

Company -will suggest some way you can profitably 

employ DRYing—

Controlled atmosphere in these furnaces—DRY 

deoxidizing gas—prevents decarburization of the 

steel wire being annealed here. Properties of the 

steel are held uniform, its high quality m aintained. 

The requirem ent that the furnace atmosphere be 

DRY is taken care of by Lectrodryers, which 

remove moisture to a very low dew point.

This example of a m anufacturing process being 

dependent upon accurate control or complete

removal of moisture is repeated hundreds of times 

throughout many industries. Lectrodryers are 

removing moisture from air, gases and liquids to 

dew points below -110° F. Charged with Activated 

Aluminas as their DRYing agents, they are easily 

m aintained a t high eflicicncy.

DRYing service provided by Lectrodryers has 

enabled m anufacturers to  standardize and simplify 

their processes. Our engineers will gladly advise 

you on the possibility of using Lectrodryers in 

y o u r p rocesses. P i t t s b u r g h  L e c t r o d r y e r  

C o r p o r a t io n , 305 32nd Street, P ittsburgh, Pa.

L E C T R O D R Y E R S  DRY W IT H  A C T IV A T E D  A L U M I N A S



C H E M IC A L S  IN D IS P E N S A B L E

MASKING PARTS FOR 
PLATING OPERATIONS

Saran masking p a ris  help speed  
production o f  cylinders used in 
airplane m otors. The entire out
side diam eter o f  the cylinder, 
illustrated here , is nickel p lated  
with the exception o f  one-half inch 
on top and bottom . Snug-fitting  
top , center and bottom saran  
masking p lates, into which two 
sleeves are p laced , p rovide  com
plete protection . A s a result, 
valuable time and m aterial are  
conserved by  this newest contribu
tion o f  a superio r plastic m aterial.

SARAN PLASTIC—

¿ A e m tc a i

Sarcm's high degree  of resistance to a  b road  ran g e  of chemicals is dem 
stra ted  by  its successful use in p la ting  m asks an d  fixtures. This diffic 
application  em phasizes sa ran 's  distinctive position am ong plastic m ateri 
For, in  a  series of exhaustive tests in m any p lating  solutions an d  over non  
operating  tem perature ranges, sa ran  proved its superiority.

S aran  ad v an tag es go far beyond exceptional chem ical resistance to inch 
such im portant properties as excellent dim ensional stability, resistance 
moisture an d  heat, an d  resiliency arid durability. These factors m ark sa: 
for m any new  uses—extending from the electroplating industry to a  w 
variety  of industrial applications.

TH E  D O W  C H E M I C A L  C O M P A N Y ,  M I D L A N D ,  M I C H I G )
New York • Sf. Louis • Chicago • Housto- • San Francisco • los Angeles • Si



A D IA B A TIC  or 
TH ER M O FO R  or 
S T A T IC

w g  ”

TH ER M O FO R or 
S T A T IC

p ' V W T Ë
S T A T I C

OKE mORE CRTRLVTIC RUIHTIOn GRS
PER BARREL OF CRUDE

'  - -

Houdry offers licenses for all the 
catalytic cracking processes needed 
for maximum yield  and quality
Largest licensor in the industry, based on refining 
capacity, Houdry offers not one but th re e  catalytic 
cracking processes for the production of aviation.fuel. 
Each process is especially suited to certain types of 
refinery operation and certain charging stocks.

H oudry S ta tic  C a ta ly st P ro ce ss: First process to produce avia
tion gasoline by cracking. Highly versatile, it efficiently cracks naphtha, 
gas oil and heavier oils. Last year produced more than 90% of all 
catalytically cracked aviation fuel. Seventeen plants in operation, ten 
more under construction.

T herm ofor C ataly tic  C rack ing : Embodies the continuous move
ment of catalyst through a reactor and a regenerator. Unquestionably 
the most efficient process of its type. Provides particularly high yields 
from gas oil but can crack naphtha as well. Adaptable to almost any 
size of refinery. T.C.C. makes available to small and large refiners a 
catalytic cracking process requiring low amounts of critical construc
tion materials, low operating cost, and is highly economical for the pro
duction of catalytically cracked aviation base stocks of superior quality. 
Twenty-two plants now in various stages of construction.

H oudry A diabatic  P ro cess: Latest Houdry development can 
produce a super aviation fuel incomparably superior to present aviation 
fuels. Uses as charging stock heavy naphthas heretofore almost useless 
for aviation gasoline, thus substantially increasing total possible yield 
per barrel of crude. Semi-commercial unit, now in operation, indicates 
Adiabatic plants will cost less to build and operate than static catalyst 
plants.

These Houdry-licensed processes assure maximum produc
tion of high-octane aviation fuel from crude, with mini
mum materials required for construction and operation of 
plants. Houdry offers these outstanding processes to  all 
American refiners without restriction, under license ar
rangements subject to approval by the U. S. Government.

HOUDRY PROCESS CORPORATION
W ilm in g to n , D e la w a r e

HOUDRY
C A TA LYTIC

P R O C E S S E S

Licensing Agents:

E. B. BADGER & SONS CO. 
Boston. Massachusetts

THE LUMMUS COMPANY  
New York City, New York



★ ★ ★ FOR V IC T O R Y  B U Y  U. S .  WAR B O N D S  A N D  S T A M P S  ★

i'umgC!
V : ■ n-d;,
•H isfi'B re»are Processing

Im pregnating

G as Cleaning and others

Kilning and Calcining' 

Polymerizing

'
Complete plants for any of the process industries— from idea to operation. Blaw-Knox sing 

control does the whole job. Research, engineering, fabrication, design and erection of buildin 

in cooperation with customer’s architect and contractor, initial operation— all under one guarante!

BLAW-KNOX DIVISION OF BLAW-KNOX CO
2081 FARMERS BANK BUILDING • PITTSBURGH, PA.

OFFICES A N D  REPRESENTATIVES IN  PRINCIPAL CITIES
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If You Are Keeping Up With NEW Chemicals

B e t t e r  I n v e s t i g a t e  T h e s e

THEY ARE AVAILABLE 

IN RESEARCH QUANTITIES

For men thinking about today’s problems 

and tomorrow’s products, these are chemi

cals that should be studied. They are the 

newest products of Carbide and Carbon 

Chemicals Corporation, a primary proditcer 

of synthetic organic chemical raw materials.

Although most of our products are shipped 

in tank-cars and fifty-five gallon drums, 

many of these research chemicals are so 

new that they can be supplied only as 

experimental samples. Some, however, are 

now in semi-commercial production.

Information about these new chemicals 

has been given in recent advertisements and 

is now compiled in a leaflet, Chemicals 

Available in “Research” Quantities. Send 

for your copy.

AMINES
Isopropanolamine 
Diisopropanolamiue 
Methyldiethanolamine 
Dimcthylcthauolaminc 
Tetrnethanolammonium 

Hydroxide 
Acetoacet-o-toluidide 
Sodium Acctoacetyl-p- 

sulfanilute 
Methyl Morpholine 
Ethyl Morpholine 
Phenyl Morpholine

ETHERS •N ..
Diethyl “Cellosolve”
Hexyl Ether 
Dimethyl Dioxane 
Benzyl “Cellosolve”

ALCOHOLS
Ethylhutanol
Hexanol

ESTERS
Butyl “Cellosolve” Acetate 
Methyl “Carhitol” Acetate 
Ethylbutyl Acetate 
Diglycol Diacetate 
Glycol Diformate

ACETALS
Methyl “Cellosolve” Acetal 
Dichlorethyl Formal
4-Methyl Dioxolane

ALDEHYDES AND KETONES
Glyoxal
Glyoxal Bisulfite 
Acetonylaeetone 
Isophorone 
Dehydracetic Acid

CHLORINATED COMPOUNDS 
Trichlorethane 
Dichlorisopropyl Ether 
Triglycol Dichloride

POLYETHYLENE GLYCOLS

F o r in fo r m a tio n  c o n c e r n in g  th e  u se  o f  th e s e  c h e m ic a ls ,  a d d re ss :

C a r b i d e  a n d  C a r b o n  C h e m i c a l s  C o r p o r a t i o n

U nit o f  U nion C a rb id e  a n d  C arbon  C o rp ora tion  

30  E ast 4 2 n d  S treet |iN«i New Y ork , N. Y.

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



INDUSTRIAL a n d  ENGINEERING CHEMISTRY
P U B L IS H E D  B Y  T H E  A M E R IC A N  C H E M IC A L

EDITORIALS__________
The Patent Report
T HE long-awaited report of the National Patent 

Planning Commission has been sent to Congress by 
President Roosevelt and it is highly significant that the 
group has failed to find “any serious instances in which 
the patent system has interfered with the prosecution 
of the war”. Thus the contention of Thurman Arnold 
and his former coterie of workers in the Department of 
Justice that international cartels involving patent 
agreements have hampered the war program to a seri
ous degree is refuted by such men as Charles F. Ketter
ing, Chester C. Davis, Francis P. Gaines, Edward F. 
McGrady, and Owen D. Young.

Few defenders of the American patent system (which 
the commission termed “the best in the world”) go so 
far as to insist that no abuses exist and that changes 
and improvements are undesirable. It is hardly neces
sary to burn down or tear down a house in order to 
make structural improvements.

Chairman Kettering and his co-workers on the com
mission have taken a very realistic and enlightened 
viewpoint in the recommendations suggested. To 
minimize abuses and make them readily detectable, the 
commission suggests legislation compelling the record
ing in the United States Patent Office of:

All existing agreements to which one of the parties is a citizen 
of a foreign country, all agreements regardless of the citizenship 
of the parties which include any restrictions as to price, quantity 
of production, geographical areas or fields of use, and all future 
agreements regardless of restrictions or citizenship of the parties.

Three or four other suggestions are noteworthy. 
The report calls attention to one serious weakness— 
the Patent Office lacks the power to withdraw or cancel 
a patent inadvertently granted. It also recommends 
that any person be given the right to challenge the 
validity of a patent within six months after it has been 
granted. It is suggested that patents be held to a life 
of twenty years based on the date of application for the 
patent, and the commission approves a single court of 
patent appeals.

The Kettering group has performed a signal service 
in calling attention to the present chaotic condition 
which has arisen as a result of a lack of a uniform test or 
standard for determining what really is a patentable 
idea and proposes that Congress lay down a reasonable, 
understandable test by legislation.

Perhaps it is unlikely that the commission’s proposals 
will meet with unanimous approval even among those 
who staunchly support the American patent system,

S O C I E T Y  •  W A L T E R  J .  M U R P H Y ,  E D I T O R

but it is very definitely a constructive step forward. 
Intelligent leadership and vigorous initiative will pro
vide a satisfactory solution. Let those who under
stand and appreciate the benefits of the American 
patent system unite now to modernize it properly.

Let’s Look at the Record
“n n H E  Congress hereby recognizes that the full development

X  and application of the Nation’s scientific and technical re
sources are necessary for the effective prosecution of the war and 
for peacetime progress and prosperity, and that serious impedi
ments thereto consist in—

The unassembled and uncoordinated state of information con
cerning existing scientific and technical resources; the lack of an 
adequate appraisal, and the unplanned and unprovident train
ing, development, and use of scientific and technical personnel, 
resources, and facilities in relation to the national need; the con
sequent delay and ineffectiveness in meeting the urgent scientific 
and technical problems of the national defense and essentia] 
civilian needs . . (From Senate Bill 702 not yet even favor
ably reported on by the subcommittee of the Senate Committee 
on Military Affairs.)

Anyone fortunately able to learn at first hand of the 
enormous feats of production achieved in many varied 
fields sees a totally different picture than the one given 
in the Declaration of Policy of S. 702. Visits recently 
made to widely diverse chemical production centers 
provide a ready and complete antidote for any pessi
mism concerning America’s industrial front. Flaws, 
if indeed they exist in chemical production, can only be 
detected by those who look down on accomplishment 
from the dizzy heights of uncontrolled expectations of 
the wholly impossible.

A realistic summary of the goals achieved reveals 
that we have not only performed industrially as re
quested, but that in many instances we have surpassed 
by a wide margin the production requested.

Most exciting and inspiring are plants grown huge 
almost overnight, busy turning out synthetic rubber, 
aviation gasoline, toluene, aluminum, magnesium, and 
hundreds of other strategic and critical materials.

For the record of the future let us summarize briefly 
but a few of these accomplishments. The Japanese 
felt they were dealing us a mortal blow when they cut 
us off from sources of supply of quinine and natural 
rubber. What does the record show? To protect our 
men and women assigned to tropical posts we will pro
duce 2,500,000,000 antimalarial tablets in 1943, yet in 
1939 production was less than 5,000,000 tablets.

In the place of natural rubber American chemists and 
chemical engineers were assigned the intricate problem 
of providing some 800,000 long tons of synthetics an

733
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nually, an amount greatly in excess of our imports prior 
to Pearl Harbor. By the end of 1943 we will have 
ready the necessary plants and today synthetic rubber 
of excellent compounding qualities is being produced in 
sizable quantities. Twenty months ago our annual 
output was less than 4000 tons annually.

To prevent the spread of infection in wounds we will 
manufacture over 10,000,000 pounds of sulfa drugs, as 
compared with a peacetime output of 1,000,000 pounds.

What is the picture in high-octane gasoline? Six 
years ago the petroleum industry’s production was a 
mere 800 barrels per day. In 1943 more than thirty 
companies will be in production and one plant alone is 
now producing more than the projected requirements 
cited as late as March of 1941 by a representative of the 
Joint Aeronautical Board. Present production figure 
is a military secret, but several months ago we were pro
ducing 3800 per cent more than the 1937 output.

Projected capacity for production of light alloys is 
now 1,500,000 tons, consisting of 1,200,000 tons of 
aluminum and 300,000 tons of magnesium. By 1944 
we will have increased production of the former seven 
times and the latter one hundred times.

The story of production successes is the same for de
hydrated and compressed foods, vitamins, explosives, 
nitrogen, plastics, industrial alcohol, toluene.

One exceptionally well-informed executive and tech
nologist recently stated in a meeting in Washington 
that he knew of no single instance where the war pro
duction program had been seriously delayed for lack of 
necessary chemicals. Later we shall learn, as our ene
mies now know, that America’s chemical forces have 
fully met the supreme test.—The defense rests!

The Sirocco and the Straw
S CIENCE has been blamed for countless things, not 

the least of which is war. It seems to please mag
niloquent politicians to bait scientific industries and 
modem inventions, to denounce in bombastic specious 
terms, the munitions maker and the heartless scien
tist. Even sincere thinkers have, with less oratory, at
tacked our scientific progress as a bringer of unrest, 
unemployment, and war. They have suggested mora- 
toria on invention or a freezing of technical progress. 
Their thought is that it is necessary to give the souls 
of men an opportunity to catch up with progress, to 
become acclimated to changed conditions—an internal 
evolution to godliness as it were.

At present no one is attacking science. It is being 
given every encouragement possible, even to the eager 
suggestion that we become as efficient as politicians by 
getting ourselves thoroughly mobilized and entangled 
in red tape and federal finance.

But men of science have long memories. They, as is 
their wont, plan ahead and try to see what the future 
will bring, and in such a mental projection they use

experience as their guide. They remember the vicious 
attacks on industry and science in the former period of 
peace. They remember their relative unpreparedness 
and unwillingness to defend themselves against un
truths. Like little children, they were hurt and puzzled 
by the charges, and stung into retort semioccasionally. 
But during that same period interest began to stir in 
our economic and political life. Thought was consoli
dated, concerted drives were advocated on pending 
harmful legislature, original thinkers arose, science was 
urged to awaken and extend its penetrating analytical 
concepts to mankind and its mode of life. There are 
signs that such groundwork is bearing fruit. Science 
refuses to accept the blame for world conditions. The 
challenge will be hurled back. A straw in the wind 
(sirocco is a better description at present) was the 
speech of Willard Dow in accepting the Chandler Medal 
in New York in which he said:

We are in the midst of a holocaust of destruction in which ap
parently nothing is sacred or inviolate. The war, if it demon
strates anything, demonstrates that mankind as a whole is 
morally and politically unfit to apply the knowledge which 
science has placed at its command. Indeed the thin veneer of 
civilization is easily rubbed off. Are we not today applying 
against mankind nearly all the forces and laws of Nature which 
science has uncovered for the making of a better and happier 
living?

Or as C. C. Williams, president of Lehigh Univer
sity, said recently:

The recent brutal aggressions of dictator nations are recrudes
cences of the tribal barbarities and perfidies depicted in the Iliad, 
the Aeneid, Caesar's Commentaries, the Book of Judges, the 
Nibelungenlied.

The fault lies with man and his inhumanity to man. 
Science and politics are both to blame, but of the two, 
our political dishonesty bears the greater share by far. 
This time, for the first time in history, we expect to see 
the peace influenced by scientific truths. It may even 
be that science will be given a voice. At least we can 
hope for such, and if the recent straws are an indica
tion, we know that science will be far more vociferous 
and forceful in presenting and defending our case.

The M cKellar Bill S. 575
W HILE the ire of certain elements in Congress 

over the legions of bureaucrats who have fastened 
their tentacles on the government payroll and brazenly 
propose to remain indefinitely is quite understandable, 
nevertheless the McKellar Bill is definitely not the cor
rective measure needed. The proposed measure is an 
out-and-out attempt at patronage grabbing and de
serves to be defeated. Congress has more important 
things to do with a war on than to concern itself 
with passing upon the qualifications of Civil Service 
employees who happen to be in salary brackets of 
$4500 and over. The bill is an attack on the rights of 
thousands of efficient government workers. It is a 
threat to the whole merit system.
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THE SECOND MILE

L . B. S EB R ELL

G o o d yea r Tire and Rubber Com pany, A kron , O hio

Synthetic rubber of good physical properties can be made/ 
in many respects it is fu lly  equal to natural rubber; in 
others, synthetic rubber shows serious deficiencies, par
ticularly in its ab ility  to give satisfactory results in pure 
gum stocks or good tensile strengths at elevated tempera
tures. W h ile  there is considerable work to be done in 
improving synthetic rubber, the dangers arising from a 
lack of rubber may be considered largely removed. A n  
accurate plan of attack to improve synthetic rubber must 
consist of the removal of cross linkages to as great an ex

tent as possible. Some radical change in the method of 
forming the rubberlike polymer w ill have to be developed 
before the qualities of the synthetic rubber w ill greatly 
improve beyond those outlined in this paper. The com
parison between butadiene-styrene or -nitrile types and 
the Butyl type of rubber is interesting. W hile  Butyl is 
inferior in several respects to the other synthetics it ex
cels them in other respects. Since it is generally assumed 
to be more nearly a straight-chain polym er, further de
velopment along this line would seem to be in order.

(Le ft)
Rolling M ill for Crude D ry Chemigum, 
Synthetic Rubber M ade by G oodyear 

Tire and Rubber Company

THE title “The Second Mile” was inspired by an address 
given by W. E. Wickenden, of the Case School of Applied 

Science, upon an entirely different subject. Since this title 
seemed to suit the synthetic rubber situation as it now exists, 
Wickenden’s permission was secured to use the title in con
nection with this lecture. In its broader aspects, the paper 
purports to cover the present status of the synthetic rubber 
situation. Natural rubber will be compared with the co
polymers made from butadiene and styrene, butadiene and 
acrylonitrile, and the copolymers generally known as Butyl 
rubber. These three materials were chosen for the compara
tive study because they are the materials which the Govern
ment proposes to use in the largest quantities to alleviate the 
present shortage of rubber. I t  is hoped that the data will 
give a fairly accurate picture of the comparative or relative 
values of these synthetic rubbers and natural rubber. There 
will be no discussion of the methods of manufacture which are

still more or less secret. I t is also proposed to go into the 
probable structure of these polymers and to indicate some 
trends of research which might profitably be followed in 
order to improve them.

Polymerization

The polymerization of organic substances has been known for 
considerably more than a hundred years. Berzelius (2) was the 
first to use the term “polymerization” and to define it as indi
cating those compounds which possess the same properties but 
have a different total number of atoms. Williams (33) is gener
ally credited with the first preparation of isoprene when he sepa
rated this material from the products of destructive distillation of 
rubber. However, Himly (10), while investigating the fractional 
distillation of rubber, isolated a  distillate which he called “Fara- 
dayin”. He also coined the term “Kautchin” (now known as di- 
pentene) for one of the higher boiling fractions. However, these 
investigators did not again polymerize these rubberlike products 
to any compounds of a higher molecular weight.

Bouchardat (3) is usually given the 
credit for first synthesizing a rubber- 
like material from a liquid of low 
molecular weight. In 1875 he ad
vanced the idea that isoprene is a 
primary unit of natural rubber and 
succeeded in producing a rubbery 
polymer from the distillation prod
ucts by the process of polymerization. 
He brought about this conversion by 
heating isoprene with fuming hydro
chloric acid and obtained a product 
which he described as being elastic 
and possessing the characteristics of 
rubber. Tilden (19, 20) then showed 
that isoprene could be obtained by 
the pyrolysis of turpentine, and that 
by treatment with hydrochloric acid 
it would also undergo spontaneous 
polymerization. He also polymerized 
isoprene by the use of nitrosyl chloride.
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sibly the particle size of the synthetic latex might be directly 
connected with the physical properties to be obtained from 
synthetic rubbers. It is common knowledge that the present 
types of synthetic rubber do not give as good results when 
vulcanized in pure gum stocks as they do when substantial 
quantities of carbon black are added.

This brings up the question of whether or not carbon black, 
being of submicroscopic size, acts as a grinding medium; and 
whether, upon being milled with the synthetic rubber, it has 
a pronounced surface effect upon the particles of synthetic 
latex or acts as a shearing medium to break them down and 
reveal less highly polymerized rubber in the interior of these 
small particles. This assumption is based upon the fact that, 
in milling, the original latex particles are disintegrated; it 
has long been known that the outer shells of these particles 
possess a somewhat higher degree of polymerization than 
the interior of the natural latex particle. Further studies 
with the ultramicroscope may disclose additional data of 
value in determining the difference in particle size between 
natural and synthetic latex and supply the reason for the dif
ferences and the possible significance of such variations.

X-Ray  Structure o f  Synthetic  Rubber

A considerable amount of attention has been given to the 
x-ray diagrams of various synthetic rubbers, but it has not 
been possible to apply the results of such studies directly to 
the process of improving the copolymer types of synthetic 
rubber now under consideration.

The general character of the x-ray diffraction results with 
synthetic rubbers was discussed in a previous paper (16). 
The copolymers of butadiene and styrene and of butadiene 
and acrylonitrile are amorphous under all conditions. Poly
isobutylene and polychloroprene, on the other hand, develop 
a crystalline structure upon stretching. Stretched Butyl B 
rubber shows the same crystalline structure as polyisobutyl
ene. Thiokol has a somewhat crystalline structure, both 
stretched and unstret.ched.

In the cases where crystalline structures are obtained, it is 
evident that the x-ray patterns can be used to secure informa
tion on the chain form. They can be used to evaluate in 
various indirect ways the strength of the intermolecular forces

The work of Tilden was carried on by 
Hofmann (11) in Germany. In con
nection with Coutelle (1), Hofmann 
obtained the earliest German patent 
on the production of synthetic rubber 
by the heat polymerization of iso- 
prene with or without polymerizing 
agents.

In 1910 Matthews and Strange (16) 
in England and Harries (9) in 
Germany reported almost simultane
ously tha t metallic sodium catalyzes 
the polymerization of isoprene to 
synthetic rubber. The claims of these 
early patents specify subjecting iso-

f>rene to metals of the alkali or alka- 
ine earth groups, their mixtures, 

alloys, or amalgams in such a manner 
that the metals are wholly or largely 
in contact with the vapor of the hy
drocarbon.

The story of synthetic rubber manufacture in Germany during 
the First World War is well known. A derivative of butadiene 
(2,3-dimethylbutadiene) was polymerized by means of sodium to 
give methyl rubber. During 1914-18 some 2400 tons were said 
to have been manufactured. One or two different grades of this 
type of synthetic rubber were prepared a t tha t time; almost all 
of the dimethylbutadiene was made from acetone.

After the First World War several attem pts were made to carry 
on the development of synthetic rubber in various laboratories, 
both in the United States and abroad. I t  can safely be said that 
not until it was generally known in the United States that the 
Germans were again devoting serious attention to the synthetic 
rubber problem was concerted effort put forth here to produce a 
good synthetic rubber.

In Italy the polymerization of butadiene and related hydrocar
bons by the sodium method has been fairly well developed, and 
samples received in this country have been of a relatively high 
quality.

However, only after the general application of the emulsion 
technique of manufacturing synthetic rubbers did they begin to 
assume an important role in supplying large quantities of ma
terial. One of the first patents on the emulsion polymerization of 
synthetic rubber was granted to Dinsmore (5) in 1929. This 
was followed in 1930-33 by patents on the emulsion polymeriza
tion of butadiene-styrene and butadiene-acrylonitrile mixtures, 
issued to the German chemists Tschunker and Bock (21, 22), 
Konrad (14), and other investigators in that country. From the 
basic foundation of these emulsion type copolymers and varia
tions in this technique, our entire picture of synthetic rubber 
has been built up. Perhaps exceptions to this statement should 
be made, since the polymerization of Butyl rubber does not fol
low this technique, and in this case a  special method of polymeri
zation has been applied, the exact nature of which has not been 
publicized.

Latex

There is an outstanding difference in the particle size of 
natural latex and the synthetic latex of any of the copoly
mers made by the emulsion processes above referred to. 
Figure 1 represents natural and synthetic latex, respectively. 
The synthetic latex, when examined with the ordinary micro
scope, is of so small a particle size as to be almost invisible. 
The electron microscope shows the presence of particles, but 
these particles may be merely aggregations of larger clumps of 
molecules.

In discussing the difference in particle size with A. R. Kemp, 
of the Bell Telephone Laboratories, he pointed out that pos



738 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. 35, No. 7

Figure 1 . Electron Micrograms of Natural ( le ft )  and Synthetic (righ t) Latices (X  1300 )

a n d  th e  re la tio n s  b e tw een  m o lecu la r len g th , m o le c u la r  len g th  
d is tr ib u tio n , a n d  m o le c u la r m o b ili ty , w h ich  in  tu r n  fin d s i ts  
re flection  in  th e  p la s tic  p ro p e rtie s .

T h e  x -ra y  d iffrac tio n  re su lts  w ith  B u ty l  B  ru b b e r  a re  es
p ec ia lly  in te re s t in g  w h en  c o rre la te d  w ith  s tre s s -s tra in  cu rv es. 
F ig u re  2 show s th e  a m o rp h o u s  p a t t e rn  fo r u n s tre tc h e d  B u ty l 
ru b b e r  a n d  th e  c ry s ta ll in e  p a t t e rn  w h ich  d ev e lo p s  u p o n  
s tre tc h in g . U n lik e  H e v e a  a n d  G R -S , B u ty l  ru b b e r  d o es n o t  
show  v e ry  m a rk e d  im p ro v e m e n t in  ten s ile  s t r e n g th  d u e  to  in 
c o rp o ra tio n  o f g as  b lac k , a lth o u g h  ty p ic a l re in fo rc em e n t oc
c u rs  fo r su c h  p ro p e r t ie s  a s  a b ra s io n , te a r ,  a n d  m o d u lu s . 
S ince th e  ten s ile  s t r e n g th  is  c losely  co n n ec te d  w ith  th e  c ry s ta l-  
l in ity  a t  h ig h  e lo n g a tio n s , x - r a y  d iffrac tio n  re su lts  m ig h t  b s  
ex p ec ted  to  th ro w  som e lig h t  on  th is  a p p a re n tly  c o n tra d ic to ry  
re su lt.

I t  w as fo u n d  th a t  th e  c ry s ta ll iz a tio n  p h e n o m e n a  in  lo ad ed  
a n d  u n lo ad e d  B u ty l  ru b b e r  s to c k s  w ere a n a lo g o u s  to  th o se  
w ith  H e v e a  (7). E v id e n c e  o f c ry s ta ll iz a tio n  b e g an  to  
a p p e a r  a t  a b o u t  500 p e r  c e n t e lo n g a tio n  fo r th e  g u m  
s to c k  a n d  a t  a b o u t  200 p e r  c e n t  fo r a  co m p o u n d  
lo ad e d  w ith  60 p a r ts  o f g a s  b la c k . S p re a d in g  o f th e  
d iffrac tio n  sp o ts  in to  lo n g er a rc s  fo r th e  lo ad ed  s to c k  
in d ic a te d  t h a t  th e  a lig n m e n t o f th e  c ry s ta ll ite s  in  
th e  d ire c tio n  of s t re tc h in g  w a s  less p e r fe c t th a n  
fo r th e  g u m  s to c k . T h u s ,  a lth o u g h  h ig h e r e lo n g a
tio n s  a re  re q u ire d  fo r c ry s ta ll iz a tio n  in  B u ty l  ru b b e r  
a s  co m p ared  to  H e v ea , th e  e ffec t o f c a rb o n  b la c k  on  
th e  p a t te rn s  is  s im ila r.

T h e  s tre s s -s tra in  cu rv es  in  F ig u re  3 in d ic a te  t h a t  
th e re  m a y  b e  a  s im p le  e x p la n a tio n  o f th e  a p p a re n t  la c k  
of ten s ile  re in fo rc em e n t. B e tw ee n  800 a n d  900 p e r 
c e n t e lo n g a tio n , th e  s tre s s -s tra in  cu rv e  fo r th e  B u ty l  
ru b b e r  g u m  s to c k  rises a b ru p tly ,  re fle c tin g  th e  o n se t 
o f a  h ig h ly  c ry s ta llin e  s t ru c tu re  w h ich  is  a lso  in d i
c a te d  b y  th e  sh a rp , in te n se  d iffrac tio n  p a t te rn .  T h e  fa c t 
t h a t  c ry s ta ll iz a tio n  se ts  in  a t  h ig h er e lo n g a tio n s  w hen  
th e  m olecu les a re  a lre a d y  well a lig n ed  p ro b a b ly  c o n tr i
b u te s  to  th is  p e rfe c tio n , a s  d o es th e  s im p le  a n d  re g u la r  
c h a in  fo rm  o f th e  B u ty l  ru b b e r  m o lecu les. T h u s , in  th e  g u m  
s to ck , th e  u l t im a te  ten s ile  s tre n g th  of th e  m a te r ia l  is n e a r ly  
rea lized  d u e  to  i ts  ow n  c ry s ta l  re in fo rc em e n t. T h e  b la c k  can  
c o n tr ib u te  l i t t le  fu r th e r  in  th is  re sp e c t, a n d  i ts  in te rfe re n c e  
in  th e  a lig n m e n t o f th e  c ry s ta ll ite s  m a y  a c tu a lly  w o rk  a g a in s t 
a  h ig h e r  ten s ile  s tre n g th .  F o r  H e v e a , o n  th e  o th e r  h a n d , th e  
o n se t o f c ry s ta ll iz a tio n  is  m o re  g ra d u a l  a n d  th e  re su ltin g  
s t r u c tu r e  less reg u la r . T h e  b la c k  c an  fu rn ish  effec tive  a n 

ch o rag e  p o in ts  to  p re v e n t  
fa ilu re  fro m  s ta r t in g  be 
tw een  th e  c ry s ta ll ite s , a n d  
a  la rg e  im p ro v e m e n t in 
ten s ile  s tre n g th  re su lts .

F o r  co p o ly m ers , w hich  
in v a r ia b ly  sh o w  a m o r
p h o u s  s tru c tu re s , th e  use  
o f x - ra y  d iffrac tio n  a s  a  
m e a n s  fo r in v e s tig a tin g  th e  
m o le c u la r  s t ru c tu re  is  se
v e re ly  l im ite d . I t  is  tru e  
th a t ,  e v en  in  th e  case  o f 
liq u id s , th e  x - ra y s  revea l 
a  fu n d a m e n ta l ty p e  of 
m o le c u la r  s t ru c tu re  w hich  
co n sis ts  o f a  s ta tis t ic a l  
sp ace  d i s t r i b u t i o n  o f  
n e i g h b o r i n g  m olecu les. 
T h e  o n ly  in fo rm a tio n  to  b e  
o b ta in e d  d ire c tly  fro m  th e  
a n a ly s is  o f su c h  p a tte rn s  
is  th e  a v e ra g e  d is ta n c e  of 

a to m  n e ig h b o rs . A c o m p a ra tiv e  s tu d y  o f th e se  am o rp h o u s  
p a tte rn s  fo r co p o ly m ers h a s  b een  fo u n d  to  y ie ld  so m e in 
te re s tin g  re su lts , e v en  w ith o u t  c a rry in g  th ro u g h  th e  in 
v o lv ed  m a th e m a tic a l  a n a ly s is  re q u ire d  fo r th e ir  e x a c t in 
te rp re ta t io n .

T h e  p a t te rn s  sh o w n  in  F ig u re s  4, 5, a n d  6 w ere  ta k e n  b y  
J .  E .  F ie ld , u s in g  s t r ic t ly  m o n o c h ro m a tic  C u K a  ra d ia tio n  
se c u re d b y  reflec tio n  o f th e  x -ray  b e a m  fro m  a  ro c k  s a l t  c ry s ta l.

T h e  p o ly b u ta d ie n e  p a t t e r n  (F ig u re  4) is  a  b ro a d  h a lo , in d i
c a tin g  a n  a m o rp h o u s  s t ru c tu re .  I n  c o n tra s t ,  th e  p a t t e r n  fo r 
p o ly a c ry lo n itr ile  sh o w s a  sh a rp  d iffrac tio n  r in g , p ro v in g  th e  
ex is ten ce  of sm a ll c ry s ta llin e  reg io n s in  ra n d o m  o r ie n ta tio n . 
T h e  p a t t e r n  fo r p o ly s ty re n e  in d ic a te s  th a t ,  in  a d d it io n  to  th e  
u su a l h a lo  fo r liq u id s , th e re  is  a n  in n e r  r in g  c o rre sp o n d in g  to  
a  la rg e r  m o le c u la r  sp ac in g . T h u s , th e se  th r§ e  p o ly m e rs  g ive  
p a t te rn s  w h ich  a re  re a d ily  d is tin g u ish a b le . W e  w ished  to  
kn o w  to  w h a t  e x te n t  th e se  s t ru c tu re s  o c c u rre d  in  co p o ly m ers .

F ig u re  5 show s th e  p a t t e rn  fo r a n  em u ls io n  co p o ly m er w ith  
a  7 5 -2 5  s ta r t in g  ra tio  o f  b u ta d ie n e  to  a c ry lo n itr i le .  T h is  a p 
p e a rs  to  b e  th e  p a t t e rn  o f a  h o m o g en eo u s s t ru c tu re .  W h en  
th e  s ta r t in g  r a tio  w as 5 0 -5 0 , th e  c ry s ta llin e  r in g  of p o ly ac ry lo 
n itr i le  b ecam e  p la in ly  e v id e n t. T w o  co n clu sio n s c an  be  
d ra w n . E i th e r  som e o r  a ll  o f th e  a c ry lo n itr i le  u n i ts  o f  th e  
c h a in  m o lecu les w ere  su ffic ien tly  n u m e ro u s  a n d  flexib le to  
com e w ith in  th e ir  n o rm a l ra n g e  o f a c tio n  a n d  a ssu m e  th e  sam e
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Figure 3. Stress-Strain Curves M olecu la r W eigh t Determinations o f
Synthetic Rubbers

s t r u c tu r a l  re la tio n s  a s  fo r p o ly ac ry lo n itr ile , o r  th e  p o ly m er 
w as n o t  e n tire ly  a  t ru e  co p o ly m er a n d  som e p o ly ac ry lo n itr ile  
w as fo rm ed  d u r in g  th e  p o ly m e riza tio n .

T h e  p a t t e rn  fro m  a  co p o ly m er m a d e  w ith  a  5 0 -5 0  s ta r t in g  
r a t io  o f b u ta d ie n e  to  s ty re n e  (F ig u re  5) d o es n o t  sh o w  a n y  
ev id e n ce  o f th e  in n e r  p o ly s ty re n e  r in g  a n d  h en ce  of th e  p o ly 
s ty re n e  s t ru c tu re .  T h e  p re sen ce  of th e  in n e r  p o ly s ty re n e  r in g  
c o u ld  n o t  b e  d e te c te d  u n t il  th e  s ty re n e  c o m p o n e n t w as a b o u t  
70 p e r  c e n t. E s t im a tin g  fro m  th e  c o m p le ten ess  o f th e  co p o ly - 
m eriz in g  re a c tio n , th is  s ta r t in g  r a t io  w as a lso  th e  co m p o sitio n  
o f th e  p ro d u c t. S in ce  th e  m o le c u la r  w e ig h t o f s ty re n e  is 
a b o u t  tw ice  t h a t  o f b u ta d ie n e , th is  is a p p ro x im a te ly  th e  com 
p o s itio n  fo r w h ich  th e  n u m b e r  o f m o lecu les  o f e ac h  co m p o n e n t 
w o u ld  b e  th e  sam e.

C o n tro l p a t te rn s  w ere  ru n  
fo r p ro d u c ts  c o ag u la te d  fro m  
m ix tu re s  o f p o ly b u ta d ie n e  a n d  
p o ly s ty re n e  la tice s . T h i r t y  
p e r  c e n t  o f  p o ly s ty re n e  cou ld  
b e  re a d ily  d e te c te d  b y  th e  
p re sen ce  o f th e  in n e r  r in g . A l
th o u g h  th is  m e th o d  of x -ray  
a n a ly s is  is  n o t  so  se n sitiv e  as 
m ig h t  be  d esired , i t  show s 
t h a t  fo r co p o ly m eriza tio n  of 
e ith e r  a c ry lo n itr i le  o r  s ty re n e  
w ith  b u ta d ie n e , th e  s tru c tu re  
o f  p o ly a c ry lo n itr ile  a n d  of 
p o ly s ty ren e , re sp ec tiv e ly , te n d s  
to  m a k e  i ts  a p p e a ra n c e  w hen  
th e  n u m b e r  o f m o lecu le s a p 
p ro x im a te s  th e  n u m b e r  of 
b u ta d ie n e  m olecules.

I n  a n  e x p e rim e n t w ith  a  
th re e -c o m p o n e n t sy s te m , w ith  
s ta r t in g  ra tio s  o f 50, 25, a n d  
25  of b u ta d ie n e , a c ry lo n itr ile , 
a n d  s ty re n e , re sp ec tiv e ly , th e  
p a t t e r n  o f F ig u re  6 w as ob 
ta in e d . T h e  p r e s e n c e  o f  
p o l y s t y r e n e  s t r u c t u r e  i s  
p la in ly  sh o w n  b y  th e  in n e r  
h a lo , in d ic a tin g  a  d iffe re n t 
c h a ra c te r  o f  re a c tio n  fo r th is  
sy s te m  a s  c o m p a red  to  th e  
tw o -c o m p o n e n t sy s te m .

T h e  m o le c u la r  w e ig h t o f th e  b u ta d ie n e  
co p o ly m er w ith  s ty re n e  w as d e te rm in e d  a n d  c o m p a red  w ith  
t h a t  o f n a tu ra l  ru b b e r, o b ta in e d  b y  th e  sam e  m e th o d , in  th e  
h o p e  t h a t . t h i s  in fo rm a tio n  w ill be  o f v a lu e  in  th e  p re p a ra tio n  
o f a n  im p ro v e d  ty p e  o f s y n th e tic  ru b b e r. V isco sity  m e a su re 
m e n ts , d e sc rib e d  b y  S ta u d in g e r  (18), w ere  u sed  fo r th is  p u r 
pose . T h e  m o le c u la r  w e ig h t o f th e  b u ta d ie n e  c o p o ly m er w as 
a lso  d e te rm in e d  b y  th e  u ltra c e n tr ifu g e  m e th o d .

B e n z e n e  S o l u b l i t y  a n d  S w e l l i n g  I n d i c e s .  O n e o f th e  
re a d ily  o b se rv ed  d ifferences b e tw een  s y n th e tic  b u ta d ie n e ' 
ru b b e rs  is  th e ir  deg ree  o f so lu b ility  a n d  sw ellin g  in  so lv en ts , 
su ch  a s  b en zen e , w h ich  a re  good so lv e n ts  fo r th e  p o ly m e r if  no  
co n sid e rab le  d eg ree  o f c ross l in k in g  h a s  ta k e n  p lace . I f  th e  
d eg ree  o f p o ly m e riza tio n , re a c tio n  te m p e ra tu re ,  o r  o th e r  con
d itio n s  h a v e  cau sed  a p p rec ia b le  cross lin k ag e , h o w ev er, a  p o r

Po lyacry lonitrile  Po lystyrene

Figure 4 . X -Ray Patterns of Polymers
Polybutad iene

75 butad iene-25  acrylonitrile 50  b utad iene-50  acrylonitrile

Figure 5 . X -R ay  Patterns of Copolymers
5 0  b u tad lene-50  styrene

T o  w h a t  fe a tu re  o f th e  p o ly s ty re n e  s t ru c 
tu re  th e  in n e r  r in g  is  re la te d  is  n o t  d e fin ite ly  
k n o w n . K a tz  (IS) a sc rib e d  i t  to  a  la rg e  sp ac 
in g  o f p a ra lle l m o le c u la r  ch a in s  b ro u g h t a b o u t  
b y  th e  a t ta c h e d  b en zen e  rin g s. T o  te s t  th is  
id ea , w e d e te rm in e d  th e  effec t o f  th e  p o ly 
s ty re n e  te m p e ra tu re  on  th e  re la tiv e  in te n s i ty  
o f th e  in n e r  a n d  o u te r  h a lo s  o f th e  p o ly 
s ty re n e  p a t te rn .  T h e  re su lts  a re  sh o w n  in  th e  
m ic ro p h o to m e te r  cu rv es  o f F ig u re  7. C u r i
o u sly  en o u g h , th e  p a t te rn  does n o t  a p p ro a c h  
t h a t  o f  m o n o m eric  s ty re n e  (a  sing le  ha lo ) a s  
th e  te m p e ra tu re  is  ra ised ; o n  th e  c o n tra ry , 
th e  re la tiv e  in te n s i ty  o f th e  in n e r  r in g  is  in 
c reased . A t 195° C ., fo r w h ich  a  m ic ro 
p h o to m e te r  cu rv e  is sh o w n , th e  p o ly m e r h a d  
a c tu a lly  m e lte d  a n d  b eco m e  a  v isco u s flu id . 
T h u s  th e  in n e r  r in g  re p re se n ts  som e s ta tis t ic a l  
m o lecu la r c o n fig u ra tio n  w hich  is n o t  neces
s a r ily  a sso c ia ted  w ith  th e  so lid  s ta te .

300_
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tio n  o f th e  ru b b e r  w ill 
b e  in so lu b le  in  b en zen e  
reg ard less  o f c o n c e n tra 
tio n  o r t im e  o f ex p o su re  
to  th e  so lv e n t. T h e  in 
so lu b le  p o r t io n  w ill b e  
sw o llen  to  a  deg ree  d e 
p e n d e n t, in  tu r n ,  u p o n  
th e  deg ree  o f b ra n c h in g  
a n d  cross lin k a g e  o f th e  
in so lu b le  frac tio n .

T h e  d e te rm in a tio n  of 
b en zen e  so lu b ility  a n d  
sw elling  in d ex  in v o lv es 
th e  e x tra c t io n  o f finely  
d iv id e d  p o ly m e r a t  
3 5 °  C . fo r 16 h o u rs  a n d  

se p a ra t io n  o f th e  sol a n d  gel p h a se s  w ith  a  fine-m esh
M o n e l screen . T h e  so lu b ili ty  is  d e te rm in e d  b y  e v a p o ra 
tio n  o f a n  a liq u o t  p o r tio n  of th e  f i l t r a te  a n d  is  ex p ressed  a s  p e r  
c e n t  o f th e  o rig in a l ru b b e r  so lu b le  in  ben zen e .

T h e  sw elling  in d ex  is  defined  a s

cc. o f so lu tion  re ta in ed  b y  sw ollen gel 
g ram s undissolved ru b b er

a n d  is  c a lc u la te d  b y  s u b tr a c t in g  fro m  th e  o rig in a l v o lu m e  of 
th e  so lv e n t th e  v o lu m e  of th e  f i l t r a te  a n d  d iv id in g  b y  th e  
w e ig h t o f u n d isso lv e d  p o ly m e r.

T h e  sw elling  in d ices w ere  d e te rm in e d  fo r a  la rg e  n u m b e r  of 
b u ta d ie n e -s ty re n e  ru b b e rs  o f v a ry in g  b e n ze n e  so lu b ilitie s . 
A  good c o rre la tio n  w as fo u n d  fo r th e se  v a lu e s  a s  F ig u re  8 

■shows. A s w o u ld  b e  ex p ec ted , th e  in so lu b le  p o r tio n s  o f h ig h ly  
in so lu b le  ru b b e rs  a re  less sw o llen  th a n  th e  in so lu b le  f ra c tio n s  
o f ru b b e rs  w h ich  a re  a lm o s t co m p le te ly  b e n ze n e  so lu b le . 
T h e  c o rre la tio n  o f th ese  v a lu e s  o f sw elling  in d ic e s  a n d  b e n 
zene so lu b ilitie s  h a s  b een  close en o u g h  so t h a t  th e  sw elling  in 
dex  is  no  lo n g er m ea su re d .

V i s c o s i t y  M e a s u r e m e n t s  a n d  C a l c u l a t e d  A v e r a g e  
M o l e c u l a r  W e i g h t s .  V isco sity  m e a su re m e n ts  w ere  m ad e  
o f th e  b en zen e-so lu b le  p o rtio n s  o f b u ta d ie n e -s ty re n e  p o ly m e rs

TRAVERSE OF FILM

Figure 7 . Microphotometer Curves for Polystyrene

in  a n  a t t e m p t  to  d e te rm in e  a v e ra g e  m o le c u la r  w e ig h ts  o f th e  
ru b b e rs . T h e  d e te rm in a tio n s  w ere  m a d e  in  d i lu te  b en zen e  
so lu tio n  (0.1 to  0 .3  g ra m  p e r  100 cc.) in  a n  O s tw a ld  c ap illa ry  
v isc o m e te r  a t  2 5 °  C . T h e  e x a c t c o n c e n tra tio n  o f th e  so lu tio n  
w as d e te rm in e d  a f te r  th e  v isc o s ity  m e a su re m e n ts . T h e  p re 
lim in a ry  te s ts  sh o w ed  co n sid e rab le  d e v ia tio n  fro m  l in e a r i ty

Figure 6 . X -Ray  Pattern of 
50 Butadiene-25 A c ry lo n itr ile -  

25 Styrene

of iUp p lo tte d  a g d in s t c o n c e n tra tio n . I t  w as fo u n d , h o w ev er, 
t h a t  a n  ex ce llen t l in e a r i ty  is  o b ta in e d  b y  p lo tt in g  logio ijn 
a g a in s t  c o n c e n tra tio n . T h is  c o rre la tio n  w as p o in te d  o u t  fo r a  
la rg e  n u m b e r  o f p o ly m e rs  b y  K e m p  a n d  P e te r s  (18). T h is  
re la tio n  p e rm its  th e  c a lcu la tio n  o f a v e ra g e  m o le c u la r  w e igh ts , 
if  a  s a t is fa c to ry  c o n s ta n t  is  d e te rm in e d  b y  co m p ariso n  w ith  
o sm o tic  p re ssu re  m e a su re m e n ts  o r freez in g  p o in t  d e te rm in a 
tio n s . S ince  o sm o tic  p re ssu re  d e te rm in a tio n s  h a v e  n o t  y e t  
b een  m a d e  fo r o u r  sam p le s, we p re fe r  to  re p o r t  o u r  re su lts  
in  te rm s  of in tr in s ic  v isc o s ity , [77], defin ed  a s  th e  n a tu r a l  log
a r ith m  of th e  re la tiv e  v isc o s ity  d iv id e d  b y  c o n c e n tra tio n . I n  
cases w h ere  w e h a v e  u se d  c a lc u la te d  a v e ra g e  m o le c u la r 
w e ig h ts  b ased  on  v isc o sity  m e a su re m e n ts , w e h a v e  a r b it r a r i ly  
a d o p te d  th e  c o n s ta n t  u sed  b y  K e m p  a n d  P e te rs , w ho  ca lcu 
la te d  w e ig h t a v e ra g e  m o le c u la r  w e ig h ts  fro m  v isc o s ity  d a ta  
fo r ru b b e r, n eo p ren e , a n d  B u n a  85  a s  fo llow s:

m ol. w t. =  l0g™ v'rc X 0.75 X  10«

w here  C is  ex p ressed  in  u n i t  m o les p e r  l ite r .  T h e ir  c o n s ta n t  
w as b ased  o n  cry o sco p ic  m e a su re m e n ts  fo r v a r io u s  fra c tio n s  
o f n a tu ra l  ru b b e r .  A lth o u g h  i ts  u se  fo r th e  sy n th e tic s  is  n o t  
r ig id ly  ju s tif ie d , th e  v a lu e s  u sed  in  o u r  w o rk  se rv e  th e  p u rp o se  
of ex p ress in g  re la tiv e  m o le c u la r  w e ig h ts . C a lc u la te d  o n  th is  
b asis, th e  a v e ra g e  m o le c u la r  w e ig h ts  fo r co m p le te ly  b en zen e- 
so lu b le  b u ta d ie n e -s ty re n e  ru b b e r  o f go o d  q u a li ty  a re  in  th e  
ra n g e  40 to  50,000.

Figure 8 . Relation of Swelling Indices to Benzene 
Solubilities for 75 Butadiene-25 Styrene Rubber

A  sa m p le  o f co m p le te ly  b en zen e-so lu b le  b u ta d ie n e -s ty re n e  
(7 5 -2 5 ) m a d e  in  o u r  p i lo t  p la n t  w as c h eck ed  b y  v isc o sity  
m e a su re m e n ts  a n d  th e n  su b m itte d  to  th e  la b o ra to r ie s  o f E .  I .  
d u  P o n t  d e  N e m o u rs  & C o m p a n y , In c .,  fo r  u l tra c e n tr ifu g e  
te s ts .  T h ro u g h  th e  c o u rte sy  of C ole C oolidge , G . D . P a t t e r 
son , E . D . B a iley , a n d  J .  B . N ich o ls , m o le c u la r  w e ig h t d is
tr ib u tio n  a n d  a v e ra g e  m o le c u la r  w e ig h ts  w ere  o b ta in e d .

T h e  a v e ra g e  m o le c u la r  w e ig h t fo u n d  fo r th is  sam p le  b y  
th e  u ltra c e n tr ifu g e  w as 92 ,500. T h is  v a lu e  is  a p p ro x im a te ly  
tw ice  t h a t  c a lc u la te d  fro m  re la tiv e  v isc o s ity  d e te rm in a tio n s  
u s in g  th e  fo rm u la  a n d  c o n s ta n t  re fe rre d  to  a b o v e . T h is  v a lu e  
w as 44 ,000. U n t i l  a  ch eck  a g a in s t  o sm o tic  p re ssu re  m ea su re 
m e n ts  is  a v a ilab le , n o  a b so lu te  v a lu e  is  a t ta c h e d  to  th e  m o lecu 
la r  w e ig h ts  c a lcu la te d  from  v isc o s ity  v a lu e s . S ince  th e  S ta u d -  
in g e r  re la tio n  ap p lie s  o n ly  to  l in e a r  m o lecu les, i t s  a p p lic a tio n  
to  a  p o ly m e r w h ich  m a y  b e  c o n s id e ra b ly  b ra n c h e d  w o u ld  be  
e x p ec te d  to  g ive  low  c a lcu la te d  m o le c u la r w e ig h ts .

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 .  T h e  m o le c u la r  w e ig h t 
d is tr ib u tio n  o b ta in e d  a t  th e  d u  P o n t  la b o ra to r ie s  b y  u l t r a 
c en trifu g in g  a  ch lo ro fo rm  so lu tio n  o f b u ta d ie n e -s ty re n e  ru b 
b e r  is  sh o w n  in  F ig u re s  9 a n d  10. T h is  p a r t ic u la r  sa m p le  is 
so m e w h a t r ic h e r  in  e x tre m e ly  lo w -m o lecu la r-w e ig h t m a te r ia l  
th a n  o th e r  b u ta d ie n e -s ty re n e  ru b b e rs  te s te d .

B efo re  th e  u l tra c e n tr ifu g e  d a ta  h a d  b e en  o b ta in e d , o u r  
la b o ra to ry  h a d  in v e s tig a te d  a v a ila b le  m e th o d s  o f o b ta in in g  
a p p ro x im a te  m o le c u la r w e ig h t d is tr ib u tio n s . O u r o b je c t
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Figure 9 . M olecular W eight Distributions of Natural and Synthetic Rubbers

w as n o t  to  o b ta in  p rec ise  d is t r ib u t io n  cu rv es, b u t  to  dev elo p  
a  ra p id  c o n v en ien t p ro c ed u re  w h ich  w o u ld  p e rm it  a  s tu d y  of 
th e  ch an g es in  re la tiv e  a m o u n ts  o f low -, in te rm e d ia te - , a n d  
h ig h -v isco s ity  f ra c tio n s  w ith  ch an g e  of p o ly m e riza tio n  co n d i
tio n s  a n d  of m e c h a n ic a l t r e a tm e n t  o f  th e  ru b b e r .

T h e  fo llow ing  m e th o d  w as a d o p te d :  A  sa m p le  is  e x tra c te d  
(b y  th e  sam e  m e th o d  d esc rib e d  fo r b en zen e  so lu b ilitie s) w ith  
a  p o o r so lv e n t, a n d  th e  a m o u n t  a n d  re la tiv e  v isc o s ity  o f th e  
e x tra c te d  p o ly m e r a re  d e te rm in e d . T h is  e x tra c tio n  is  th e n  
re p e a te d  on  th e  u n d isso lv e d  p o ly m er, u s in g  p ro g ress iv e ly  
r ic h e r  b le n d s  o f  th e  p o o r so lv e n t w ith  a  go o d  so lv e n t. T h e  
so lv e n ts  fo r th e  b u ta d ie n e -s ty re n e  p o ly m e rs  a re  p e tro le u m  
e th e r  (3 0 -6 0 °  C .) a n d  b en zen e . A s T a b le  I  show s, i t  is  som e
tim e s  n e ce ssa ry  to  u se  a lc o h o l-p e tro le u m  e th e r  b le n d s  fo r th e  
f irs t f ra c tio n s  if  th e  sa m p le  is  e sp ec ia lly  r ic h  in  lo w -m o lecu la r- 
w e ig h t p o ly m e r. T h e  d a ta  fo r p o ly m e r A  in  T a b le  I  a n d  F ig 
u re  1 1  in d ic a te  th e  re su lts  o f o u r  f ra c tio n a tio n  o f a  p o r t io n  of 
th e  b a tc h  fro m  w h ich  th e  sa m p le  s u b m itte d  to  d u  P o n t  w as 
ta k e n . S im ila r  f ra c tio n a l e x tra c tio n  d a ta  a re  sh o w n  fo r o th e r  
b u ta d ie n e -s ty re n e  ru b b e r  sam p le s  to  in d ic a te  th e  d iffe ren t 
ty p e s  o f d is tr ib u tio n  o b ta in e d .

I n  th e  cases w h ere  h ig h -v isco s ity  f ra c tio n s  w ere  fo u n d , no  
f ra c tio n  of in te rm e d ia te  a v e ra g e  v isc o s ity  w as  fo u n d . T h ese  
d a ta  do  n o t  in d ic a te  t h a t  th e  in te rm e d ia te  m a te r ia l  w as a b 
se n t ,  b u t  t h a t  th e  so lv e n t b len d s , su ffic ien tly  r ic h  in  b e n ze n e  to  
d isso lv e  th e  in te rm e d ia te  p o r tio n , a lso  e x tr a c t  th e  v e ry  h ig h es t.

T a b l e  I . S u c c e s s iv e  F r a c t io n a l  E x t r a c t io n s  o f  
B u t a d ie n e -S t y r e n e  P o l y m e r s

Polymer
A (9% non
rubber)

B (6 % non- 
rubber), 
50% in
soluble

C (9% non- 
rubber)

Solvent Blenda, Vol. %

% of 
Total 

Rubber 
Hydro
carbon

Intrin
sic Vis
cosity

Caled. 
Viscosity  
Mol. W t.

80/20 P. E ./E tO H 5.1 0 .3 3 6,500
100 P. E. 15 2 0 .4 6 9,000
95/5 P. E ./benzene 26 .3 0 .92 18,000
93/7 P. E ./benzene 13.0 1.53 30,000
91/9 P. E ./benzene 2 4 .4 3 .92 77,000
90/10 P. E ./benzene 14.6 4 .8 5 95,000

100 P. E. 7 .8 0 .42 8,000
95/5 P. E ./benzene 10.8 0 .5 6 11,000
91/9 P. E ./benzene 16.1 1.23 24,000
89/11 P . E ./benzene 9 .9 1.75 34,000
86/14 P . E ./benzene 5 .0 3 .74 73,500

100 P. E. 7 .7 0 .4 9 9,500
9 5 /5 P . E ./benzene 9 .6 0 .52 10,000
91 /9 P. E ./benzene 2 9 .3 1.28 25,000
89/11 P. E ./benzene 11.1 2 .47 48.000

8 6 .5 /1 3 . 5 P. E ./benzene 2 9 .5 6 .05 118,500
38/62 P. E ./benzene 12.0 6 .24 122,000

T h a t  is, th e  se n s i t iv i ty  o f th e  f ra c t io n a tio n  is  less 
th a n  in  th e  lo w -m o lecu la r-w e ig h t ra n g e . S ince 
th is  m e th o d  o f f ra c tio n a tio n  g iv es c u ts  w h ich  a re  
s till  q u i te  h e te ro g en e o u s , th e  d a ta  a re  to  b e  u sed  
o n ly  fo r c o m p a ra tiv e  p u rp o se s . T h e  se p a ra tio n  
is  n o t  su ffic ien tly  p rec ise  to  w a r r a n t  d ra w in g  
co m p le te  d is tr ib u tio n  cu rv es.

S in ce  th e  su ccessive  e x tra c tio n  of th e  p o ly m e r 
sam p le s  b y  sev e ra l so lv e n t b len d s  is  t im e  con
su m in g  (a b o u t  a  w eek  fo r e ac h  co m p le te  d e te rm in 
a tio n ) ,  a  ra p id  m e th o d  h a s  b een  te s te d  b y  w hich  
a  f ra c t io n a tio n  is  c o m p le te d  in  less th a n  24 h o u rs . 
I t  h a d  b e en  o b se rv ed  t h a t  th e  v isco s itie s  fo r th e  
f ra c tio n s  o f b u ta d ie n e -s ty re n e  ru b b e rs  w ere  a d d i
t iv e , a n d  t h a t  good  a g re e m e n t w as fo u n d  b e tw ee n  
th e  in tr in s ic  v isc o s ity  (o r c a lcu la te d  m o lecu la r 
w e ig h t) c a lc u la te d  fro m  th e  a m o u n t  a n d  v isc o sity  
o f th e  s e p a ra te  f rac tio n s , a n d  th e  v a lu e  o b 
ta in e d  b y  a  v isc o s ity  d e te rm in a tio n  o f th e  so lu 
tio n  o f t h e  e n ti re  u n f ra c t io n a te d  ru b b e r . T h is  
re la tio n  su g g e ste d  fra c tio n a l e x tra c tio n  b y  th e  
fo llow ing  m e th o d :  S e v e ra l d u p lic a te  sam p le s

of th e  ru b b e r  a re  e x tra c te d  fo r 16 h o u rs  w ith  a  series  o f p e 
tro le u m  e th e r-b e n z c n e  b le n d s  o f th e  c o m p o s itio n s  u sed  in  su c 
cessive  e x tra c tio n s . T h e  a m o u n t a n d  v isc o s ity  o f th e  ru b b e r

Figure 10 . M olecular W eight Distribution of 
Butadiene-Styrene Polym er

° P .  E . ■ Petroleum ether.

e x tra c te d  b y  e ach  b le n d  is  d e te rm in e d , a n d  th e  a m o u n ts  a n d  
v isco sitie s  o f th e  in d iv id u a l  f ra c tio n s  c a lc u la te d  from  th o se  of 
th e  c o m b in ed  fra c tio n s  a re  a c tu a l ly  m e a su re d . F o r  o u r  p u r 
poses th e  a g re e m e n t b e tw e e n  th is  “ s im u lta n e o u s”  e x tra c tio n  
a n d  th e  m o re  v a lid  “ su ccess iv e”  e x tra c t io n  w as h ig h ly  s a t is 
fa c to ry . T h e  a g re e m e n t is  sh o w n  in  T a b le  I I  in  w h ich  th e  
v a rio u s  f ra c tio n s  a re  c o m b in ed  a s  sh o w n .

E f f e c t  o f  M i l l i n g  o n  S o l u b i l i t y  a n d  V i s c o s i t y  M o l e c u 
l a r  W e i g h t .  T h e  te s ts  o f so lu b ili ty  a n d  v isc o s ity  m u s t  be  
m a d e  u p o n  a  sam p le  o f  k n o w n  h is to ry  in  re g a rd  to  th e  a m o u n t 
o f m ec h an ic a l w o rk in g  th e  sa m p le  h a s  rece iv ed . T a b le  I I I  
show s th e  effec t o f m illin g  u p o n  th e  b e n ze n e  so lu b ili ty  a n d  
v isc o s ity  o f b u ta d ie n e -s ty re n e  ru b b e rs  o f  v a ry in g  so lu b ilitie s  
in  th e  u n m illed  c o n d itio n .

A ll sa m p le s  te s te d  cou ld  b e  m illed  to  co m p le te  so lu b ility , 
b u t  th e  v isc o s ity  o f th e  ru b b e r  a f te r  m illin g  to  c o m p le te  so lu 
b i li ty  is  lo w est fo r p o ly m e rs  o f low  o rig in a l so lu b ili ty . T h e  
v isc o s ity  o f ru b b e rs  o rig in a lly  100 p e r  c e n t  so lu b le  is  likew ise  
sh o w n  to  b e  lo w ered  b y  m illin g . S ince  a n y  a p p lic a tio n  of th e  
ru b b e r  m u s t  in v o lv e  m illin g  o f th e  c ru m b  o r  m asse d  sh e e t 
p o ly m er, o u r  te s t  n o w  m ea su re s  so lu b ili ty  b e fo re  a n d  a f te r  
s ta n d a rd iz e d  m illin g  a n d  th e  v isc o s ity  a f te r  m illin g .
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11 . Results of Fractional Extraction of Butadiene- 
Styrene Rubbers

I n t e r p r e t a t i o n  o f  T e s t s .  I t  h a s  re ce n tly  b een  p o in te d  
o u t  b y  W . O. B a k e r  o f th e  B ell T e lep h o n e  L a b o ra to r ie s  t h a t  
th e  d e sc rib ed  m e th o d  of d e te rm in in g  p o ly m e r so lu b ilitie s  
(w hich  h a s  b e en  u sed  in  sev e ra l la b o ra to r ie s )  m a y  in c lu d e  a s  
“ b en zen e  so lu b le” , p o ly m e r w h ich  is  co llo id ally  a n d  n o t  
m o lecu la rly  d isp e rse d . R e g a rd le ss  o f th e  e x ac t n a tu r e  o f th e  
so lu tio n s  o b ta in e d , th e  m e th o d s  d esc rib e d  h a v e  b een  u se fu l in  
th e  e v a lu a tio n  o f th e  effec t o f p o ly m e riz a tio n  v a r ia b le s  u p o n  
th e  q u a li ty  o f th e  ru b b e r  p ro d u c ed . T h e y  h a v e  b een  ap p lie d  
to  th e  s tu d y  o f re a c tio n  te m p e ra tu re ,  c a ta ly s t ,  a n d  m o d ifie r 
c o n c e n tra tio n , p o ly m e r y ie ld , em u lsifie r ty p e , a n d  o th e r  v a r i
a b le s  o f th e  re a c tio n .

E le c tr ica l Properties o f Synthetic Rubber

T h e  e lec tr ica l p ro p e rtie s  o f s y n th e tic  ru b b e rs  can  be  fa ir ly  
w ell a n tic ip a te d  from  th e ir  ch em ica l c o n s t itu t io n  a n d  th e  
k n o w n  p rin c ip les  a n d  th eo rie s  o f  d ie le c tr ic s  (6). I n  g en era l, 
h y d ro c a rb o n s  show  low  d ie lec tr ic  c o n s ta n ts  a n d  losses, w ith  
e le c tr ica l p ro p e rtie s  in se n s itiv e  to  te m p e ra tu re .  I n  a cc o rd 
a n ce  w ith  th is ,  b u ta d ie n e -s ty re n e  ru b b e rs , p o ly iso b u ty le n e , 
a n d  B u ty l  ru b b e r  h a v e  ex ce llen t p ro p e rtie s  a s  e le c tr ica l in su 
la to rs . A n y  e lec tric  p o w e r a b so rp tio n  o b se rv ed  fo r th e s e  u n 
c o m p o u n d e d  ru b b e rs  c an  a lm o s t c e r ta in ly  b e  a t t r ib u te d  to  
tra c e s  o f im p u r it ie s  o r m o is tu re  a b so rp tio n  d u e  to  im p u ritie s . 
T o  th is  e x te n t  th e re  is a  field  o f a p p lic a tio n  h e re  fo r sy n th e tic  
ru b b e r  in  w hich  i t  is n o t  fu n d a m e n ta l ly  a t  a n y  d is a d v a n ta g e  
to  n a tu ra l  ru b b e r.

F o r  c o m p o u n d e d  s to c k s  o f  th ese  h y d ro c a rb o n  ru b b e rs , th e  
e le c tr ica l p ro p e rtie s  w ill be  a lm o s t e n tire ly  d e te rm in e d  b y  th e  
in g re d ie n ts  w h ich  i t  is  fo u n d  n e ce ssa ry  to  a d d  to  secu re  d e 
s irab le  p h y sica l p ro p e rtie s . S in ce  th e se  h y d ro c a rb o n  ru b b e rs  
a re  so in a c tiv e  e lec tr ica lly , a t  le a s t  fo r freq u en c ie s  u p  to  a  few  
m egacycles, e le c tr ica l m e a su re m e n ts  o n  th e m  re q u ire  th e  
h ig h es t d eg ree  o f p recisio n , a re  in flu en ced  b y  t ra c e s  o f  im -

T a b l e  I I .  C o m p a r i s o n  o f  S u c c e s s i v e  a n d  S i m u l t a n e o u s  
M e t h o d s  o f  F r a c t i o n a l  E x t r a c t i o n  o f  B u t a d i e n e - S t y r e n e  

P o l y m e r s
%  of Total Rubber Hydrocarbon

Simultaneous method
17.2
3 0 .8
15.9 
2 4 .6
10.9

Calcd. Viscosity 
Mol. Wt.
< 12,000

12.000-30.000
30.000-00,000
60.000-85,000 

>  S5.000

Successive method
20 .3  
2 6 .8  
13 .0
24 .4  
14 .6

p u ritie s , a n d  in  th is  ra n g e  a ffo rd  l i t t le  in s ig h t in to  th e  s tru c 
tu re .

T h e  e lec tr ica l p ro p e rtie s  o f b u ta d ie n e -a c ry lo n itr i le  ru b b e rs  
a re  less in te re s t in g  fro m  a  tech n ica l s ta n d p o in t  b ecau se  th e y  
a re  so p o o r. T h e y  h a v e  a  c o n sid e rab le  d eg ree  of sc ien tific  
in te re s t  b ecau se  th e y  c an  b e  u sed  to  s tu d y  th e  m o lecu la r  
s tru c tu re  o f th e  p o ly m e r in  re sp e c t to  th e  m o v e m e n t o f  seg
m e n ts  o f  th e  ch a in  m olecu les u n d e r  th e  a c tio n  of a n  a l te rn a t 
in g  e lec tr ic  field .

F o r  th e  b u ta d ie n e -a c ry lo n itr i le  ru b b e rs , th e re  a re  p o la r  
g ro u p s  a tta c h e d  to  th e  lo n g -ch a in  m olecu les. T h ese  a t t e m p t  
to  a lig n  th em se lv es  to  a n  a p p lie d  e lec tr ic  field , so t h a t ,  in  
case  o f a n  a lte rn a t in g  field , m o le c u la r  ro ta t io n s  o ccu r a n d  
p o w er is a b so rb ed  d u e  to  in te rn a l  v isco sity .

I n  a d d it io n  to  th is  ty p e  of p o w er a b so rp tio n , d u e  to  d ipo le  
ro ta t io n ,  th e re  a re  u n d o u b te d ly  o th e r  losses d u e  to  m ec h a 
n ism s su ch  a s  ion ic  co n d u c tio n  s ince  th e  d ire c t-c u r re n t  re sis
t iv i t ie s  o f th e  b u ta d ie n e -a c ry lo n itr i le  ru b b e rs  a re  re la tiv e ly  
low  {24).

T a b le  IV  g iv es ty p ic a l re su lts  o f e lec tr ica l m e a su re m e n ts  on  
g u m  s to c k s  o f n a tu ra l  ru b b e r, sev e ra l h y d ro c a rb o n  sy n th e tic  
ru b b e rs , a n d  a  n i tr i te  ru b b e r . T h e  m e a su re m e n ts  w ere  m a d e  
in  th e  G o o d y e a r la b o ra to r ie s  b y  R . B . S ta m b a u g h , u s in g  
G en era l R a d io  a u d io -  a n d  ra d io fre q u e n c y  b rid g es .

Comparison o f Synthetic Rubbers in Vibration

I n  a  p a p e r  fro m  o u r  re sea rch  la b o ra to r ie s , g iv en  b e fo re  th e  
S o c ie ty  o f A u to m o tiv e  E n g in e e rs  in  D e tro i t  in  1941, a  m e th o d  
o f d e te rm in in g  th e  h y s te re s is  a n d  in te rn a l  f r ic tio n  of ru b b e r  
s to ck s w as d esc rib ed . T h e  a p p lic a t io n  of th is  m e th o d  to  sy n 
th e t ic  ru b b e r  h a s  b een  e x te n d e d  to  g iv e  th e  c o m p ariso n  b e 
tw een  n a tu r a l  ru b b e r  a n d  th e  sy n th e tic  ru b b e rs  w h ich  a re  
u n d e r  d iscu ssio n  in  th is  p a p e r . T h e  m e a su re m e n t o f s y n th e tic  
ru b b e rs  w h en  su b je c te d  to  a  v ib ra to ry  d r iv in g  force o f k n o w n  
m a g n itu d e  offers a  c o n v e n ie n t a n d  a c c u ra te  m e th o d  of e v a lu 
a tin g  th e  s tiffn ess a n d  resilience  fo r sm a ll d e fo rm a tio n s  su c h  as 
o ccu r in  m a n y  im p o r ta n t  a p p lic a tio n s . T h e  te c h n iq u e  h a s  
been  d esc rib ed  (8, 16,17).

A lth o u g h  g en era l p ra c tic e  in  te s tin g  th e  p h y s ic a l p ro p e rtie s  
o f s y n th e tic  ru b b e r  is  to  u se  a  te s t  fo rm u la  c o n ta in in g  gas 
b lack , i t  seem ed  w o r th  w h ile  to  d e te rm in e  w h e th e r  v ib ra t io n

Figure 12 . Relation in Dynam ic Resilience between 
Channel Black and Gum Stocks

S ta rtin g  R atio  for Polym er  
B u tad ien e  A crylon itrile

C  50 50
O 70 30

B u tad ien e  Styrene
X 75 25

9  N atural Rubber
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T a b l e  I I I .  E f f e c t  o f  M i l l i n g  o n  B e n z e n e  S o l u b i l i t y  a n d  
C a l c u l a t e d  V i s c o s it y  M o l e c u l a r  W e i g h t  o f  B u t a d ie n e - 

S t y r e n e  P o l y m e r s

N o Treatment
Milled 5 Min. on Tight- 

Set 6-In. Lab. M ill at 
80° F.

Sample
% sol. in 
benzene

mol. wt. of 
sol. portion

% sol. in 
benzene

Calcd. viscos
ity  mol. wt.

A 100 50,000 100 37,000
B 100 47,000 100 39,000
C 67 20,000 100 31,000
D 55 20,000 100 39,000
E 59 19,000 100 38,000
F 37 19,000 100 32,000
G 31 15,000 100 27,000
11 43 14,000 100 29,000
I 20 100 25,000a

Required 15 minutes to solubilize.

T a b l e  I V .  R e s u l t s  o f  E l e c t r ic a l  M e a s u r e m e n t s

1-Kilocycle 
Frequency

1-Megacycle
Frequency

Type of Rubber
Natural
Butyl
Butadienc-styrene
Butadiene-acrylonitrile

Dielec Power Dielec Power
tric factor. tric factor,

constant % constant %
2 .6 9 0.271 2 .52 0.695
2 .3 8 0.302 2 .20
2 .70 0 .342 2 .49 i .02

12.65 5 .73 11.0 25 .9

25
Temperature, e 

50 70 90

Figure 13 . Effect of Temperature on D y
namic M odulus and Dynamic Resilience 

of Various Channel Black Stocks
■ N atu ra l rubber

 B u ta  N
 B u ta  S
- — •—  B u ty l

m e a su re m e n ts  o n  g u m  s to c k s  m ig h t  n o t  g iv e  a  m o re  fu n d a 
m e n ta l  c o m p a riso n  of th e  e la s tic  p ro p e rtie s  o f th e  p o ly m e r it
self. B y  sy s te m a tic  v a r ia tio n  of th e  c o n d itio n s  d u r in g  p o ly 
m e riza tio n , a  se ries o f  b u ta d ie n e -a c ry lo n itr i le  ru b b e rs  w as 
p re p a re d  w h ich  sh o w ed  a  w id e  ra n g e  in  d y n a m ic  resilience. 
T h ese  w ere te s te d  w h en  co m p o u n d e d  a s  g u m  s to c k s  a n d  as 
t re a d  s to c k s . T h e  re su lts  a re  sh o w n  in  F ig u re  12 . T h e re  is 
a n  e sse n tia lly  l in e a r  c o rre la tio n  b e tw e e n  th e  resilience  of th e  
t re a d  s to c k s  a n d  th e  g u m  s to ck s. T h e  s t r a ig h t  lin e  sh o w n  w as 
d ra w n  b e tw een  th e  o rig in  a n d  th e  p o in t  fo r n a tu ra l  ru b b e r. 
T h e  p o in ts , e sp ec ia lly  th o se  fo r th e  7 0 /3 0  n i tr i le  p o ly m ers  a n d

600

500

400

S 3 0 0 -

200 -

100

10

E2

><6__

n

15

Smoked sheets Buta N Buta S Butyl

Figure 14 . Effect of M illing  on Plastic ity and Recovery of 
Various Rubbers (1 0  Kg. W eight, 7 0 °  C ., 15-M inute Preheat)

Figure 15 . Effect of M illin g  on Extrusion Characteristics of 
Various Rubbers at 200 Pounds per Square Inch and 9 2 °  C .
L eft-h a n d  bar o f  each  pair , or ig in a l; r ig h t-h a n d  bar, m illed .

th e  tw o  s ty re n e  p o ly m ers , fa ll so  n e a r  th e  s t r a ig h t  lin e  t h a t  
fo r m o s t  p u rp o se s  i t  c an  b e  a ssu m e d  t h a t  th e  re la tiv e  v a lu e s  
for th e  g u m  s to c k s  p e rs is t  a f te r  th e  a d d it io n  o f g as  b lack . 
F u r th e rm o re , i t  c a n  b e  in fe rre d  t h a t  c a rb o n  b la c k  re in fo rce 
m e n t  a ffec ts  th e  resilience  o f b o th  n a tu r a l  a n d  s y n th e tic  ru b 
b e rs  in  th e  sa m e  w a y  a n d  b y  e s se n tia lly  th e  sam e  m ec h an ism . 
T h e  g e n e ra l ru le  a p p e a rs  to  be  t h a t  40  p a r ts  o f g a s  b la c k  in  
100 p a r ts  o f p o ly m e r cau se  a  40 p e r c e n t  d ecrease  in  th e  re sili
ence  fro m  th e  v a lu e  fo r th e  g u m  s to c k .

I t  is  a d v a n ta g e o u s  in  co m p a rin g  th e  p ro p e rtie s  o f v a r io u s  
s y n th e tic  ru b b e rs  to  in c lu d e  m e a su re m e n ts  o v e r a  ra n g e  of 
te m p e ra tu re  since, in  m a n y  cases, th e  p ro p e r t ie s  ch an g e  m u ch  
m o re  ra p id ly  w ith  te m p e ra tu re  in  th e  o p e ra t in g  ra n g e  th a n  do 
th o se  o f n a tu ra l  ru b b e r.

F ig u re  13 show s th e  d y n a m ic  m o d u lu s  fo r t r e a d  s to c k s  of 
n a tu r a l ,  B u ty l,  b u ta d ie n e -s ty re n e , a n d  b u ta d ie n e -a c ry lo n i
tr ile  ru b b e rs  a g a in s t  th e  te m p e ra tu re  fo r a  ra n g e  fro m  ro o m  
te m p e ra tu re  to  9 0 ° C . T h e  effec t o f te m p e ra tu re  in  th is  ra n g e  
o n  th e  d y n a m ic  m o d u lu s  o f n a tu r a l  ru b b e r  is  m u c h  less th a n  
fo r th e  o th e r  ru b b e rs . A t  low er te m p e ra tu re s  th e  d y n a m ic  
m o d u lu s  fo r n a tu r a l  ru b b e r  w o u ld  a lso  b eg in  to  sh o w  a  la rg e  
te m p e ra tu re  d e p en d e n ce . T h e  c u rv es  i l lu s t r a te  a  fu n d a m e n ta l 
d ifference  b e tw e e n  th e se  s y n th e tic  ru b b e rs  a n d  n a tu r a l  ru b b e r
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2. 0 . ORIGINAL PAOf»E«TllLSP R O P E R T I C 5  
NATURAL 2 i O ° F .  CO«C 
5 0  TA m 
BOTA S
BOTY U 3  IO •  F.  CURE

NATURAL 
Bo t a  n  
b u t a  J

•BUTYL

T 6 0 » F .  CURE

3 I 0 * F .  CURE

2/» A F T E R  6  DAYS IN G-CER OVEN  AT 70*C,
m a t o k a l  ZAO# F ,  CURÇ 
B O T A  N 
Bo t  a  S
0OTY L 3 I O * F , C O R e

NATURAL 
BUTA N 
BUTA 5 
BOTYL 310 “ F. CURE| 7 .  A F T E R  6  DAYS IN OBER OVEN AT 7 0 ° C ,

N A T U RAL 2E>0° F, CORE 
OUTA N 
p U T A  5
OOTYL. 3 lO ° F .  C O R F

>• A F T E R  7  H R 5 .IN  A IR  BOMB 

A T  2 3 ê * F . 8  8 0  LB S , P R E S S U R E

2 2 .  A F T E R  7  M R S , I N  AIR BOMB 

A T  2 3  6  °  F. fi- 8 0  L B S .  PRESSURE
NATU RAL 2 6 0 » F , C 0 R E 5s 
B U T A  N 
B O T A  S
B U T Y L  3 I 0 * F .  C U R E

BOW.

NATURAL

----------------- NATURAL Z & 0 » F ,  CURC
-----------------OUTA N
.......................OUTA S
------------------BUTYL 310° F. CURE

I e}. A F T E R  12 DAYS IN O j B o H Q  

A T  S 0 - C . 2  I S O  LBS. PRESSURE

2 3 . A F T Ł R  12 D A Y *  I N  Ox  BONIO  

A T  r o " C . t  1ST) LBS. PRESSURE

BUT A N

Bu t a  S

70 100

C ure , Minutes 

Tensile Characteristics of Gum Stocks

C ure , Minutes

Figures 20 to 23 . Elongation Characteristics of Gum  Stocks
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ure 24 . W eight Increase of Gum  Stocks after 12 D ays in 
O xy g en  Bomb at 5 0 °  C . and 1 5 0  Pounds Pressure

B o t a  n

2.*? . ACEO I I  DATS IN Oj AT FO“ C. I I »  L B S . P R ESSU R E

Figure 25 . Flex L ife  Characteristics of Gum  Stocks Stretched 
0 -1 1 6  Per Cent at 370  C ycles per M inute

w h ich  c a n  b e  ex p ressed  b y  sa y in g  t h a t  th e  te m p e ra tu re  ran g e  
in  w h ich  th e y  e x h ib it  ru b b e rlik e  p ro p e rtie s  is  s h o r te r  th a n  
fo r n a tu r a l  ru b b e r  a n d  is  sh if te d  to  h ig h e r te m p e ra tu re .  
T h e re  a re  som e re a so n s  fo r su p p o s in g  t h a t  th is  is  a n a lo g o u s  
to  th e  d ifference  b e tw e e n  ru b b e r  a n d  g u tta -p e rc h a , a n d  is  re
la te d  to  a n  e sse n tia lly  trans fo rm  of th e  c h a in  m o lecu les  fo r 
s y n th e tic  ru b b e rs  a s  c o m p a red  to  th e  cis fo rm  fo r n a tu ra l  
ru b b e r.

F ig u re  13 show s th e  d y n a m ic  resilien ce  o f th e  sa m e  t r e a d  
s to c k s  vs. te m p e ra tu re .  T h e  su p e rio r  resilien ce  of n a tu ra l  
r u b b e r  is  p la in ly  sh o w n . T h e  n i tr i le  a n d  s ty re n e  ru b b e rs  h a d

T a b l e  V . C o m p a r is o n  o f  S y n t h e t i c  R u b b e r s  i n  F l e x 
o m e t e r  T e s t  (S t a t ic  C o m p r e s s io n , 6  P e r  C e n t )

Temp. Rise, 0 C., at Amplitude of: 
Type of Rubber l/ u  in. */«  in.

Natural
B utyl
Butadiene-acrylonitrile
Butadiene-etyrene

4 9 .5
7 8 .5  
7 7 .0
7 1 .5

7 0 .5  
102.5

9 6 .0
9 0 .5

150

125
140

Figures 2 6 -2 9 . Tensile Characteristics of Channel Black Stocks

N a tu r a l  
B u t a  N 
B u t a  S  
B u t y l

260° F .  c u re  
260° F .
290° F .
310° F .

50 p a r t s  lo a d in g  
50 p a r t s  
50 p a r ts  
60 p a r t s

a b o u t  th e  sam e  resilience , w h ich  w as c o n s id e ra b ly  lo w er th a n  
fo r n a tu r a l  ru b b e r .  T h e  B u ty l  ru b b e r  s to c k  w as lo w er s till .

M e a su re m e n ts  w ere  m a d e  b y  a  th e rm o co u p le  o f  th e  te m p e r
a tu r e  rise  in  th e  c e n te r  o f 1 X  1 X  2 in c h  b lo ck s o f  th ese  
s to c k s  w h en  su b je c te d  to  60 -eycle-p e r-seco n d  v ib ra t io n s  of 
fixed a m p li tu d e  in  th e  len g th w ise  d irec tio n , u s in g  a  la rg e  flex- 
o m e te r o p e ra t in g  o n  th e  sa m e  p rin c ip le  a s  th e  sm a ll v ib ra to r  
em p lo y ed  fo r th e  p re v io u s  m e a su re m e n ts . T h e  re s u l ts  a re  
sh o w n  in  T a b le  V . A g a in , th e  su p e r io r ity  o f n a tu r a l  ru b b e r  is  
p la in ly  e v id e n t. T h e  low er d y n a m ic  m o d u lu s  o f B u ty l  ru b b e r  
h e lp s  c o u n te ra c t  th e  e ffec t o f i t s  low  resilien ce  in  th is  te s t  so 
t h a t  th e  o b se rv ed  te m p e ra tu re  rise  is  n o t  so m u c h  g re a te r  
th a n  fo r th e  o th e r  s y n th e tic  ru b b e rs .
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NATURAL~ m erc ia l u til iz a tio n  o f th e  v a r io u s  ty p e s  of s y n th e tic  ru b b e rs , 
th e  c o m p a ra tiv e  p h y s ic a l p ro p e rtie s  in  a  s ta n d a r d  series of 
fo rm u la s  w ill b e  d iscussed .

F o rm u la s  fo r th e  th re e  s y n th e tic  ru b b e rs  c o m p a red  w ith  
n a tu ra l  ru b b e r  a re  g iv en  in  T a b le  V I, b o th  fo r c o m p o u n d s  
c o n ta in in g  n o  c a rb o n  b la c k  a n d  fo r th o se  c o n ta in in g  su b 
s ta n tia l  a m o u n ts  o f b lac k . W e  d o  n o t  c o n te n d  t h a t  th e se  
fo rm u las  re p re se n t  th e  m a x im u m  p ro p e rtie s  to  b e  o b ta in e d  
w ith  th e  s y n th e tic  ru b b e rs , s ince  th e re  m a y  b e  v a r io u s  o p in 
io n s a s  to  w h a t  c o n s t itu te s  th e  b e s t  ty p e  o f c o m p o u n d in g . 
H o w ev e r, i t  is  b e liev ed  t h a t  th e  re su lts  o u tlin e d  in  th e  su c 
ceed in g  p ag es a re  s u b s ta n t ia l ly  re p re se n ta t iv e  o f th e  g en era l 
p ro p e rtie s  o f th e  ru b b e rs  u n d e r  c o n sid e ra tio n .

MftO
V  BüTA *

b o t /v. m

50 70  100 140
Cure/ M inutes

Elongation Characteristics of Channel Black Stocks
260° F .  e u ro  50 p art«  lo a d in g
260° F .  50 p a r t s
290° F .  50 p a r t s
310° F .  60 p a r ts

Figures 30 -3 3 .
N a tu ra l  
B u t a  N  
B u t a  S  
B u t y l

Chemical Unsaturation

C h e y n e y  (4) h a s  s e t  fo r th  h is  f in d in g s  re g a rd in g  ch em ica l 
u n s a tu ra t io n . B rie fly , h e  fo u n d  t h a t  th e  u n s a tu ra t io n  a s  
m ea su re d  b y  th e  io d in e  c h lo rid e  m e th o d  g av e  a p p ro x im a te ly  
90 r p e r c e n t o f th e  a m o u n t  w h ich  w o u ld  b e  ex p ec te d  o f a  
s t r a ig h t  lin ea l co p o ly m er, ru b b e r  b e in g  c o n sid e red  a s  100  p e r  
c e n t  on  th e  sam e  b asis .

Practica l A spects

T u rn in g  n ow  fro m  th e  p u re ly  sc ien tific  a sp e c ts  o f th e  sy n 
th e t ic  ru b b e r  p ro b lem  to  th e  m o re  p ra c tic a l a sp e c ts  o f com -

P roperties o f  Gum Compounds

F ig u re  14 re p re se n ts  th e  effec t o f m illin g  o n  th e  p la s tic ity  
a n d  re co v e ry  o f th e  v a r io u s  ru b b e rs . T w o  d e te rm in a tio n s  
w ere m a d e :  o rig in a l, a f te r  one  p a ss  th ro u g h  a  t ig h t  co ld  
m ill; m illed , a f te r  te n  p asse s th ro u g h  th e  sa m e  m ill. W h ile  
th e  o rig in a l p la s tic ity -re c o v e ry  d a ta  show  b u t  l i t t le  d ifference  
b e tw e e n  th e  ru b b e rs , th e  m illed  d a ta  sh o w  t h a t  th e  n a tu r a l  
ru b b e r  b eco m es m u c h  m o re  p la s tic iz ed  th a n  th e  sy n th e tic s . 
T h e  l a t t e r  g ive  p la s tic it ie s  o f th e  sam e  o rd e r  u n d e r  th is  
t r e a tm e n t ;  a ll a re  c o n s id e ra b ly  s tiffe r th a n  n a tu r a l  ru b b e r . 
I t  sh o u ld  b e  n o te d  th a t ,  w h ile  th e  d ro p  in  p la s tic ity  b e tw een  
one  a n d  te n  p a sse s  is a b o u t  75 p e r  c e n t  fo r n a tu r a l  ru b b e r, 
th e re  is o n ly  a  10  p e r  c e n t  d ecrease  fo r th e  sy n th e tic s .
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F ig u re  15 re p re se n ts  th e  effec t o f th e  sam e  ty p e  of m illin g  
on th e  e x tru s io n  o f th e  ru b b e rs . T h e  sy n th e tic s  h a v e  h igh  
o rig in a l e x tru s io n  v a lu es , b u t  m ill in g  c o m p le te ly  c h an g es  th e  
p ic tu re  a n d  sh o w s t h a t  n a tu r a l  ru b b e r  u n d e rg o es  a  co n sid er
ab le  b re a k d o w n  w hile  th e re  is o n ly  a  s lig h t e ffec t o n  th e  sy n 
th e tic s .

T h e  ten s ile  c h a ra c te r is tic s  o f th e  fo u r ru b b e rs , co m p o u n d e d  
in  a  p u re  g u m  s to ck , a re  sh o w n  in  F ig u re  16. C u re s  a t  2 60° F . 
w ere ru n  on  a ll c o m p o u n d s  e x ce p t th e  B u ty l  w h ere  3 10° F . 
w as re q u ire d  to  b r in g  o u t  th e  b e s t  p h y s ic a l c h a ra c te ris tic s . 
I t  is well k n o w n  t h a t  th e  b u ta d ie n e  c o p o ly m ers  do  n o t  d ev elo p  
th e ir  b e s t  p ro p e rtie s  in  p u re  g u m  c o m p o u n d s , w h e rea s  B u ty l  
does n o t  co m p a re  to o  u n fa v o ra b ly  w ith  n a tu r a l  ru b b e r .  F ig 
u re  16 sh o w s n a tu r a l  ru b b e r  to  be  fa r  su p e rio r  to  th e  s y n th e 
tic s . B u ta d ie n e -a c ry lo n itr i le  a n d  - s ty re n e  a re  o f low  q u a li ty  
w hile  th e  B u ty l  ru b b e r  is  a b o u t  h a lfw a y  b e tw e e n  th e  tw o . 
T h e  c u r in g  c u rv e  fo r b u ta d ie n e -a c ry lo n itr i le ,  s ty re n e , a n d  
n a tu ra l  ru b b e r  is  f la t  w h ile  B u ty l  ru b b e r  is  c o m p a ra tiv e ly  
slow  c u rin g ; i t  re q u ire d  50 m in u te s  to  reach  i ts  o p tim u m .

F ig u re  17 p re se n ts  th e  te n s ile  c h a ra c te r is tic s  a f te r  a g in g  fo r 
6 d a y s  a t  7 0 ° C . A ll c o m p o u n d s  age  e q u a lly  w ell u n d e r  th ese  
c o n d itio n s ; th e re  is  l i t t le  ch an g e  from  th e  o rig in a l p ro p e rtie s .

F ig u re  18 show s th e  p ro p e rtie s  a f te r  a g in g  in  a n  a ir  b o m b  
fo r 7 h o u rs  a t  2 36° F .  a n d  80 p o u n d s  a ir  p re ssu re . T h is  te s t  
b r in g s  o u t  th e  h e a t- r e s is ta n t  p ro p e r t ie s  o f th e  sy n th e tic s . 
C o m p ariso n  o f th is  c h a r t  w ith  th e  d a ta  p re se n te d  in  F ig u re  16 
show s t h a t  n a tu ra l  ru b b e r  fa lls off d e c id ed ly  a f te r  th e  50- 
m in u te  cu re . T h e  p ro p e rtie s  o f B u ty l  im p ro v e  r a th e r  th a n  
d ecrease , w hile  th e  a c ry lo n itr i le -  a n d  s ty re n e -b u ta d ie n e s  a lso  
in crease  s lig h tly  a n d  do  n o t  fa ll off o v e r th e  ran g e .

F ig u re  19 p re se n ts  th e  ten s ile  d a ta  a f te r  12 d a y s  in  th e  o x y 
g en  b o m b  a t  5 0 ° C . a n d  150 p o u n d s  p re ssu re . A s in  th e  G eer 
ov en  te s t ,  th e re  is p ra c t ic a lly  no  ch an g e  o v e r  th e  o rig in a l 
p ro p e rtie s .

T h e  e lo n g a tio n  c h a ra c te ris tic s  o f th e  p u re  g u m  co m p o u n d s, 
b e fo re  a n d  a f te r  v a r io u s  a g in g  te s ts  a re  g iv en  in  F ig u re s  20 
to  23. F ig u re  20 sh o w s t h a t  th e  o rig in a l e lo n g a tio n s  o f B u ty l 
a re  h ig h es t, c losely  fo llow ed b y  n a tu ra l  ru b b e r ;  th e  ac ry lo -

Figure 36 . V o lum e Increase of Channel Black Stocks after 
7-Day Swelling In (1 )  100-O ctane G as and (2 ) Beniene
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Figure 37 . Brittle Point of Channel Black Stocks

n itr i le  a n d  s ty re n e  ru b b e rs  a re  c o n s id e ra b ly  low er, especia lly  
on  th e  h ig h e r cu res.

A fte r  6 d a y s  a t  7 0 ° C . in  th e  G e e r o v e n  (F ig u re  2 1 ) th e re  is 
no  ch an g e  in  th e  e lo n g a tio n s  o f n a tu r a l  a n d  B u ty l  ru b b e rs ;  
b u ta d ie n e -a c ry lo n itr i le  a n d  -s ty re n e  sh o w  a  c o n sid e rab le  de
crease  on  th e  low  cu res  b u t  lev e l off to  th e ir  o rig in a l figures 
a f te r  35  m in u te s .

R e su lts  a f te r  7 h o u rs  in  th e  a ir  b o m b  a t  2 3 6 °  F . a n d  80 
p o u n d s  a ir  p re ssu re  (F ig u re  22) a re  o f th e  sam e  o rd e r  a s  for 
th e  G eer o v en  d a ta .  B u ty l  a n d  n a tu r a l  ru b b e r  a re  re la tiv e ly  
u n a ffec ted , b u t  th e re  is  a  d ro p  o n  th e  low  cu res o f b u ta d ie n e -  
a c ry lo n itr i le  a n d  -s ty re n e .

F ig u re  23 re p re se n ts  th e  effec t o f 12  d a y s  in  th e  oxy g en  
b o m b  a t  5 0 ° C . a n d  150 p o u n d s  p re ssu re  on  th e se  co m p o u n d s .

T a b l e  V I . F o r m u l a s  f o r  G u m  a n d  T r e a d  C o m p o u n d s

Natural B uta N Buta S Butyl
Gum compounds

Smoked sheets 100.0 ....
Buna N ló ó ló
Buna S 1ÓÓ.Ó
Butyl B 1ÓÓ!Ó
Captax 0 .5 ' i !6 * i!ó
Tuads * i !6
Sulfur " s . o ‘¿ !ó *¿10 1.5«
Zinc oxide 5 .0 5 .0 5 .0 5 .0«
Stearic acid 1 .0 1 .0 1.0 3 .0
Phenyl-a-naphthylam ine 1 .5° 1.5«
Phenyl-/3-naphthylaminc 1.5« 1.5«

109.5 112.0 112.0 110.5
Tread compounds

Smoked sheets 100.0
Buna N 1ÓÓ1Ó
Buna S 1ÓÓ1Ó
Butyl B ió ó !ó
Captax 1.25 *Ü 5 * i l ś
Tuads * i!ó
Sulfur 3 .0 *2 .'Ó *2 iÓ 1.5«
Zinc oxide 5 .0 5 .0 5 .0 5 .0«
Channel black 5 0 .0 50 .0 50 .0 60 .0
Stearic acid 3 .0 2 .0 2 .0 3 .0
Phenyl-a-naphthylamino 1.5« 1.5«
PhenyH3-naphthylamine " Ï . Ô 1.5« 1.5«
Pine tar 3 .0 ....
Barrett No. 10 ’ś !6 ' 3 . 0
Medium process oil ‘ś !ó

166.25 166.5 166.5 173.5

« Included in the polymer.
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Figures 38 and 39 . Rebound and Deflection of Channel Black Stocks

T h e re  is no  ch an g e  in  n a tu ra l ,  B u ty l,  a n d  b u ta d ie n e -s ty re n e  
ru b b e rs  o v e r  th e  o rig in a ls , w h ile  b u ta d ie n e -a c ry lo n itr i le  
sh o w s a n  in c re ase  in  e lo n g a tio n  o n  th e  h ig h  cu res.

F ig u re  24 re p re se n ts  th e  w e ig h t in c re ase  b y  th e  fo u r g u m  
s to c k s  a f te r  12  d a y s  in  th e  oxy g en  b o m b  a t  5 0 ° C . a n d  150 
p o u n d s  p re ssu re . N a tu r a l  ru b b e r  a b so rb s  c o n s id e ra b ly  m o re  
w e ig h t, d u e  to  o x id a tio n  u n d e r  th e  c o n d itio n s  o f te s t ,  th a n  
a n y  of th e  sy n th e tic s . O f th e  la t te r ,  B u ty l  ru b b e r  is  le a s t  
a ffec ted .

F ig u re  25  show s th e  re la tiv e  flex ing  of th e  n a tu r a l  a n d  sy n 
th e t ic  ru b b e rs  in  a  p u re  g u m  s to c k . T h e  s ta n d a r d  p u n c h e d -  
h o le  flex ing  te s t  w as u sed . T h is  w as ru n  a t  0 -1 1 0  p e r  c e n t 
s tr e tc h  a t  th e  r a te  o f 370 cycles p e r  m in u te .  A lth o u g h  fa llin g  
off co n sid e ra b ly  o v e r th e  ra n g e , B u ty l  ru b b e r  is  s ti ll  o u t 
s ta n d in g  a s  c o m p a red  to  th e  o th e rs  o f th is  g ro u p . N a tu ra l  
ru b b e r  is  su p e rio r  to  th e  b u ta d ie n e -a c ry lo n itr i le  a n d  -s ty re n e , 
b o th  o f w hich  g ive  p o o r  re su lts .

Properties o f Tread Compounds

T h u s  fa r  w e h a v e  co n sid ered  th e  ru b b e rs  in  p u re  
g u m  c o m p o u n d s ( t h a t  is, w i th o u t  lo ad in g ). T h e  
fo llow ing d a ta  sh o w  th e  effec ts o f c h an n e l b la c k  lo ad 
in g  o n  th e  ru b b e rs . O rig in a l d a ta  fo r c h an n e l b lac k  
lo ad e d  s to c k s  a re  p re se n te d  in  F ig u re  26. B u ty l  a n d  
b u ta d ie n e -s ty re n e  a re  o f th e  sam e  o rd e r  a n d  g ive 
lo w er re su lts  th a n  b u ta d ie n e -a c ry lo n itr i le  a n d  n a tu 
ra l ru b b e r, th e  l a t t e r  o f w h ich  is  s lig h tly  h ig h e r. A ll 
c o m p o u n d s h a v e  a p p ro x im a te ly  th e  sam e  r a te  o f cu re  
a n d , a f te r  th e  o p tim u m  is  re ac h ed , re m a in  f la t  cu rin g  
o v er th e  ra n g e .

C o m p ariso n  of F ig u re s  26  a n d  16 i l lu s tra te s  th e  
effect o f ch an n e l b la c k  in  th e se  sy n th e tic s . B u ta 
d ien e -ac ry lo n itr ile  a n d  - s ty re n e  a n d  B u ty l  ru b b e r  
show  a  la rg e  in c re ase  in  ten s ile , a n d  th e  B u ty l  ra n g e  
o f cu res  is  sm o o th ed  o u t. T h e re  is  som e in c re ase  in  
th e  ten s ile  o f n a tu r a l  ru b b e r  b u t  i t  is n o t  n e a r ly  so 
g re a t  a s  fo r th e  sy n th e tic s .

T en s ile  a g in g  d a ta  fo r th e  c h an n e l b la c k  lo ad in g s  
a re  p re se n te d  on  F ig u re s  27, 28, a n d  29. F ig u re  27 
re p re se n ts  th e  G eer o ven  a g in g  fo r 6 d a y s  a t  7 0 ° C . I t  
show s n o  g re a t  ch an g e  fo r a n y  of th e  ru b b e rs  o v e r th e  
o rig ina ls.

F ig u re  28  p re se n ts  d a ta  o n  a ir  b o m b  ag in g , ru n  fo r 
14 h o u rs  a t  2 3 6 °  F .  a n d  80 p o u n d s  p re ssu re . N a tu 
ra l  ru b b e r  h a s  d ec reased  c o n s id e ra b ly  o v e r th e  o rig i
n a ls , w h ile  B u ty l  a n d  b u ta d ie n e -a c ry lo n itr i le  sh o w  in 
creases. B u ta d ie n e -s ty re n e  is  u n c h an g e d .

A ll th e  ru b b e rs  d ecrease  co rre sp o n d in g ly  in  ten s ile  
a f te r  12  d a y s  in  th e  oxy g en  b o m b  a t  50° C . a n d  150 
p o u n d s  p re ssu re  (F ig u re  29).

O rig in a l a n d  a g in g  c h a ra c te ris tic s  o f th e  e lo n g a tio n s  
o n  th e  c h an n e l b la c k  lo ad in g s  a re  g iv en  in  F ig u re s  30 
to  33. T h e  o rig in a l d a ta  o n  F ig u re  30 show  
B u ty l  to  h a v e  th e  h ig h e s t e lo n g a tio n , followred  b y  
n a tu ra l  ru b b e r .  B o th  of th e m  a re  c o m p a ra tiv e ly  
f la t  o v e r th e  ra n g e . B u ta d ie n e -a c ry lo n itr i le  a n d

Natural Buta N  Buta S  Butyl 
C u re , °  F. 2 6 0  2 6 0  2 9 0  310

M in . 100  70  70  100
Loading; Parts 50  50  50  70

Figure 4 0 . A n g le  Abrasion of Channel Black Stocks
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F ig u re  34 show s th e  w e ig h t in crease  a f te r  12 d a y s  in  th e  
oxygen  b o m b  of th e  c h an n e l-b la ck -lo ad e d  ru b b e rs  o v e r  a  
ra n g e  of cu res. A s in  th e  case  o f th e  p u re  g u m  s to c k s  (F ig u re  
24), n a tu ra l  ru b b e r  p ick s u p  co n sid e ra b ly  m o re  w e ig h t d u e  to  
o x id a tio n  th a n  th e  sy n th e tic s . 'W hereas B u ty l  ru b b e r  w as 
o u ts ta n d in g  in  th is  re sp e c t in  a  p u re  g u m  s to ck , i t  is now  re
p lac ed  b y  b u ta d ie n e -a c ry lo n itr i le  a n d  b u ta d ie n e -s ty re n e , 
b o th  of w h ich  h a v e  low er w eigh ts .

F ig u re  35 re p re se n ts  th e  p e r  c e n t s e t  a t  0 °  C . o f th e  fo u r 
ru b b e rs . W h en  p ro p e rly  c u red , th e  sy n th e tic s  w ere m u c h  
less a ffec ted  b y  th is  te s t  th a n  w as n a tu ra l  ru b b e r  B u ty l  ru b 
b e r  c u red  a t  2 60° F . g av e  re su l ts  s im ila r  to  n a tu ra l  ru b b e r  
b u t  sh o w ed  m a rk e d  im p ro v e m e n t w h en  c u red  a t  3 10° F .

T h e  p e r  c e n t in c rease  in  v o lu m e  of th e  c h an n e l b lack  com 
p o u n d s  a f te r  7 -d a y  im m ersio n  in  1 0 0 -oc tane  gaso lin e  a n d  in  
b en zen e  is g iv en  in  F ig u re  36. B u ty l  ru b b e r  is in fe rio r  to  
n a tu ra l  ru b b e r  in  100-o c ta n e  gaso lin e  w h ile  b u ta d ie n e -s ty re n e  
is  50 p e r  c e n t b e tte r .  B u ta d ie n e -a c ry lo n itr i le  is b e s t  of th e  
sy n th e tic s . B u ty l  ru b b e r  is  e q u iv a le n t  to  b u ta d ie n e -a c ry lo n i
tr ile  in  ben zen e , w h e reas b o th  b u ta d ie n e -s ty re n e  a n d  n a tu ra l  
ru b b e r  g ive  70 p e r  c e n t h ig h er v a lu e s .

T h e  b r i t t le  p o in ts  of th e  fo u r ru b b e rs  a re  re p re se n te d  in  
F ig u re  37. B u ta d ie n e -s ty re n e  is th e  e q u iv a le n t  o f n a tu ra l  
ru b b e r  from  th e  s ta n d p o in t  o f  flex ib ility , w h e rea s  b u ta d ie n e -  
a c ry lo n itr ile  is m u c h  less a b le  to  w ith s ta n d  low  te m p e ra tu re s . 
B u ty l  ru b b e r  falls m id w a y  b e tw een  th e  tw o  ex trem es.

81° CARBON BLACK STOCKS - 70* CURE

TESTED AT 82° AND 2 0 0 °F.

1 0 0 °

Bu t y l  -----

N A T U R A L  B U T A  B U T A  B U T Y L
R U B B E R  N S

Figure 4 4 . Effect of Temperature on Tensile Strength

F ig u re s  38  a n d  39 i l lu s t r a te  th e  re b o u n d  a n d  d e flec tio n  o f 
th e  ch an n e l b la c k  s to c k s  a t  0 °  C ., ro o m  te m p e ra tu re ,  a n d  
9 0 ° C . N a tu r a l  r u b b e r  show s th e  h ig h e s t re b o u n d  v a lu e s  o v e r 
th e  ra n g e , a n d  B u ty l  th e  low est. B u ta d ie n e -a c ry lo n itr i le  a n d  
b u ta d ie n e -s ty re n e  g ive  e q u iv a le n t  v a lu e s  a t  ro o m  te m p e ra 
tu re  a n d  a t  9 0 ° C ., b u t  th e  s ty re n e  ru b b e r  is  c o n s id e ra b ly

. 200 
C

s

5 100

43. FLEX  L IF E
CHARACTERISTICS 3 7 0  C r C L E 5 / t t ( N .

BUTAS

fu T A W --------------------- _I_------ .7
H 1------------- 1-------------------- ńV

25 35 50 70 100 140

C u re , Minutes

Figures 4 1 , 4 2 , and 43

N a t u r a l 260° F .  c u re  50 p a r t s  lo a d in g
I t u t a N  260° F .  50 p a rts
B u t a  S  290° F .  50 p a r ts
B u t y l  310° F .  60 p a r t s

BUTYL IMOETERMIMA0LE 
BE T T E R  TH Art  ROBBER

42. TEAR  
RESISTANCE

C H A N N E L  BLACK S T O C K S  

AT Z4£>° F.

b u ta d ie n e -s ty re n e  a re  o f th e  sa m e  o rd e r  a n d  a re  th e  lo w est of 
th is  se ries . T h e re  is  a  d ro p  in  th e ir  e lo n g a tio n s  a f te r  25 
m in u te s , a f te r  w h ich  th e y  re m a in  f la t  th ro u g h  100 m in u te s .

N a tu r a l  a n d  B u ty l  ru b b e rs  a r e  u n a ffe c te d  b y  th e  6-d a y  
G e e r o v en  te s t  (F ig u re  3 1 ), b u t  th e re  is  a  d ro p  fro m  th e  o rig i
n a l  d a ta  fo r b u ta d ie n e -a c ry lo n itr i le  a n d  -s ty re n e .

N a tu r a l  ru b b e r  show s a  d e c id ed  d ecrease  in  e lo n g a tio n  
a f te r  14 h o u rs  in  th e  a ir  b o m b  a t  2 3 6 °  F .  a n d  80 p o u n d s  p re s 
su re  (F ig u re  32). B u ta d ie n e -a c ry lo n itr i le  a n d  b u ta d ie n e -  
s ty re n e  a lso  d ecrease  b u t  n o t  so m u c h ; B u ty l  is u n c h a n g e d .

F ig u re  33 show s th e  e lo n g a tio n s  a f te r  12 d a y s  in  th e  oxy g en  
b o m b  a t  5 0 ° C . a n d  150 p o u n d s  p re ssu re . N a tu r a l  a n d  B u ty l 
ru b b e rs  a re  u n a ffe c te d , w h ile  th e re  is  a  s l ig h t  d ec rease  in  
a c ry lo n itr i le -  a n d  s ty re n e -b u ta d ie n e s .

CARBON BLACK STOCKS -  7 0 'CURE  
TESTED  AT 82° AND 200°F.
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Figure 4 5 . Effect of Temperature on Elongation
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Chemigum Leaving the Tanks and Reactors on a Conveyor L in e , 
Ready to Be Converted into Tires for M ilita ry  V eh ic les

h ig h e r a t  0 ° C . T h e  s y n th e tic s  sh o w  m o re  im p ro v e m e n t in  
de flec tio n  a s  th e  te m p e ra tu re  is  in c reased  th a n  does n a tu ra l  
ru b b e r . T h is  im p ro v e m e n t is  o u ts ta n d in g  in  th e  case  of 
B u ty l  ru b b e r. B u ta d ie n e -a c ry lo n itr i le  b eco m es p ro g res
s iv e ly  h ig h e r  o v e r  th e  ra n g e  w h ile  th e re  is  a lso  a  d e c id ed  in 
c rease  b e tw ee n  ro o m  te m p e ra tu re  a n d  9 0 ° C . fo r th e  s ty re n e  
ru b b e r.

F ig u re  40 sh o w s th e  effec t o f te s tin g  th e  fo u r s to c k s  w ith  
th e  an g le  a b ra s io n  m a c h in e . A ll o f th e  sy n th e tic s  a re  a p p ro x i
m a te ly  tw ice  a s  r e s is ta n t  to  a b ra s io n  a s  th e  n a tu ra l  ru b b e r  
co m p o u n d .

F ig u re s  41 a n d  42 i l lu s tra te  th e  te a r  re s is tan c e  o f th e  c h a n 
n e l b la c k  s to c k s  a t  ro o m  te m p e ra tu re  a n d  a t  2 4 6 °  F .  I n  b o th  
cases n a tu ra l  ru b b e r  is s u p e rio r  to  th e  a c ry lo n itr i le  a n d  s ty re n e  
ru b b e rs , a n d  B u ty l  ru b b e r  is  su p e rio r  to  n a tu ra l.

F ig u re  43 re p re se n ts  th e  flex life o f th e  c h a n n e l b la c k  com 
p o u n d s  a s  d e te rm in e d  b y  s ta n d a r d  p u n c h e d -s tr ip  te s ts ;  
370 cycles p e r  m in u te  a t  0 -1 1 6  p e r  c e n t  s tr e tc h  w ere  ru n . T h e  
su p e r io r ity  of B u ty l  ru b b e r  is  o u ts ta n d in g , a n d  n a tu r a l  ru b b e r  
sh o w s u p  m u ch  b e t te r  th a n  th e  a c ry lo n itr i le -  o r  s ty re n e -b u ta -

T a b l e  V II. C o l d  vs.  H o t  F l e x  T e s t
-F lex  Life, M in .-

Room temp. 70/275° F.
140/275° F.

200° F. 70 /275° F. 
140/275° F.

Natural
rubber-Captax

.-------------GR-S-
Captax S-2164

400 25 25
400 15 35
600 2 .3 4 .0
450 1 .8 8 .0

T a b l e  V III . C o m p a r is o n  o f  S y n t h e t i c  R o b b e r s  i n  F l e x 
o m e t e r  T e s t  ( S t a t i c  C o m p r e s s io n  6  P e r  C e n t )

Temp. Rise, ° C. at Amplitude of:
Vw iQ° V« *n-Type of Rubber

Natural
Butyl
Nitrile
Styrene

4 9 .5
78 .5  
7 7 .0
7 1 .5

7 0 .5  
102.5
9 6 .0
9 0 .5

d ien es w h ich  a re  very ' p o o r. T h e  effec t u p o n  th e  flex life of 
c h an g in g  a c c e le ra tio n  is  im p o r ta n t;  a n  i l lu s tra tio n  is  g iven  
in  T a b le  V I I .  T a b le  V I I  show s th e  effec t o f flex ing  a  n a tu ra l  
r u b b e r -C a p ta x  s to c k  a s  c o m p a red  w ith  G R -S  ru b b e r  u s in g  
C a p ta x  a n d  a lso  a n  a c c e le ra to r  o f a  sp ec ia l ty p e .  A  p ierced - 
g ro o v e  te s t  w as m ad e . T h is  is  n o t  s t r ic t ly  c o m p a ra b le  to  th e  
flexing te s t  p re v io u s ly  d iscu ssed . H e re  a g a in  th e  re su lts  
a re  g iv en  in  m in u te s , a n d  w hile  th e  ch an g e  in  a c c e le ra to r  h a s  
m a d e  b u t  l i t t le  d ifferen ce  a t  ro o m  te m p e ra tu re  th e re  is  a  
m a rk e d  im p ro v e m e n t a t  2 0 0 °  F .

T a b le  V I I I  c o m p a res  s y n th e tic  a n d  n a tu r a l  ru b b e rs  on  a  
flex o m ete r te s t  u n d e r  a  s ta t ic  co m p ress io n  of 6 p e r  c e n t. T h e  
te m p e ra tu re  rise  b e tw e e n  a m p li tu d e s  o f l/ n  a n d  3/ 32 in ch  is 
a p p ro x im a te ly  th e  sam e  (2 0 ° C . fo r e ach  ru b b e r) .  N a tu r a l  
ru b b e r  h a s  th e  lo w e s t te m p e ra tu re  fo r e ac h  a m p li tu d e , w h ile  
th e  sy n th e tic s  a re  a p p ro x im a te ly  20° h ig h e r.

S y n th e tic  ru b b e r  c o m p o u n d s  h a v e  b e en  k n o w n  to  g ive  
v e ry  low  v a lu e s  w h e n  te s te d  a t  e le v a te d  te m p e ra tu re s . T h e  
fo u r s to c k s  in  q u e s tio n  w ere te s te d  a t  8 2 °  a n d  2 0 0 °  F .  T h e  
ten s ile  re su lts  a re  sh o w n  in  F ig u re  44 . T h e  n a tu r a l  ru b b e r  
h a d  a  te n s ile  o f a p p ro x im a te ly  280 kg . p e r  sq . cm . a t  8 2 °  F .;  
a t  2 0 0 °  F .  i t  h a d  d ro p p e d  o n ly  to  a p p ro x im a te ly  th e  sam e  
leve l a s  th e  o rig in a l ten s ile s  o f th e  s y n th e tic  ru b b e rs . T h ese , 
in  tu r n ,  h a d  lo s t  ten s ile  s t r e n g th  a t  2 0 0 °  F .  u n t i l  th e y  w ere 
l i t t le  m o re  th a n  50 k g . w h en  te s te d  a t  th is  te m p e ra tu re .  T h is  
is  u n d o u b te d ly  a  se rio u s d e fe c t in  th e  p re s e n t  ty p e  o f s y n th e tic  
ru b b e r  w h ich  sh o u ld  b e  c o rre c te d  if  possib le .

W h en  te s te d  a t  8 2 °  a n d  2 0 0 °  F . ,  th e  e lo n g a tio n s  (F ig u re  
45) o f n a tu r a l  ru b b e r  a re  u n c h a n g e d , w h ile  th e  sy n th e tic s  d e 
c rease  a p p ro x im a te ly  150 p e r  c en t.
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A Potential Industrial Process for

SULFAMIDE
ED. F . D E G E R IN G  A N D  G EO R G E C. G R O SS

P u rd u e  U n iv ersity , L afay e tte , In d .

S U L F A M ID E  w as f irs t p re p a re d  in  im p u re  fo rm  b y  
R e g n a u lt  (1) a n d  su b s e q u e n tly  b y  o th e rs  {2-9). I t  is 
be liev ed , h o w ev er, t h a t  th e  p re s e n t  sy n th e s is  is  th e  

f irs t in  w hich  a p p re c ia b le  a m o u n ts  o f re la tiv e ly  p u re  su lfa m id e  
h a v e  b een  o b ta in e d . A n  ex te n siv e  rev iew  of th e  p re p a ra tio n  
a n d  p ro p e rtie s  o f su lfa m id e  a n d  re la te d  c o m p o u n d s  w as 
co m p iled  b y  A u d r ie th  a n d  co -w o rk ers  ( I ) .  B ecau se  of i ts  
s im ila r ity  to  u re a  a n d  th e  im p o r ta n c e  of th e  la t te r ,  su lfa m id e  
h a s  b een  th e  s u b je c t  of a n  a p p re c ia b le  a m o u n t  o f re sea rc h .

T h is  p a p e r  re p o r ts  th e  re su l ts  o b ta in e d  b y  th e  re a c tio n  of 
su lfu ry l c h lo rid e  in  a n  in e r t  so lv e n t w ith  liq u id  a m m o n ia . 
D iffe re n t v a r ia b le s , in c lu d in g  te m p e ra tu re s  ra n g in g  from  
—4 5 °  to  4 0 °  C ., w ere  s tu d ie d . T h e  in te ra c t io n  b e tw een  
su lfu ry l c h lo rid e  a n d  su c h  re a g e n ts  a s  a q u eo u s  a m m o n ia , 
c a lc iu m  ch lo rid e  o c ta -a m m o n ia te , a n d  so d iu m  a m id e , a n d  
th e  am m o n o ly s is  o f ¿V -ph thalim ide  su lfo n y l ch lo rid e , w ere

also  s tu d ie d  b u t  w ith  u n sa tis fa c to ry  re su lts . U n d e r  p ro p e r  
co n d itio n s  su lfu ry l c h lo rid e  a n d  a m m o n ia  re a c t  p r in c ip a lly  
in  a c c o rd an c e  w ith  th e  e q u a tio n :

Cl.SOj.Cl +  4 N H , — s- H ,N .S 0 2.N H , +  2N H U C 1-

B y -p ro d u c ts  o f th e  re a c tio n  a re  H 2N .S O 2.N H .S O 2. N I I 2 a n d  
H f |T .S O t .( N H .S O * ) « .N H i  o r th e  s a l ts  o f th e se  im id o su lfa - 
m id es.

LABORATORY SY N T H E SIS

L iq u id  a m m o n ia  (75 m l.) is p laced  in  th e  re ac tio n  flask  
(F ig u re  1), w hich  is su r ro u n d e d  b y  a  so lid  c a rb o n  d io x id e -  
ch lo ro fo rm -c a rb o n  te tra c h lo r id e  b a th . T o  th e  liq u id  a m m o n ia  
is  a d d e d  slo w ly  a  so lu tio n  of 20 m l. o f  su lfu ry l ch lo rid e

T h e  sy n th e s is  o f  su lfa m id e  h as  
b een  effected  b y  co n d en sin g  s u l
fu ry l ch lor id e  w ith  a m m o n ia  in  
b o th  g lass a p p aratu s a n d  a n  
au to c la v e  o n  a  lab ora tory  sca le . 
Y ield s as h ig h  as 86 per c e n t  have  
b een  o b ta in ed  in  th e se  s tu d ie s .  
Lowr te m p era tu re , v igorou s a g i
ta t io n , an d  a d ilu e n t  favor in 
creased  y ie ld s o f  th e  su lfa m id e  
a n d  corresp on d in g ly  d ecreased  
a m o u n ts  o f  th e  im id o su lfa m id e s . 
M e th y l a c e ta te  an d  a c e to n e  are  
sa tis fa c to ry  so lv en ts  for th e  ex 
tr a c tio n  an d  p u rifica tio n  o f  th e  
su lfa m id e .

F ig u re  1 .  G la ss  A p p a ra tu s
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in  210 m l. o f d ry  p e tro le u m  e th e r .  D u r in g  th e  in tro d u c tio n  
o f th e  la t te r ,  th e  re a c tio n  m ix tu re  is  s t i r r e d  v ig o ro u s ly  
(1000 r .  p . m .) , a n d  th e  r e a c ta n t  is  a d d e d  a t  su ch  a  r a te  t h a t  
th e re  is  a  s l ig h t m is t  in  th e  lo w er p a r t  o f  th e  co n d en ser. 
T h e  a d d it io n  re q u ire s  fro m  20 to  40  m in u te s . T h e  coo ling  
b a th  is  th e n  re m o v e d , a n d  th e  excess a m m o n ia  is  a llo w ed  
to  d is til l  off. T h e  re s id u a l in e r t  d i lu e n t  is  d e c a n te d . T h e  
la s t  t r a c e s  o f th e  a m m o n ia  a n d  of th e  d i lu e n t  a re  re m o v e d  fro m  
th e  p ro d u c t  b y  w a rm in g  u n d e r  v a c u u m . T h e  d ry ,  w h ite , 
so lid  re s id u e  is  e x tra c te d  fo r 2  o r  m o re  h o u rs  in  a  S o x h le t 
e x tr a c to r  w ith  m e th y l  a c e ta te .  T h e  e x tr a c t  is  e v a p o ra te d

T a b l e  I. C r u d e  Y i e l d s  o f  S u l f a m i d e  O b t a i n e d  i n  G l a s s  
A p p a r a t u s  f r o m  75 M l .  o f  A m m o n ia  a n d  20 M l .  o f  S u l f u r y l

Expt. No. of

C h l o r id e

% ,No. Runs Diluent® Yield
1 6 80 ml. p. e. (petroleum ether)

80 ml. p. e. -f  NajCOi (or CaCOi) added slowly
51-64

2 4 47-70
3 8 80 ml. p. e. 4- 1-18 grams Filter-Cel in 120 ml. p. e. 38-77
4 5 200 ml. p. e. 64-81
5 1 80 ml. n-heptane 66
6 2 80 ml. chloroform 51-55
7 2 80 ml. CCh 55-62
8 3 N o diluent 28-38
9 5 60-20 ml. p. e. 

100-210  ml. p. e.
34 60

10 6 52-74
11 3 80 ml. p. e., stirring rate decreased to 450 r. p. m. 43-63
12 7 80 ml. p. e., stirring rate increased to as much as 1750

r. p. m. 56-87

° All runs made at temperature of chloroform-CCh-COs bath. Unless 
otherwise indicated, the stirring rate was 1000 r. p. m. Numerous additional 
preliminary runs were made, but the results are not included.

u n d e r  v a c u u m  o n  a  s te a m  b a th ,  a n d  th e  re s id u e  is  a llow ed  
to  c ry s ta lliz e . T h e  p ro d u c t  is  g ro u n d  u p , d r ie d  u n d e r  re 
d u c e d  p re ssu re , a n d  re c ry s ta ll iz e d  fro m  w a te r . T h e  su lf- 
a m id e  th u s  o b ta in e d  is  a  w h ite  so lid  w h ich  m e lts  a t  9 1 -9 3 °  C .

T h e  y ie ld  m a y  b e  in c re ased  (10 to  15 p e r  c e n t)  b y  d isso lv in g  
th e  re a c tio n  m ix tu re  in  w a te r  b e fo re  e x tra c t io n , a c id ify in g , 
a llo w in g  th e  so lu tio n  to  s ta n d  a  w eek  a t  ro o m  te m p e ra tu re ,  
e v a p o ra tin g  to  d ry n e ss  o n  a  s te a m  b a th  u n d e r  d im in ish e d  
p re ssu re , a n d  e x tra c t in g  th e  re s id u e . T h is  in c re a sed  y ie ld  
is  a  co n seq u en ce  of th e  fa c t  t h a t  th e  im id o su lfa m id e s  a re  
h y d ro ly z e d  to  g iv e  o n e  e q u iv a le n t  o f su lfa m id e  a n d  o n e  o r 
m o re  e q u iv a le n ts  o f su lfa m ic  a c id  (1, 4 , 5).

A ceto n e , e th y l  a c e ta te ,  e th y l  m e th y l  k e to n e , o r  m e th y l  
a c e ta te  m a y  b e  u sed  fo r th e  e x tra c tio n . T h e  use  o f m e th y l  
a c e ta te  g iv es b o th  a  b e t t e r  q u a li ty  p ro d u c t  a n d  s lig h tly  
h ig h e r  y ie ld s.

I n e r t  so lid  d ilu e n ts  su c h  a s  F ilte r -C e l (T a b le  I ,  e x p e r im e n t 
3) a n d  b as ic  ch em ica ls  (e x p e r im e n t 2) to n e  d o w n  th e  v io lence  
o f th e  re a c tio n  w ith o u t  a p p re c ia b ly  a ffe c tin g  th e  y ie ld . 
A n  in e r t  so lv e n t lik ew ise  d ec reases  th e  v io lence  o f th e  re
a c tio n , b u t  th e  cho ice  o f th e  so lv e n t seem s re la tiv e ly  u n 
im p o r ta n t  (T a b le  I ) .  E ffic ie n t a g ita tio n  p re v e n ts  loca lized  
o v e rh e a tin g .

S u lfa m id e  s ta r t s  to  d eco m p o se  a t  a b o u t  9 0 ° C . T h e  use  of 
a  d ilu e n t, e ffic ien t a g ita tio n , a n d  a  low  te m p e ra tu re  a ll te n d  
to  p re v e n t  loca lized  o v e rh e a tin g . T h is , in  tu r n ,  p re v e n ts  
th e  d e co m p o sitio n  o f th e  su lfa m id e  in situ a n d /o r  i t s  con
d e n sa tio n  to  g iv e  im id o su lfa m id e s .

AUTOCLAVE SY N T H E SIS

I n  o rd e r  to  o p e ra te  o n  a  la rg e r  sca le , a n d  to  m a k e  a  f u r th e r  
s tu d y  of th e  e ffec t o f th e  v a r ia b le s  o n  th e  re a c tio n , ex
p e r im e n ts  w ere  c a rr ie d  o u t  in  a  s t i r re d  ja c k e te d  a u to c la v e  
w ith  a  d isc h arg e  v a lv e  a t  th e  b o tto m  a n d  a  re se rv o ir  a t  t h e . 
to p  to  h o ld  th e  su lfu ry l c h lo rid e . F ig u re  2  is a  d e ta i l  d ra w 
in g  o f th e  a u to c la v e , o n e -s ix th  a c tu a l  size. T h e  a u to c la v e  
w as f i t te d  w ith  a  g a s  re lease  v a lv e , sa fe ty  d isk , p re ssu re  g age,

a n d  th e rm o m e te r  w ell. T h e  su lfu ry l c h lo rid e  re se rv o ir  w as 
c o n n ec te d  to  a  c y lin d e r o f n itro g e n . T h e  in le t  tu b e  fo r  th e  
su lfu ry l c h lo rid e  w as f i t te d  w ith  a  n ip p le  o f '/g - in c h  p ip e  a n d  
a  cap . T h e  use  o f c a p s  w ith  d iffe re n t size  h o les  d e te rm in e d  
th e  size o f th e  in le t  j e t .

T h e  ja c k e t  w as h a lf  filled w ith  c a rb o n  te tra c h lo r id e -e h lo ro -  
fo rm  m ix tu re  a n d  ch illed  w ith  so lid  c a rb o n  d io x id e . T h e n  
400 m l. o f l iq u id  a m m o n ia  w ere  d ra w n  d ire c tly  fro m  th e  
c y lin d e r  in to  th e  re a c tio n  c h a m b e r  a n d  a llow ed  to  cool. T h e  
to p  o f th e  a u to c la v e  w as low ered  a n d  b o lte d  d o w n . E ig h ty -  
o n e  m l. (1  m o le) o f su lfu ry l ch lo rid e , d isso lv ed  in  2 10  m l. o f 
p e tro le u m  e th e r , w ere th e n  p lac ed  in  th e  re se rv o ir  th ro u g h  
th e  m a le  e n d  o f th e  u n io n . T h e  u n io n  w as c o n n ec te d  to  th e  
n itro g e n  c y lin d e r  a n d  th e  p re ssu re  a d ju s te d  to  300 p o u n d s  
p e r  sq u a re  in c h . I n  ru n s  m a d e  a t  0 °  C . o r  a b o v e , th e  cooling  
w a s  e ffec ted  b y  ice o r a n  ice -sa lt m ix tu re . T h e  s t i r r e r  w as 
s ta r te d  a n d  th e  su lfu ry l c h lo rid e  m ix tu re  a llow ed  to  flow in  
a t  a  r a te  t h a t  m a in ta in e d  th e  te m p e ra tu re  in  th e  d esired  
ra n g e . T h e  coo ling  b a th  w as a lso  s t i r re d  d u r in g  th e  e n tire  
ru n .

W h en  a ll o f th e  su lfu ry l ch lo rid e  h a d  b e en  a d d e d , s t i r r in g  
w as c o n tin u e d  u n t i l  th e  m ix tu re  h a d  w arm ed  u p  to  0 -1 0 °  C . 
T h e  b o t to m  v a lv e  w as th e n  o p en ed  slow ly  to  t ra n s fe r  th e  
so lu tio n  to  a  500-m l. flask . T h e  so lu tio n , s lig h tly  co lored  
b y  iro n  sa lts ,  w as w a rm ed  u n d e r  re d u ce d  p re ssu re  o n  a  s te a m  
b a th  to  rem o v e  th e  excess a m m o n ia . T h e  re s id u e  w as g ro u n d  
a n d  th e n  e x tra c te d  fo r 2 h o u rs  in  a  S o x h le t e x tra c to r  w ith  
m e th y l  a c e ta te .  A f te r  re m o v a l o f th e  so lv e n t fro m  th e  
e x tra c t ,  th e  re s id u e  w as d isso lv ed  in  200 m l. o f w a te r , h e a te d , 
f ilte red , ac id ified , a n d  a llow ed  to  s ta n d  a  w eek . T h e  so lu tio n  
w as th e n  e v a p o ra te d  to  d ry n e ss  u n d e r  v a c u u m  o n  a  s te a m  
cone. T h e  d r y  so lid  w as re -e x tra c te d , th e  so lv e n t re m o v e d , 
a n d  th e  re s id u e  a llow ed  to  so lid ify . T h e  so lid  w as  th e n  
g ro u n d  to  a  p o w d er, d r ie d  in  a  d e s icc a to r  o v e r su lfu ric  ac id , 
a n d  w eighed  (T a b le  I I ) .

T a b l e  I I .  C r u d e  Y i e l d s  o f  S u l f a m i d e  O b t a i n e d  i n  a n  
A u t o c l a v e  f r o m  400 M l .  o f  L i q u i d  A m m o n ia  a n d  81 M l .  o f  

S u l f u r y l  C h l o r i d e

Expt.
No.

No. of 
Runs

Jet,
Inch Temp., ° C. % Yield

1 8 0.0625 0  to 25 40 to 63
2 2 0.0625 - 1 5  to - 1 8 56 to 61
3 2 0.0625 - 4 2  to - 4 5 66 to 70
4 6 0 .0325 18 to 25 52 to 68
5 6 0 .0325 - 1 5  to 10 50 to 77
6 4 0.0325 — 42 to - 4 0 78 to 86
7 4 0.0177 0 to 20 50 to 69
8 4 0.0177 — 40 to - 2 0 74 to 77
9 4 0.0097 0 to 20 57 to 61

10 4 0.0097 — 45 to - 2 0 70 to 75

N o  a p p re c ia b le  co rro s iv e  effec t o f th e  r e a c ta n ts  a n d  
p ro d u c ts  o n  th e  re a c tio n  c h a m b e r  w a s  o b se rv ed . T h e  
tec h n ic a l su lfa m id e  th u s  o b ta in e d  m a y  b e  deco lo rized , w h en  
n e ce ssa ry , w ith  a c t iv a te d  c a rb o n .
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O IL  B A TH

PR ESSU R E
C E L L VISCOM ETER TUBE

INSULATED
ELECTRO DE

F ig u r e  1 .  V isc o m e te r  C e ll A sse m b ly

IN  R E C E N T  y e a rs  th e re  h a s  b een  a n  in crease  o f in te re s t  
in th e  flow of l ig h t h y d ro c a rb o n  flu ids a t  re la tiv e ly  h igh  
p re ssu re s . C a lc u la tio n  of th e  e n e rg y  losses in  th e  flow of 

flu ids re q u ire s  a  k n o w ledge  of th e  v isc o s ity  o f th e  flu id s a t  
th e  p re ssu re s  a n d  te m p e ra tu re s  in v o lv e d . A lth o u g h  th e  ef
fe c t o f p re ssu re  u p o n  th e  v isc o sity  o f sev e ra l p u re  pa raffin  
h y d ro c a rb o n s  h a s  b een  re p o rte d  b y  m a n y  in v e s tig a to rs , as 
lis ted  in  T a b le  I ,  th e re  a re  few  d a ta  o n  th e  effec t o f p re ssu re  
u p o n  th e  v isc o sity  o f lo w -m o lecu la r-w e ig h t h y d ro c a rb o n  
m ix tu re s , e sp ec ia lly  th o se  c o n ta in in g  m e th a n e . C o rre la tio n s  
b ased  u p o n  th e  v isc o sity  s tu d ie s  o f th e  p u re  h y d ro c a rb o n s  
a p p e a r  in a d e q u a te  w h en  ap p lie d  to  su c h  m ix tu re s .

T h e  effects o f p re ssu re , te m p e ra tu re ,  a n d  m o le c u la r w e ig h t 
u p o n  th e  v isc o s ity  o f l ig h t  h y d ro c a rb o n  flu id s a n d  th e  in 
fluence o f c r itic a l p re ssu re  a n d  te m p e ra tu re  u p o n  v isc o s ity  
can  b e s t  b e  d e te rm in e d  b y  s tu d y in g  th e se  v a r ia b le s  in  re la 
tio n  to  th e  v isc o s ity  o f a  lo w -m o lecu la r-w e ig h t b in a ry  sy s te m  
w hose c ritica l p ro p e rtie s  a n d  d e n s itie s  a re  k n o w n . T h e  
d e n sitie s  a n d  c r itic a l p ro p e rtie s  o f th e  m e th a n e -p ro p a n e  
sy s te m  w ere  re p o rte d  b y  Sage , L acey , a n d  S c h a a fsm a  (13), 
a n d  i ts  su rface  te n s io n  w as g iv en  b y  AVeinaug a n d  K a tz  (19). 
In  th e  p re se n t  in v e s tig a tio n  th e  v isc o s ity  o f m e th a n e , p ro 
p an e , a n d  fo u r o f th e ir  b in a ry  m ix tu re s  (20, 40, 60, a n d  80 
m ole  p e r  c e n t  m e th a n e )  w ere  e x p e rim e n ta lly  d e te rm in e d  a t  
p re ssu re s  fro m  400 to  5000 p o u n d s  p e r  sq u a re  in c h  a n d  te m 
p e ra tu re s  fro m  7 7 °  to  4 3 7 °  F .

APPARATUS

T h e  a p p a r a tu s  is a  
ro llin g -b a ll in c lin e d -tu b e  
v isco m e te r. I t  w as d e 
sig n ed  b y  H u b b a rd  a n d  
B ro w n  (9) fo llow ing  th e  
p r in c ip le  o f F lo w ers  (S). 
T h e y  m e a su re d  th e  v is 
c o s ity  o f p e n ta n e  a t  
p re ssu re s  u p  to  1000 
p o u n d s  p e r  sq u a re  in ch  
a n d  te m p e ra tu re s  to  
482° F .  T h e  desig n  w as 
m o d ified  s lig h tly  b y  
S m ith  a n d  B ro w n  (15), 
w ho o b ta in e d  th e  v is 
co s ity  -  p re ssu re  -  te m p e ra  - 
tu r e  re la tio n s  o f e th a n e  
a n d  p ro p a n e . T h is  a p 
p a r a tu s  d id  n o t  in c lu d e  
e q u ip m e n t n e ce ssa ry  fo r 
th e  in tro d u c tio n  o f m ix 
tu re s  in to  th e  v isc o m e te r 
cell. T h e  co m p o s itio n  of 
a  m ix tu re  is  m a in ta in e d  

u n ifo rm  b y  k e ep in g  th e  te m p e ra tu re s  a n d  p re ssu re s  su c h  t h a t  
i t  is  a lw ay s  p re s e n t  in  a  s ing le  p h ase .

T h e  v iscom eter cell consists o f a  p ressure  vessel closed a t  one 
end a n d  co n ta in ing  a  steel tu b e  show n in  F ig u re  1. T h is  tu b e  is 
10 inches long, drilled, ream ed, an d  polished to  an  inside d iam e te r 
of 0.3155 inch. T h e  tu b e  is closed by  caps a t  each  end , each 
cap being fitted  w ith  an  in su la ted  e lectrode. One cap  is drilled

T a b l e  I .  A v a i l a b l e  D a t a  o n  E f f e c t  o f  P r e s s u r e  u p o n  
V i s c o s i t y  o f  L i g h t  H y d r o c a r b o n s

Fluid Studied
M ethane
Ethane
Propane
Propane
n-Butane
Isobutane
n-Pentane
n-Pentane
Isopentane
n-Hexane
n-Octane
n-Decane
n-Hexane-n-decane

mixt.
Lean natural gas 
Rich natural gas 
Lean natural gas

Investigator
Citation

No.
Sage and Lacey (.12)

(16)Smith and Brown

Sage and Lacey (11)
(14)Sage, Y ale, and

Lacey 
Hubbard and Brown (9)
Bridgman (S)

Dow (7)

Sage and Lacey (12)

Berwald and John (2)
son

Temp. Highest
Range, Pressure

° F. L b ./S q . In.
100-220 2,500

59-392 5,000
70-374 5,000

100-220 2,000
100-220 2,000
100-220 2,000

77-482 1,000
86-167 171,000
86-167 171,000
86-167 171,000
86-167 142,000
86-167 85,000

86-167 57,000
100-200 3,000
160-200 2,000

60 500
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T h e  v isco s itie s  o f  m e th a n e , p rop an e, anti fou r o f  th e ir  b in a ry  m ix tu res  (20, 40 , 
60, 80 m o le  per c e n t  m e th a n e )  h a v e  b een  d e term in ed  w ith  a n  average error o f  
3.2 per cent, a t  e ig h t  p ressu res (400 to  5000 p o u n d s per sq u are  in ch ) a t  ea ch  o f  
five tem p era tu res  (77° to  437° F .) in  a r o llin g -b a ll in c lin e d -tu b e  v isco m eter . 
T h e se  d a ta  are correla ted  b y  th e  th ree  variab les, m o lecu la r  w e ig h t, p seu d ore-  
d u ccd  tem p era tu re , a n d  p seu d o red u ced  p ressu re , w ith  a n  average d ev ia tio n  o f  
2.9 per c e n t. T h is  co rre la tio n  m a y  b e  u sed  to  o b ta in  th e  v isco s ity  o f  a n y  lig h t  
p araffin  h yd rocarb on  or h yd rocarb on  m ix tu re  w ith  a n  average error o f  a b o u t
3.5 per cen t.

for com m unication  w ith  th e  pressure  vessel. T h e  v iscosity  is 
d e term ined  b y  e lectrically  m easuring  th e  tim e required  for a  
steel ba ll 0.3125 inch  in d iam ete r to  roll 6.413 inches w hen th e  
tu b e  is a t  an  angle of 7°  34'.. T h e  d en sity  of th e  steel ball is 
7.758 gram s p e r cc. T h e  tim e of roll is m easured  by  chrono- 
scopes w hich a re  accen tu a ted  when th e  ba ll is n o t  in c o n ta c t w ith  
e ith e r of th e  electrodes in th e  v iscom eter tub e . T hese  electrodes 
a re  electrically  connected  b y  a  w ire ru nn ing  th ro u g h  a  sm all glass 
tu b e  f itted  in a  groove in th e  sleeve betw een th e  v iscom eter tu b e  
a n d  th e  pressure  cell. O utside co n tac t is m ade th ro u g h  th e  in 
su la ted  electrode in  th e  closure h ead  of th e  pressure vessel.

T h e  v iscom eter cell is m o u n ted  to  ro ta te  on  tru n n io n s w hich 
ex tend  th ro u g h  th e  walls o f a n  oil b a th . On one o f th e  tru n n io n s 
is a tta c h e d  a  device to  m easure  th e  angle of inclination  of th e  
v iscom eter tu b e . T h e  oil b a th  is equ ipped  w ith  a  m ercury-in - 
glass th erm o reg u la to r. E lectrica l h ea tin g  e lem ents supp ly  th e  
h e a t fo r e levated  tem p era tu res ; a  copper coil th ro u g h  w hich 
passes re frigerated  b rine  is used  for th e  77° F . m easurem ents 
when necessary . T em p era tu res  u p  to  230° F . a re  read  on  a  cali
b ra te d  th e rm o m ete r w ith  0 .1° C . div isions; tem p era tu res  u p  to  
437° F . are  read  on a  calib ra ted  th e rm o m ete r w ith  1° F . div i
sions.

T h e  v iscom eter cell is connected  to  a  325-cc. charging cell (4  
in F igure  2) by  a  Vs-inch annealed  steel tu b e  w hich is coiled 
a b o u t th e  tru n n io n  of th e  v iscom eter cell. A filter in th is  line 
consists of a  sm all steel tu b e  con tain ing  asbestos fibers. T h is 
filter keeps sm all particles such as ru s t  a n d  th e  like from  e n te r
ing th e  v iscom eter cell and  in terfering  w ith  th e  roll o f th e  ball. 
V ery fine screens a t  each end of th e  filter p rev en t th e  asbestos 
fibers from  leaving th e  filter.

T h e  fluid in  th e  viscom eter cell is in  c o n ta c t w ith  m ercury  in 
charging cell A. T h e  pressure in  A, an d  hence th e  pressure in 
th e  v iscom eter tu b e , is regu la ted  by  th e  q u a n tity  of m ercury

Eum ped in to  th a t  cell. T h is  pressure  is ind ica ted  on  th e  call- 
ra te d  B o urdon-tube  pressure gages, E a n d  G. T h e  to p  of 

charg ing  cell A is so designed th a t  a  buzzer will sound  w hen the  
m ercury  level in th e  cell is n ear th e  to p , to  e lim inate  th e  possi
b ility  o f acc iden tally  p um ping  th e  m ercu ry  over in to  th e  viscom 
e te r  cell. As fine pressure  ad ju s tm e n t is ra th e r  difficult w ith  th e  
m ercu ry  p lunger pum p, a  h y d rau lic  screw pu m p  is used to  m ake 
sm all ad ju s tm en ts  in th e  pressure.

Cell B con ta ins pu re  m ethane, cell C con ta ins pu re  p ropane, 
an d  th e  m ix tu re  is m ade  u p  in  cell D. M eth an e  is p um ped  in to  
D u n til th e  desired  n u m b er o f m oles is o b tained  a t  th e  pressure,

F ig u r e  2 . P re ssu re  a n d  
M ix in g  S y s te m

V o l. o f  C e ll« , C o . 
A  ( c h a rg in g ) , 325 
B  (m e th a n e ) , 200 
C  (p ro p a n e ) , 125 
D  (m ix in g ) , 125

G a g e s ,  
L b ./ S q .  I n .

E,, 1000
F ,  3000
G ,  5000

——  V s - in c h  s te e l tu b in g .

-  -  C o n n e c t in g  l in e s  to  D ,  
c o ile d  a t  b a c k  to  e n a b le  
D  to  be ro c k e d .

—— H e a t in g  c ir c u it *  C h a r g 
in g  c e l l  A  is  co v ered  w ith  
la y e r  o f  a sb e sto s  p a p e r ,  
a r o u n d  w h ic h  is  w ra p p e d  
N o . 24 C h r o m e l A  w ire  a n d  
t h e n  tw o  la y e r s  o f  a sb e s to s . 
T h e  c o n n e c t in g  l in e s  f ro m  
th e  v isc o m e te r  tu b e  to  c e l l  
A  to  c e l l  D  a re  w ra p p e d  w ith  
N o . 24 C h r o m e l A  w ir e  in  
a sb e s to s  tu b in g .

TO NITROGEN 
CYLINDER AND 
VACUUM PUMP
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T a b l e  I I .  V i s c o s i t y  o p  2 0  P e r  C e n t  M e t h a n e - 8 0  P e r  C e n t  P r o p a n e
M ix t u r e

Fluid Ball - Abs.
Abs. Observed D ensity, Fluid, . Viscosity,

/—Temp.—' Pressure, Roll Time, p. P» — P . 0 J P i Z f P_ Poises
0 F. * C. Lb./Sq. In. 0, Sec. G ./C c. G ./C c. i p rjO X 10»

Na Calibration0 (Clean Tube)
77 25 14.7 7 .4 4 0.00111 7.757 621 0.847 176.4

167 75 515 9 .65 0.0343 7 .7 2 144.8 17.3 205 .0
3055 16.34 0.1837 7.57 105.0 4 6 .5 241.5
1015 11.33 0.0665 7 .6 9 121.8 2 7 .8 210 .8
515 9.61 0.0343 7 .7 2 144.1 17.4 205 .0
214 8 .62 0.0143 7 .74 200.5 8.21 202.2
114 8 .3 5 0.00758 7.75 267.0 4 .5 2 201 .2

14.7 8 .16 0.00098 7 .7 6 726 .0 0 .605 198.4
14.7 8.17 0.00098 7 .76 726 .0 0.605 198.4

20% CKU-80% Calls D ata (First Mixture)
167 75 264 6.68 0.0305 7 .7 3 106.2 42 .5 107.5

414 8.10 0.052 7.71 98 .6 54 .0 118.8

257 125 414 7 .73 0.039 7 .72 108.7 39 .2 128
2069 21 .95 0.306 7 .4 5 108.3 39 .5 353
1571 18.53 0.252 7.51 101.2 49 .9 273
1281 15.72 0.205 7.55 95 .4 59 .8 218
1015 12.79 0.135 7 .62 96 .0 59 .2 178
718 10.03 0.076 7 .68 100.8 50 .1 151

5008 31 .38 0.406 7 .3 5 133.2 21 .1 613
4039 29.10 0.389 7 .37 126.5 24 .9 537
3055 26.04 0.362 7 .40 117.8 30 .3 458
2069 22 .02 0.306 7 .45 108.8 39.1 355

167 75 3055 33 .56 0.4318 7 .3 3 138.2 19.0 677
5008 39 .14 0.4550 7 .30 157.0 14.0 830
4039 36 .75 0.4452 7.31 149.0 15 .8 767
3055 33 .55 0.4318 7 .33 138.2 19.0 677
2058 29.81 0.3960 7 .3 6 128.6 23 .2 572
1561 27 .50 0.365 7 .3 9 123.8 26.1 504
1281 25 .76 0.3435 7 .4 2 119.8 28 .6 466
915 21 .42 0.2888 7 .47 109.0 38 .3 351

77 25 2058 41 .80 0.478 7 .2 8 163.0 12 .7 899
5008 51.71 0.5055 7 .2 5 196.0 8 .6 7 1129
4035 48.61 0.4992 7.26 185.5 9 .6 8 1060
3045 45 .26 0.4906 7.27 174.2 11.0 985
2058 41.81 0.478 7 .2 8 163.0 12.7 899
1561 39.84 0.4660 7 .29 157.6 13 .7 853
1015 37 .47 0.4205 7 .34 156.8 14.0 801

Na Calibration0
77 25 1015 11.44 0.080 7 .6 8 112.0 35 .5 191.5

214 8 .05 0.0170 7 .74 169.8 11.73 180.0
114 7.64 0.0095 7 .7 5 218.0 6 .96 178.8

14.7 7 .37 0.00111 7 .76 616.0 0 .853 176.4
257 125 14.7 8 .81 0.00085 7 .7 6 836 .0 0 .445 218 .0

20% CH4-80% C*Hb D ata (Second Mixture)
257 125 414 7 .66 0.039 7 .7 2 107.8 40 .0 127

3055 26 .10 0.362 7.40 117.8 30 .2 459
1571 18.50 0.252 7 .51 101.0 50 .1 272

347 175 2058 17.24 0.2208 7 .5 4 100.8 51 .3 250
1561 14.36 0.164 7 .5 9 9 7 .7 56.1 204
1015 11.11 0.0935 7 .67 100.5 51 .6 163
714 9.31 0.060 7 .7 0 105.3 44 .1 146
414 7 .5 3 0.0323 7 .73 116.4 3 2 .6 132

5008 26 .65 0.365 7 .3 9 120.0 2 9 .7 461
4035 24.35 0.3395 7 .42 113.9 34 .7 402
3045 21.37 0.300 7 .4 6 106.3 4 3 .2 325
2058 17.19 0.2208 7 .54 100.3 51 .8 248

437 225 3055 18.67 0.2463 7 .51 103.2 4 7 .5 278
2069 15.03 0.1732 7 .5 8 99 .4 53 .8 216
1571 12.90 0.128 7 .6 3 99 .6 5 3 .5 186
1015 10.42 0.077 7 .68 104.0 4 6 .5 159

718 9 .05 0.0518 7 .71 110.3 3 9 .0 147
414 7 .55 0.0284 7 .7 3 124.5 27 .0 139

5008 23.67 0.3257 7 .43 113.1 3 5 .6 386
4039 21.42 0.293 7 .4 7 108.1 4 1 .3 331

■ 3055 18.65 0.2463 7.51 103.0 4 7 .9 276
Na Calibration0

437 225 14 .7 10.31 0.00068 7 .7 6 1115 0 .258 252 .8

a Viscosity values: Michels and Gibson (10), Trautz and Zink (17).

volum e, an d  tem p era tu re  involved. T h e  desired  n u m b er of 
m oles o f p ropane  a re  pum ped  in to  D from  cell C by  keep
ing th e  pressure on  C co n stan t an d  m easuring th e  volum e o f m er
cu ry  pum ped  in to  C. T h is rep resen ts th e  volum e of p ropane  
pum ped  in to  cell D a t  th a t  tem p era tu re  an d  pressure. D is 
equ ipped  for rocking to  provide th e  a g ita tio n  an d  m ixing neces
sa ry  to  assure thorough  m ixing of th e  m ethane  and  p ro p an e; th e  
re su lt is a  single-phase hom ogeneous m ix tu re  when th e  pressure 
is above th e  critica l locus 'fo r th a t  m ixture. T h e  com position  of 
th e  propane-rich  m ix tures is checked b y  de term in ing  th e  bubble 
p o in t o f th e  m ix tu re  in cell D. M ercury  is w ithd raw n  from  D, 
an d  th e  decrease in pressure is n o ted . T h e  in te rsection  of tw o 
s tra ig h t lines w hen pressure is p lo tte d  ag a in st volum e of m ercury  
w ithd raw n  gives th e  bubble  po in t.

A m ix tu re  is charged in to  th e  v iscom eter cell 
in a  single phase an d  is never p e rm itted  to  go in to  
tw o phases so th a t  th e  com position  o f th e  m ix
tu re  will rem ain  uniform . T h e  m ix ture  in  cell 
D is k e p t in a  single phase by  m ain ta in in g  th e  
pressure  of th e  m ix ture  in th a t  cell above its 
bubble  p o in t pressure. T h e  ev acu ated  system  
is filled w ith  th e  m ix ture  th rough  the  slightly  
opened m ixing cell valve a t  a  pressure below th e  
dew p o in t pressure of th e  fluid. T h e  fluid is 
therefore  still in a  single phase. T h e  system  is 
filled w ith  th e  fluid an d  ev acu ated  several tim es 
to  reduce th e  im purities to  a  negligible am o u n t. 
W hen increasing th e  pressure o f th e  m ix ture  to  a  
pressure above its bubble  p o in t w ith o u t going 
th ro u g h  th e  tw o-phase region, th e  viscom eter 
tub e , charging cell A, and  connecting  lines are 
hea ted  to  a  tem p era tu re , above th e  critical locus 
of th e  m ixture, a t  w hich th e  p ressure  on th e  fluid 
can be increased w ith o u t going th ro u g h  th e  tw o- 
phase  region.

T h e  m ethane  an d  p ropane  used were supplied  
th ro u g h  th e  courtesy  o f th e  Phillips Petro leum  
C om pany . T h e  m ethane, g u a ran teed  to  have  a 
p u rity  of 99.0 pe r cen t and  a  ty p ica l p u rity  of 
99.3 per cen t, was passed  th ro u g h  a  calcium  
chloride tu b e  in th e  supp ly  line to  rem ove any  
traces o f m oisture . T h e  p ropane was a  c. p. 
p ro d u c t g u a ran teed  to  hav e  a  p u rity  o f 99.9 
per cent.

DETERM INATION O F ABSOLUTE V ISC O SITIES

T h e  b a ll ro ll t im e s  a s  m e a su re d  a re  o n ly  
re la tiv e , a n d  th e  in s t ru m e n t  m u s t  b e  cali
b r a te d  b y  m e a su rin g  ro ll t im e s  of flu ids of 
k n o w n  v isco sitie s . C a lib ra tio n  cu rv es  a re  
d ra w n  a s  su g g e ste d  b y  S m ith  a n d  B ro w n  {15) ;  
0 V ( P .  —  p )  I p  is p lo t te d  a g a in s t  th e  R e y n o ld s  
n u m b e r , p / 170, in  w h ich  0 is  th e  ro ll tim e , p, 
is  th e  d e n s i ty  o f th e  b a ll, p is th e  d e n s i ty  of 
th e  flu id , a n d  17 is  th e  a b so lu te  v isc o s ity  of 
th e  flu id . T h e  c u rv e  is  o b ta in e d  b y  m ea su rin g  
th e  ro ll t im e s  of flu ids o f k n o w n  v isco sitie s  a t  
v a r io u s  te m p e ra tu re s  a n d  p re ssu re s , a n d  is 
u sed  to  c o m p u te  th e  v isco sitie s  o f o th e r  flu ids 
fro m  th e i r  m e a su re d  ro ll t im e s  and . d en si
tie s .

T h e  c a lib ra tio n  cu rv e  is  a  s t r a ig h t  lin e  w ith  
a  s lope  o f —0.50  o n  a  log-log p lo t w h en  th e  
flow is  in  th e  v isco u s reg io n . T h is  lin e  is n o  
lo n g er s t r a ig h t  w h e re  th e  flow is  ch an g in g  
from  v isco u s  to  tu r b u le n t ,  b u t  cu rv es  u n til  
i t  reach es  a  slope  o f —0.30  in  th e  tu r b u le n t  
reg ion . S m ith  a n d  B ro w n  {15) sh o w ed  t h a t  
th e  c a lib ra tio n  c u rv e  is  in d e p e n d e n t  o f th e  
flu id  u sed . N o  c o rre c tio n s  a re  n e ce ssa ry  fo r 
th e  v a ry in g  v e lo c ity  o f th e  b a ll b e fo re  i t  
re ac h es  th e  te rm in a l  v e lo c ity , a s  th e y  w ould  
b e  neg lig ib le  fo r ro ll t im e s  g re a te r  th a n  5 
seco n d s. C o rre c tio n s  fo r ro llin g  le n g th  o r 
a n g le  o f in c lin a tio n  n eed  n o t  b e  m a d e  s ince  
th e s e  v a lu e s  w ere  k e p t  c o n s ta n t  fo r c a l ib ra 
tio n s  a n d  m e a su re m e n ts .

T e m p e ra tu re  sh o u ld  h a v e  o n ly  a  sm a ll effec t u p o n  th e  cali
b ra t io n  o f th e  in s tru m e n t,  a s  b o th  th e  b a ll a n d  th e  tu b e  a re  
m a d e  of n e a r ly  th e  sa m e  m a te ria l.  B u t  o w ing  to  th e  d iffe ren t 
coefficien ts o f e x p an s io n  of th e  fib er e n d  p ieces a n d  th e  s tee l 
tu b e ,  a n d  th e  loss o f th e  resilien ce  of th e  tu b e  g a sk e ts  a t  h ig h  
te m p e ra tu re s ,  a  s l ig h t in te rn a l  le a k ag e  of flu id  a ro u n d  th e  
v isc o m e te r  tu b e  g iv es fa s te r  ro ll t im e s  u p o n  coo ling . T h e re 
fore, th e  in s t ru m e n t  is  c a l ib ra te d  a t  v a r io u s  te m p e ra tu re s  
a n d  a t  b o th  th e  in itia l  a n d  fin a l te m p e ra tu re s  o f  e v e ry  ru n .

D r y  co m m erc ia l n itro g e n  is  th e  c a l ib ra t in g  flu id , s in ce  n i
tro g e n  is  re a d ily  a v a ila b le  a n d  d a ta  ta k e n  w ith  n itro g e n  c o v er
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F ig u r e  3 .  C a lib ra tio n  C u rve s fo r 20 P e r C e n t  M e th a n e -  
80 P er C e n t P ro p an e

in c reased  to  2 5 7 °  F .,  w h ere  
th e  m ix tu re  c an  ex is t o n ly  
in  a  s ing le  p h a se , a n d  re a d 
in g s  w ere  ta k e n  o v e r th e  en 
t ir e  p re ssu re  ra n g e . T h e  
m ix tu re  w as k e p t  in  a  single  
p h a se  w h en  coo ling  to  167° 
a n d  th e n  to  77 0 F .  b y  k eep 
in g  th e  p re ssu re  a b o v e  th e  
c r itic a l lo cu s o f th e  m ix 
tu r e ;  h ig h -p ressu re  re a d 
in g s  w ere  ta k e n  a t  b o th  
te m p e ra tu re s . T h e  m ix tu re  
w as d isca rd ed , a n d  th e  in 
s t ru m e n t  w as c a lib ra te d  
w ith  n itro g e n  a t  7 7 °  a n d  
th e n  a t  2 5 7 °  F .  A  new  20 
p e r  c e n t m ix tu re  w as ch arg ed  
in to  th e  a p p a r a tu s  a t  th is  
te m p e ra tu re ,  a n d  re ad in g s  
w ere  ta k e n  a t  2 5 7 °  F .  a s  a  
ch eck  on  th e  m e th o d  o f co m -

th e  e n tire  c a lib ra tio n  ra n g e  re q u ire d .
T h e  v isco sitie s  a n d  d e n s itie s  o f n i tro 
g en  re p o rte d  b y  M ich els  a n d  G ib 
so n  {10) a re  u sed  fo r c a lib ra tin g  a t  
te m p e ra tu re s  u p  to  167° F . fo r p re s 
su re s  fro m  100 to  5000 p o u n d s  p e r  
sq u a re  in ch . A tm o sp h e ric  p re ssu re  
v isco sitie s  fo r te m p e ra tu re s  u p  to  
4 3 7 °  F . a re  o b ta in e d  fro m  th e  e x p eri
m e n ta l  d a ta  o f T r a u tz  a n d  Z in k  {17).

T h e  d e n s i ty  of m e th a n e  is ta k e n  
fro m  a  co m p re ss ib ility  fa c to r  p lo t 
re p o rte d  b y  B ro w n  a n d  H o lc o m b  {4).
D a ta  o f S age  a n d  L a c e y  {11) a re  
u sed  fo r lo w -te m p e ra tu re  p ro p a n e  
d e n s itie s ; h ig h - te m p e ra tu re  d en si
tie s  a re  ta k e n  fro m  th e  d a ta  o f 
B e a tt ie , K a y , a n d  K a m in s k y  {1).
T h e  lo w -te m p e ra tu re  d e n s itie s  o f th e  
m e th a n e -p ro p a n e  m ix tu re s  a re  ob 
ta in e d  fro m  Sage , L ac ey , a n d  
S c h a a fsm a  d a ta  {13) ;  th e  h ig h -te m 
p e ra tu re  d e n s itie s  a re  ta k e n  fro m  
c o m p re ss ib ility  fa c to r  p lo ts  o f e th a n e , 
n a tu ra l  gas, a n d  p ro p a n e  w ith  p seu d o 
re d u ce d  te m p e ra tu re  a n d  p re sssu re  
lin es {4). T h e  c o m p u te d  d e n sitie s  
o f e ach  m ix tu re  a re  p lo t te d  o n  a  
la rg e  sca le  a n d  c ro ss -p lo tte d  to  av o id  
e rro rs  in  e x tra p o la tio n .

TYPICAL CALCULATIONS

T h e  d e ta i ls  o f o n e  series  a re  
g iv en  to  i l lu s tra te  th e  m e th o d  of 
ta k in g  d a ta ,  c a lib ra tin g , a n d  co m - ■
p u t in g  a b so lu te  v isco sitie s . T a b le  I I  
c o n ta in s  th e  e x p e rim e n ta l a n d  d e 
r iv e d  d a ta  fo r th e  20 p e r  c e n t  m e th a n e -8 0  p e r  c e n t  p ro p a n e  
m ix tu re .

T h e  v isc o m e te r  tu b e  w a s  c lean ed , fu rn ish e d  w ith  n ew  g a s
k e ts , a n d  c losed  b e fo re  b e in g  c a l ib ra te d  w ith  n i tro g e n  a t  7 7 ° 
a n d  167° F . T h e  20  p e r  c e n t  m ix tu re  w as c h a rg e d  in to  th e  
in s t ru m e n t  a t  167° F .  a n d  lo w -p ressu re  re a d in g s  w ere  ta k e n  
a t  p re ssu re s  b e lo w  th e  d ew  p o in t.  T h e  te m p e ra tu re  w as th e n

T a b l e  III . S m o o t h e d  V i s c o s i t y  V a l u e s  o f  M e t h a n e  a n d  P r o p a n e  M i x t u r e s  in

z ■Ip amp.

M ic r o p o is e s

Pressure, L b./Sq. In. Abs. ■
° C . 1 4 .7 ° 400 700 1000 1500 2000 3000 4000 5000

77 25 110 119
M ethane 

127 137 160 182 223 256 279
167 75 125 133 139 145 159 175 207 236 261
257 125 140 147 152 157 165 176 199 226 248
347 175 154 158 162 166 174 183 201 219 235
437 225 167 170 174 178 183 189 202 213 225

77 25 102 117
80% CHv-20%  

129 142
C*H

169 199 258 308 351
167 75 116 125 132 142 161 182 222 258 288
257 125 130 135 140 149 160 174 202 230 253
347 175 144 148 151 155 162 174 196 220 241
437 225 157 160 162 165 172 181 196 218 239

77 25 95 108
60% CIU-40%  

6 6
CjH#

251 320 405 472 529
122 50 105 115 127 147 190 249 336 401 458
167 75 110 120 131 146 179 213 285 343 394
257 125 123 128 134 147 167 188 235 283 322
347 175 136 140 144 152 168 186 221 259 296
437 225 149 152 155 159 172 186 216 246 276

77 25 89 .9 b
40%  CHr-60%

b b
CaHs

462 534 636 717 789
167 75 104 120 142 164 222 298 406 493 570
257 125 117 126 137 153 180 218 299 367 428
347 175 130 135 142 152 177 202 262 319 374
437 225 142 144 147 152 172 196 241 285 320

77 25 85 b
20% CHr-80%  

763 799
CaHi

846 892 978 1056 1130
167 75 99 119 b 393 495 561 672 760 836
257 125 112 126 148 175 257 343 452 536 612
347 175 124 133 146 162 198 242 320 397 470
437 225 136 140 146 157 177 210 273 330 384

77 25 81 1033
Propane 

1080 1121 1186 1242 1343 1445 1540
167 75 95 520 597 654 723 777 879 972 1062
257 125 107 135 164 293 420 497 619 730 818
347 175 120 125 142 182 264 340 460 561 655
437 225 131 138 150 172 218 268 366 460 540

° D ata of Trautz and Sorg (16). b Two-phase region.

p u t in g  v isco s itie s  a n d  on  th e  m e th o d  of m a k in g  u p  m ix tu re s . 
T h e se  re a d in g s  ch eck  th o se  o f th e  f irs t  m ix tu re  w ith in  o n e  m ic ro 
po ise . F u r th e r  re ad in g s  w ere  ta k e n  a t  3 4 7 ° a n d  437 ° F . ,  a n d  th e  
in s t ru m e n t  w as c a l ib ra te d  w ith  n itro g e n  a t  4 3 7 °  F . b e fo re  cool
in g . T h e  v isc o s ity  o f n itro g e n  a t  th is  te m p e ra tu re  is  n o t  k n o w n  
a t  p re ssu re s  o th e r  t h a n  a tm o sp h e ric . T h is  g iv es a  c a lib ra tio n  
p o in t  h ig h  in  th e  v isco u s  reg io n  b u t  se rv es  to  fix th e  lo ca tio n
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a n d  th e  co rre sp o n d in g  v a lu e  of p /r/0 is re a d  fro m  th e  c a lib ra 
t io n  cu rv e  a t  t h a t  te m p e ra tu re .  T h e  a b so lu te  v isc o s ity , rj, is 
c a lc u la te d  b y  d iv id in g  p/0 b y  p/»)0.

T h e  e x p e rim e n ta l v isco sitie s  a re  p lo t te d  a g a in s t  p re ssu re  
w ith  lines o f c o n s ta n t  te m p e ra tu re  in  F ig u re  4. A  sim ila r

v isc o s ity  v a lu e s  fo r m e th a n e , p ro p a n e , a n d  th e  fo u r  m e th a n e -  
p ro p a n e  m ix tu re s  (20, 40, 60, 80  m o le  p e r  c e n t)  a t  te m p e ra 
tu re s  fro m  7 7 °  to  4 3 7 °  F . a n d  p re ssu re s  f ro m  400  to  5000 
p o u n d s  p e r  sq u a re  in ch  w ere  re a d  fro m  th e s e  p lo ts  a n d  a re  
lis te d  in  T a b le  I I I .  T h e  sm o o th e d  d a ta  a re  p lo t te d  a g a in s t

o f th e  4 3 7 °  F .  c a lib ra tio n  cu rv e . T h e  c a lib ra tio n  c u rv es  a re  
g iv en  in  F ig u re  3 ; th e  d ifferen ce  in  c u rv es  1 a n d  2  is  d u e  to  
th e  in te rn a l  c irc u la tio n  of th e  flu id  a t  th e  lo w er te m p e ra tu re s  
b u t  sh o u ld  n o t  in te r fe re  w ith  th e  a b so lu te  v isco sitie s  cor
re c t ly  c o m p u te d . T h e  v a lu e s  o f 0 -\/(p , — p) / p a re  ca lcu 
la te d  fro m  th e  m ea su re d  ro ll tim e s  a n d  th e  k n o w n  d e n sitie s ,

p ro c e d u re  w as fo llow ed  fo r m e th a n e  (F ig u re  4 ) , p ro p a n e , a n d  
th e  o th e r  m e th a n e -p ro p a n e  m ix tu re s , a n d  v isc o s ity -p re ssu re  
p lo ts  w ere  o b ta in e d . T h e  d e v ia tio n  of th e  e x p e r im e n ta l 
p o in ts  fro m  th e  sm o o th  c u rv es  is  u su a lly  n o t  so m u c h  a s  1 
m icropo ise , b u t  is u p  to  4  m ic ro p o ises  in  so m e cases fo r th e  
80 pe r c e n t  m e th a n e -2 0  p e r  c e n t  p ro p a n e  m ix tu re s . S m o o th e d
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e rro rs  in v o lv e d  in d ic a te s  t h a t  th e  c a lc u la te d  a b so lu te  v iscosi
tie s  sh o u ld  n o t  b e  in  e r ro r  b y  m o re  t h a n  3 .2  p e r  c e n t  b u t  cou ld  
h a v e  a  m a x im u m  in d iv id u a l e r ro r  o f 8.1 p e r  cen t.

D ire c t  co m p ariso n  of v isco sitie s  c an  b e  m a d e  w ith  th e  d a ta  
of S ag e  a n d  L a c e y  {11,12) on  m e th a n e  a n d  on  p ro p a n e  a n d  th e  
d a ta  o f  S m ith  a n d  B ro w n  {15) o n  p ro p a n e . T r a u tz  a n d  Sorg  
{16) m e a su re d  th e  v isco sitie s  o f m e th a n e -p ro p a n e  m ix tu re s  
a t  a tm o sp h e ric  p re ssu re .

T h e  m e th a n e  d a ta  o f S ag e  a n d  L a c e y  v a r y  fro m  t h a t  o f th is  
re se a rc h  b y  a  n u m erica l a v e ra g e  of 1.87 p e r  c e n t  (T a b le  IV ). 
T h e  p ro p a n e  v a lu e s  r e p o rte d  b y  S age  a n d  L a c e y  v a ry  fro m  
th o se  of th is  re se a rc h  b y  a  n u m e ric a l a v e ra g e  o f 2 .12  p e r  c e n t;  
th o se  re p o rte d  b y  S m ith , b y  7 .76  p e r  c e n t  (T a b le  V ) . S m ith 's  
v a lu e s  w ere  o b ta in e d  w ith  th e  a p p a r a tu s  u se d  in  th is  w o rk , 
b u t  n o  co rrec tio n s  w ere  m a d e  fo r th e  p o ss ib le  e ffec ts  o f te m 
p e ra tu re  o n  th e  c a lib ra tio n  o f th e  in s tru m e n t.

T a b l e  V . C o m p a r i s o n  o p  P r o p a n e  V i s c o s i t i e s  w i t i i  T h o s e  
R e p o r t e d  b y  S a g e  a n d  L a c e y  { 11 )  a n d  b y  S m i t h  

a n d  B r o w n  {15)

Viscosity, Micropoises
% D eviation from 

This Work
Temp., 

° F.
77

Pressure, This Sage & Smith & Sage & Smith 6s
L b./Sq . In. Abs. work Lacey Brown Lacey Brown

400 1033 1022 985 - 1.1 - 4 . 6
1000 1121 1094 1065 - 2 . 4 - 5 . 0
2000 1242 1189 1180 - 4 . 3 - 5 . 0
3000 1343 1280 - 4 . 7
5000 1540 1460 - 5 . 2

400 520 524 120 + 0 .8
1000 654 648 700 - 0 . 9 + 7 .0
2000 777 752 828 - 3 . 2 + 6 .6
3000 879 925 + 5 .2
5000 1062 1050 - 1.1

400 135 112 - 1 7 . 0
1000 293 244 - 1 6 . 7
2000 497 . . . 458 - 7 . 8
3000 619 .., 588 - 5 . 0
5000 818 . . . 753 - 7 . 9

400 125 123 - 1 .6
1000 182 162 - 11 .0
2000 340 300 - 11 .8
3000 460 . . . 405 - 12.0
5000 655 575 - 12.2

CORRELATION O F VISCO SITY

C o m in g s  a n d  E g ly  {5) p ro p o se  a  m e th o d  fo r d e te rm in in g  th e  
v isc o s ity  o f l ig h t  flu ids u n d e r  p re ssu re , b a se d  u p o n  th e  con
c e p t  o f c o rre sp o n d in g  s ta te s  w h ich  h a s  b e en  fo u n d  v e ry  s a tis 
fa c to ry  fo r  p re d ic tin g  th e  effec t o f p re ssu re  o n  th e  d e n s i ty  of 
l ig h t  h y d ro c a rb o n s  {4, 6, IS). T h e  v isc o s ity  r a t io  Tj/bfci in  
w h ich  t] is  th e  a b so lu te  v isc o s ity  a t  th e  d es ired  te m p e ra tu re  
a n d  7?; is  th e  v isc o s ity  a t  th e  sa m e  te m p e ra tu re  b u t  a t  a  p re s 

T a b l e  I V .  C o m p a r i s o n  o f  M e t h a n e  V i s c o s i t i e s  w i t h  
T h o s e  R e p o r t e d  b y  S a g e  a n d  L a c e y  {12)

Viscosity,
Micropoiscs

Temp., Pressure, This Sage and Per Cent
° F. L b./Sq. In. Abs. work Lacey Deviation
100 400 125 128 + 2 .4

1000 139 146 +  5 .0
1500 159 161 +  1.3
2000 179 174 - 2 .8
2500 197 186 - 5 . 6

160 400 134 135 + 0 . 7
1000 145 150 +  3 .4
1500 159 161 +  1 .3
2000 174 172 - 1 .2
2500 188 182 - 3 . 2

220 400 142 142 =fc0
1000 152 152 s*=0
1500 163 163 =i=0
2000 173 173 =*=0
2500 186 184 - 1.1

P SEU D O  R ED U C ED  P R E S S U R E

F ig u r e  6 . V isc o sity  o f  P a ra ffin  H y d ro ca rb o n s  
a t  H ig h -R e d u c e d  T e m p e ra tu re s  {above) a n d  a t  

L o w -R e d u c e d  T e m p e ra tu re s  {below )

te m p e ra tu re  in  F ig u re  5. B ro k e n  lin e s  in d ic a te  e x tra p o la te d  
p re ssu re s  u p  to  10,000 p o u n d s  p e r  sq u a re  in ch .

T h e  u n c e r ta in t ie s  in  th e  c a lc u la te d  v isco sitie s  o f th e  flu ids 
a re  cau sed  b y  u n c e r ta in t ie s  in  th e  p re ssu re , te m p e ra tu re ,  b a ll  
ro ll tim e , d e n s ity , c a lib ra tio n , a n d  co m p o s itio n  d e te rm in a 
tio n s . T h e  co m b in ed  effec t o f ex p ec te d  e r ro rs  in  p re ssu re , 
te m p e ra tu re ,  a n d  b a ll  ro ll t im e  re ad in g s  is  su c h  a s  to  cau se  
a n  a v e ra g e  e r ro r  o f 0.6 p e r  c e n t  in  th e  c a lc u la te d  v isc o s ity . 
T h e  d e n s i ty  d a ta  a s  re p o rte d  in  th e  l i te r a tu r e  a re  k n o w n  
w ith in  3 p e r  c e n t;  a n  e r ro r  o f  th is  m a g n itu d e  in tro d u c e s  a n  
e r ro r  o f n o t  m o re  th a n  0 .5  p e r  c e n t  in  th e  c a lc u la te d  v isco sity , 
a s  th e  flu id  d e n s i ty  a p p e a rs  in  b o th  th e  o rd in a te  a n d  ab sc issa  
o f th e  c a lib ra tio n  c u rv e . T h e  d ra w in g  .of th e  c a l ib ra t io n  c u rv e  
fro m  th e  d a ta  fo r  e a c h  te m p e ra tu re  sh o u ld  in tro d u c e  a n  e r ro r  
n o t  g re a te r  th a n  1.8  p e r  c e n t  in  th e  c a lc u la te d  v isc o sity . 
M e th a n e -p ro p a n e  m ix tu re s  co u ld  b e  re p ro d u c e d  w ith  a n  
a v e ra g e  e r ro r  in  v isc o s ity  o f 0 .5  p e r  c e n t. A  su m m a ry  o f th e
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su re  su ffic ien tly  low  so t h a t  i t  is  in d e p e n d e n t  o f te m p e ra tu re  
( ta k e n  a s  a tm o sp h e ric ) ,  is p lo tte d  a s  o rd in a te  a g a in s t  red u ced  
p re ssu re  PR fo r c o n s ta n t  v a lu e s  of re d u ce d  te m p e ra tu re  TR. 
B y  d e fin itio n  PR is th e  ra tio  o f a b so lu te  p re ssu re  to  c ritica l 
p re ssu re , P /P c, a n d  TR is th e  ra tio  o f a b so lu te  te m p e ra tu re  
to  c ritic a l te m p e ra tu re ,  T/Tc. T h is  c o rre la tio n  re p re se n ts  
t h e  d a ta  o f sev en  s in g le -c o m p o n en t flu id s w ith in  20 p e r  cen t.

S m ith  a n d  B ro w n  (15) a lso  su g g ested  a  m e th o d  of co rre la 
t io n  b a se d  u p o n  th e  c o n ce p t of c o rre sp o n d in g  s ta te s .  T h e  
r a tio  t | / V i i  in  w h ich  M  is  th e  m o lecu la r  w e ig h t, is p lo tte d  
a g a in s t  re d u ce d  p re ssu re  PR fo r c o n s ta n t  v a lu e s  o f TR. T h e  
c o rre la tio n  w as m a d e  o n  th e  v isc o s ity  d a ta  fo r th e  n o rm a l 
p a ra ffin  h y d ro c a rb o n s ; b u t  w hen  u sed  to  c a lc u la te  th e  v is
c o s ity  o f l ig h t h y d ro c a rb o n  m ix tu re s  u n d e r  p re ssu re , th e  e rro r 
is  u p  to  25 p e r  c e n t. T h e  p re se n t in v e s tig a tio n  in tro d u c es  
a  co rre c tio n  fa c to r  K  in to  th e  v isc o s ity  te rm , c o rre la tin g  i?/- 
K \f M  w ith  p se u d o red u c e d  te m p e ra tu re s  a n d  p se u d o red u c e d  
p re ssu re s . C o rre c tio n  fa c to r  K  is sh o w n  to  b e  a  fu n c tio n  of 
m o le c u la r w e ig h t a n d  is e q u a l to  u n i ty  fo r m o le c u la r  w e ig h ts  
g re a te r  th a n  32. F ig u re  6 p re se n ts  th e  p ro p o sed  c o rre la tio n ; 
t h e  v a lu e  of K  is o b ta in e d  fro m  th e  p lo t  o f K vs. M. F o r  
v a lu e s  o f p se u d o red u c e d  te m p e ra tu re  less th a n  1 .00, th is  
c o rre la tio n  is e sse n tia lly  t h a t  p ro p o sed  b y  S m ith  a n d  B ro w n .

T a b l e  V I. S u m m a r y  o p  C o m p a r is o n  b e t w e e n  C a l c u l a t e d  
a n d  E x p e r i m e n t a l  V i s c o s i t i e s

Points of -------- Deviation, %--------*
Gases Investigated Comparison Total Av. Max.

This work
Methane 10 +  20 .7 +  2 .07 +  7 .7

27 -  54 .8 - 2 . 0 3 -  4 .4
80% C114- 20% CjHs 24 +  95.4 +  3 .98 +  12.7

7 -  9 .8 - 1 . 4 0 -  4 .9
60% CHi-40%  CjII» 12 +  38 .9 + 3 .2 4 +  9 .8

14 -  55 .0 - 2 . 2 9 -  4 .8
40%  CH4-60% CjIIs 19 +  43 .4 +  2 .28 +  6.1

15 -  43 .6 - 2 . 9 0 -  6 .6
20% CH4-80% C*H* 13 +  31 .3 +  2 .40 +  9 .9

25 -  87 .6 - 3 . 5 0 - 1 3 . 0
Propane 25 +  91 .6 + 3 .6 6 +  17 .8

20 -  49 .4 - 2 . 4 7 -  8 .2

Sage & Lacey (12), methane 2 +  2 .6 +  1.30 +  1 .9
10 -  24 .6 - 2 . 4 6 -  5 .6

Sm ith & Brown (16), ethane G +  21 .9 + 3 .6 5 +  6 .9
6 -  2 6 .5 - 4 . 4 2 -  8 .0

Sage & Lacey (11), propane 9 +  29 .7 + 3 .3 0 +  5 .3
4 -  13.8 - 3 . 4 5 - 11.6

Sago, Y ale, Lacey (14) • n-butane 13 +  128.9 + 9 .9 2 +  19.1
4 -  3 .8 - 0 . 9 5 -  2 .3

Hubbard & Brown (9), Dow (7), 16 +  22 .8 +  1.43 +  3 .4
n-pentane 11 -  6 .9 - 0 . 6 3 -  3 .7

Summary of this work
Total positive deviation 103 + 3 2 1 .3 + 3 .1 2
Total negative deviation 108 - 3 0 0 .2 - 2 . 7 8
Numerical average 211 621.5 2 .94

Summary of all values
Total positive deviation 149 + 5 2 7 .2 + 3 .5 4
Total negative deviation 143 - 3 7 5 .8 - 2 . 6 3
Numerical average 292 903 .0 3 .09
Algebraic average 292 +  151.4 + 0 .5 2

A  su m m a ry  o f th e  c o m p ariso n  b e tw e e n  th e  v isco sitie s  cal
c u la te d  fro m  F ig u re  6 a n d  th e  sm o o th e d  e x p e rim e n ta l 
v a lu e s  o f th e  m e th a n e -p ro p a n e  sy s te m  (T a b le  I I I )  is  g iv en  
in  T a b le  V I . F o r  a  to ta l  o f 211 p o in ts  o f c o m p ariso n , th e  
a v e ra g e  d e v ia t io n  is 2 .94  p e r  c e n t. T a b le  V I  a lso  co m p ares 
th e  c a lc u la te d  v isco sitie s  o f th e  p a ra ffin  h y d ro c a rb o n s  th ro u g h  
p e n ta n e  a n d  th e  v a lu e s  r e p o rte d  in  th e  l i te r a tu re .  F ig u re  6 
re p re se n ts  th e  d a ta  o f th e se  in v e s tig a to rs  a n d  of th e  p re se n t 
re se a rc h  w ith  a n  a v e ra g e  d e v ia tio n  o f 3 .09 p e r  c e n t  (292 
p o in ts  of c o m p a riso n ), w h ich  is  w ith in  th e  e x p e rim e n ta l ac 
c u ra c y  c la im ed  b y  th e  in v e s tig a to rs . T h e  p o in ts  o f m ax i
m u m  e r ro r  o ccu r fo r v a lu e s  o f p se u d o red u c e d  p re ssu re  b e 
tw e e n  0 .8  a n d  1 .2 . T h e  v isco sitie s  in  th is  ra n g e  a re  m o s t u n 
c e r ta in ,  s ince  th e  ch an g e  in  v isc o s ity  w ith  p re ssu re  is v e ry

h ig h . T h e  c o rre la tio n  c an  b e  u sed  o n ly  fo r flu ids in  a  sing le  
p h a se ; d o tte d  lines in  th e  low er g ra p h  of F ig u re  6 in d ic a te  
th e  l im it o f re d u ce d  p re ssu re s  be low  w h ich  th e  figure  sh o u ld  
n o t  b e  u sed . T h e  m ax im u m  e rro r  fo r th e  m e th a n e -p ro p a n e  
d a ta  o f th is  re sea rc h  does n o t  exceed  8.2 p e r  c e n t fo r v a lu e s  
of p se u d o red u c e d  p re ssu re  less th a n  0.8 o r g re a te r  th a n  1 .2 .

T a b l e  V II. S u m m a r y  o f  C o m p a r is o n  b e t w e e n  C a l c u l a t e d  
a n d  E x p e r i m e n t a l  V i s c o s i t i e s  o f  N a t u r a l  G a s e s

Points of / D eviation, %--------»
Natural Gas Investigated Comparison Total Av. Max.

Sage and Lacey (12)
Lean (83.19%  CH<) 3 +  2 .7 + 0 .9 0 +  1 .0

15 - 1 0 6 .8 - 7 . 1 2 - 1 4 . 5
Rich (69.74%  CH 0 4 +  23 .4 +  5 .85 +  10.7

6 -  24 .7 - 4 . 1 3 -  5 .9
Berwald and Johnson (2), gas 5 +  38 .4 + 7 .6 8 +  10 .7

No. 2 (98.4%  CH<) 1 -  0 .9 - 0 . 9 0 -  0 .9
Total positive deviations 12 +  64 .5 + 5 .3 8
Total negative deviations 22 - 1 3 2 .4 - 6 .02 ....
Numerical average 34 196.9 5 .79
Algebraic average 34 -  67 .9 - 2 .00

A  s u m m a ry  of th e  co m p ariso n  b e tw een  th e  v isco sitie s  o f 
n a tu ra l  gases c o m p u te d  from  F ig u re  6 a n d  th e  re p o rte d  v is
co sitie s is g iv en  in  T a b le  V I I .  T h e  n u m erica l a v e ra g e  d e v ia 
tio n  fo r 34 p o in ts  o f c o m p a riso n  is 5 .79 p e r  c en t, w h ich  is com 
p a ra b le  w ith  th e  e x p e rim e n ta l a cc u rac y . T h e  v isco sitie s  
w ere  c o m p u te d  a s  in  th e  fo llow ing  exam ple .

T h e  lean  n a tu ra l  g a s  r e p o rte d  b y  S ag e  a n d  L a c e y  (12) h a s  
a  m o lecu la r w e ig h t o f 20 .4 , a  p se u d o c ritic a l te m p e ra tu re  of 
39 3 .4 °  R a n k in e , a n d  a  p se u d o c ritic a l p re ssu re  o f 667.9 
p o u n d s  p e r  sq u a re  in ch  a b so lu te . A t  100° F . a n d  2500 
p o u n d s  p e r  sq u a re  in ch , th e  p se u d o red u c e d  te m p e ra tu re  is 
1.423 a n d  th e  p se u d o re d u c e d  p re ssu re  is 3.743. F ro m  F ig u re  
6, v H W M  is re a d  a s  41 .8  a n d  K  a s  1.152. T h e  c a lcu la te d  
v isc o s ity , rj, is 217.5  m ic ropo ises. T h e  co rre sp o n d in g  ex p eri
m e n ta l v a lu e  of S age  a n d  L a c e y  is  219 m ic ropo ises.
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W I T H I N  th e  la s t  d e ca d e  a  la rg e  n u m b e r  o f  new  
c a ta ly t ic  re a c tio n s  h a v e  b een  d isco v ered  a n d  d e 
v e lo p ed  in to  im p o r ta n t  in d u s tr ia l  p rocesses. T a k 

in g  th e  p e tro le u m  a n d  ru b b e r  in d u s tr ie s  a s  a n  exam ple , 
o n e  n eed  o n ly  b e  re m in d ed  of th e  fo llow ing c a ta ly t ic  ach iev e 
m e n ts :  p o ly m e riza tio n  of m ono-o lefins to  a v ia t io n  gaso line  
( Ip a tie ff) , o f d io lefins to  B u n a  a n d  B u n a  S  (T sh u n k u r) , of 
a ce ty le n e  to  v in y la c e ty le n e  a n d  fu r th e r  to  n eo p ren e  (N ieu w - 
lan d  a n d  C a ro th e rs ) ;  d e h y d ro g e n a tio n  o f low -m olecu lar 
p a ra ffin s  to  c o rre sp o n d in g  m o n o - a n d  d io lefins (b u tad ien e , iso- 
p re n e ) , o f n a p h th e n e s  to  a ro m a tic s , o f e th y lb e n ze n e  to  
s ty re n e ;  cy c liza tio n  of paraffin s , o lefins (m o n o - a n d  d i-), 
o r  a ce ty le n es  c o n ta in in g  a  ro w  of six  o r m o re  c a rb o n  a to m s  to  
a ro m a tic s  ( to lu e n e ) ; a lk y la tio n  o f p a ra ffin s  w ith  olefins to  
h ig h er p a ra ffin s ; h y d ro g e n a tio n  of c a rb o n  m o n o x id e  to  h y 
d ro c a rb o n s  (F ish e r-T ro p s c h ) ; c rack in g  of g a s  o ils to  a v ia t io n  
a n d  m o to r  gaso lin e  (H o u d ry ) ; a n d  c o n d en sa tio n  of a lcohol to  
b u ta d ie n e  (L ebedew ).

I t  is sa fe  to  sa y  th a t ,  fo r e v e ry  new  n o n c a ta ly t ic  re a c tio n , 
a t  le a s t  th re e  c a ta ly t ic  ones a re  b e in g  d isco v ered  a n d  in d u s
tr ia l ly  d ev elo p ed  a t  p re se n t.  I n  c o n tra s t  to  th is  a m a z in g  
d e v e lo p m en t in  th e  a p p lie d  field, o u r  th e o re tic a l a n d  scien tific  
c o n cep ts  a re  lagg ing  fa r  b e h in d . T h is  is d u e  to  o u r  a n t i 
q u a te d  a t t i tu d e  to w a rd  c a ta ly s is .

A t  p re se n t, te x tb o o k s  of in o rg an ic  a n d  o rg a n ic  c h e m is try  
a n d  ch em ica l d iscu ssio n s ta lk  a b o u t  th e  “ p h e n o m e n o n  o f  
c a ta ly s is”  a n d  th e  a p p lic a tio n  of th is  p h e n o m e n o n  b y  th e  
c h em is t a s  a  m e a n s  of o v e rco m in g  ch em ica l in e r t ia  a n d  lac k  
of re a c tiv i ty .  O s tw a ld ’s  p h y sic o ch e m ic a l d e fin itio n  o f  
c a ta ly s is  h a s  in d u ce d  p h y sica l c h em is ts  fo r  th e  la s t  d e c a d e  
to  a t t e m p t  a  “ g e n e ra l e x p la n a tio n ”  o f th is  p h e n o m e n o n  in  
te rm s  of p h y s ic a l co n cep ts .

T h e  s ta te  o f o u r  u n d e rs ta n d in g  a n d  in s ig h t in to  th is  field  is  
c losely  a n a lo g o u s  to  t h a t  p re v a ilin g  a t  th e  b eg in n in g  o f  
th e  n in e te e n th  c e n tu ry  in  re g a rd  to  o rg a n ic  c h e m is try . 
A t  t h a t  tim e  o n ly  a  sm a ll n u m b e r  of c o m p o u n d s  w ere  iso la te d  
fro m  o rg an ic  sou rces, a n d  i t  w as b e liev ed  t h a t  th e  vis vitalis, 
a  m y s te r io u s  fo rce  o f life, w as  n e ce ssa ry  to  p ro d u c e  th e m . 
A fte r  W o eh le r’s  sy n th e s is  o f u re a , th e se  v iew p o in ts  q u ic k ly  
d isa p p ea red , a n d  new  d isco v eries  so o n  led  to  th e  new  co n 
c e p t t h a t  a ll  th e se  m y s te r io u s  co m p o u n d s a re  b u t  c o m p o u n d s  
of c a rb o n  a n d  fo rm  a  n ew  b ra n c h  of c h em is try , w h ich  w e n o w  
all know ' a s  “ o rg an ic  c h e m is try ” .

I n  a  s im ila r  w ay , i t  is u seless n ow  to  look  fo r  a  “ g e n e ra l ex
p la n a tio n ”  o f th e  p h e n o m e n o n  o f c a ta ly s is . F ro m  th e  m a te 
r ia l on  h a n d  w e m a y  co n c lu d e  t h a t  we a re  c o n fro n te d  h e re  
w ith  a  new  field o f c h em is try , w h ich  w e p ro p o se  to  call 
“ c a ta ly t ic  c h e m is try ” . I t  is a  logical e x p an s io n  of th e  f ie ld s

Fundamentally, when chemical substances 
are associated together and one or more of 
them react, two possibilities should be 
distinguished: In the first case one or
several chemical substances react without 
interference or influence from the other 
chemical substances present. In the second 
case these other substances, which are not 
consumed in the reaction, influence the 
chemical behavior of the reacting sub
stances. They may increase or decrease the 
velocity of the reaction and they may also 
change its direction. O bviously, reactions 
according to the first possibility form the 
content of classical chemistry. Reactions 
according to the second possibility should 
form the subject matter of what the author 
proposes to call “ catalytic chemistry". 
The objective of catalytic chemistry is to 
collect, systematize, correlate, explain, and, 
where possible, predict the catalytic be
havior of inorganic and organic substances. 
The explanations and predictions should be 
based on the known or determinable chem
ical properties of the reactants and catalysts 
involved, under the physical reaction con
ditions. Various deductions are made 
from these basic viewpoints.

A  Two-Coil Dubbs Crocking Unit Built 
by Universal O il  Products Company
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of c lassical in o rg an ic  a n d  o rg an ic  c h e m is try  in to  a  new  re 
g ion , a n d  w e sh o u ld  recogn ize  i t  a s  such .

F u n d a m e n ta lly , w h en  ch em ica l su b s ta n c e s  a re  a sso c ia ted  
to g e th e r  a n d  o n e  o r  m o re  of th e m  re a c t,  tw o  p o ss ib ilitie s  
sh o u ld  b e  d is tin g u ish e d : I n  th e  f irs t case  o n e  o r sev e ra l 
ch em ica l su b s ta n c e s  r e a c t  w i th o u t  in te rfe re n c e  o r  in fluence 
from  th e  o th e r  chem ica l su b s ta n c e s  p re se n t.  I n  th e  second  
case  th e se  o th e r  su b s ta n c es , w h ich  a re  n o t  co n su m ed  in  th e  
re ac tio n , in fluence  th e  ch em ica l b e h a v io r  o f th e  re a c tin g  su b 
s ta n ce s . T h e y  m a y  in c rease  o r  d ecrease  th e  v e lo c ity  o f th e  
re a c tio n  a n d  th e y  m a y  a lso  ch an g e  i ts  d ire c tio n . O b v iously , 
re ac tio n s  acco rd in g  to  th e  f irs t  p o ss ib ility  fo rm  th e  c o n te n t  of 
c lassical c h em is try . R e a c tio n s  acco rd in g  to  th e  second  p o ss i
b i l i ty  sh o u ld  fo rm  th e  su b je c t  m a t te r  o f c a ta ly t ic  c h em is try .

r P H T JS  c a ta ly t ic  c h e m is try  d e a ls  w ith  th e  re a c tio n s  of 
c h em ica l su b s ta n c e s  in  th e  p re sen ce  o f o th e r  ch em ica l su b 

s ta n ce s . T h e  la t t e r  d o  n o t  a p p e a r  in  th e  e n d  p ro d u c ts  o f th e  
re a c tio n , b u t  do  ch an g e  th e  re a c tio n  v e lo c ity  a n d  m a y  ch an g e  
i ts  d irec tio n . I n  o th e r  w o rd s , i t  d ea ls  w ith  th e  in flu en ce  one 
ch em ica l su b s ta n c e  e x e rts  o n  th e  re a c tio n s  o f  one  o r  m a n y  
o th e r  su b s ta n c e s  w ith o u t  go in g  in to  a  s ta b le  co m b in a tio n  
w ith  a n y  one  of th e m  u n d e r  th e  re a c tio n  co n d itio n s .

I n  c o n tr a s t  to  n o n c a ta ly t ic  o r o rd in a ry  c h em is try , e v e ry  
c h em ica l su b s ta n c e  in  c a ta ly t ic  c h e m is try  m a y  p la y  a  tr ip le  
ro le . T h u s  i t  m a y  b e  c a ta ly z e d  to  re a c t,  u n d e r  c o n d itio n s

w h ere  i t  w ou ld  n o t  r e a c t  b y  itse lf ; i t  m a y  b e  a  c a ta ly s t  itse lf 
a n d  p ro m o te  th e  re a c tio n  of o n e  o r  m o re  su b s ta n c e s ;, a n d  
i t  m a y  p re v e n t  o r  “ p o iso n ” th e  c a ta ly t ic  a c t iv i ty  o f a n o th e r  
su b s ta n c e  (o r su b s ta n c e s ) .

T h e o re tic a lly , a n d  in  m a n y  cases p ra c tic a lly , a n y  g iv en  
ch em ica l re a c tio n  m a y  be c a ta ly z e d  b y  a  la rg e  n u m b e r  of 
d iffe re n t su b s ta n c e s . T h u s  th e  field  o r  sco p e  of c a ta ly t ic  
c h e m is try  is p o te n tia l ly  m u c h  g re a te r  th a n  th a t  o f classical 
o rg an ic  a n d  in o rg an ic  c h em is try . I n  line  w ith  th is  th e  fu tu re  
sy s te m a tic  h a n d b o o k s  of c a ta ly t ic  c h e m is try  w ill be  m a n y  
tim e s  a s  b u lk y  a s  o u r  p re se n t  d a y  G m elin , M ello r, o r B eil- 
ste in ! T h e  g e n e ra l re la tio n  b e tw een  in o rg an ic  a n d  o rg an ic  
c h e m is try  to  c a ta ly t ic  c h e m is try  m a y  b e  i l lu s tra te d  sc h e m a ti
ca lly  a s  in  F ig u re  1.

P re s e n t  e x p la n a tio n s  o f c a ta ly s is  a re  a d e q u a te  in  som e 
cases a n d  fail in  m o s t o th e rs . P a s t  a t te m p ts  to  d ev e lo p  a  
sy s te m a tic  c a ta ly t ic  sc ience  h a v e  n e v e r  p ro g ressed  far, fro m  a 
c h e m is t’s  p o in t  o f v iew , b ecau se  of th e ir  fa ilu re  to  recogn ize  
th e  im p o r ta n c e  o f th e  c a ta ly t ic  fa c to r  o f a  g iv en  su b s ta n c e , 
in  a  g iv en  re a c tio n , in  c o m p a rin g  i t  w ith  o th e r  su b s ta n c e s  
a n d  in  a tte m p t in g  to  c lass ify  it. D e fin in g  th e  c a ta ly t ic  fa c 
to r ,  / ,  as th e  ra tio  o f th e  ra te s ,  k, o f th e  c a ta ly z e d  a n d  n o n 
c a ta ly z e d  re a c tio n , f  = k ait./A/noncat. A cco rd in g  to  O s tw a ld ’s 
d efin itio n , a  c a ta ly s t  Is “ a  su b s ta n c e  t h a t  ch an g es th e  r a te  of 
a  ch em ica l re a c tio n ” . S in ce  e v en  v e ry  sm all c h an g es  in  re 
a c tio n  ra te s  m a y  b e  m ea su re d , we h a v e  p ra c t ic a lly  a n

Aristid V. Grosse, chief consultant on synthetic rubber to th e W a r  Production Board, 
was a member of  the American R ubber Mission  to the Soviet Union early in the 
year. This article represents the essential part of  his lecture, del ivered  in Russian, at 
the Presidium o f  the A cadem y of  Sciences o f  the U.S.S .R. at M o sco w , January 28, 1943.

.  * ♦
The photograph shows a section o f a government unit fo r the production o f synthetic G R  rubber, using 
grainjalcohol as the source o f butadiene. It is part o f an integrated p lan t, bu ilt and operated for 
the Rubber Reserve Company by Carbide and Carbon Chemicals Corporation and Un ited  States Rub
ber Company. The p ip ing in the foreground is supported on stee l sa lvaged from the Brooklyn e le 
vated street railway/ approxim ately 3 0 0  tons o f stee l were obtained for this purpose. Some 4 0 0  
miles o f p ip ing are used in the construction o f the process units. The photograph on the Contents 
Page ’  o f this issue (see  page 3 o f the advertising  section ) shows one o f the butadiene units.

.
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u n lim ite d  n u m 
b e r  o f chem ica l 
su b s ta n c e s  t h a t  
m a y  a c t  as 
c a ta ly s ts  fo r a  
g iv en  re ac tio n . 
T h e y  w ill ra n g e  
fro m  som e t h a t  
will j u s t  m ea s
u ra b ly  ch an g e  
i ts  r a te  to  o th e rs  
t h a t  w ill in 
c rease  i t  b y  
a  fa c to r  of a  
m i l l i o n  a n d  
e v e n  m u c h  
m o re.

O b v i o u s l y ,  
t h o s e  s u b 
s ta n c e s  t h a t  will 
ch an g e  i t  b y  
larg e  fa c to rs  a re  
o f im m e d ia te  
i n t e r e s t  a n d  
p r im a ry  con
c ern  to  th e  
c a ta ly t ic  ch em 
is t. I n  m o s t 
of th e se  cases 
th e re  is a  s tro n g  
chem ica l in te r 
a c tio n  b e tw e e n  
th e c a ta ly s ta n d  
th e  c a ta ly z e d  
m olecu les, a n d  
in  a  g re a t  m a n y  
of th e m  th is  
in te ra c tio n  c an  
b e  c learly  e s ta b 
lished  a n d  ex
p la in e d  o n  th e  
b asis  o f th e  
k n o w n  ch em i
cal p ro p e rtie s  
o f  t h e  s u b 
s t a n c e s  i n  -  
v o lv ed . O n th e  
o th e r  h a n d , i t  
w ould  b e  fu tile  
in  th e  p re se n t  
s ta te  o f o u r  
k n o w led g e  to  
t r y  to  e x p la in  
sm a ll ch an g es 
in  re a c tio n  ra te s  
a n d  t r y  to  es
ta b lish  a  re la 
t io n  b e tw een  
th e  ch em ica l 
p ro p e rtie s  of th e  
re a c ta n ts  a n d  
a n  in effectiv e  
c a ta ly s t— i.e ., a  
su b s ta n c e w h ic h  
w ill a cc e le ra te  
th e ir  re a c tio n  
r a te  to  o n ly  a  
sm a ll e x te n t.
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HP H E  o b je c tiv e  o f c a ta ly t ic  c h e m is try  is  to  co llect, sy s-
te m a tiz e , c o rre la te , ex p la in , a n d , w h ere  possib le , p re d ic t  

th e  c a ta ly t ic  b e h a v io r  o f o rg an ic  a n d  in o rg an ic  su b s ta n c e s . 
T h e  e x p la n a tio n s  a n d  p re d ic tio n s  sh o u ld  be  b a se d  on  th e  
k n o w n  o r  d e te rm in a b le  chem ica l p ro p e rtie s  o f th e  r e a c ta n ts  
a n d  c a ta ly s ts  in v o lv ed , u n d e r  th e  p h y s ic a l re a c tio n  co n d i
tio n s . B efo re  a n a ly z in g  c o n c re te  e x am p les  o f c a ta ly t ic  re
a c tio n s , i t  w ill b e  a p p ro p r ia te  to  d iscu ss th e m  g e n e ra lly  fro m  
th e  p h y sic o ch e m ic a l v iew p o in t.

P h y s ic a l c h e m is try  te a ch e s  t h a t  th e  re la tio n  b e tw ee n  reac 
tio n  r a te  k a n d  th e  e n e rg y  re q u ire d  to  o v e rco m e  th e  ch em ica l 
in e r t ia  o f m olecu les, o r th e  a c t iv a t io n  e n erg y , E*ct., a t  a b so lu te  
te m p e ra tu re  T is ex p ressed  b y  th e  w ell k n o w n  A rrh e n iu s  
e q u a t io n :

In  view  of th e  e x p o n en tia l n a tu r e  o f th is  e q u a tio n , re la tiv e ly  
sm all c h an g es  in  a c t iv a t io n  e n e rg y  w ill cau se  la rg e  d ifferences 
in  re a c tio n  ra te s .

In c re a se s  in re a c tio n  r a te  fo r g iv en  v a lu e s  o f a c t iv a t io n  
e n e rg y  d ecrease  a t  100°, 3 0 0 ° , a n d  1000° K . (a ssu m in g  no  
ch an g e  in  a c o n s ta n ts )  a re  g iv en  in  T a b le  I .  F o r  ex am p le, a  
10 p e r  c e n t lo w erin g  of a c t iv a t io n  e n e rg y  E  of 50,000 calo ries 
a t  3 00° K . w ill in c rease  th e  re a c tio n  r a te  4400 fo ld , w h ereas 
e v en  a  1  p e r  c e n t  lo w erin g  will m o re  th a n  d o u b le  i t .

T a b l e  I . I n c r e a s e s  i n  t h e  R e a c t i o n  R a t e  F a c t o r ,  k i / k t
Temperature Decrease in A ctivation Energy, AE
K. C.
100 - 1 7 3
300 +  27

1000 727

600 cal.
12
2 .3
1 .3

5000 cal.
8 .5  X 10*° 

4400 12

50,000 cal.
2 X 10"»
3 X 10« 

8 .5  X 10»°

A  s im p le  sch em e i l lu s tra tin g  th e  d ifferen ce  in  m ec h an ism  
b e tw ee n  a n  o rd in a ry  o r  n o n c a ta ly t ic  re a c tio n  a n d  a  c a ta ly t ic  
o n e  is g iv en  in  F ig u re  2 . I n  th e  n o n c a ta ly t ic  case  th e  re a c tin g  
m o lecu le  o r  m o lecu les h a v e  to  o v e rco m e  th e  e n e rg y  b a rrie r , 
E0,d.. I n  th e  c a ta ly t ic  case  th e  re a c ta n ts  f irs t  r e a c t  w ith  th e  
c a ta ly s t ,  o v e rco m in g  th e  e n e rg y  b a r r ie r  E^1. 1 ,' in  th e  second  
s te p  th e y  re a c t,  u n d e r  re g e n e ra tio n  of th e  c a ta ly s t ,  o v e rco m 
in g  Feat. 2* S in ce  b o th  EM. t a n d  F c„t.2 a re  sm a lle r  th a n  
F„rd., a lth o u g h  th e ir  su m  m a y  be la rg e r, th e  c a ta ly t ic  reac 
t io n  r a te  w ill b e  m u c h  fa s te r . O b v io u sly  i ts  r a te  will b e  
g o v e rn ed  b y  th e  r a te  o f th e  s lo w est s te p  o r  th e  o n e  re q u ir in g  
th e  g re a te s t  e n e rg y  o f a c tiv a tio n .

So fa r  th e  te m p e ra tu re - in d e p e n d e n t  fa c to r, a, h a s  b een  
n eg lec ted . T h e  v a lu e  of a  in  a  g iv en  re a c tio n  m a y  be  ch an g ed  
b y  a  c a ta ly s t— fo r in s ta n c e , b y  se lec tiv e  g eo m e trica l o r ie n ta 
tio n  of re a c tin g  g ro u p s . O n  th e  w ho le , s ince  r a te  k ch an g es 
lin e a rly  w ith  a, th e  l a t t e r  h a s  a  lesser sign ificance  t h a n  a c t iv a 
t io n  e n e rg y  F .

T Y E E P I N G  in  m in d  th e  a b o v e -m en tio n ed  schem e, th e re  
a re  c e r ta in  g e n e ra l p o ss ib ilitie s  co n fro n tin g  a  g iv en  

sy s te m  of m olecu les, a lo n e  a n d  in  th e  p re sen ce  o f v a r io u s  
c a ta ly s ts . T h e  g en era l case  is i llu s tra te d  in F ig u re  3. O n  
th e  le f t  is  th e  n o n c a ta ly t ic  case  w h ere  th e  re a c tin g  m olecu les 
h a v e  to  o v e rco m e  th e  h ig h e s t b a r r ie r  (F „ra.). F o r  th e  c a ta 
ly tic  re a c tio n  th e  n u m b e r  o f p o ss ib ilities  is p ra c tic a lly  lim itless. 
F i r s t  th e re  w ill b e  a  la rg e  n u m b e r  o f su b s ta n c e s  cau s in g  o n ly  
a  s lig h t d ec rease  in  a c t iv a t io n  e n e rg y  a n d  a  co rre sp o n d in g  
in crease  in  r a te ;  th e se  su b s ta n c e s  a re  in d ic a te d  b y  Eu F 2, F 3, 
F 4, e tc . T h e n  th e re  w ill b e  a  lesser n u m b e r  o f su b s ta n c es  
p ro d u c in g  s u b s ta n t ia l  d ecreases in  th e  e n e rg y  b a rrie r , su c h  a s  
Ea, Ep, e tc .,  o r F „ , F t ,  a n d  o n ly  a  few , in d ic a te d  b y  Ez, w hich  
will p ro d u c e  v e ry  h ig h  in c reases  in  r a te .  (T h e  effec t of fa c to r  
a  h a s  b een  n e g le c te d  fo r s im p lic ity . I n  a  n u m b e r  o f cases cer

t a in  c a ta ly s ts  m a y  a ffec t i t  fa v o ra b ly  a n d  th u s  ch an g e  th e  
seq u en ce  of c a ta ly s t  e ffic iency  b a se d  o n  a c t iv a t io n  e n e rg y  d e 
c rea se s a lo n e .)

T h u s  we see  a  w ho le  g a m u t  o f c a ta ly t ic  p o ss ib ilitie s . T h e  
ch em ica l in te ra c t io n  b e tw ee n  re a c ta n ts  a n d  c a ta ly s t  will in 
c rease  a s  w e go fro m  le f t  to  r ig h t,  w h ereas fro m  r ig h t  to  le ft 
th e  c a ta ly s is  w ill a ssu m e  a  m o re  p h y sic a l a sp e c t.

T h u s ,  in  g en era l te rm s , on  th e  e x tre m e  r ig h t  of th e  d ia g ra m  
th e  c a ta ly t ic  m ec h an ism  will go  th ro u g h  th e  fo rm a tio n  of 
in te rm e d ia te  s to ic h io m e tr ic  co m p o u n d s o f g re a te r  o r lesser 
s ta b il i ty ;  th e n  a s  w e m o v e  to w a rd  th e  le ft, i t  will g ra d u a lly  
c h an g e  to  less s ta b le  a n d  d e fin ite  su rface  co m p o u n d s , th e n  to  
a c t iv a te d  com plexes, a n d  fin a lly  b e  d u e  to  m ere  m o lecu la r 
d e fo rm a tio n s  cau sed  b y  m o le c u la r fie lds o f force.

S in ce  th e o re tic a l ly  th e  tra n s i t io n  fro m  e n o rm o u s c a ta ly t ic  
e ffec ts to  n o n e  a t  all is  co n tin u o u s , th e re  is no  sh a rp  b o u n d a ry  
b e tw ee n  c lassical a n d  c a ta ly t ic  c h em is try . H o w ev e r, in  p ra c 
tic e  su c h  a  b o u n d a ry  h a s  a lre a d y  b een  e s ta b lish e d  a n d  follow 
in g  th e  p re se n t  t r a d i t io n  th e re  sh o u ld  b e  no  d ifficu lty  in  m a in 
ta in in g  i t  in  th e  fu tu re .

A p a r tic u la r  p ic tu re  o f a  re a c tio n  a n d  i ts  v a r io u s  p o ss ib le  
c a ta ly s ts  will d e p e n d  o n  th e  p h y sic a l re a c tio n  c o n d itio n s , 
su c h  a s  p re ssu re , c o n c e n tra tio n s  o f re a c ta n ts  a n d  c a ta ly s t ,  
a n d  p a r tic u la r ly  te m p e ra tu re .  I n  m a k in g  c o m p a riso n s  o f 
c a ta ly t ic  p e rfo rm a n c e  of v a r io u s  su b s ta n c e s , tw o  e x tre m e s  
m u s t  b e  d if fe re n tia te d : (a ) T h e  n o n c a ta ly t ic  re a c tio n  p ro 
ceeds a t  a  fa s t  r a te  u n d e r  e x p e rim e n ta l c o n d itio n s ; a n d  
(b) th e  c a ta ly t ic  re a c tio n  p ro ceed s  a t  a  b a re ly  m ea su ra b le  
r a te  o n ly  in  th e  p re sen ce  of th e  b e s t  c a ta ly s ts .  O b v io u sly  
in  th e  f irs t c ase  e v en  p o te n tia l ly  e ffec tive  c a ta ly s ts  w ill n o t  
show  u p  w ell, w h e reas  in  th e  se c o n d  case  m ed iu m  a n d  p o o r 
c a ta ly s ts  w ill n o t  b e  n o tic e d .

F a ilu re  to  d is tin g u ish  b e tw een  th e  c a ta ly t ic  fa c to r  o f v a r i 
o us su b s ta n c e s  in  a  g iv e n  re a c tio n , fa ilu re  to  ta k e  d u e  con
s id e ra tio n  o f th e  p h y s ic a l c o n d itio n s  o f th e  re a c tio n , a n d  p a r 
t ic u la r ly  fa ilu re  to  c o m p a re  w ith  th e  r a te  a n d  cou rse  o f th e  
n o n c a ta ly t ic  re a c tio n  h a v e  b een  a  g re a t  d e te r r e n t  in  ch em i
ca l a t te m p ts  to  e lu c id a te  a n d  c lass ify  th e  p h e n o m e n a  of 
c a ta ly s is  in  th e  p a s t ;  g e n e ra lly  su b s ta n c e s  o f en o rm o u s ly  
v a ry in g  d eg ree  of effic iency  w ere  u n c r it ic a lly  th ro w n  to 
g e th e r  a s  “ c a ta ly s ts ” .

I n  c o m p a rin g  th e  c a ta ly t ic  p e rfo rm a n c e  of v a r io u s  
su b s ta n c e s  in  h e te ro g en e o u s  c a ta ly s is , d u e  c o n sid e ra tio n  
m u s t  b e  g iv en  to  su c h  p h y s ic a l fa c to rs  a s  a cc ess ib ility  a n d  
a v a ila b ili ty  o f c a ta ly t ic  su rface , i ts  p o ro s ity , th e rm a l a n d  
tim e  s ta b il i ty , d iffu sio n  fa c to rs , c ry s ta l l in e  o r a m o rp h o u s  
n a tu re ,  a n d  th e  e ffec t o f v a r io u s  su b s ta n c e s  o n  th e se  fa c to rs , 
th e  size o f c ry s ta ls ,  e tc .

r P Y P I C A L  e x am p les  o f c a ta ly t ic  re a c tio n s  w ill i l lu s tra te  
to  som e e x te n t  th e  v a r io u s  p o in ts  ra is e d  in  th e  p re ce d in g  

p a ra g ra p h s .
F i r s t  is th e  c a ta ly t ic  re a c tio n  w h ich  c an  b e  fu lly  p re d ic te d  

o n  th e  b a s is  o f th e  ch em ica l p ro p e rt ie s  o f th e  su b s ta n c e s  in 
v o lv ed . S u c h  is th e  S q u ib b  re a c tio n  (8) o r  th e  c a ta ly t ic  de
co m p o s itio n  o f a ce tic  acid  to  a c e to n e  o v e r  ca lc iu m  c a rb o n a te . 
A ce to n e  w as o rig in a lly  p ro d u c e d  b y  c o n v e rtin g  a c e tic  ac id  
w ith  ca lc iu m  c a rb o n a te  o r  ox id e  in to  ca lc iu m  a c e ta te ,  a c 
c o rd in g  to  E q u a t io n  1 . T h is  a c e ta te  h a s  th e  p ro p e r ty  o f de 
co m p o sin g  a t  a b o u t  4 0 0 °  C . in to  a ce to n e , w a te r , a n d  c a rb o n  
d iox ide, fo llow ing  E q u a t io n  2 :

2 C H 3.C O O H  +  C aC O j 

C a(O O C .C H 3)2
C a(O O C .C H 3)2 +  H 2 +  C 0 2 ( 1 ) 

- >  C a C 0 3 +  C H 3.C O .C H 3 (2)

I n s te a d  o f th is  tw o -s te p  chem ica l p ro cess , S q u ib b  (8) p ro 
p o se d  s im p ly  to  c a r ry  o u t  th e  re a c tio n  in  a  s ing le  c a ta ly t ic  
s te p , u s in g  c a lc iu m  c a rb o n a te  a s  c a ta ly s t ,  in  lin e  w ith  E q u a 
t io n  3.



T a b l e  I I. C a t a l y t ic  R e a c t io n s  op H yd r o c a r b o n s  K no w n  
b e f o r e  19 3 2  

Paraffins Olefins Naphthenes Aromatics
Paraffins — — — —
Olefins — +  — +
Naphthenes — — — —
Aromatics — +  — —

A  Sm all-Scale Cracking Plant Used by the U . S . Bureau o f M ines  
to Convert M edium  O il into Gasoline or D iese l Fuel

CaCOa
2C H j.C O O H  — >  CH a.CO .CH » +  H ,0  +  CO , (3)

Since  a ll c a rb o n a te s  m a y  b e  c o n v e rte d  in to  a c e ta te s  b y  
c o n ta c tin g  th e m  w ith  a c e tic  ac id , i t  follow s t h a t  a n y  m e ta l  
a c e ta te  w h ich  w ill decom pose , u n d e r  re a c tio n  co n d itio n s, 
in to  a ce to n e  a n d  re g e n e ra te  c a rb o n a te  (o r a  m e ta l  ox ide 
re a d ily  c o n v e rtib le  in to  a c e ta te )  will a c t  a s  a  c a ta ly s t  fo r th is  
re a c tio n . I n  line  w ith  th is , b a r iu m , s tro n tiu m , a n d  z in c  car
b o n a te s  w ere  fo u n d  to  b e  c a ta ly s ts  fo r th is  re a c tio n , since  
th e ir  a c e ta te s  on  h e a t in g  g ive  ace to n e .

A  second  ex am p le  is  c a ta ly s is  b y  m e a n s  of su rfa c e  o r  a b 
so rp tio n  c o m p o u n d s . A  ty p ic a l case  is th e  w ell k n o w n  
re a c tio n :

2 H , +  0 ,  — >- 2 H ,0

T h is  re a c tio n  does n o t  p ro ceed  a lo n e  w ith  a n y  n o tic e ab le  
v e lo c ity  a t  ro o m  te m p e ra tu re .  H o w ev e r, a t  h ig h  te m p e ra 
tu re s  i t  w ill p ro ceed  w ith o u t a  c a ta ly s t .  U n d e r  su c h  cond i

T h e  th ird  ex am p le  is  m ere ly  p h y s ic a l c a ta ly s is , c o rre sp o n d 
in g  to  th e  reg io n  Eh Ei, Es, e tc ., o f F ig u re  3. T h e  c a ta ly t ic  
c rac k in g  of h y d ro c a rb o n s , p io n ee red  b y  H o u d ry  w ith in  th e  
la s t  fifteen  y e a rs , is  ty p ic a l.  T h e  n o n c a ta ly t ic  o r  th e rm a l 
c rac k in g  ta k e s  p lace  a t  a  p ra c t ic a l  r a te  a t  a ro u n d  5 0 0 °  C . 
A  la rg e  n u m b e r  o f in o rg an ic  su b s ta n c es , p a r t ic u la r ly  m e ta l  
oxides, w ill c a ta ly z e  th e  re a c tio n  a n d  allow  i t  to  p ro ceed  w ith  
su ffic ien t sp eed  a t  a b o u t  4 5 0 °  C . a n d  e v en  low er. S o m e of 
th e se  su b s ta n c e s  w ill a lso  a p p re c ia b ly  ch an g e  th e  d ire c tio n  of 
c rack in g — i. e ., th e  n a tu re  o f r e a c tio n  p ro d u c ts .

I n  v iew  of w h a t  w a s  sa id  a b o u t  th e  “ p h y s ic a l reg io n ”  of 
F ig u re  3, i t  is  d ifficu lt a t  p re se n t  to  ex p la in  th e  goo d  c a ta ly t ic  
p e rfo rm a n ce  o f a  specific  ox ide  m ix tu re  fro m  i ts  chem ica l 
n a tu re .  I n  th is  a n d  s im ila r  cases, su c h  fa c to rs  a s  th e  size a n d  
e x te n t  o f in te rn a l  su rface , th e rm a l s ta b il i ty ,  la c k  o f c ry s ta l
line  co m p o u n d  fo rm a tio n , e tc .— in  o th e r  w o rds, fa c to rs  de 
p e n d in g  o n  th e  so lid  c h e m is try  o f th e  c a ta ly s t  m ix tu re —  
becom e d ec isiv e  in  p ra c tic e  a n d  n o t  th e  ch em ica l in te r re la tio n  
b e tw een  th e  r e a c ta n ts  a n d  th e  so lid  c a ta ly s t .

T h e  fo u r th  a n d  la s t  ex am p le  i llu s tra te s  th e  la rg e  n u m b e r  of 
d iffe ren t su b s ta n c e s  t h a t  m a y  b e  u se d  to  c a ta ly z e  o n e  p a r 
t ic u la r  re a c tio n  a n d  a lso  th e  w id e  ra n g e  of p h y s ic a l co n d i
tio n s  u n d e r  w h ich  i t  m a y  be  acco m p lish ed . A  ty p ic a l case  is 
th e  a lk y la tio n  of p a ra ffin s  b y  olefins (5). C a ta ly s ts  m a y  b e  
(a ) v a r io u s  so lid  m e ta l h a lid e s, su ch  a s  a lu m in u m  ch lo ride, 
a lu m in u m  b ro m id e , z irco n iu m  te tra c h lo r id e , e tc . (3 ), w h ich  
fo rm  so lid  o r liq u id  com plexes, (6) gaseo u s b o ro n  flu o rid e  a n d  
w a te r , w ith  o r w i th o u t  n ick e l (5), a n d  (c) a c id s  lik e  su lfu ric  
( 1 ,6) o r  a n h y d ro u s  h y d ro g e n  flu o rid e  (4 ). T h e  re a c tio n  ta k e s  
p lac e  fro m  te m p e ra tu re s  be low  —50° (7) to  a b o u t  4 0 0 °  C .
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tio n s  p ra c tic a lly  a n y  so lid  su b s ta n c e  m a y  m e a su ra b ly  ch an g e  
th e  re a c tio n  r a te  a n d  th e re fo re  b e  a  ‘ ‘c a ta ly s t"  a n d  i t  w ou ld  be  
fu tile  fo r a  c a ta ly t ic  ch em ist, a t  th e  p re se n t  s t a te  o f o u r  k n o w l
edge, to  in te rp re t  th e  b e t te r  o r  lesser c a ta ly t ic  p e rfo rm a n ce  
of a  g iv en  su b s ta n c e  a s  a  fu n c tio n  of i ts  chem ica l p ro p e rtie s .

A t  low  te m p e ra tu re s  th is  re a c tio n  is en o rm o u s ly  c a ta ly z e d  
b y  n o b le  m e ta ls , p a r tic u la r ly  p la t in u m  a n d  p a lla d iu m . 
T h e  a ffin ity  o f n o b le  m e ta ls  fo r  b o th  h y d ro g e n  a n d  oxygen  
is w ell k n o w n , a n d  th e  fo rm a tio n  of u n s ta b le  su rfa ce  no b le  
m e ta l h y d rid e s  a n d  ox ides is  w ell e s tab lish e d . T h e  easie r 
o x id a tio n  o r  re d u c tio n , re sp ec tiv e ly , o f  th e se  c o m p o u n d s b y  
th e  re a c tin g  g ases a n d  th e ir  re g e n e ra tio n  d u r in g  th e  c a ta ly t ic  
cycle  a s  c o m p a red  to  d ire c t  re a c tio n  b e tw e e n  th e  g ases a d e 
q u a te ly  e x p la in s  to  th e  c a ta ly t ic  c h e m is t th e  ch em ica l m ec h a 
n ism  of th is  re a c tio n  a n d  th e  v e ry  m u c h  fa s te r  c o m b in a tio n  of 
th e  tw o  g ases in  th e ir  p resen ce .

I t  does n o t  follow  t h a t  a n y  h y d ro g e n a tio n  c a ta ly s ts  w ill 
p ro m o te  th is  re a c tio n . T h e  k n o w led g e  of th e ir  ch em ica l 
p ro p e rtie s , h o w ev er, w ill p e rm it  a  c a ta ly t ic  c h e m is t to  dec id e  
w h e th e r  th e y  a re  su ita b le  o r n o t .  F o r  in s tan c e , so d iu m  a n d  
th e  o th e r  a lk a li  m e ta ls , w h ich  r e a d ily  fo rm  h y d r id e s  a n d  m a y  
b e  u sed  a s  h ig h - te m p e ra tu re  h y d ro g e n a tio n  c a ta ly s ts ,  w ill 
n o t  be su i ta b le  fo r th is  re a c tio n ; fo r b o th  o x y g en  a n d  w a te r , 
th e  re a c tio n  p ro d u c t, w ill c o n v e r t  th e m  in to  s ta b le  com 
p o u n d s  su c h  a s  so d iu m  oxide, so d iu m  p e ro x id e , so d iu m  h y 
d ro x id e , a n d  o th e rs , w h ic h  c a n n o t be  re g e n e ra te d  b y  h y d ro 
gen . T h u s  i t  w ill n o t  b e  po ss ib le  to  e s ta b lish  a  c a ta ly t ic  
cycle.
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A t th e se  h ig h  te m p e ra tu re s  (u n d e r p re ssu re ) n o  specific 
c a ta ly s t  is  re q u ire d , a n d  i t  b ecom es a  p u re  th e rm a l re a c tio n  (2).

T h e  re a c tio n  m a y  b e  c a rr ie d  o u t  h e te ro g en eo u sly , u sin g  
so lid  b o ro n  flu o rid e , n icke l, w a te r  (o r h y d ro g e n  fluo ride) com 
plexes, o r  liq u id  a lu m in u m  c h lo rid e  o r  b ro m id e  com plexes as 
c a ta ly s ts . A g a in  i t  m a y  b e  c a rr ied  o u t  h o m o g en eo u sly  in  th e  
liq u id  p h a se  w ith  h y d ro g e n  flu o rid e  a s  c a ta ly s t .  I n  th e  la t t e r  
case  i t  is  n e ce ssa ry  to  u se  a n  excess o f o lefin  o v e r  p a raffin . 
T h e  olefin  fo rm s a n  a lk y l  flu o rid e  w hich , in  tu rn ,  d isso lves 
b o th  th e  p a ra ffin  to  b e  a lk y la te d  a n d  th e  c a ta ly s t  (h y d ro g en  
fluo ride).

T h e  m ec h an ism s  of th e s e  re a c tio n s , a s id e  fro m  th e  a c t iv a 
t io n  of th e  C — I I  b o n d , m a y  b e  w id e ly  d iffe ren t, a n d  no  s a tis 
fa c to ry  e x p la n a tio n  fo r a n y  o n e  o f th e m  h a s  y e t  b e en  p ro 
posed .

' T ’H E S E  ex am p les sh o w  h o w  th e  v a r io u s  ty p e s  o f c a ta ly s is  
(chem ica l a n d  p h y sic a l)  fo rm  b u t  p a r ts  of a  c o n tin u o u s  

p ic tu re . T h e  re la tio n  b e tw e e n  v a r io u s  p a r ts  o f th is  p ic 
tu r e  is e s ta b lish e d  b y  th e  A rrh e n iu s  e q u a tio n . T h e  w rite r  
h o p es t h a t  a  m o re  co m p le te  d iscussion , in  b o o k  fo rm , o f th e  
e n o rm o u s v o lu m e  of c a ta ly t ic  fa c ts  a v a ilab le , in  th e  l ig h t of 
co n ce p ts  in tro d u c e d  h e re , m a y  be p o ss ib le  a f te r  th is  w ar. 
T h e  en o rm o u s  p o te n t ia l  size o f th is  new  ch em ica l field  h a s  a l
re a d y  b e e n  s tre sse d , a lth o u g h  n o w  w e u su a lly  th in k  o n ly  of 
in o rg an ic  a n d  o rg an ic  r e a c ta n ts  a n d  in o rg an ic  c a ta ly s ts . 
T h e  sc ien tific  v is ta  b eco m es b re a th - ta k in g  w h en  w e b e g in  to  
in c lu d e  o rg an ic  m olecu les a s  c a ta ly s ts .  T h e  co n v ersio n  of 
th e  h ig h ly  in e r t  m o lecu les of n itro g e n , a t  ro o m  te m p e ra tu re s , 
in to  a m m o n ia , n i tro u s  ac id , a n d  n i tr ic  ac id  b y  A z o to b a c te r  
b a c te r ia  is a  c a ta ly t ic  m a rv e l o f th e  f irs t  o rd e r. N o  less so is 
th e  a ss im ila tio n  of c a rb o n  d io x id e  a n d  e lim in a tio n  of oxy g en  
b y  p la n ts  a n d  th e  re g u la te d  o x id a tio n  o f o rg an ic  su b s ta n c e s  
b y  o x y g en  to  c a rb o n  d io x id e  in  liv in g  bodies.

I n  co n clu sio n  i t  m a y  b e  w o r th  w hile  to  em p h asize  h ow  th e  
d e v e lo p m e n t o f th e  c a ta ly t ic  c h e m is try  o f a  p a r tic u la r  ty p e  o f 
co m p o u n d s , su c h  a s  h y d ro c a rb o n s , h a s  e n la rg ed  o u r  g en era l 
k n o w led g e  of th e ir  c h em is try . L e t  u s  re ca ll th e ir  m o s t im 
p o r ta n t  c lass ical p ro p e rtie s . T h e  k n o w n  c h e m is try  o f p a ra f 

fins is p a r tic u la r ly  b rief. A ll te x tb o o k s  s tre s s  th e ir  la c k  of 
re a c tiv i ty .  S u lfu ric  a c id  d o es n o t  su lfo n a te  th e m , n itr ic  ac id  
a c ts  o n ly  w ith  d ifficu lty , a n d  o n ly  h a lo g en s  lik e  c h lo rin e  a t 
ta c k  th e m  v ig o ro u s ly ; o f course , th e y  b u rn .  O lefins a re  
c h a ra c te riz e d  b y  a d d it io n  a n d  p o ly m e riz a tio n  re a c tio n . T h e  
a ro m a tic s , in  c o n tr a s t  to  p a ra ffin s  a n d  n a p h th e n e s ,  a re  su l-  
fo n a te d  a n d  n i t r a te d .

A ll c a ta ly t ic  re a c tio n s  b e tw e e n  v a r io u s  c lasses o f h y d ro 
ca rb o n s  k n o w n  b e fo re  1932 a re  m a rk e d  in  T a b le  I I  b y  p lu s  
signs. S in ce  th e n  sy s te m a tic  re sea rc h , a lo n g  th e  lin es d is
cu ssed  in  th is  a r tic le , h a s  led  to  th e  d isc o v e ry  o f all th e  o th e r  
re a c tio n s , in d ic a te d  b y  a  m in u s  sign , a n d  som e o f th e m  h a v e  
a lre a d y  a t ta in e d  g re a t  in d u s tr ia l  im p o r ta n c e . T h u s  th e  vo l
u m e  o f o u r  k n o w led g e  of h y d ro c a rb o n  c h e m is try  h a s  su b 
s ta n tia l ly  in creased , th a n k s  to  th e  d e v e lo p m e n t o f th e ir  
c a ta ly t ic  ch em is try .

T h e re  c an  be  no  d o u b t  t h a t  o th e r  b ra n c h e s  o f c h e m is try  
co u ld  do  likew ise . T h e ir  ta s k  w o u ld  be sim plified  if tex tb o o k s  
w o u ld  b e g in  to  g iv e  c o n s id e ra tio n  to  th e  su b je c t  o f  c a ta ly t ic  
ch em istry .
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T H E  F lu id  C a ta ly s t  p ro cess re p re se n ts  a  new  ch em ica l 
en g in eerin g  te c h n iq u e  w h ich  h a s  w id e  a p p lic a tio n  to  
in d u s tr ia l  o p e ra tio n s , b o th  c a ta ly t ic  a n d  n o n c a ta ly tic . 

T h is  d e v e lo p m e n t h a s  b een  su ccessfu lly  a p p lie d  to  th e  c a ta 
ly tic  c rack in g  of p e tro le u m  fra c tio n s  a n d  a s  a  re su lt  h a s  be 
com e a n  e sse n tia l  p a r t  o f th e  n a tio n a l  w a r tim e  eco n o m y . 
T h e  p re se n t  p a p e r  is  co n ce rn ed  p r im a r i ly  w ith  th is  a p p lic a 
t io n  o f th e  f lu id  c a ta ly s t  te c h n iq u e .

T h e  oil in d u s t r y ’s q u e s t  fo r m o re  effic ien t u t i l iz a t io n  o f 
p e tro le u m  fra c tio n s  led  to  th e  field  o f  c a ta ly s is  in  1931 w ith  
th e  co m m erc ia l a p p lic a tio n  o f h y d ro g e n a tio n . M o re  re 
c e n tly  w o rk  h a s  c en te re d  o n  d e v e lo p m e n t o f  o th e r  c a ta ly t ic  
p ro cesses fo r p ro d u c in g  g aso lin e  fro m  p e tro le u m . In a sm u c h  
a s  th e  c a ta ly t ic  d e co m p o sitio n  o f h y d ro c a rb o n s  in  th e  a b 
sence  o f h y d ro g e n  is  a cc o m p a n ied  b y  th e  fo rm a tio n  o f coke
lik e  d e p o s its  o n  th e  c a ta ly t ic  su rfaces, w h ich  in  t u r n  re d u c e  
th e  a c t iv i ty  o f th e  c a ta ly s t ,  th e  u t i l iz a t io n  o f su c h  re a c tio n s  
d e p e n d e d  on  th e  su ccessfu l re v iv ifica tio n  o r  re g e n e ra tio n  of 
th e  c a ta ly s t .  T h e  H o u d ry  p rocess , th e  f irs t  to  b e  c o m m er
c ia lly  a p p lie d , a cco m p lish es re g e n e ra tio n  w ith  a  c o n v e n tio n a l 
m u lt ire a c to r  sy s te m . T h e  o il v a p o rs  a re  p a sse d  th ro u g h  a  
s ta t io n a ry  b e d  of c a ta ly s t  d u r in g  th e  c rac k in g  cycle. A t 
p e rio d ic  in te rv a ls  t h 6 o il s tre a m  is sw itc h e d  fro m  one  re a c to r  
to  a n o th e r ;  th e  f irs t  r e a c to r  th e n  e n te rs  in to  a  re g en e ra tio n  
cycle  w h ere  th e  c a rb o n  is  b u rn e d  off th e  c a ta ly s t  w ith  a ir . T h e  
o p e ra t io n  is  th u s  co n tin u o u s , b u t  in  te rm s  of th e  re a c to rs  con
ta in in g  th e  c a ta ly s t ,  th e  o p e ra t io n  is  in te r m it te n t .  H y d ro fo rm 
in g  is a n o th e r  co m m erc ia l p ro cess  o p e ra t in g  in  th is  m a n n e r .

T h e  m o s t  re c e n t d e v e lo p m e n ts  in  th is  field , th e  F lu id  
C a ta ly s t  a n d  th e  T h e rm o fo r  p rocesses, a re  c h a ra c te riz e d  
b y  a  c o n tin u o u s  flow o f b o th  c a ta ly s t  a n d  oil. T h e  
T h e rm o fo r  m e th o d  c irc u la te s  coarse  g ra n u la r  c a ta ly s t  con
t in u o u s ly  b e tw e e n  s e p a ra te  c ra c k in g  a n d  re g e n e ra tin g  zones 
b y  m ec h an ic a l co n v ey o rs. T h e  F lu id  p ro cess  a lso  o p e ra te s  
o n  th e  p r in c ip le  o f c o n tin u o u s  c a ta ly s t  flow  b u t  w ith  n o  
m e c h an ic a l h a n d lin g  o f c a ta ly s t  a t  a n y  s ta g e  in  th e  p rocess .

B ecau se  o f th e  v i ta l  p a r t  p la y e d  b y  th e  F lu id  C a ta ly s t  p ro c 
ess in  m a k in g  w a r  p ro d u c ts , i t  h a s  b een  n ece ssa ry  to  o m it 
d e ta i le d  in fo rm a tio n  a n d  d a ta  a t  m a n y  p o in ts  in  th e  p a p e r .

PR IN C IPLE S O F T H E  PRO CESS

T h e  F lu id  C a ta ly s t  p ro cess  fu n d a m e n ta l ly  re p re se n ts  a  new  
te c h n iq u e  in  h a n d lin g  so lid  m a te r ia ls . T h e  so lid  m a te r ia l,  
in  p o w d e r  fo rm , is  m a in ta in e d  in  a  f lu id  o r  free ly  flow ing 
c o n d itio n  a t  a ll tim e s , a n d  c an  th u s  b e  h a n d le d  in  m u c h  th e  
sa m e  w a y  a s  a  l iq u id . A  flu id ized  m a ss  c an  b e  c irc u la te d  b y  
a p p lic a t io n  o f th e  g as  l i f t  p rin c ip le— t h a t  is, b y  b a la n c in g  a  
dow n flo w in g  s tre a m  of h ig h -so lid s  d e n s i ty  a g a in s t  a n  upflow ing  
s tre a m  of lo w -so lids d e n s i ty . I n  o th e r  w o rd s , th e  re q u ire d  
p re ssu re  d iffe re n tia l fo r c irc u la tio n  is  o b ta in e d  in  m u c h  
th e  sam e  w a y  a s  w a te r  w o u ld  b e  tra n s fe r re d  b y  b a la n c in g  a  
co lu m n  o f w a te r  a g a in s t  a  w a te r-g a s  m ix tu re .

T h e  b a s ic  e q u ip m e n t in v o lv e d  is  i l lu s t r a te d  in  F ig u re  1 , 
w h ich  i l lu s tra te s  th e  a p p lic a tio n  o f th e  p ro cess  to  p e tro le u m  
c rack in g . T h e  o p e ra t io n  is  d iv id e d  in to  tw o  p r im a ry  zones, 
a  c rac k in g  a n d  a  re g e n e ra tio n  zone. T h e  p r in c ip a l a p p a r a tu s
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W h e n  o ils a re  cra ck ed , ca rb o n  is d ep osited  o n  th e  
c a ta ly s t , red u ces it s  a c tiv ity , an d  m a k e s n ecessa ry  
its  rem o va l b y  b u rn in g  w it h  a ir. In  th e  F lu id  
C a ta ly s t  c ra ck in g  p ro cess th e  c a ta ly s t  is  h an d led  
as a  lin e p o w d er a n d  is k e p t in  a  flu id izcd  co n d itio n  
so t h a t  i t  m a y  be h a n d led  s u b s ta n tia lly  a s  a  liq u id . 
T h e  c a ta ly s t  is co n veyed  th ro u g h  th e  re a c to r  b y  th e  
oil v ap o r a n d  is  sep a ra ted  in  d u s t reco very e q u ip 
m e n t; th en  th e  p ro d u c t vap o r flow s to d istilla tio n  
a p p a ra tu s . T h e  ca rb o n ized  c a ta ly s t  flows d o w n  a  
sta n d p ip e  in  a  h ig h -d e n s ity  co n d itio n . I t s  p re s
su re is th u s  in creased  s u ffic ie n tly  to p e rm it  in je c 
tio n  in to  a  s tre a m  o f  a ir , w h ic h  ca rries  it  to  th e  
reg e n e ra to r w h e re  th e ca rb o n  is  b u rn e d  off. T h e  
c a ta ly s t  is  sep a ra ted , th e  flue g a s  is ven ted  to th e  
a tm o sp h e re , a n d  th e  rege n era ted  c a ta ly s t  passes  

' d o w n  a  seco n d  sta n d p ip e  an d  is in je c te d  in to  th e  oil 
vap o r go in g to th e  re a c to r. T h e  pro cess is  th u s  
co m p le te ly  co n tin u o u s a s  rega rd s o il, a ir , and  
c a ta ly s t  flow . In fo rm a tio n  is a v a ila b le  on  p ro d u c
tio n  o f  m o to r  ga so lin e  fro m  a  v a rie ty  o f  ch a rg e  
sto ck s. T h e  g aso lin e h a s  a  clea r o c ta n e  n u m b e r  o f  
92—9 1  b y  th e  C F R  R e se a rch  m e th o d . O p era tin g  
co n d itio n s m a y  b e a d ju ste d  to  p ro d u ce h ig h -o c ta n e  
a v ia tio n  fu e l, b u ty le n e s, a n d  tolu en e. G a so lin e  
fra c tio n s  fro m  th e  o p e ra tio n  m a y  b e  u sed  d ire ctly  
a s a v ia tio n  b ase or m a y  be reprocessed  in  th e  fluid  
c a ta ly s t  u n it  or h y d ro g en a ted . A v ia tio n  fu e ls  
p ro d u ced  b y  th ese  m e th o d s h a v e  low  a lk y la te  re 
q u ire m e n ts, an d  a fte r  a d d itio n  o f te tra e th y lle a d , 
th e y  m e e t th e  h ig h e s t sp ecificatio n s.

re la tiv e ly  h ig h  c o n c e n tra tio n s  o f so lid s  w h ere  d es irab le — fo r 
ex am p le , in  re a c tio n  a n d  re g e n e ra tio n  v esse ls. T h e  d e n sitie s  
w h ich  can  be  a t ta in e d  a re  fu n c tio n s  o f th e  so lid s  feed  ra te , 
co m p o sitio n , a n d  p a r tic le  size, a s  w ell a s  th e  v a p o r  o r  g as 
v e lo c ity . P re ssu re  d ro p  d u e  to  f r ic tio n  is  q u ite  sm a ll, th e  
m a in  p re ssu re  d ro p  in  th e  sy s te m  b e in g  d u e  to  s ta t ic  h e ad s .

A lth o u g h  h ig h  c o n c e n tra tio n s  o f so lid s  m a y  b e  o b ta in e d  
in  re a c tio n  vesse ls, th e  so lid -g as m ix tu re  is  e x tre m e ly  tu r b u 
le n t  a n d  re sem b les a  b o ilin g  liq u id  in  m a n y  re sp ec ts . O w ing  
to  th is  h ig h  tu rb u le n c e  w ith  c o n se q u en t ra p id  c irc u la tio n  of 
so lid s, th e  te m p e ra tu re  th ro u g h o u t  th e  so lid s m ass  is  su r 
p r is in g ly  u n ifo rm , v a ry in g  less th a n  5 °  F .  fro m  b o tto m  to  to p  
in  la rg e  v esse ls in  c a ta ly t ic  c rac k in g . T h e  e x tre m e  tu r b u 
lence  o f so lid s in  v esse ls o f th is  ty p e  offers m a n y  a d v a n ta g e s  
in  te m p e ra tu re  co n tro l in  c a ta ly t ic  o r  o th e r  p rocesses.

DESCRIPTIO N O F A CRACKING PLANT

A  sim plified  flow d ia g ra m  i l lu s tra tin g  th e  f irs t co m m erc ia l 
d e s ig n  of a  F lu id  C a ta ly s t  c rac k in g  p la n t  is p re se n te d  in  
F ig u re  2 to  sh o w  in  m o re  d e ta il  th e  a p p lic a tio n  o f th e  F lu id  
te c h n iq u e  to  th e  c rac k in g  of oil. (M o re  re c e n t d esig n s re p 
re se n t  d e fin ite  im p ro v e m e n t a n d  s im p lifica tio n  o v e r t h a t  in d i
c a te d  b y  F ig u re  2 .) R e g e n e ra te d  c a ta ly s t  fro m  a  s to ra g e  h o p 
p e r  flows b y  g ra v ity  th ro u g h  a  s ta n d p ip e  a n d  is  in je c te d  in to  
th e  fresh  oil feed  v a p o r  w h ich  c a rrie s  i t  to  th e  c rac k in g  re a c to r . 
T h e  v e lo c ity  in  th e  re a c to r  is  low  so a s  to  m a in ta in  a  h igh  
c o n c e n tra tio n  o f c a ta ly s t ,  a n d  c rac k in g  o ccu rs  w ith  a  su b 
se q u e n t d e p o s itio n  o f c a rb o n  o n  th e  c a ta ly s t .  T h e  m ix tu re  
o f c rac k ed  p ro d u c ts  a n d  s p e n t  c a ta ly s t  fro m  th e  c rack in g  
zone  a re  s e p a ra te d  in  d u s t  re co v e ry  e q u ip m e n t;  th e  c rack ed  
p ro d u c ts  flow  to  f ra c t io n a tin g  e q u ip m e n t fo r s e p a ra t io n  in to  
d e s ired  co m p o n e n ts . T h e  s p e n t  c a ta ly s t  d ro p s  in to  a  s to ra g e  
h o p p e r, flow s d o w n  a  s ta n d p ip e , is  p ick ed  u p  b y  a n  u n d ilu te d  
a ir  s tre a m , a n d  is  c a rr ie d  to  th e  re g e n e ra to r  in  w h ich  c a r -

is  th e  sam e  in  eac h  zone— sta n d p ip e , 
re a c tio n  vesse l, a n d  d u s t  se p a ra to r . 
O il v a p o r  is  c o n ta c te d  w ith  re 
g e n e ra te d  c a ta ly s t  d e liv e red  b y  
g ra v ity  fro m  a  s ta n d p ip e ,  a n d  th e  
m ix tu re  flow s in  su sp en sio n  in to  
th e  c rac k in g  re a c to r  w h e re  th e  re 
a c t io n  occu rs . T h e  m ix tu re  o f 
c rac k ed  p ro d u c ts  a n d  c a ta ly s t  flows 
th ro u g h  d u s t  re c o v e ry  e q u ip m e n t 
w h ere  th e  c a ta ly s t  is  reco v e red . 
T h e  s e p a ra te d  s p e n t  c a ta ly s t  is
co llec ted  in  a  h o p p e r , flows a t  h ig h  
d e n s i ty  d o w n  a  s ta n d p ip e , a n d  is 
in je c te d  in to  a  s tre a m  o f a ir  u sed  
fo r re g e n e ra tio n . T h is  a ir  c arries  
th e  s p e n t  c a ta ly s t  to  th e  re g en e r
a tio n  vesse l, a n d  i t  th e n  p asse s in to  
d u s t  co llec tin g  e q u ip m e n t w h ere  
e s se n tia lly  a ll th e  c a ta ly s t  is  re 
m o v ed  fro m  th e  flue gas. T h e  
re co v e red  c a ta ly s t  is  co llec ted  in  a  
h o p p e r , flow's d o w n  th ro u g h  a
s ta n d p ip e , a n d  is  in je c te d  in to  th e  
o il v a p o r  s tre a m ; th e  cycle  is  th u s  
co m p le ted .

T h e  flow  c h a ra c te ris tic s  o f
g ases c a rry in g  so lid  p a r tic le s  
h a v e  b e en  c a re fu lly  in v e s tig a te d ; 
i t  h a s  b e en  fo u n d  poss ib le  b y  
su i ta b le  a d ju s tm e n t  o f g a s  o r
v a p o r  v e lo c itie s  to  b u ild  u p
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b o n aceo u s  d e p o s its  a re  re m o v e d  b y  c o m b u s tio n .
T h e  m ix tu re  o f flue  g as  a n d  c a ta ly s t  fro m  th e  
re g e n e ra to r  a re  s e p a ra te d , th e  c a ta ly s t  d ro p 
p in g  in to  th e  re g e n e ra te d  c a ta ly s t  h o p p e r  to  
c o m p le te  i t s  cycle.

T h e  h e a t  ev o lv ed  in  b u rn in g  th e  c a rb o n  de 
p o s it  on  th e  c a ta ly s t  is  g re a te r  th a n  c an  b e  
a b so rb e d  a s  sen sib le  h e a t  b y  th e  c a ta ly s t  fo r a  
re a so n a b le  te m p e ra tu re  rise . I t  is  th e re fo re  
n ece ssa ry  to  h a v e  a n  a d d it io n a l  m e a n s  of a b 
so rb in g  re g e n e ra tio n  h e a t .  T h is  is  a cco m p lish ed  
b y  c irc u la tin g  re g e n e ra te d  c a ta ly s t  th ro u g h  
sh e ll-a n d -tu b e  h e a t  exch an g ers , u s in g  a  s e p a ra te  
s ta n d p ip e  c irc u it  a s  sh o w n  in  F ig u re  2 . T h e  
cooling m e d iu m  a p p lie d  to  th e  h e a t  ex ch an g ers  
in  th e  u n i t  d e sc rib e d  is  fresh  oil feed  to  
th e  p la n t .  H o w ev e r, th e  h e a t  a b so rb e d  b y  
th is  oil is  o rd in a r ily  m o re  t h a n  t h a t  re q u ire d  
to  b r in g  i t  to  p ro p e r  te m p e ra tu re ,  a n d  a  
fu r th e r  d iss ip a tio n  o f th is  h e a t  is  m a d e  to  p ro d u c e  
s te a m .

O p e ra tio n  of th e  f lu id  c rac k in g  p la n t  is e n tire ly  a u to 
m a tic . T h e  r a t io  o f c a ta ly s t  flow  to  o il flow , fo r  ex am p le , is  
c o n tro lled  b y  a  m ec h an ism  a c tu a te d  b y  c h an g e s  in  th e  d e n 
s i ty  o f th e  c a ta ly s t-o il  m ix tu re . F lo w  of c a ta ly s t  to  re g en e ra 
t io n  is e n su re d  b y  a u to m a tic  co n tro l o f th e  lev e l o f th e  c a ta 
ly s t  in  th e  s p e n t  c a ta ly s t  h o p p e r . S im ila rly , re g en e ra tio n  
te m p e ra tu re  is  g o v e rn ed  b y  a u to m a tic  re g u la tio n  o f th e  
q u a n t i ty  o f  c a ta ly s t  c irc u la te d  th ro u g h  th e  h e a t  e x ch an g ers .

T h e  flex ib ility  o f th e  F lu id  p ro cess is  d e m o n s tra te d  b y  th e  
fa c t  t h a t  o p e ra tio n s  c a n  b e  ca rried  o u t  o v e r  a  w id e  ra n g e  of 
c rack in g  a n d  re g e n e ra tio n  te m p e ra tu re s , a s  w ell a s  d e p th  of 
c rack in g . R e a c tio n  te m p e ra tu re s  c an  b e  v a r ie d  b o th  b y  
a m o u n t  o f h e a t  a p p lie d  to  th e  oil in  th e  fu rn ac e s  a n d  of h o t  
c a ta ly s t  c irc u la te d . N o rm a l re a c to r  te m p e ra tu re s  lie  in  th e  
ra n g e  800 ° to  1000° F .  T h e  re g e n e ra tio n  te m p e ra tu re s  c an  be  
v a r ie d  o v e r a  re la tiv e ly  w id e  ra n g e  a n d  a re  m a in ta in e d  n o r-

CRACKING SECT IO N REGENERATION SEC T IO N

CRACKED PRODUCTS

A

A

VENT FLUE GAS

A

r

REGENERATOR

V

F ig u r e  1 .  C a t a ly s t  F lo w  in  F lu id  C r a c k in g  P rocess

T a b l e  I. M o t o r  G a s o l in e  P r o d u c t io n  a n d  Q u a l it y  p r o m  
F l u id  C a t a l y t ic  C r a c k in g  o p  G a s  O i l s

Feed properties 
Gravity, ° A. P. I.
Aniline point, ° F.
A. S. T . M . 50% distn., 0 F.
Sulfur, wt. %

Product yields
Motor gasoline0, vol. %
Cracked gas oil, vol. %
Excess butane, vol. %
Dry gas, wt. %
Carbon deposit, wt. %

M otor gasoline & properties 
Gravity, ° A. P . I.
Reid vapor pressure, lb ./sq . in.
A. S. T . M. distillation 

D istillate 4- loss, %
A t 158° F.
A t 212° F.
Final B. P., 0 F.

Recovery, %
Aniline point, ° F.
Sulfur, wt. %
Acid heat, ° F.
Breakdown, hr.
Octane No.

C FR-M  clear 
CFR-M  +  1 .5  cc. TEL«
C FR -R  (’39) clear 
C FR -R  (’39) +  1 .5  cc: TEL «

Cracked gas oil & properties 
Gravity, ° A. r .  I.
A. S. T . M. 50% distn., ° F.
Aniline point, ° F.

°  Reid vapor pressure, 10 lb ./sq . in.; end point, 400° F.
& Inspections on product as produced without further treatment. 
« Tetraethyllead.

East
Texas
Wide

Cut

W est
Texas
Wide

Cut

W est
Texas
H eavy

Coastal
Wide
Cut

31 .7
180
680

0 .48

27 .3
169
710

1.80

22 .3
171
825

2 .49

22.1
180
781

0 .6 3

4 5 .0
51 .2

4 .3
4 .3  
3 .1

43 .2
51 .2

3 .0  
6 .3
4 .1

4 6 .0
51.2

2 .0
5 .6
3 .4

46 .2
51 .2  

4 .0  
5 .4  
2 .6

60 .5
10.0

58 .2
10.0

58.2
10.0

57 .0
10.0

2 5 .5  
4 7 .0

406
9 7 .5  

85
0 .03

159
9

18.5  
4 2 .0

400
9 7 .5  

76
0 .1 8

162
14.5

18.5  
3 8 .0

401
97 .5  

82
0.246

186
13

2 3 .0  
4 3 .5

406
97 .0  

71
0.044

180
10

80 .5
8 4 .6
9 2 .0
9 7 .0

79 .4
83 .0
91 .9
95 .9

77 .9
81 .2
91 .3
95.3

80 .5
84 .7
94 .3
98.1

3 0 .0
572
144

21 .7
605
129

22.7
605
124

2 2 .0
563

96

m a lly  b e tw e e n  1000° a n d  1200° F . T h e  d e p th  of c rack in g  is 
g o v e rn ed  b y  b o th  th e  a m o u n t  o f c a ta ly s t  in  th e  re a c tio n  
zo n e  a n d  th e  ra tio  o f c a ta ly s t  to  oil flow . T h is  flex ib ility  is 
im p o r ta n t  in  t h a t  th e  c h a ra c te r  o f p ro d u c ts  is  co n sid e ra b ly  
a ffe c te d  b y  b o th  th e  te m p e ra tu re  a n d  th e  co n v ersio n  level 
e m p lo y ed .

T h e  p re ssu re  lev e l c an  a lso  b e  h e ld  a t  a n y  d e s ired  p o in t.  
I n  m o s t p re s e n t  a p p lic a tio n s  fo r g a s  oil c rac k in g , th e  p re ssu re  
a t  th e  to p  o f th e  re a c tio n  v esse l is in  th e  o rd e r  o f 10  p o u n d s  

' p e r  sq u a re  in ch , a n d  th e  p re ssu re  a t  th e  to p  of th e  re g en e ra 
tio n  vessel is  s u b s ta n t ia l ly  a tm o sp h e ric .

MOTOR GASOLINE PRODUCTION

I n i t ia l  w o rk  on  th e  F lu id  C a ta ly s t  p ro cess , b e g u n  well 
b e fo re  th e  p re s e n t  w a r, w as d ire c te d  to w a rd  th e  p ro d u c tio n  
o f h ig h  q u a li ty  m o to r  g aso lin e . E x p lo ra to ry  w o rk  w as 
c a rr ie d  o u t  in  sm a ll  F lu id  C a ta ly s t  p i lo t  u n i ts  h a v in g  a  
c a p a c ity  o f a p p ro x im a te ly  2  b a r re ls  o f fresh  feed  p e r  d a y . 
S u b se q u e n t d e v e lo p m e n t w o rk  w as  c o n d u c te d  in  a  sem ico m 
m erc ia l p i lo t  u n i t  w ith  a  n o m in a l c a p a c ity  o f 100 b a r re ls  p e r  
d a y . T y p ic a l  re s u lts  o n  a  v a r ie ty  o f feed  s to c k s  a v a ila b le  in  
th e  M id -c o n tin e n t, G u lf, a n d  E a s te r n  S e a b o a rd  a re a s  a re  
p re se n te d  in  T a b le  I .  T h e  re s u l ts  o b ta in e d  on  th e  p ilo t 
p la n ts  h a v e  b e en  s u b s ta n t ia l ly  c h eck ed  b y  th re e  la rg e  com 
m erc ia l u n i ts  re c e n tly  p u t  in to  o p e ra tio n .

M o to r  gaso lin e  is  n o rm a lly  p ro d u c e d  b y  c o n ta c t in g  d is
t i l la te  s to c k s  w ith  c a ta ly s t  a t  m o d e ra te  te m p e ra tu re s  in  a  
s in g le -p ass  o p e ra tio n . T h e  y ie ld  d a ta  in  T a b le  I  a re  b a sed  
o n  a  co n v ersio n  o f a b o u t  49  p e r  c e n t  o f feed  g as  o il (100 
m in u s  v o lu m e  p e r  c e n t c ra c k e d  g a s  o il) ; a t  th is  lev e l h igh  
y ie ld s  o f sp e c if ica tio n  m o to r  g aso lin es ra n g in g  fro m  43 to  46 
p e r  c e n t  a re  o b ta in e d  fro m  a  v a r ie ty  o f  feed  sto c k s . T h e  
c o n v ers io n  o f feed  g as  o il to  g aso lin e  a n d  o th e r  p ro d u c ts  can  
b e  v a r ie d  o v e r  a  w id e  ra n g e , th e  o p tim u m  leve l b e in g  d e te r 
m in e d  b y  eco n o m ic  c o n s id e ra tio n s .

T h e  h ig h  q u a li ty  o f th e  m o to r  fu e l is  in d ic a te d  b y  o c ta n e  
n u m b e r  r a tin g s  (T a b le  I )  w h ich  ra n g e  fro m  91 .3  to  94.3 
C F R  R e se a rc h  (’39) c lea r. C o a s ta l  (m o re  n a p h th e n ic )  feed  
s to c k s  a re  p re fe ra b le  fro m  th e  s ta n d p o in t  o f o c ta n e  n u m b e r  
a n d  g aso lin e  y ie ld . A t so m e sac rifice  in  y ie ld , g aso lin es of 
h ig h e r  o c ta n e  n u m b e r  th a n  sh o w n  in  T a b le  I  c an  b e  o b 
ta in e d  b y  h ig h e r  te m p e ra tu re  o p e ra tio n . H ig h  s ta b il i ty  of 
th e  g aso lin es is  in d ic a te d  b y  th e  b re a k d o w n  te s t .  N o  fin ish 
in g  t r e a tm e n t  is  n o rm a lly  re q u ire d  a s id e  fro m  a  l ig h t  c au s tic  
o r  so d a  w a sh  a n d  a d d it io n  o f a n  in h ib ito r . T h e  su lfu r  con
t e n t  o f th e  m a te r ia l  o b ta in e d  fro m  c rac k in g  th e  h ig h  su lfu r 
W e s t T e x a s  feed  is  so m e w h a t a b o v e  sp ec ifica tio n s b u t  can  
b e  im p ro v e d  b y  a  l ig h t  a c id  t r e a tm e n t .
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O th e r  d e s irab le  p ro d u c ts  fro m  th e  m o to r  gaso
line  o p e ra tio n  a re  (a) h e a t in g  o il w h ich  c an  b e  c u t  
d ire c tly  fro m  th e  g as  oil a s  a  fin ish ed  p ro d u c t, 
a n d  (6) p ro p y len e , b u ty le n e , a n d  iso b u ta n e  frac 
tio n s  w h ich  a re  d e s irab le  ra w  m a te r ia ls  in  th e  
p ro d u c tio n  o f h ig h  q u a li ty  a v ia t io n  c o m p o n e n ts  
a n d  b u ta d ie n e .

WAR PRODUCTS OPERATION

T a b l e  I I .  T y p i c a l  P r o d u c t  Q u a l i t y  o f  C a t a l y t i c  A v i a t i o n  C o m p o n e n t s
Single-Stage High-Temp. 

Production
Hydrogenated

li^nt Two-Stage
Production

W o rk  o n  th e  p ro d u c tio n  o f m o to r  gaso lin e  
a s  a  p r im a ry  o b je c tiv e  w as d isc o n tin u e d  som e 
t im e  befo re  th e  U n ite d  S ta te s  e n te re d  th e  w a r, 
a n d  em p h asis  w as p lac ed  o n  th e  o p e ra tio n  of 
F lu id  C a ta ly s t  p la n ts  to  m a k e  w a r  p ro d u c ts— in  
p a r tic u la r ,  h ig h -o c tan e  a v ia t io n  gaso line , ra w  
m a te r ia ls  fo r s y n th e tic  ru b b e r , a n d  sy n th e tic  
to lu en e . N o  m a jo r  rev is io n s  in  b asic  e q u ip m e n t 
o r  d e sig n  w ere  n ecessa ry . T h ro u g h  th e  use  o f a  
s u i ta b le  c a ta ly s t  a n d  b y  m o re  sev ere  c rac k in g  a t  
h ig h e r  te m p e ra tu re s , a  m o re  d e s irab le  p ro d u c t  in  
th e  a v ia t io n  gaso lin e  ra n g e  co u ld  b e  p ro d u c ed , 
a lo n g  w ith  in c re a sed  q u a n ti t ie s  o f th e  b u ta n e  frac 
tio n s  u se d  in  th e  sy n th e s is  o f h ig h  q u a li ty  a v ia t io n  b le n d in g  
c o m p o n e n ts  a n d  s y n th e tic  ru b b e r . O n ly  a  g e n e ra l d iscu ssio n  of 
o p e ra tio n s  a n d  q u a li ty  o f p ro d u c ts  can  b e  g iv en  a t  th is  tim e .

A v ia tio n  fuel b y  F lu id  C ra ck in g  c an  b e  o b ta in e d  in  a  
n u m b e r  o f w ay s, d e p e n d in g  o n  th e  loca l s i tu a t io n  a n d  th e  
a v ia t io n  sp ec ifica tio n s to  b e  m e t.  T h e  f irs t-p a ss  c a ta ly t ic  
c rac k in g  c o n d itio n s  c an  b e  a d ju s te d ,  o r su ita b le  p o rtio n s  o f  th e  
f irs t-s ta g e  p ro d u c t  c an  b e  rep ro cessed  b y  fu r th e r  c a ta ly t ic  
t r e a tm e n t  o r  o th e r  m e a n s . T a b le  I I  g ives ty p ic a l  q u a litie s  
o f th e  c a ta ly t ic  a v ia t io n  c o m p o n e n ts  w h ich  m a y  b e  d e r iv e d  
fro m  su ch  o p e ra tio n s .

S i n g l e - S t a g e  H i g h - T e m p e r a t t j r e  O p e r a t i o n s .  C ra c k 
in g  w ith  a  su i ta b le  c a ta ly s t  a t  e le v a te d  te m p e ra tu re s  p ro -

Gravity, 0 A. P. I. 
Reid vapor pressure, 

lb./aq. in.
Aniline point, ° F. 
Sulfur, wt. % 
Bromine No.®
Acid heat, ° F
A. S. T . M. distilla

tion, ° F.
Initial B. P.
10% over 
50%
90%
Final B. P.

Octane rating 
A. S. T. M. clear 
AFD-1C +  4 cc. 

TEL

As
produced

60 .2

7 .066
0.03

63
135

121
141
190
292
338

80 .5

9 0 .6

Single-Pass Low-Tcmp. 
Production

raw heavy 
fraction

In
feed Product

N aphthenic 
feed stock

Paraffin 
feed stoi

62 .7 60 .2 5 6 .6 5 7 .6 67 .7

7 .0 7 .0 7 .0 7 .0 7 .0
102 66 64 85 122

0.03 0.03 0 .03 0.014 0.01
8 63 13 10 20

13 135 27 24 39

110 121 108 114 114
139 141 139 140 141
189 190 210 203 189
288 292 293 273 274
340 338 324 300 316

79 .1 8 0 .5 83 .1 81 .6 7 7 .9

96 .0 9 0 .6 9 7 .0 96 .0 93 .3
a Modified Francis method, centigrams per gram.

duces , in  a d d it io n  to  h ig h  y ie ld s  o f o lefins a n d  iso b u ta n e  fo r  
a lk y la tio n , a  gaso lin e  c o n ta in in g  fa ir ly  la rg e  a m o u n ts  o f 
to lu en e , x y len es, a n d  th e  h ig h e r  a ro m a tic s . T y p ic a l  c o m p o 
sitio n s  o f f ra c tio n s  in th e  a v ia t io n  g aso lin e  ra n g e , o b ta in e d  
fro m  a  paraffin ic  g as  oil a t  a  c o n v ers io n  lev e l o f  65  p e r  c e n t, 
a re  a s  follow s:

Boiling Composition, Vol. % % Total 
OlefinsRange, ° F. Aromatica Naphthenes Acylics

Ce-200 3 16 81 43
200-225 9 40 51 50
225-250 59 16 25 26
250-335 68 13 19 19
335-350 87 5 8 12

rcue GAS

F ig u re  2 .  F lu id  C a ta ly s t  C ra c k in g  P la n t
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RAW MATERIALS

F ig u r e  3 . A v ia tio n  G a so lin e  P ro d u c tio n  b y  F lu id  C a t a ly t ic  C r a c k in g

B e ca u se  o f th e ir  re la tiv e ly  low  olefin  c o n te n t, th e  h e a v ie r  
f ra c tio n s  o f th e  a b o v e  g aso lin es a re  v a lu a b le  a s  a v ia tio n  
b le n d in g  a g e n ts , e ith e r  w ith  o r  w i th o u t  fu r th e r  t r e a tm e n t .  
O n  th e  o th e r  h a n d , th e  m a te r ia l  b o ilin g  be low  2 5 0 °  F . is 
h ig h  in  olefin  c o n te n t  a n d  m a y  b e  t r e a te d  fu r th e r  fo r u se  in  
a v ia t io n  b len d s . H y d ro g e n a tio n  o f th is  l ig h t  m a te r ia l  re su lts  
in  a  q u a li ty  p ro d u c t  w hich , w h e n  b le n d e d  w ith  th e  h ig h er 
bo ilin g  a ro m a tic  f ra c tio n s , g iv es a  b a se  r a t in g  96 .0  A . S . T . M . 
a v ia t io n 1 w ith  sp ec ifica tio n  lea d  a d d e d . A s a n  a lte rn a te ,  th e  
w ho le  a v ia t io n  g aso lin e  m a y  b e  h y d ro g e n a te d  to  a n  A . S. T . M . 
a v ia t io n  o c ta n e  n u m b e r  o f 9 7 .0 -9 8 .0 . T h is  co m p ares  w ith  
a  90.6 A . S . T .  M . a v ia t io n  q u a li ty  fo r th e  m a te r ia l  o f s im ila r  
b o ilin g  ra n g e  a s  p ro d u c e d  (T a b le  I I ) .  A s a n  a l te rn a te  to  
u til iz in g  th e  l ig h t  f ra c tio n  th ro u g h  h y d ro g e n a tio n , a  v irg in  
n a p h th a  can  be  b len d e d  w ith  th e  h e a v y  c u t.

T a b l e  I I I .  C o m p a r is o n  o p  C o m m e r c ia l  a n d  P il o t - P l a n t  
C r a c k in g  o f  P a r a f f i n i c  G a s  O i l  t o  O b t a i n  M o t o r  G a s o l in e

Commercial P ilot

Yields on feed
Scale Plant

10-lb. Reid-vapor-pressure gasoline, vol. % 
Excess butane, vol. %

4 2 .8 4 5 .6
7 .3 4 .8

Gasoline +  butane, vol. % 50.1 50 .4
Gas oil, vol. % 50 .0 50 .0
D ry gas, wt. % 5 .8 4 .4
Carbon, wt. %  

M otor gasoline quality
2 .5 3 .2

Gravity, ° A. P . I. 
D istillation

60 .3 60 .4

Initial B. P., ° F . 101 95
% over a t 122° F. 5 .5 6 .0

158° F. 2 2 .5 2 4 .0
212° F. 45 .0 4 6 .0
257° F. 64 .0 61 .5
350° F. 9 2 .5 9 0 .0

Final B. P., ° F. 385 400
Color + 2 0 +  20
Aniline point, ° F. 
Sulfur, %

85 87
0 .0 3 0 .0 4

Bromine No. 
Octane rating

66 75

A. S. T. M. clear 7 9 .2 7 9 .7
C F ll-R  (’39) clear 92 .9 9 2 .0
CFR-R (’39) +  1 .5  cc. TEL 97 .3 9 7 .0

T w o - S t a g e  O p e r a t i o n s .  A v ia tio n  g aso lin e  o f h ig h  
q u a li ty  m a y  a lso  b e  p ro d u c ed  b y  su b je c tin g  th e  m a te r ia l  
fro m  th e  f irs t  s ta g e  to  a  f u r th e r  c a ta ly t ic  t r e a tm e n t,  fo r w h ich  
th e  p r im a ry  c rack in g  p la n t  c an  b e  u sed , if d e s ired . T y p ic a l

1 A. S. T. M . Designation DG 14-42T, also referred to as AFD-1C.

r e s u l t s  o n  t h e  a v ia t io n  
gaso lin e  o b ta in e d  b y  su c h  
tre a t in g  a re  su m m ariz ed  in  
T a b le  I I .  T h e  in c rease  in  
p r o d u c t  q u a l i t y  f r o m  
ro u g h ly  90 to  ' 97 o c ta n e  
n u m b e r  is o b ta in e d  p a r t ly  
th ro u g h  th e  s a t u r a t i o n  
a n d  e l i m i n a t i o n  o f th e  
lowre r  b o ilin g  olefins, a n d  
p a r t ly  th ro u g h  th e  concen
t r a t io n  o f  a ro m a tic s  in  th e  
h i g h e r  b o i l i n g  frac tio n s . 
T h is  o p e ra tio n  h a s  p a r t i 
c u la r  m e r i t  in  s i tu a t io n s  
w h e re  h y d ro g e n a tio n  e q u ip 
m e n t  is  n o t  a v a ila b le  a n d  
w h e re  su p p ly  o f n a tu ra l  
l ig h t  b len d in g  n a p h th a s  is 
l i m i t e d .  T h e  a v i a t i o n  
g aso lin e  p ro d u c ed  is  q u ite  
a ro m a tic  a n d  o f h igh  q u a li ty .

L o w - T e m p e r a t u r e  
S i n g l e - S t a g e  O p e r a t i o n s .  

C ra c k in g  o p e ra tio n s  w ith  th is  c a ta ly s t  m a y  a lso  b e  c a rr ied  o u t  
a t  re la tiv e ly  low  te m p e ra tu re s  to  p ro d u c e  a n  a v ia tio n  gaso line  
w h ich  m a y  b e  u sed  d ire c tly  w i th o u t  fu r th e r  p ro cess in g  in 
a v ia t io n  b len d s . T h e  q u a li ty  of th is  m a te r ia l  w h en  p ro d u c ed  
fro m  c o m m o n ly  a v a ila b le  p a raffin ic  g a s  o ils is in fe r io r  in  
c e r ta in  a sp e c ts  to  t h a t  p ro d u c e d  fro m  h ig h e r  te m p e ra tu re ,  
o p e ra tio n s . L e a d e d  A . S . T .  M . a v ia t io n  o c ta n e  n u m b ers  
o f  9 1 -9 4  a re  n o rm a lly  o b ta in e d  w ith  4  cc. o f te tra e th y lle a d  
p e r  g a llo n  o f fuel. H o w ev e r, c e r ta in  n a p h th e n ic  g a s  o ils 
a d a p t  th em se lv es  re a d ily  to  th e se  c rac k in g  c o n d itio n s  a n d  
re s u lt  in  a  sp ec ifica tio n  p ro d u c t  h ig h  in  le a d e d  o c ta n e  n u m b e r  
(96.0  A . S . T .  M . a v ia t io n ) .  T y p ic a l  p ro d u c ts  from  th is  
ty p e  o p e ra tio n  a re  p re se n te d  in  T a b le  I I .  A n  in h e re n t  d isa d 
v a n ta g e  to  c rac k in g  a t  th e se  co n d itio n s  lies in  th e  low' q u a n 
tit ie s  o f olefins m a d e  a v a ila b le  fo r th e  p ro d u c tio n  o f a v ia t io n  
a lk y la te .

I n t e g r a t e d  O p e r a t i o n s  f o r  A v i a t i o n  P r o d u c t i o n .  
A lth o u g h  a  n u m b e r  o f m e th o d s  o f u til iz in g  F lu id  C a ta ly s t  
c rac k in g  fo r th e  p ro d u c tio n  o f h ig h  q u a li ty  a v ia t io n  b ase  
h a v e  b e en  d iscu ssed , th e re  a re  o th e r  m e th o d s  o f a p p lic a tio n  
w h ich  m a y  b e  a t t r a c t iv e  to  c e r ta in  lo ca tio n s . I t  sh o u ld  b e  
em p h asized , m o reo v e r, t h a t  th e  F lu id  C ra ck in g  p ro cess  is  n o t  
so le ly  a  p ro d u c e r  o f  a v ia t io n  b ase , b u t  p ro d u c es  ra w  m a te r ia l  
fo r a lk y la tio n  s im u lta n e o u s ly . A  ty p ic a l i l lu s tra tio n  o f th e  
m a n n e r  in  w 'hich th is  p ro cess  f its  in to  th e  p ro d u c tio n  of 100- 
o c ta n e  a v ia t io n  gaso lin e  is  o u tlin e d  in  F ig u re  3. A ssu m in g  
t h a t  100 b a rre ls  o f p a raffin ic  h e a v y  g as  oil a re  fed  to  a  F lu id  
C a ta ly s t  u n it ,  i t  is  poss ib le  to  p ro d u c e  78 .4  b a rre ls  o f 100 
o c ta n e  a v ia t io n  fuel m e e tin g  p re se n t  sp ec ifica tio n s . E x 
tra n e o u s  q u a n ti t ie s  o f iso b u ta n e  a re  u til iz e d  in  th is  
in te g ra te d  o p e ra tio n  o w in g  to  th e  f a c t  t h a t  th e  iso b u ta n e  
p ro d u c e d  in  th e  c a ta ly t ic  u n i t  is  n o t  su ffic ien t to  a lk y la te  
a ll th e  C 4 a n d  C j o lefins p ro d u c e d . S u ffic ien t iso b u ta n e  
is  a v a ila b le , how 'ever, to  a lk y la te  s u b s ta n t ia l ly  a ll th e  
b u ty le n e s . S in ce  th e  b le n d  of a v ia t io n  gaso lin e  co n 
s t i tu e n ts  fro m  th e  c a ta ly t ic  c rac k in g  o p e ra tio n  is  h ig h e r  in  
o c ta n e  n u m b e r  th a n  sp ec ifica tio n s re q u ire , re a d ily  a v a ila b le  
l ig h t  v irg in  n a p h th a s  a re  u til iz e d  in  F ig u re  3  to  in crease  
gaso lin e  v o lu m e  w hile  s till m e e tin g  spec ifica tio n s . I n  a d d i
t io n  to  th e  a v ia t io n  p ro d u c t, th e  fo llow ing  b y -p ro d u c ts  a re  
o b ta in e d :

Fuel gas 3 8 .8  million cu. ft.
Motor fuel cut 6 .6  barrels
Heating oil cut 2 3 .0  barrels
Fuel oil 12 .0  barrels
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COM MERCIAL OPERATIONS

T h re e  la rg e  co m m erc ia l F lu id  C a ta ly s t  p la n ts  a re  n ow  
in  o p e ra tio n ; p h o to g ra p h s  o f one  o f th e se  u n i ts  a re  sh o w n  on  
pag es 768 a n d  769. A  c o n sid e rab le  n u m b e r  o f th e se  p la n ts  
o f im p ro v e d  d esig n  a re  b e in g  c o n s tru c te d  fo r re fin e rs in  th e  
p e tro le u m  in d u s try .  W h en  th is  p ro g ram  is co m p le ted , th e  
in s ta lle d  c a p a c ity  o f F lu id  C a ta ly s t  c rac k in g  w ill p ro b a b ly  
exceed  t h a t  o f a n y  o th e r  c a ta ly t ic  c rac k in g  p rocess.

T h e  p re se n t  co m m erica l ex p erien ce  w ith  la rg e  F lu id  
C a ta ly s t  p la n ts  h a s  b een  g ra tify in g . T h e  f irs t u n i t  w as 
p laced  in  o p e ra tio n  on  M a y  25, 1942, w ith  su rp r is in g ly  l i t t le  
d ifficu lty . I n i t ia l  o p e ra tio n s  w ere c o n d u c te d  fo r m o to r  
g aso lin e  o n  h e a v y  w id e -cu t g a s  o ils  s ince  th e  c a ta ly s t  re 
q u ire d  fo r th e  w a r  p ro d u c ts  o p e ra tio n  w as n o t  a v a ilab le . 
S m o o th  p e rfo rm a n ce  h a s  b e en  o b ta in e d ;  y ie ld s, p ro d u c t  
q u a lity , a n d  o p e ra t in g  c o n d itio n s  w ere  fo u n d  to  be  in  good 
a g re e m e n t w ith  th e  sem ico m m erc ia l p i lo t  p la n t ,  a s  sh o w n  
in  T a b le  I I I .

M o re  re c e n tly  th e  f ir s t  co m m erc ia l p la n t  h a s  o p e ra te d  
c o n tin u o u s ly  fo r five m o n th s  w ith  a  su i ta b le  c a ta ly s t  fo r a v ia 
tio n  g aso lin e  p ro d u c tio n . M a in te n a n c e  o f c a ta ly s t  a c t iv i ty  
w as s a t is fa c to ry ;  a t  th e  e n d  of th e  ru n  th e  c a ta ly s t  w as 
e n tire ly  su i ta b le  fo r fu tu re  o p e ra tio n s , a n d  i ts  u se  in  th e  
u n i t  w as c o n tin u e d . T h e  p la n t  w as in  good  m ec h an ic a l co n d i
tio n  fo llow ing  th is  ru n , a n d  th is  in d ic a te d  t h a t  m a in te n a n c e  
re q u ire m e n ts  w ill be  low .

T h e  re co v e ry  of c a ta ly s t  h a s  b e en  s a t is fa c to ry , in  g en era l, 
d e sp ite  p e r io d s  in  w h ich  h ig h  losses w ere  ex p erien ced  becau se  
of fa u lty  m e c h an ic a l c o n d itio n s  in  th e  d u s t  co llec tin g  e q u ip 
m e n t.  O v e r th e  fiv e -m o n th  p e r io d  o f o p e ra tio n  a c tu a l  c a ta 
ly s t  lo ss a v e ra g e d  2 .27 to n s  p e r  d a y , o r a b o u t  0 .41 p o u n d  p e r  
b a rre l o f  feed . T h is  figu re  in c lu d e s  so m e w h a t h ig h  losses in  
th e  s ta r t in g  u p  of th e  u n i t ,  w h ich  w ill b e  p re v e n ta b le  in  th e  
fu tu re .  S m a ll m ec h an ic a l ch an g es a re  b e in g  m a d e  in  th e  
d u s t  co llec tin g  sy s te m  to  e n su re  d e p e n d a b il i ty  o f o p e ra tio n , 
a n d  i t  is  ex p ec te d  t h a t  w ith  th e se  c h an g es  c a ta ly s t  lo ss  fro m  
a  la rg e  co m m erc ia l F lu id  C a ta ly s t  u n i t  w ill be  n e a re r  1  to n  
p e r  d a y .

OTHER APPLICATIONS

T h e  F lu id  C a ta ly s t  te c h n iq u e  h a s  v id e  a p p lic a tio n  to  
m a n y  in d u s tr ia l  o p e ra tio n s  w h ich  m a y  o r  m a y  n o t  in v o lv e  
c a ta ly s t  re a c tiv a tio n . T h is  te c h n iq u e  is  p a r tic u la r ly  a d a p t 
ab le  a s  a  te m p e ra tu re  co n tro l m e a n s  fo r g as- o r  v a p o r-p h a se  
re a c tio n s  s ince  th e  p o w d ered  so lid  c irc u la te s  ra p id ly  w ith in  
a  vessel a n d  e n su re s  u n ifo rm  te m p e ra tu re  th ro u g h o u t.  A t  
th e  sa m e  tim e  th e  p o w d ered  so lid  in  th e  vessel im p a r ts  h e a t  
c a p a c ity  to  th e  re a c tin g  v a p o rs  o r  gases a n d  th u s  g u a rd s  
a g a in s t  ra p id  te m p e ra tu re  ch an g es. H e a t  can  b e  e ith e r  
a d d e d  to  o r  re m o v e d  fro m  th e  sy s te m  b y  c irc u la tio n  of th e  
p o w d e r th ro u g h  su ita b le  h e a te rs  o r  coolers. A p p lica tio n  is 
n o t  confined  to  c a ta ly t ic  p rocesses, s in ce  a  p o w d ered  m a te r ia l  
of n o n c a ta ly t ic  p ro p e rtie s  m a y  b e  em p lo y ed . I n  a  s ti ll  
b ro a d e r  sense, th e  F lu id  C a ta ly s t  te c h n iq u e  u n d o u b te d ly  
h a s  a p p lic a tio n  to  m a n y  in d u s tr ia l  p rocesses in v o lv in g  d ire c t 
h a n d lin g  of so lid  m a te r ia ls  su c h  a s  t r e a tm e n t  o f ores, cok in g  
o f coal, e tc .
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Fertilizer by Fusion of 
ROCK PHOSPHATE WITH OLIVINE

J . H . W A LTH A LL A N D  G. L. B R ID G E R  Tennessee  Valley A u th o rity , W ilson D am , Ala.

B y  fu sin g  a  m ix tu re  o f  ro ck  p h o sp h a te, m a g n e sia ,  
a n d  silica , a n d  rapidly' co olin g th e  m e lt , it  is p o s
sib le to  m a k e  a  p ro d u c t w ith  a  h ig h  p ro p o rtio n  o f  
its  P 2O5 co n te n t so lu b le  in  c itra te d  a m m o n iu m  
n itra te  so lu tio n . O livin e, a  m in e ra l m a g n e siu m  
silica te , fo u n d  in  a b u n d a n c e  in  th e  T en n e sse e  V a l
le y , is an  eco n o m ical so u rce o f  m a g n e sia  an d  silica  
fo r th e fu sion  pro cess. F o r  exam p le, fu sio n  o f  1  
p o u n d  o f  ro ck  p h o sp h a te  an d  0.46 p o u n d  o f  o livin e  
yield s a p ro d u ct c o n ta in in g  2 2 .8  per cen t to ta l P 2O 5 
a n d  2 1 .4  per ce n t so lu b le  P 206. O ne fo u rth  to one  
th ird  o f  th e flu o rin e in  th e  ro ck  p h o sp h a te  is  
volatilized  in  th e  pro cess. P o t c u ltu re  tests  in d i
c a te  th a t  the P 2O5 o f  th e  p ro d u c t is p ra c tic a lly  as  
effective a s  th a t  o f  su p e rp h o sp h a te ; th e  m a g n e s 
iu m  co n te n t sh o u ld  p rove a d va n ta g e o u s. B e c a u se  
o f  th e  in expensive ra w  m a te ria ls  an d  th e  sim p lic ity  
o f  th e  p ro cess, th e  co st o f  th e  p ro d u ct sh o u ld  be  
fa vo ra b le  in  co m p ariso n  w ith  t h a t  o f  o th e r  p lio s- 
p h a tic  fertilizers.

T O M A K E  th e  P 20 6 in  ro c k  p h o sp h a te  r e a d ily  a v a ila b le  
to  p la n ts ,  i t  is  n e ce ssa ry  to  b re a k  u p  th e  s t r u c tu r e  of 
f lu o ra p a tite , th e  p r in c ip a l p h o sp h a tic  c o m p o n e n t o f 

ro c k  p h o sp h a te . [T h e  a v a ila b i li ty  o f  P 20 s  in  fe rtiliz e rs  to  
p la n ts  is  u su a lly  e s t im a te d  b y  i ts  so lu b ili ty  in  so lv e n ts  su c h  
a s  n e u tr a l  a m m o n iu m  c it r a te  so lu tio n  (1) a n d  c i t r a te d  a m 
m o n iu m  n i t r a te  so lu tio n  (5 ).]  T h e  f lu o ra p a ti te  s t ru c tu re  
m a y  b e  b ro k e n  e ith e r  b y  re m o v in g  th e  flu o rin e  fro m  th e  
ro c k  p h o sp h a te  o r  b y  t r e a t in g  ro c k  p h o sp h a te  ch em ica lly  
w i th o u t  e ffec tin g  s u b s ta n t ia l  re m o v a l o f  flu o rin e . F o r  
ex am p le , ro c k  p h o sp h a te  m a y  b e  d e f lu o r in a te d  b y  c a lc in a tio n  
w ith  s ilica  in  th e  p resen ce  o f w a te r  v a p o r  a t  te m p e ra tu re s  
h ig h e r  th a n  1300° C . {2, 11) o r  b y  t r e a t in g  th e  m o lte n  ro c k  
p h o sp h a te  w ith  w a te r  v a p o r  (S ). E x a m p le s  o f  ch em ica l 
t r e a tm e n t  o f ro c k  p h o sp h a te  w i th o u t  co m p le te  d e f lu o rin a tio n  
a re  th e  m a n u fa c tu re  o f su p e rp h o sp h a te , in  w h ich  ro c k  p h o s
p h a te  is  t r e a te d  w ith  e ith e r  su lfu r ic  o r  p h o sp h o ric  a c id  a n d  
m o s t  o f th e  flu o rin e  in  th e  ro c k  p h o sp h a te  re m a in s  in  th e  su 
p e rp h o sp h a te  (7), a n d  th e  fu sio n  of ro c k  p h o sp h a te  w ith  a d d i
t io n  a g e n ts  to  m a k e  p ro d u c ts  h ig h  in  P 20 6 so lu b ili ty , b u t  r e 
ta in in g  m o s t  o f th e  in it ia l  fluo rine . B o th  a c id u la t io n  a n d  
fusion  w ith  a d d it io n  a g e n ts  b re a k  u p  th e  f lu o ra p a ti te  s t ru c 
tu r e  o f ro c k  p h o sp h a te .

S om e in fo rm a tio n  h a s  b e en  p u b lis h e d  on  p ro c esse s  fo r th e  
fu sio n  o f ro c k  p h o sp h a te  w ith  a d d it io n  a g e n ts  to  m a k e  i ts  
P 20 5 so lu b le  w i th o u t  re m o v a l o f flu o rin e . W o lte rs  {17) 
d esc rib e d  a  p ro cess fo r m a k in g  a  p ro d u c t  o f h ig h  P 20 6 so lu b il
i t y  b y  th e  fu sio n  o f ro c k  p h o sp h a te  w ith  a lk a l i  a n d  a lk a lin e  
e a r th  s ilic a te s . F o r  ex am p le , b y  fu s in g  a  m ix tu re  c o n ta in in g  
1.00, 0 .60 , a n d  0 .30  p a r t  o f ro c k  p h o sp h a te , a lk a lin e  e a r th  
s ilic a te s , a n d  a lk a li s ilic a te s , respec tive ly ', h e  o b ta in e d  a  
p ro d u c t  w ith  a n  a lm o s t co m p le te ly  so lu b le  P 20 5 c o n te n t. 
A lso, b y  fu s in g  a  m ix tu re  o f 1.00, 0 .80, a n d  0 .84  p a r t  o f ro c k

p h o sp h a te , c a lc iu m  c a rb o n a te , a n d  silica , re sp ec tiv e ly , W ol
te r s  fo u n d  t h a t  th e  P 20 5 w as  a lm o s t c o m p le te ly  so lu b le  b u t  
t h a t  c o n sid e ra b le  lo ss o f P 20 5 b y  v o la t i l iz a t io n  o c cu rred . 
G iese  a n d  W o lte rs  (4) o b ta in e d  a  p a te n t  o n  th e  p re p a ra tio n  
of so lu b le  p h o sp h a te s  b y  fu s in g  ro c k  p h o sp h a te s  w ith  sili
c a tes , a n d  coo ling  th e  m e l t  in  a  b la s t  o f  s te a m  a n d  a ir ;  th e y  
u sed  th e  p ro p o r t io n s  (a ) 1.00 p a r t  ro c k  p h o sp h a te , 0 .45  p a r t  
so d iu m  b isu lfa te , 0 .28  p a r t  lim esto n e , a n d  0 .27  p a r t  o f silica , 
o r  (6) 1.00 p a r t  ro c k  p h o sp h a te  a n d  0 .45  p a r t  so d iu m -ca lc iu m  
silic a te . P re su m a b ly  th e  k in d s  a n d  p ro p o r tio n s  o f silic a te s  
a re  th e  sam e  a s  th o se  s ta te d  in  th e  e a r lie r  W o lte rs  p a te n t  
{17). P r ja n is c h n ik o w  {10) d e sc rib e d  th e  p re p a ra tio n  o f a  
p ro d u c t  o f h ig h  P 20 5 so lu b ili ty  b y  th e  fu sio n  of 1.00 p a r t  of 
ro c k  p h o sp h a te  w i th  a b o u t  0 .5  p a r t  o f so d iu m  c a rb o n a te . 
O th e r  p ro cesses fo r th e  fu s io n  of ro c k  p h o sp h a te  w ith  v a r io u s  
a d d it io n  a g e n ts  a re  th o se  o f W ib o rg h  {16), H e s k e t t  {6), a n d  
S ch leede, M e p p e n , a n d  S ch eel {18). T h e  ch ie f d is a d v a n 
ta g e s  o f  th e se  p ro cesses a re  {a) th e  excessively  la rg e  p ro p o rtio n s  
o f in ex p en siv e  a d d it io n  a g e n ts  re q u ire d , su c h  a s  ca lc iu m  sili
c a te , w ith  r e s u l ta n t  h ig h  fu sio n  co sts  a n d  low  P 20 5 concen
t r a t io n  in  th e  p ro d u c ts , o r  (6) ex p en s iv e  a d d it io n  a g e n ts  
su c h  a s  so d iu m  c a rb o n a te .

A  n u m b e r  o f  p ro cesses {IS, 14, 15) fo r th e  c a lc in a tio n  of 
ro c k  p h o sp h a te  w ith  a d d it io n  a g e n ts , w ith  o r  w i th o u t  de
f lu o r in a tio n , h a v e  b e en  u sed  in  E u ro p e  b u t  h a v e  n o t  b een  
a d o p te d  in  th e  U n i te d  S ta te s .

PRELIM INARY INV ESTIG A TIO N S

P re lim in a ry  in v e s tig a tio n s  in d ic a te d  t h a t  th e  fu sio n  of 
ro c k  p h o sp h a te  w ith  m a g n e s ia  a n d  silica  w o u ld  y ie ld  a  p ro d 
u c t  h ig h  in  P 2O 5 s o lu b ili ty  a lth o u g h  re ta in in g  a  la rg e  p ro 
p o r t io n  o f flu o rin e . F o r  ex am p le , a  p ro d u c t  w as p re p a re d  b y  
fu s in g  a  m ix tu re  o f 0 .28  p o u n d  o f m a g n e s ia  a n d  0.21 p o u n d  
o f s ilica  p e r  p o u n d  o f ro c k  p h o sp h a te , a n d  q u e n ch in g  th e  
m e l t  in  w a te r ;  th e  P 20 5 in  th is  p ro d u c t  w as  co m p le te ly  
so lu b le  in  c i t r a te d  a m m o n iu m  n i t r a te  so lu tio n . O th e r  ex p eri
m e n ts  sh o w ed  th a t ,  if  su c h  a  m ix tu re  w ere  e ith e r  ca lc in ed  to  
in c ip ie n t fu s io n  in  a  r o ta r y  k iln  o r  s in te re d  b y  m ix in g  w ith  
coke  a n d  b u rn in g , o n ly  15 to  20 p e r  c e n t  o f th e  P 2O5 in  th e  
p ro d u c ts  w as so lu b le  in  c i t r a te d  a m m o n iu m  n i t r a te  so lu tio n .

A  p ro cess  fo r fu s io n  o f ro c k  p h o sp h a te  w i th  m ag n e s ia  a n d  
s ilica  w o u ld  h a v e  a d v a n ta g e s  o v e r o th e r  ro c k  p h o sp h a te  
fu sio n  p ro cesses, if  th e  p ro p o r tio n s  o f m a g n e s ia  a n d  silica  
r e q u ire d  w ere  n o t  ex cessive ; th e  ra w  m a te r ia ls  w o u ld  b e  in 
ex p en siv e , a n d  d e f lu o rin a tio n , w h ich  re q u ire s  spec ia l ty p e s  of 
fu rn ac e s  a n d  a d d it io n a l  fuel o v e r  t h a t  re q u ire d  fo r fusion , 
w o u ld  b e  o b v ia te d . S u c h  a  p ro cess  m ig h t  b e  p ra c t ic a b le  in 
th e  T en n e ssee  V a lley , b e ca u se  la rg e  d e p o s its  o f h ig h  g ra d e  
o liv in e , a  m in e ra l m ag n e s iu m  silic a te , a re  fo u n d  th e re . I n  
N o r th  C a ro lin a  a n d  G eo rg ia , in  o r  a d ja c e n t  to  th e  T en n essee  
R iv e r  w a te rsh e d , e s t im a te s  show  a b o u t  a  b illio n  to n s  of 
d u n i te  c o n ta in in g  m o re  th a n  40  p e r  c e n t  m a g n e s ia  a n d  230 
m illio n  to n s  o f o liv in e  a v e ra g in g  48 p e r  c e n t  m ag n e s ia  {6). 
A ll o f th e  la rg e  d e p o s its  o f o liv in e  a re  accessib le  to  ra il o r 
t r u c k  t r a n s p o r ta t io n .

774
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A  sy s te m a tic  s tu d y  w as th e re fo re  m a d e  to  d e te rm in e  th e  
p ro p o r tio n s  o f m ag n e s ia , s ilica , a n d  o liv in e  re q u ire d  fo r a  
p ro d u c t  o f h ig h  o r  co m p le te  P 20 6 so lu b ili ty  w hen  th e se  m a 
te r ia ls  a re  fu se d  w ith  ro c k  p h o sp h a te . T h e  p re se n t  p a p e r  is 
l im ite d  to  a  d e te rm in a tio n  of th e  p ro p o r tio n s  o f c o n s t itu e n ts  
re q u ire d  a n d  to  p o t  c u ltu re  te s ts  a s  to  th e  e ffec tiv en ess o f th e  
p ro d u c t. E n g in e e r in g  a n d  econom ic  s tu d ie s  o f th e  p ro cess 
will be  m a d e  la te r .

T a b l e  I. C o m p o s it io n : o f  R a w  M a t e r i a l s

Material
Rock phosphate A 
Rock phosphate B 
Magnesite brick 
Silica 
Olivine

P îO»
33 .3
33 .2

 Composition, Per Cent-
CaO MgO SiOj "  ~
47.1
46 .4

3 .4

0 .9

86 .5

45^0

6 .3
5 .4  
5 .7

96
4 3 .9

F cîO* AljOa
2.8  1.8 
2 .3  . . .
5 .9

3 .63
3 .56

M A TER IA LS, EQ UIPM ENT, AND PROCEDURE

T h e  chem ical com positions of th e  raw  m ate ria ls  are  show n in 
T ab le  I. T h e  rock p h ospha te  was h igh-grade T ennessee brow n 
rock p h o sp h a te  sand . G round  m agnesite  brick was th e  source of 
m agnesia, an d  silica pebble th e  source of silica. T h e  olivine 
was a  com m ercial p ro d u c t from  Spruce P ine, N . C.

Tw o electric  furnaces were used in  th e  course of th e  investiga
tion . One w as a  D e tro it  rocking ind irect-a rc  furnace, lined  w ith  
silica brick  and  o p erated  a t  a b o u t 25 kw. T h e  o th e r w as a  
single-electrode d irec t-a rc  furnace lined  w ith  carbon  and  o p erated  
a t  ab o u t 90 kw . T h e  charges to  th e  in d irec t-a rc  fu rnace weighed 
ab o u t 25 p ounds; those  to  th e  single-electrode furnace, ab o u t 
150. T h e  single-electrode furnace was equ ipped  w ith  a  quench
ing system , consisting  of a  tro u g h  th ro u g h  w hich a  h igh-velocity  
s tream  of w a te r was d irected .

T h e  fusion procedure consisted  in  m ixing th e  desired  p ropor
tio n s of co n stitu en ts , g round  to  —4 m esh or finer, m elting  th e  
m ix tu re  in  one of th e  furnaces, and  cooling th e  m elt rap id ly  by 
w a ter quenching. W hen th e  in d irect-a rc  fu rnace was used, th e  
m elt w as poured  in to  a  p an  of w a te r; w hen th e  d irec t-a rc  fu r
nace w as used , th e  m elt was allowed to  flow in to  th e  s tream  of 
w a ter of th e  quenching system . A bou t 30 m in u te s  were re
qu ired  to  m elt a  charge in e ith e r furnace. T h e  tem p era tu re  of 
th e  m elts as th ey  poured  from  th e  furnaces w as 1450° to  1550° C., 
de term ined  w ith  an  op tical pyrom eter.

NUMBERS BY DATA POINTS 
INDICATE POUNDS OF SILICA 

PER POUND OF ROCK PHOSPHATE
0.29

0.24
u>2[

0,03 0.10 0.15 0-20 0.23
POUNDS OF MAGNESIA PER POUND OF ROCK PHOSPHATE

F ig u r e  1 .  E ffe ct  o f  M a g n e sia  an d  S ilic a  P ro p o rtio n s on  
S o lu b ility  o f  P îOs in  P ro d u c ts  O b tain ed  b y  F u sio n  o f  

R o ck  P h o sp h a te  w ith  M a g n e sia  a n d  S ilic a

Soluble P 20 5 in  th e  p ro d u c ts  w as de te rm in ed  by  th e  M ac- 
In tire -S h aw -H ard in  m eth o d  (3), w hich em ploys a  c itra te d  am 
m onium  n itra te  so lu tion  as th e  so lven t. F o r  com parison, a  few 
de te rm in a tio n s of c itrate-inso lub le  P 20 5 w ere m ade  b y  th e  
A. 0 .  A. C. m eth o d  for P 2Os rem ain ing  “ insoluble” in  superphos
p h a te  an d  in  m ixed fertilizers ( I ) .  T h e  A. O. A. C. m eth o d  em 
ploy's a  n e u tra l am m o n iu m  c itra te  so lu tion  as th e  so lven t for 
th e  form s of phosphate , o th e r  th a n  undecom posed rock phos
ph a te , t h a t  rem ain  a f te r  aqueous ex tractions. T h e  percentage

of soluble P 20 5, d e te rm ined  by  su b tra c tio n  of citrate-inso lub le  
from  to ta l  P 2Os, was as m uch as 1.5 p e r cen t lower th a n  th e  
soluble P 20 6 in d ica ted  by  th e  M ac ln tire -S h aw -H ard in  m ethod .

ROCK P H O SriIA T E  W ITH M AGNESIA AND SILICA

T w o  series  o f fu sio n s w ere m a d e  to  d e te rm in e  th e  p ro 
p o r tio n s  o f  m a g n e s ia  a n d  silica  re q u ire d  fo r co m p le te  so lu 
b ili ty  o f  P 20 5. I n  th e  f irs t  se ries  (T a b le  11-A a n d  F ig u re  1 - A ) , 
from  0.21 to  0 .29  p o u n d  of s ilica  p e r  p o u n d  of ro c k  p h o sp h a te  
w as u sed  in  e ach  fu sio n , a n d  th e  p ro p o r t io n  o f m a g n e s ia  w as 
v a r ie d  from  0 .16  to  0 .28  p o u n d  p e r  p o u n d  of ro c k  p h o sp h a te . 
I t  w as fo u n d  t h a t  96 p e r  c e n t  o f th e  P 20 s in  th e  p ro d u c t  w as 
so lu b le  w h en  0 .24  p o u n d  of m ag n e s ia  a n d  0 .25  p o u n d  of 
silica  p e r  p o u n d  o f ro ck  p h o sp h a te  w as u sed , a n d  t h a t  e ssen tia lly

T a b l e  I I .  E f f e c t  o f  M a g n e s i a  a n d  S i l i c a  o n  P 2O s S o l u b i l i t y  
in  F u s i o n  o f  R o c k  P h o s p h a t e  w i t h  M a g n e s i a  a n d  S i l i c a

Fusion
No.

Lb. Addition  
Agent per Lb. 

Rock Phos- 
phatc A 

MgO SiOa

Composition of 
Product, %

Soly. of 
PaOs. % 
of TotalPaO» SiOa F 

A .  Magnesia Content Varied (Indirect-Arc Furnace) 
PS66 0 .1 6  0 .21«  2 5 .4  2 1 .4  1 .86  85
PS65 0 .2 0  0 .24«  2 4 .3  2 2 .2  1 .10  90
PS64 0 .2 4  0 .25«  2 3 .8  2 2 .6  1 .70  96
PS57 0 .2 8  0 .29«  2 1 .6  2 3 .7  1.71 99

B.  Silica Content Varied (Direct-Arc Furnace)
PSE5
PSE6
PSE7
PSE8

0 .2 8
0 .2 8
0 .2 8
0 .2 8

0.02
0 .15
0 .22
0 .28

27 .2  
23 .4
2 2 . 2  
2 0 .9

8 .4
18.3
21 .3  
25 .5

2 .37
1.92
1.72
1.58

19
85

100
100

F Vola
tilized,
% ?f Initial

33 
58
34 
30

20
25
29
31

« Calculated from percentage of silica in product.

co m p le te  so lu b ility  o f  P 20 5 w as o b ta in e d  w hen  0 .28  p o u n d  
of m ag n e s ia  a n d  0 .29  p o u n d  o f s ilica  p e r  p o u n d  o f ro ck  
p h o sp h a te  w as u sed . T h e  p ro p o r tio n  o f s ilica  in  th is  series 
w as n o t  c o n s ta n t  b ecau se  th e  fusio n s w ere  c a rr ied  o u t  in  a  
silica -lin ed  fu rn ac e , a n d  th e  a m o u n t  o f s ilica  d isso lv ed  from  
th e  lin in g  co u ld  n o t  b e  c o n tro lled . H o w ev e r, a ll o f  th e  
p ro d u c ts  m a d e  in  se ries  A c o n ta in e d  m o re  th a n  th e  m in im u m  
p ro p o r tio n  of s ilica  re q u ire d  fo r co m p le te  P 2O5 so lu b ility , 
a s  in d ic a te d  in  th e  n e x t  series.

I n  th e  second  se ries  (T a b le  1 1 -5  a n d  F ig u re  1 -5 ) ,  c a rr ied  
o u t  in  a  c a rb o n -lin e d  fu rn ac e , th e  m ag n e s ia  w as k e p t  con
s t a n t  a t  0 .28  p o u n d  p e r  p o u n d  of ro c k  p h o sp h a te , a n d  th e  
s ilica  w as v a r ie d  fro m  0.02 to  0 .28  p o u n d  p e r  p o u n d  o f ro ck  
p h o sp h a te . I t  w as fo u n d  t h a t  0 .22  p o u n d  of s ilica  p e r  p o u n d  
of ro c k  p h o sp h a te  w as re q u ire d  fo r e sse n tia lly  co m p le te  P 20 , 
so lu b ility , w h e n  0 .28  p o u n d  of m ag n e sia  p e r  p o u n d  o f ro c k  
p h o sp h a te  w as u sed .

I n  m o s t o f th e se  ru n s  th e  a m o u n t o f flu o rin e  v o la tiliz ed  
fro m  th e  ro c k  p h o sp h a te  w as b e tw ee n  o n e  fo u r th  a n d  one  
th i r d  o f t h a t  in it ia l ly  p re se n t . I n  T a b le  I I - 5 ,  th e  flu o rin e  
v o la tiliz a tio n  in c re ased  w ith  in c re as in g  p ro p o r tio n s  o f  s ilica .

S ince m ag n e s iu m  is a  d e s irab le  p la n t  n u tr ie n t ,  th e  so lu b ility  
o f th e  m ag n e s iu m  in  one  of th e  ro c k  p h o s p h a te -m a g n e s ia -  
silica  fu sio n  p ro d u c ts  w as d e te rm in e d . T h e  a v a ila b i li ty  of 
m ag n e s iu m  in  se lec tiv e ly  ca lc in ed  d o lo m ite  to  p la n ts  h a s  
b e e n  ju d g e d  b y  i ts  so lu b ili ty  in  n e u tr a l  a m m o n iu m  c i t r a te  
so lu tio n  (8) ;  th e re fo re  th is  so lu tio n  w as u sed  fo r th e  p re se n t 
a n a ly s is . N in e ty  p e r  c e n t  o f  th e  m ag n esiu m  in  p ro d u c t
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T a b l e  I I I .  E f f e c t  o f  O l i v i n e  P r o p o r t i o n  o n  P 2Os S o l u b i l i t y  ( D i r e c t - A r c  F u r n a c e )

Lb. per Lb. Rock 
Phosphate B Soly. of 

PaOs, %

F  Vola
tilized, 

% ofOlivine constituents Composition of Product, %
No. Olivine MgO SiOî P îOs CaO MgO SiO* F of Total Initial

PSE11
PSE14
PSE10
PSE9

0.31
0 .39
0 .46
0 .0 2

0.14
0 .17
0.21
0 .2 8

0 .1 3
0.17
0 .2 0
0 .2 7

2 3 .5  38 .3
2 4 .5  35 .9  
2 2 .8  34 .9  
2 1 .3  3 1 .5

10.5
12.1
14.3
17.4

18.6
19.4  
2 2 .0
23 .4

2 .1 2
1.84
1 .87
1.71

62
71
94
98

27 
33 
29
28

P 3 5 7  (T ab le  I I ) ,  w h ich  c o n ta in e d  18.5 p e r  c e n t of m ag n e s iu m  
o x ide, w as so lu b le  in  n e u tra l  a m m o n iu m  c it r a te  so lu tio n . 
T h u s  m o s t o f th e  m ag n e siu m  in  th e  ro c k  p h o s p h a te -m a g n e s ia -  
s ilica  fusion  p ro d u c ts  is re a d ily  a v a ila b le  to  p la n ts .

HOCK n iO S r i lA T E  W ITH OLIVINE

Since th e  fo rego ing  e x p e rim e n ts  in d ic a te d  t h a t  th e  p ro 
p o r tio n s  o f m ag n e s ia  a n d  s ilica  re q u ire d  fo r h ig h  P 20 5 so lu 
b i li ty  w ere  n o t  excessive , a n d  t h a t  th e  ra tio  o f m ag n e s ia  to  
s ilica  req: ired  w as a p p ro x im a te ly  th e  sam e  a s  t h a t  o f m a g 
n esia  to  s ilica  in  o liv ine , i t  a p p e a re d  t h a t  o liv in e  w ou ld  b e  a n  
eco n o m ica l m a te r ia l  fo r fu sio n  w ith  ro c k  p h o sp h a te . R e 
su lts  o f a  series  o f fu sio n s a re  sh o w n  in  T a b le  I I I  a n d  F ig u re  2. 
T o  o b ta in  94 p e r  c e n t  P 20 5 so lu b ili ty  o f th e  p ro d u c t, 0 .46 
p o u n d  of o liv in e  p e r  p o u n d  of ro c k  p h o sp h a te  w as re q u ire d ; 
to  o b ta in  98  p e r  c e n t  P 2Os so lu b ility , 0 .62  p o u n d  o f o liv in e  
w as n ecessa ry . T h e se  re su lts  a re  in  go o d  a g re e m e n t w ith  
th e  fusions o f ro c k  p h o sp h a te  w ith  m ag n e s ia  a n d  s ilica  
(T a b le  I I ) .  T h e  a m o u n t o f flu o rin e  v o la tiliz ed  w as a b o u t  th e  
sam e  a s  t h a t  o b se rv ed  in  fu sio n s w ith  m ag n e s ia  a n d  silica .

T h e  v o la ti liz a tio n  o f P 20 6 in  th e  fu sio n s o f ro c k  p h o sp h a te  
w ith  o liv ine , a s  d e te rm in e d  b y  th e  d ifference  in  P 2O s/C aO  
r a t io  o f th e  fu rn a c e  c h arg e  a n d  of th e  p ro d u c t, w as u su a lly  
a b o u t  5  p e r  c e n t a n d  w as a s  h ig h  a s  13 p e r  c e n t  in  o n e  case. 
T h is  v o la ti liz a tio n  w as p re su m a b ly  d u e  to  re d u c tio n  b y  th e  
c a rb o n  fu rn ac e  lin in g  a n d  c a rb o n  e lec tro d es . C o n se q u e n tly , 
a  fusion  w as m a d e  in  w h ich  a  m ix tu re  t h a t  c o n ta in e d  0.60 
p o u n d  of o liv in e  p e r  p o u n d  of ro ck  p h o sp h a te  w as ch arg ed  
c o n tin u o u s ly  in to  th e  d ire c t-a rc  fu rn ac e  fo r 8 h o u rs ;  th e  
fu rn ac e  w as ta p p e d  a t  3 0 -m in u te  in te rv a ls . W ith  th is  
m e th o d  of o p e ra tio n , th e  fu rn ac e  a lw ay s  c o n ta in e d  a  la y e r  
o f u n fu se d  ch arg e  a b o v e  th e  m o lte n  m a te r ia l;  th u s  a n y  
v a p o rs  o r  fu m es l ib e ra te d  fro m  th e  m e lt  ro se  th ro u g h  th e  
la y e r  o f u n fu sed  m a te r ia l,  w h e reas  in  th e  b a tc h  e x p e rim e n ts  
th e  u p p e r  h a lf  o f th e  fu rn ac e  w as e m p ty . A n a ly se s  o f th e  
p ro d u c t  from  th e  fu sio n  in  w h ich  c o n tin u o u s  c h a rg in g  w as 
u sed  in d ic a te d  t h a t  th e  P 20 5 loss w as o n ly  1  p e r  c e n t;  th e  
flu o rin e  v o la ti liz a tio n  w as 11 p e r  c e n t. T h is  e x p e rim e n t 
in d ic a te s  t h a t  th e re  w o u ld  b e  no  a p p rec ia b le  P 20 6 lo ss from  
a n  e lec tr ic  c a rb o n -lin ed  fu rn ac e  d es ig n ed  so t h a t  th e  u n  fused  
p a r t  of th e  c h arg e  co u ld  se rv e  a s  a n  
a b so rb e n t  fo r l ib e ra te d  p h o sp h o ru s  o r
P 20 5. A lso , i t  is lik e ly  t h a t  th e  P 20 5 ■-------------
losses re su ltin g  fro m  fu sio n  of th e  
m ix tu re  in  a  fu rn ac e  n o t  lin ed  w ith  
c a rb o n  w o u ld  be  sm all.

0 .31 p o u n d  o f o liv in e  p e r  p o u n d
o f ro c k  p h o sp h a te  w as u sed . T h e  
so lu b ili ty  o f P 2C>5 co u ld  be  in 
c reased  from  62 to  81 p e r  c e n t 
b y  u s in g  0 .14  p o u n d  of s ilica  p e r 
p o u n d  o f ro c k  p h o sp h a te  in  a d d i
tio n  to  th e  o liv ine , b u t  n o  fu r th e r  
in c re ase  in  so lu b ility  o f P 20 5 w as 

.. o b ta in e d  w h en  0 .28  p o u n d  of s ilica
p e r  p o u n d  of ro c k  p h o sp h a te  w as used  
in  a d d it io n . I n  th e  seco n d  se ries  

(T a b le  TV-B), 0 .39  p o u n d  of o liv in e  p e r  p o u n d  of ro ck  p h o s
p h a te  w as u sed . T h e  so lu b ili ty  o f P 2Os co u ld  b e  in creased
fro m  71 to  81 p e r  c e n t  w hen  0 .25  p o u n d  of s ilic a  p e r  p o u n d  
of ro c k  p h o sp h a te  w as u sed  in  a d d it io n  to  th e  o liv ine . B e 
cau se  p ro d u c ts  h a v in g  P 20 6 so lu b ility  h ig h e r  th a n  81 p e r  
c e n t  w ere n o t  o b ta in e d , a n d  b ecau se  th e  a m o u n t  o f  silica  
n eed ed  ev en  fo r th is  so lu b ility  w as re la tiv e ly  la rg e  w ith
a t t e n d a n t  d ecrease  in  th e  P 2O j c o n te n t o f  th e  p ro d u c t, i t
a p p e a rs  b e t te r  to  use  no  a d d it io n a l  silica  fo r th e  fu sions.

T h e  a m o u n t  o f flu o rin e  v o la ti liz e d  w as g re a te r  in  m o s t 
cases th a n  w h en  n o  s ilic a  w a s  u sed .

PO T CULTURE T E S T S

A  sa m p le  o f p ro d u c t  P S E 1 0  (T a b le  I I I ) ,  g ro u n d  to  —100 
m esh , w as su b je c te d  to  p o t  c u ltu re  te s ts  in  th e  g reen h o u se . 
T h is  p ro d u c t  h a d  b een  m a d e  b y  th e  fu sio n  of a  m ix tu re  con
ta in in g  0 .46 p o u n d  of o liv in e  p e r  p o u n d  o f ro c k  p h o sp h a te  
a n d  c o n ta in e d  22.8 p e r  c e n t  P 20 5, 94  p e r  c e n t o f w h ich  w as 
so lub le  in  c it ra te d  a m m o n iu m  n i t r a te  so lu tio n , a s  co m p ared  
w ith  2 .2  p e r  c e n t fo r th e  ra w  ro c k  p h o sp h a te . T h e  te s t

POUNDS OF OLIVINE PER  POUND OF ROCK PHOSPHATE

F ig u re  2 . E ffe ct  o f  O livin e P ro p o rtio n  on  S o lu b ility  o f  
P 2O s in  P ro d u c ts  O b ta in ed  b y  F u sio n  o f  R o ck  P h o sp h a te  

w ith  O livin e

T a b l e  IV . E f f e c t  o f  M a g n e s i a - S i l i c a  P r o p o r t i o n s  o n  P 2Os S o l u b i l i t y  i n  F u s i o n  
P r o d u c t s  o f  R o c k  P h o s p h a t e  w i t h  O l i v i n e  a n d  S i l i c a  ( D i r e c t - A r c  F u r n a c e )

ROCK PH OSPHATE W ITH OLIVINE  
AND SILICA

T o  d e te rm in e  w h e th e r  h igh  so lu
b i li ty  of P 2Oi co u ld  be o b ta in e d  w ith  
sm a lle r  p ro p o r tio n s , o f o liv in e  th a n  
th o se  re q u ire d  fo r h ig h  so lu b ility  in  
th e  a b o v e  fusions, if  la rg e r  p ro p o r
tio n s  o f s ilica  w ere u sed , tw o  series 
w ere  ru n  in  w hich  b o th  o liv in e  a n d  
s ilic a  w ere  fu sed  w ith  ro c k  p h o s
p h a te .  I n  th e  f irs t  (T a b le  IV -A ),

Lb. per Lb. Phosphate  
Rock B

Olivine and Si F  Vola
Pebble Constit- Soly. of tilized,

Fusion Si uents Composition of Product, % PiOs, % % of
No. pebble MgO SiOi PaO* CaO MgO SiOa F of Total Initial

A .  0.31 Lb. Olivine per Lb. of Rock Phosphate B
PSE11 0 .00 0 .1 4  0 .1 3  2 3 .5  38 .3 1 0 .5  18 .6  2 .1 2 62 27
PSE12 0 .14 0 .1 4  0 .2 7  2 1 .9  3 5 .6 9 .4  2 6 .7  1 .17 81 57
PSE13 0 .2 8 0 .1 4  0 .4 0  18.6  3 4 .2 8 .1  3 2 .4  1 .37 80 47

B .  0.39 Lb. Olivine per Lb. of Rock Phosphate B
PSE14 0 .0 0 0 .1 7  0 .1 7  2 4 .5  35 .9 12.1 19 .4  1 .84 71 33
PSE15 0 .11 0 .1 7  0 .2 7  2 2 .5  3 4 .5 11.3  2 4 .6  1.80 57 31
PSE16 0 .2 5 0 .1 7  0 .4 0  2 0 .8  3 1 .8 1 1 .0  3 0 .1  1.09 * SI 55
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T a b l e  V. C o m p a r i s o n  o f  R o c k  P h o s p h a t e - O l i v i n e  F u s i o n  P r o d u c t  
w i t h  O t h e r  P i i o s p i i a t i c  F e r t i l i z e r s  i n  P o t  C u l t u r e  T e s t s  w i t h  S o i l s  

P r e l i m e d  w i t h  D o l o m i t e “
D ry W t. of 2 Crops 

Sudan Grass, Grams
Composition, % Lb. P ,0 8 Hartsells

Total Sol. Fluor per Acre fine sandy Fullerton
PsOj P*Oi ine Surface loam silt loam

0 11.2 12 .3

22 .8 2 1 .4 1.87 40 22 .1 19 .7

3 0 .2 27 .2 0 .0 2 40 2 4 .3 19.2
51 .2 40 2 3 .2 21 .7
2 0 .0 17.8 1 .79 40 21 .4 2 1 .0

Phosphatic Fertilizer
No phosphate 
Rock pnosphate-olivine  

fusion product 
Defluorinated fused rock 

phosphate 
Coned, superphosphate 
Standard superphosphate

° Tests made under the supervision of W. H._ M aclntire of the University of Tennessee in 
cooperation with the Tennessee Valley Authority.

crop  w as S u d a n  g ra ss . T w o  soils, H a r ts e l ls  fine s a n d y  lo am  
o f 4.9 p H  a n d  F u lle r to n  s i l t  lo am  of 5.3 p H  w ere  u sed . B o th  
so ils w ere  lim ed  m o d e ra te ly  w ith  d o lo m ite , th e  H a r tse lls  
soil a t  a  r a te  e q u iv a le n t  to  2000 p o u n d s  o f ca lc iu m  c a rb o n a te  
pe r ac re  su rface , a n d  th e  F u lle r to n  soil a t  a  r a te  e q u iv a le n t to  
1000 p o u n d s . A fte r  th e  second  h a rv e s t  th e  H a r ts e l ls  a n d  
F u lle r to n  so ils h a d  p H  v a lu e s  o f 6 .3  a n d  6.0, re sp ec tiv e ly . 
T o  a ssu re  t h a t  PjO s w ou ld  b e  th e  lim itin g  fa c to r, 150 p o u n d s  
of p o ta s s iu m  (as  p o ta s s iu m  su lfa te ) , 25 p o u n d s  o f m an g a n ese  
su lfa te , 25 p o u n d s  o f c o p p er su lfa te , 2 p o u n d s  o f b o ro n  (as 
b o ric  a c id ) , a n d  2  p o u n d s  of z in c  (as  z in c  su lfa te )  p e r  ac re  
su rface  w ere  a d d e d  in  so lu tio n  to  b o th  so ils. T h e  in co rp o ra 
tio n s  w ere  m a d e  o n ly  in  th e  u p p e r  3 -in ch  zone. N itro g e n  
w as su p p lied  a s  a m m o n iu m  n i t r a te  so lu tio n  to p  d ressin g . 
S ta n d a rd  a n d  c o n c e n tra te d  su p e rp h o sp h a te  a n d  d e flu o rin a te d  
fused  ro c k  p h o sp h a te  w ere  u se d  a s  c o n tro ls  to  su p p ly  P 2Os 
a t  th e  c o n v e n tio n a l r a te  o f 250 p o u n d s  o f s ta n d a r d  su p e r
p h o sp h a te  p e r  ac re  su rface .

T h e  re su lts  a re  sh o w n  in  T a b le  V . W ith in  th e  lim its  of 
a c c u ra c y  o f th e  te s ts , th e  ro c k  p h o sp h a te -o l iv in e  fusion  
p ro d u c t  a p p e a re d  to  be p ra c tic a lly  a s  e ffec tiv e  a s  th e  tw o  
su p e rp h o sp h a te s . O n  b o th  so ils th e  ro c k  p h o sp h a te -o liv in e  
fu sio n  p ro d u c t  a n d  th e  d e f lu o r in a te d  fused  ro ck  p h o s
p h a te  w ere  e q u a lly  effec tive . D o lo m ite  w as u sed  a s  th e  
lim in g  a g e n t  a s  a  c o n tro l fo r a n y  beneficia l effec t o f m a g 
n esiu m  c o n te n t  o f th e  ro c k  p h o sp h a te -o l iv in e  fusion  p ro d u c t.

CONCLUSIONS

T h e  e x p e rim e n ts  in d ic a te  t h a t  th e  P 2Os in  ro ck  p h o s
p h a te  can  b e  m a d e  a v a ila b le  to  p la n ts  b y  fusion  of th e  p h o s
p h a te  w ith  p ro p o rtio n s  o f m ag n esia  a n d  s ilica , o r  o f  o liv ine , 
t h a t  a re  re la tiv e ly  sm a ll co m p ared  w ith  th e  p ro p o r tio n s  of 
a lk a lin e  e a r th  s ilic a te s  re p o rte d  a s  n ecessa ry  b y  p rev io u s 
in v e s tig a to rs  04, 17), a n d  w ith o u t  rem o v a l o f th e  m a jo r  
p o rtio n  of th e  flu o rin e  o f th e  ro ck  p h o sp h a te . T h u s , fusion  
of a  m ix tu re  o f 1.00 p o u n d  of rock  p h o sp h a te  (33 p e r c en t 
P 20 5, 3 .6  p e r  c e n t  fluo rine) a n d  0 .46 p o u n d  of o liv in e  (45 
pe r c e n t  M g O , 44 p e r c e n t  S i0 2) y ie ld ed  a  p ro d u c t  co n ta in in g
22 .8  p e r  c e n t  to ta l  P 20 5, 21 .4  p e r c e n t so lu b le  P 20 5, a n d  1.9 
p e r c e n t  f lu o rin e ; th e  p ro d u c ts  p re p a re d  b y  p re v io u s  in 
v e s tig a to rs  re q u ire d  a b o u t  1.6  p o u n d s  o f a lk a lin e  e a r th  com 
p o u n d s  o r  0 .4 5 -1 .0  p o u n d  o f a lk a li c o m p o u n d s  p e r  p o u n d  
of ro c k  p h o sp h a te  fo r p ro d u c ts  o f h ig h  P 20 5 so lu b ility .

PRELIM INARY EVALUATION O F PROCESS AND PRODUCT

A  p ro cess fo r m a k in g  p h o sp h a tic  fe rtiliz e r  b y  fu sio n  o f rock  
p h o sp h a te  w ith  o liv in e  w ou ld  h a \ e  a  n u m b e r  o f  a d v a n ta g e s  
o v e r o th e r  p rocesses. I n  c o n tr a s t  to  p rocesses fo r m ak in g  
su p e rp h o sp h a te , ex p en s iv e  a c id  is  n o t  re q u ire d . I t s  a d v a n 
ta g e  o v e r p ro cesses fo r m a k in g  m e ta p h o sp h a te s  is t h a t  ex p en 
siv e  e le m en ta l p h o sp h o ru s  is  n o t  n eed e d . In  c o n tra s t  to  
p rocesses fo r m a k in g  d e f lu o rin a te d  fused  ro ck  p h o sp h a te ,

i t  is  n o t  n e ce ssa ry  to  re m o v e  s u b s ta n t ia l ly  a ll 
o f th e  flu o rin e  fro m  th e  ro c k  p h o sp h a te , a  
d ifficu lt a n d  ex p en s iv e  ta s k .  I t s  a d v a n ta g e s  
o v e r o th e r  fu sio n  p ro cesses in  w hich  P 2Os so lu 
b ili ty  is o b ta in e d  b y  a d d it io n  a g e n ts  w ith o u t  
d e f lu o r in a tio n  a re  t h a t  th e  a g e n t  re q u ire d  in  
th e  p re se n t  p ro cess is  in ex p en siv e  a n d  th e  
a m o u n t re q u ire d  is  re la tiv e ly  sm a ll. T h ese  
a d v a n ta g e s  o f th e  ro c k  p h o sp h a te -o liv in e  
fusion  p ro cess sh o u ld  re s u l t  in  lo w ered  c o sts  of 
p ro d u c tio n  o f a v a ila b le  P 20 5.

A n  a d v a n ta g e  o f th e  ro c k  p h o sp h a te -o liv in e  
fu s io n  p ro d u c t  is t h a t  i t  c o n ta in s  so lu b le  m ag- 

= _ _ _ _  n es iu m , w hich  sh o u ld  m a k e  th e  p ro d u c t  espe
c ia lly  a d a p ta b le  fo r a p p lic a tio n  to  so ils t h a t  
re sp o n d  to  m ag n esiu m .

T h e  p ro p o se d  p ro cess  w o u ld  h a v e  to  b e  c a rr ied  o u t  in  a rea s  
w here  b o th  ro c k  p h o sp h a te  a n d  o liv in e  can  b e  o b ta in e d  
ch eap ly . T h e  o liv in e  d e p o s its  in  N o r th  C a ro lin a  a n d  
G eo rg ia  (6) a re  n e a r  b o th  th e  T en n essee  a n d  F lo r id a  p h o s
p h a te  d e p o s its . T h e  w e s te rn  p h o sp h a te  d e p o s its  in  U ta h , 
Id a h o , M o n ta n a , a n d  W y o m in g  a re  n e a r  o liv in e  a n d  se rp en 
tin e  d e p o s its  in  O regon  a n d  C a lifo rn ia . T h e re fo re  b o th  
m a te r ia ls  co u ld  p ro b a b ly  be  o b ta in e d  ch ea p ly  e n o u g h  o v e r a  
w id e  a re a  fo r u se  in  th e  p ro p o sed  p rocess . T h e  w e s te rn  p h o s
p h a te  d e p o s its  a re  n e a r  m a g n e s ite  d e p o s its  so t h a t  i t  m ig h t 
p ro v e  eco n o m ica l to  u se  m a g n e s ite  a n d  silica  a s  ra w  m a te r ia ls  
fo r th e  p ro cess r a th e r  th a n  th e  m in e ra l m ag n e siu m  sili
c a tes .

S ince  th e  p ro d u c t  o f th e  ro c k  p h o sp h a te -o liv in e  p ro cess  is 
n o t  so h ig h ly  c o n c e n tra te d  in  P 20 5 a s  so m e  o th e r  p h o sp h a tic  
fe rtilizers , i t  c o u ld  n o t  b e  sh ip p e d  eco n o m ica lly  o v e r 'so  g re a t  
a  d is ta n c e . H o w ev e r, th e  p ro d u c t  is so m e w h a t m o re  con
c e n tra te d  th a n  o rd in a ry  su p e rp h o sp h a te .
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T w o -S t a g e  Coffee G ra n u liz e r
R o u ste d  w h o le  coffee h c a n s  m a y  be v iew ed  th ro u g h  th e  w in d o w  a t  th e  to p  o f  th e  m a c h in e , a n d  
g ro u n d  coffee th ro u g h  th e  co n v e y o r a n d  c h u te  a t  th e  b o tto m  r ig h t .  B e tw e e n  th e se  p o in ts  is  th e  
m e c h a n is m  w h ic h  b re a k s  d o w n  th e  w h o le  b e a n s in t o  s u ita b le  g r a in  s iz e . M a g n e t ic  se p a ra to rs  

abo ve th e  m a c h in e  p ro v id e  a d d it io n a l p ro te c t io n .

A . CO RNW ELL SH U M A N  AND 
L U C IU S W . E L D E R , JR.
G eneral Foods C orpora tion , H oboken , N . J .

E A R L I E R  p a p e rs  in  th is  series ( I ,  2) sh o w ed  t h a t  s ta lin g  
o f ro a s te d  coffee c a n n o t b e  c o rre la te d  w ith  o x id a tio n  
o f th e  f a t t y  oil f ra c tio n  (co m m o n ly  k n o w n  a s  ra n c id ity  

d e v e lo p m e n t) , b u t  t h a t  th e  ro a s tin g  p ro cess  a c tu a l ly  se rv es  
to  s ta b iliz e  th e  f a t ty  oil o f g reen  coffee b y  d e v e lo p m e n t of 
a n tio x id a n ts  in  th e  ro a s t in g  p rocess , n o ta b ly  p y rro le . S ta lin g  
h as  a lso  b e en  a sso c ia ted  w ith  th e  loss o f c a rb o n  d io x id e  w h ich  
occu rs  sp o n ta n e o u s ly  in  g ro u n d  ro a s te d  coffee o n  s to ra g e . 
P a te n ts  h a v e  b een  issu ed  re c e n tly , b a se d  o n  th e  id e a  o f p re 
v e n tin g  th e  s ta lin g  o f coffee b y  p re v e n tin g  th e  lo ss o f c a rb o n  
d iox ide  (4, 5 ). N e a r ly  e v e ry  in v e s tig a to r  h a s  reco g n ized  
t h a t  oxy g en  p la y s  a n  im p o r ta n t  p a r t  in  d ev e lo p in g  s ta le  flav o r. 
Jo h n s to n  (S) a lso  p o in te d  o u t  t h a t  m o is tu re  c a n  a c c e le ra te  
sp o ilag e  of coffee b y  s ta lin g .

T h is  in v e s tig a tio n  w as  u n d e r ta k e n  to  d e te rm in e  th e  re la 
tiv e  im p o rta n c e  o f th e  th re e  fa c to rs— m o is tu re , a ro m a  ox id a-
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tio n , a n d  a ro m a  e v a p o ra tio n — b y  a  
s y s te m a tic  se ries  o f te s ts  in  w hich  
e ac h  effec t w as e v a lu a te d  s in g ly  a n d  
in  c o n ju n c tio n  w ith  th e  o th e rs . T h e  
coffee u se d  w as a  m e d iu m -ro a s t 
re g u la r-g r in d  co m m erc ia l b len d .

E F F E C T  O F  A R O M A  E V A P O R A T IO N

T o  s tu d y  th e  effec t o f e v a p o ra tio n  in d e p e n d e n tly  o f o x id a 
t io n  a n d  m o is tu re , h a lf-p o u n d  sa m p le s  o f f re sh ly  g ro u n d  
ro a s te d  coffee w ere  loose ly  p a c k e d  in  1 - l i te r  a s p ira t in g  b o t t le s  
th ro u g h  w hich  d ry  n itro g e n  g a s  w a s  p a sse d , e n te r in g  a t  th e  to p  
of th e  b o t t le  a n d  p a ss in g  o u t  th ro u g h  th e  tu b u la tu r e  a t  th e  
b o tto m . T h e  n i tro g e n  g a s  w as sc ru b b e d  free  o f t r a c e s  o f 
ox y g en  b y  p a ssa g e  th ro u g h  F ie se r ’s  re a g e n t  (a n  a lk a lin e  
m ix tu re  o f so d iu m  h y d ro su lf i te  a n d  so d iu m  a n th ra q u in o n e  jd- 
su lfo n a te ) , d r ie d  o v e r  D e h y d r i te  (m ag n e siu m  p e rc h lo ra te  
a n h y d ro u s ) ,  a n d  th e n  p a sse d  th ro u g h  th e  coffee a t  th e  r a te  
o f a b o u t  1 l i te r  p e r  h o u r . D u p lic a te  p o r t io n s  o f th e  sam e  
coffee u se d  in  e ac h  te s t  w ere  se a le d  in  g lass  u n d e r  th e  v a c u u m  
p ro d u c e d  b y  a  C en co  H y v a c  p u m p  a n d  h e ld  a s  co n tro l sa m p le s  
fo r  e v a lu a tin g  flav o r c h an g es  p ro d u c e d  in  th e  t r e a te d  sam p les. 
A t  in te rv a ls  ra n g in g  fro m  5 to  55 d a y s , p o r t io n s  o f th e  
v a c u u m -se a le d  co n tro l sa m p le s  a n d  o f th e  n itro g e n -sw e p t 
sa m p le s  w ere  rem o v ed  fo r a p p ra is a l  o f c u p  q u a li ty .  C u p  
te s tin g  w as  c a rr ie d  o u t  b y  p ro fessio n al ta s te r s  in  a  F r o n t  
S tre e t ,  N ew  Y o rk , coffee b u y in g  office. S u p p le m e n ta ry  
ta s t in g  te s ts  c o n d u c te d  b y  m em b e rs  o f th e  la b o ra to ry  s ta ff  
w ere , in  g en era l, in  a g re e m e n t w ith  th e  re su lts  re p o r te d  fro m  
th e  F r o n t  S tr e e t  office. R e su lts  o f th e se  c u p  te s ts  a p p e a r  in
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T e sts  w ere ru n  to  d isc lo se  th e  effect o f  c o n 
tro lled  sto ra g e  c o n d itio n s  o n  th e  cu p  q u a l
ity  o f  g ro u n d  ro a sted  coffee. S a m p les  h er 
m e tic a lly  sea led  in  a v a c u u m  rem a in ed  
fresh  th r o u g h o u t th e  te s t  (m a x im u m  48 
d ays). C offee sw ep t c o n tin u o u s ly  for 55 
days w ith  dry n itr o g e n  rem a in ed  co m p a ra 
tiv e ly  fresh , sh o w in g  th a t  th ere  is  an  
a b u n d a n t su p p ly  o f  arom a in  fresh  coffee  
an d  th a t  e v o lu tio n  o f  gas h a s  n o  d e le c ta b le  
e ffec t o n  flavor. T h e  v o lu m e  o f  gas in to  
w h ic h  coffee a ro m a  w as a llow ed  Lo evap o
ra te  is  a p p rox im ately  5000 t im e s  th e  v o lu m e

o f  th e  gas sp ace  in  th e  v a cu u m ized  can . 
T h erefore , coffee c a n n o t su ffer a d e tec ta b le  
lo ss  o f  flavor b eca u se  o f  ev a p o ra tio n  in to  
th e  co n ta in er  gas sp ace . A t le a st  p a rt o f  
th e  s ta le  flavor p rod u ced  by exp osin g  coffee  
to  oxygen  can  b e  rem oved  by su b seq u en tly  
sw eep in g  th e  coffee w ith  a n  in e r t  gas; th is  
su g g ests  th a t  a t  le a s t  p a rt o f  th e  s ta le  flavor  
is  d u e  to  co m p o u n d s w h ic h  are v o la tile . 
I f  o x id a tio n  is  a llow ed  to  proceed  far 
e n o u g h , esp ec ia lly  in  a h e r m e tic a lly  sea led  
c o n ta in e r , su b se q u e n t sw eep in g  w ith  a n  
in e r t gas fa ils  to  rem ove s ta le  flavor.

T a b le  I .  A s w as to  b e  ex p ec te d , all o f th e  v a cu u m -se a le d  
co n tro l sa m p le s  w ere ju d g e d  fresh  o r  c o m p a ra tiv e ly  fresh  
th ro u g h  th e  e n tire  s to ra g e  in te rv a l  o f 48  d ay s.

C o n tra ry  to  w h a t  m ig h t  b e  e x p ec ted , on  th e  b a s is  o f th e  
ea rlie r  p u b lic a tio n s  a n d  p a te n t  sp ec ifica tio n s re fe rre d  to  
ab o v e , th e  g ases a n d  a ro m a  
v a p o rs  fro m  coffee c an  b e  con
tin u o u s ly  re m o v e d  fo r  a  p e rio d  
a s  long  a s  55 d a y s  w ith o u t  im 
p a ir in g  th e  flav o r q u a li ty  a s  
ju d g e d  b y  th e  e x p e r t ta s te r s .  A s 
sh o w n  in  T a b le  I -B, n o n e  o f th e  
e leven  sa m p le s  d ra w n  fro m  th e  b e 
g in n in g  of th e  te s t  u n t i l  th e  en d  
o f th e  5 5 -d a y  p e rio d  w as ju d g e d  
to  be  m o re  th a n  7 d a y s  o ld — t h a t  
is, fre sh  o r  c o m p a ra tiv e ly  fresh .
I t  is a p p a re n t  t h a t  th e re  is  a n  
a b u n d a n t  su p p ly  o f a ro m a  in  
coffee, a n d  t h a t  a s  lo n g  a s  o x y 
gen  a n d  m o is tu re  a re  exc lu d ed , 
e v o lu tio n  o f g as  f ro m  coffee (su ch  
a s  occu rs , fo r ex am p le , in  a  
v a c u u m iz e d  can ) c an  h a v e  n o  de
te c ta b le  efTect o n  th e  flav o r 
q u a li ty .  I n  th e  5 5 -d a y  t e s t  th e  
v o lu m e  of g a s  in to  w h ic h  coffee 
a ro m a  w as a llo w ed  to  e v a p o ra te  
w as a p p ro x im a te ly  5000 t im e s  th e  
v o lu m e  o f th e  g a s  sp ace  in  a  
v a c u u m iz e d  can . B y  co m p a ri
so n , th e re fo re , th e  p o ss ib ility  of 
flav o r im p a irm e n t b y  e v a p o ra tio n  
of a ro m a  in to  th e  g as  sp ace  o f th e  
co m m erc ia l c o n ta in e r  is n o n 
e x is te n t.

E F F E C T  O F  M O I S T U R E

T h e  e ffec t o f m o is tu re  in  th e  coffee o n  a ro m a  e v a p o ra tio n  
a n d  su b s e q u e n t flav o r v a lu e  o f th e  t r e a te d  coffee w as s tu d ie d  
b y  th e  sam e  te c h n iq u e , e x ce p t t h a t  th e  n itro g e n  a f te r  be ing  
freed  fro m  tra c e s  o f oxy g en  w as p assed  th ro u g h  a  w a te r

O ne o f  th e W o rld ’s L a rg e st  
Coffee R o a ste rs  P re p a rin g  a  

B a tc h  o f  B len d e d  Coffee
T h ro u g h  a  s m a l l  d oo r a  .sk illed  o p e ra 
to r  p e ers in t o  th e  r a d ia n t  d e p th s  o f  
th e  ro a s te r . In s id e ,  in  a  fla sh  o f  fla m e ,  
coflees b le n d e d  to  e x a c t in g  s ta n d a rd s  
a r c  b e in g  ro a s te d  a c c o rd in g  to  sp e c if i

c a t io n s .
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T a ble  I. R elation  o f  C u p  Q uality  o f  C o ff e e  to  A ge u n d er  Various Storage
C onditions

B . Swept -with D ry  C. Swept with M oist 
A .  Vacuum Sealed Nitrogen Nitrogen

Days Cup quality Days Cup quality Days Cup quality
sealed (age in days) swept (age in days) swept (age in days)

5 Fresh 5 Fresh 5 Fresh
5 Fresh 6 Slightly stale (5-7) 12 Fresh (2-3)
5 Comp, fresh (4-5) 6 Comp, fresh (3-5) 14 Slightly stale (5-7)

12 Fresh (2-3) 12 Fresh (2-3) 20 Slightly stale (5-7)
12 Fresh 14 Comp, fresh (3-5) 22 Comp, fresh (2-3)
12 Fresh 19 Comp, fresh (2-4) 4S Slightly stale (7-9)
13 Comp, fresh (3-5) 19 Comp, fresh (3-5) 55 Comp, fresh (3-5)
19 Comp, fresh (2) 20 Comp, fresh (2-3)
20 Fresh (1-2) 22 Comp, fresh (2-3)
22 Comp, fresh (2-3) 48 (4-6)
25 Fresh 55 Comp, fresh (3-5)
48 (2-3)

F . Sealed with Oxygon a t
D . Swept with D ry Oxygen E . Swept with M oist Oxygen Atmospheric Pressure

Days Cup quality Days Cup quality Days Cup quality
swept (age in days) swept (age in days) sealed (age in days)

5 Fresh (1-2) 5 Comp, fresh (3-4) 5 Comp, frosh (3—4)
5 Stale 5 Stale 5 Comp, fresh (3-5)

12 Comp, fresh (2-3) 12 Comp, fresh (2-3) 5 Comp, fresh (3-5)
13 Slightly stale (6- 8) 13 Slightly stale (6- 8) 1 1 Stale (7-9)
13 Stale (8-10) 19 Stale (7-10) 14 Stale (8-10)
19 Slightly stale (5-7) 20 Slightly stale (6- 8) 19 Very stale (20)
19 Slightly stale (5-7) 19 Very stale (30)
19 Slightly stale (6- 8) 32 Stale (8 + )
20 Slightly stale (5-7) 32 Stale (8 + )

s a tu r a to r  in s te a d  of a  d ry in g  tu b e  a n d  s e n t  d ire c tly  in to  th e  
coffee c o n ta in e r . D u r in g  th e  5 5 -d a y  p e rio d , th e  m o is tu re  
c o n te n t  o f coffee so t r e a te d  in c reased  fro m  a n  in itia l  v a lu e  
of a p p ro x im a te ly  1.4 to  a b o u t  5 p e r c en t. T h e  re su lts  o f cup  
te s ts  on  sa m p le s  t r e a te d  in th is  m a n n e r  a p p e a r  in  T a b le  I-C  
a n d  sh o w  t h a t  coffee d o es n o t  re m a in  q u ite  so fresh  u n d e r  th e se  
c irc u m s tan c es  a s  w hen  i t  is sw e p t w ith  d ry  n itro g e n . T h e  loss 
o f flav o r v a lu e  is a p p a re n tly  n o t  u n ifo rm ly  p ro p o r tio n a l to  
th e  d u ra t io n  of th e  t r e a tm e n t,  b u t  th e  w o rs t v a lu e  re p o rte d  
(s lig h tly  s ta le , 7 -9  d a y s  o ld ) w as fo r coffee t r e a te d  fo r a  to ta l  
o f  48  d a y s . T h e se  re su lts  in d ic a te  th a t ,  a lth o u g h  m o is tu re  
in  th e  ab sen ce  of oxygen  does in fluence  th e  f lav o r v a lu e  
of coffee fro m  w hich  a ro m a  is c o n tin u o u s ly  a llo w ed  to  
e v a p o ra te , th e  effect o f m o is tu re  u n d e r  th e s e  c irc u m s tan c es  
is c o m p a ra tiv e ly  s lig h t.

T h e  effec t o f m o is tu re  a lo n e , in  th e  ab sen ce  of o x y g en  a n d  
in  th e  ab sen ce  o f c o n d itio n s  a llo w in g  e v a p o ra tio n  of a ro m a  to  
o ccu r, w as so m e w h a t m o re  d ifficu lt to  s tu d y  e x p e rim e n ta lly . 
A fte r  p re lim in a ry  te s ts  w h ich  sh o w ed  t h a t  a  p e r io d  o f sev e ra l 
w eeks w ou ld  b e  re q u ire d  to  tra n s fe r  th e  d e s ired  q u a n t i ty  
of w a te r  in to  coffee sa m p le s  b y  d i t i l la t io n  u n d e r  c irc u m 
sta n c e s  w h ich  w ou ld  n o t  p e rm it  th e  re m o v a l o f a n y  e v a p o ra te d  
a ro m a , i t  w as d ec id ed  to  p re p a re  th e  sa m p le s  in  th e  fo llow ing 
m a n n e r :  T h e  d esired  q u a n t i ty  o f w a te r  (bo iled  free  f ro m  d is
so lv ed  a ir) w as p laced  in  a  sid e  a rm  sea led  to  th e  n e ck  of a  
g lass b u lb  c o n ta in in g  th e  coffee. T h e  w a te r  w a s  fro ze n  b y  
im m e rs in g  th e  sid e  a rm  in  a  so lid  c a rb o n  d io x id e -a leo h o l 
b a th ,  a n d  th e  sy s te m  w as e v a c u a te d  w ith  a  H y v a c  p u m p . 
T h e  b u lb  w as th e n  sea led  u n d e r  a  f ra c tio n  of a  m illim e te r  
p re ssu re . A f te r  sea ling , th e  ice  w as m e lte d  a n d  th e  b u lb  
in v e r te d  so t h a t  th e  w a te r  r a n  o n to  th e  coffee. T h e  w a te r  
w as q u ick ly  a b so rb e d  b y  a  sm a ll a m o u n t of th e  coffee a n d  
th o ro u g h ly  w e t th is  p o r t io n . A f te r  a  few  h o u rs , h o w ev er, 
th e  m o is tu re  w as fa ir ly  well d isp e rse d  th ro u g h o u t  th e  m ass 
of coffee a n d  n o  sig n s o f w e t coffee w ere  v is ib le  in  th e  flask . 
T h is  m e th o d  of a d d in g  m o is tu re  is  su b je c t  to  th e  c ritic ism

t h a t  a  sm all p o r t io n  of th e  coffee is 
th o ro u g h ly  w e t b y  th e  w a te r , w h ich  
p e rh a p s  a lte rs  th e  p ro p e rtie s  of th e  
coffee. S u b je c t  to  th e  q u a lif ic a tio n s  
im p lied  b y  su c h  c o n d itio n s , th e  re
su l ts  o f cu p  te s ts  o n  th e  t r e a te d  cof
fee  w h ich  a p p e a r  in  T a b le  I I  show  
t h a t  w a te r  a lo n e  in  th e  a b sen ce  of 
oxy g en  a n d  in  th e  ab sen ce  of co n d i
tio n s  a llo w in g  e v a p o ra tio n  of a ro m a  
can  a d v e rse ly  a ffec t th e  c u p  q u a li ty  
o f coffee a f te r  a  c e r ta in  m in im al s to r 
age  in te rv a l .  T h e  m o is tu re  c o n te n t  
o f coffee c an  b e  ra is e d  b y  2.6 p e r  c e n t 
a n d  th e  m ix tu re  h e ld  fo r a s  long  as 
12  d a y s  w ith o u t  im p a ir in g  i ts  flavor, 
b u t  a t  th e  e n d  of 39 d a y s  a s  l i t t le  a s
0.9 p e r  c e n t  a d d e d  w a te r  p ro d u c es  
th e  effec t o f 7 -9  d a y  s to ra g e  in  a ir. 
A lth o u g h  th is  is  a  n o tic e a b ly  u n 
fa v o ra b le  e ffect, i t  is n o t  so se rio u s a s  
th e  e ffec t o f o xygen .

O X ID A TIO N

T h e  effec t o f a ro m a  e v a p o ra tio n  
in  th e  p re sen ce  of d ry  o x y g en  w as 
s tu d ie d  b y  th e  p ro c e d u re  u sed  for 
e v a p o ra tio n  in  n itro g e n , s u b s ti tu tin g  
a  s tre a m  of p u re  oxy g en  g as  fo r 
th e  p u rif ied  n itro g e n . I n  th is  
m a n n e r  a n  a tm o sp h e re  o f oxy
g en  w as m a in ta in e d  a t  a ll t im e s  in  
c o n t a c t  w i t h  t h e  c o f f e e ;  

a t  th e  sam e  tim e  th e  a ro m a  v o la tiliz ed  fro m  th e  coffee w as 
c o n tin u o u s ly  sw e p t a w ay , a n d  a n y  p o ss ib le  re a c tio n  p ro d u c t  
b e tw e e n  oxy g en  a n d  coffee a ro m a  in  th e  v a p o r  p h a se  a n d  
a n y  v o la ti le  o x id a tio n  p ro d u c ts  o f th e  coffee its e lf  w ere  con
t in u o u s ly  re m o v ed . T h e  re su lts  o f  cu p  te s ts  o n  sa m p le s  
w ith d ra w n  in  th is  se rie s  a p p e a r  in  T a b le  I -D. T h e  f a c t  t h a t  
coffee re m a in s  c o m p a ra tiv e ly  fresh  u n d e r  th e se  c irc u m s tan c es  
fo r ¡is long  a s  12  d a y s  w as q u ite  u n e x p ec te d , s in ce  coffee ex
po sed  to  o rd in a ry  a ir  in  a  p a p e r  b a g  o r  s lip -co v e red  c an  w ill
b e  d e fin ite ly  s ta le  in  a b o u t  9 d a y s . F o r  th e  sa m e  re a so n  i t  
w as a lso  su rp r is in g  to  fin d  t h a t  e v en  a f te r  20 d a y s  o f sw eep ing  
w ith  oxy g en  gas, d u r in g  w h ich  tim e  th e  coffee w as su b je c te d  
to  a  full a tm o sp h e re  o x y g en  p re ssu re , th e  c u p  q u a li ty  o f th e  
coffee w as n o  w orse  th a n  t h a t  o f  coffee ex p o sed  to  a ir  fo r 5 to  7 
d a y s . I n  s p ite  o f th e  fa c t  t h a t  th e  p a r t ia l  p re s su re  o f o x y g en  
in  th is  te s t  w as fo u r t im e s  a s  h ig h  a s  t h a t  in  a ir , s ta lin g  w a s  n o t  
so ex te n s iv e  w h e n  th e  oxy g en  w a s  d r y  a n d  w as  m o v in g

T a b l e  I I . R e l a t i o n  o f  C u p  Q u a l i t y  o f  C o f f e e  t o  A g e  
W h e n  S e a l e d  w i t h  W a t e r

D ays Sealed W ater Added, %  Cup Quality (Age in Days)

12
39
39
39

2 .6
0 .9
2 . 6
4 .4

Fresh 
Stale (7-9)
Stale (8-10) 
Slightly stale (5-7)

th ro u g h  th e  coffee in  su c h  a  w a y  a s  to  rem o v e  th e  v o la tile  
v a p o r  co n tin u o u s ly , a s  i t  w o u ld  b e  in  s till  a ir . T h is  su g g ests  
t h a t  a t  le a s t  p a r t  o f th e  s ta le  flav o r d e v e lo p ed  in  coffee 
w h ich  h a s  b een  exp o sed  to  o x y g en  m a y  b e  d u e  to  c o m p o u n d s  
w h ich  a re  th em se lv es  v o la tile  o r  w h ich  a re  fo rm ed  in  a  v a p o r-  
p h a se  re a c tio n . I n  su c h  a  case  th e  m a jo r  p a r t  o f  th e  s ta le
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f lav o r co u ld  b e  sw e p t a w ay  w ith  th e  s tre a m  of g as  a n d  fail 
to  a p p e a r  in  th e  cu p  b rew ed  fro m  th e  coffee so tre a te d .

T h e  co m b in ed  effec ts o f m o is tu re , oxy g en , a n d  a ro m a  
e v a p o ra tio n  w ere  s tu d ie d  b y  u s in g  oxy g en  g a s  s a tu r a te d  w ith  
w a te r  v a p o r  in  th e  sam e  m a n n e r  a s  d e sc rib ed  a b o v e  fo r m o is t  
n itro g e n . T h e  cu p  q u a li ty  o f sa m p le s  d ra w n  d u r in g  th is  
te s t  a re  sh o w n  in  T a b le  I -E. T h e  ch an g e  in  f lav o r v a lu e  d u e  
to  v e n ti la t io n  w ith  oxygen , w e t o r d ry , is n o t  u n ifo rm ly  p ro 
p o rtio n a l to  th e  d u ra tio n  of th e  t r e a tm e n t ,  b u t  a  d e fin ite  t r e n d  
to w a rd  s ta lin g , o f a b o u t  th e  sam e  m a g n itu d e  in  e ach  case, is 
o b v ious. N o  p o s itiv e  a cc e le ra tio n  of s ta lin g  b y  m o is tu re  can  
be  o b se rv ed  in  th is  case. A g a in , th e  age  of th e  coffee a s  
in d ic a te d  b y  th e  cu p  te s ts  is n o t  so g re a t  a s  th e  a c tu a l  age  of 
th e  coffee sa m p le s  in d ic a te d  b y  th e  n u m b e r  o f d a y s  o f sw eep
ing . T h is  is fu r th e r  e v id en ce  fo r th e  id ea  su g g e ste d  a b o v e , 
t h a t  th e  o x id a tio n  p ro d u c ts  re sp o n sib le  fo r s ta le  flav o r a re  a t  
le a s t  p a r t ly  v o la ti le  a n d  p a r t ly  re m o v e d  fro m  th e  coffee b y  
th e  oxy g en  g as  s tre a m .

T h e  effec t o f o x y g en  a n d  m o is tu re , s in g ly  a n d  in  com 
b in a tio n  b u t  in  th e  ab sen ce  o f a n y  o p p o r tu n ity  fo r a ro m a  
e v a p o ra tio n , w ere  s tu d ie d  a s  fo llow s: O ne series  o f sam p le s 
w as p re p a re d  b y  p lac in g  coffee sa m p le s  in  g lass b u lb s  w hich , 
a f te r  b e in g  p u m p e d  d o w n  to  a  f ra c tio n  of a  m illim e te r  p re s 
su re  w ith  a  C enco  H y v a c  p u m p , w ere  filled  w ith  cy lin d e r 
oxygen  a t  a tm o sp h e ric  p re ssu re  a n d  sea led  off. S am p le s  
w ith d ra w n  fo r cu p  te s tin g  a t  in te rv a ls  y ie ld ed  th e  re su lts  
sh o w n  in  T a b le  I -F; i t  a p p e a rs  t h a t  u n d e r  th e se  co n d itio n s  th e  
age of th e  coffee, a s  in d ic a te d  b y  th e  re su lts  of th e  cu p  te s t ,  is 
n e a rly  p a ra lle l to  th e  ag e  of th e  coffee a s  in d ic a te d  b y  th e  
n u m b e r  o f d a y s  th e  b u lb s  w ere  s to re d  a f te r  sea ling . A p 
p a re n tly , th e  h ig h er p a r t ia l  p re ssu re  o f oxy g en  em p lo y ed , a s  
co m p ared  to  t h a t  o f a ir , is  p a r t ly  c o m p e n sa te d  b y  th e  f a c t  
t h a t  coffee exp o sed  to  th e  a ir  c a n  p ick  u p  som e m o is tu re , a s  
well a s  lose so m e s ta le  flav o r b y  v e n ti la t io n . T h e  co inc idence  
of th e  e s t im a te d  a n d  a c tu a l  ag e  is  th e re fo re  p a r t ly  a cc id e n ta l.

T a b l e  I I I . R e l a t i o n  o p  C u p  Q u a l i t y  o p  C o f f e e  t o  A g e  
W h e n  S e a l e d  w i t h  O x y g e n  a n d  w i t h  O x y g e n  a n d  W a t e r

A.  Sealed 24 D ays 
with Oxygen 

Cc. Oa Cup quality  
added“ (age in days)

B.  Sealed with Oxygen plus Water
D ays Cc. Oa 

sealed added®
220

260

Fresh (1) 
Fresh (1) 
Stale (15)

15202020

20220
260

% HaO 
added1»

2.6
0 .9
2.6
4 .4

Cup quality 
(age in days)

Comp, fresh (3-5) 
Slightly stale (6- 8) 
Stale (8-10)
Very stale (1 0 + )

® Per 250 grams of coffee; 2 cc. corresponds to 29-inch vacuum; 20 cc., 
to  18-inch vacuum; 260 ccM to atmospheric pressure. 

b Coffee originally contained 1.4% water.

A n o th e r  series  o f sa m p le s  w as sea led  in  th e  sam e  m a n n e r , 
e x ce p t t h a t  a f te r  e v a c u a tio n  th e  oxygen  w as n o t  re s to re d  to  
full a tm o sp h e ric  p re ssu re , b u t  sm a lle r  q u a n ti t ie s  m ea su re d  
in  a  g a s  b u r e t  w ere  in tro d u c e d  (T a b le  I I I - A ) .  A t  th e  e n d  of 
24 d a y s , sam p le s  sea led  w ith  less t h a n  1 a tm o sp h e re  p a r t ia l  
p re ssu re  of o x y g en  w ere  s till  ju d g e d  fresh . T h e se  re su lts  
confirm  th e  well k n o w n  f a c t  t h a t  th e  r a te  o f coffee s ta lin g  is to  
a  c e r ta in  e x te n t  a  fu n c tio n  o f th e  p a r tia l  p re ssu re  o f o x y g en  in  
th e  c o n ta in e r.

F o r  s to ra g e  in te rv a ls  a s  s h o r t  a s  24 d a y s , th e  re la tio n  b e 
tw e en  in it ia l  p a r t ia l  p re s su re  o f o xy g en  a n d  s to ra g e  s ta b il i ty  of 
coffee w as n o t  s tu d ie d , b u t  i t  is k n o w n  th a t  th e  re la tio n  is n o t  
lin ea r. F o r  th e  s to ra g e  in te rv a ls  in v o lv ed  in  o rd in a ry  t r a d e  
ch an n e ls , th e  in it ia l  p a r t ia l  p re ssu re  o f o x y g en  m u s t  b e  re
d u ced  s u b s ta n t ia l ly  below  l/ 4 in ch  m e rc u ry  (e q u iv a le n t to  a  
2 9 -in ch  in i t ia l  v a c u u m ) in  o rd e r  to  p re v e n t  th e  a p p e a ra n c e  
of d e te c ta b le  s ta le  flav o r b y  th e  t im e  th e  coffee re ac h es  th e  
co n su m er.

A  th ir d  series  o f sa m p le s  w as sea led  in  g lass  b u lb s  b y  e v a c u a 
t io n  a n d  refilling  w ith  m e a su re d  q u a n ti t ie s  o f oxygen  a s  d e 
sc rib ed  a b o v e ; b u t  th e  b u lb s  in  th is  case  a lso  c a rr ied  a  side  
a rm  c o n ta in in g  w a te r  w h ich  w as  fro zen  d u r in g  e v a c u a tio n  
a n d  su b s e q u e n tly  m ix ed  w ith  th e  coffee, a s  d esc rib e d  in  a  
p re ce d in g  p a ra g ra p h  fo r th e  te s t  in v o lv in g  th e  effec t o f m o is
tu r e  a lo n e  in  th e  a b se n ce  of oxy g en . R e s u lts  o f th e  cu p  
te s ts  (T a b le  I I I - R )  a g a in  show  t h a t  th e  a d d it io n  o f w a te r  
in c reases  th e  r a te  o f s ta lin g  d u e  to  o xygen . Specifica lly , th e  
sa m p le  sea led  w ith  2  cc. o f oxy g en  a n d  0 .9  p e r  c e n t  a d d e d  
m o is tu re  w as r e p o rte d  6 to  8 d a y s  o ld  a f te r  20-d a y  s to ra g e ; 
th e  co rre sp o n d in g  sa m p le  in  T a b le  I I I - A  sea led  w ith  2  cc. of 
oxy g en  a n d  no  a d d e d  w a te r  w as r e p o rte d  fresh  a t  th e  e n d  
of a p p ro x im a te ly  th e  sam e  in te rv a l .  S im ila r  co m p ariso n s 
c an  b e  m a d e  b e tw ee n  sam p les  sea led  w ith  20 cc. o f  oxy g en  
w'hich, w h en  d ry , w ere  ju d g e d  fresh  a t  th e  e n d  of 24  d a y s , b u t  
in  th e  p re sen ce  o f 2.6 p e r  c e n t  a d d e d  w a te r  w ere  ju d g e d  8 
to  10  d a y s  o ld  a t  th e  e n d  of 20-d a y  s to ra g e .

T a b l e  IV . R e l a t i o n  o p  C u p  Q u a l i t y  o p  C o f f e e  t o  A g e  
W h e n  S w e p t  w i t h  N i t r o g e n  7  D a y s  a f t e r  B e i n g  S e a l e d  

w i t h  O x y g e n

Days 
Sealed 
with Oa

18
18
19
32

Before Na 
sweeping

Very stale (20) 
Very stale (20) 
Very stale (30) 
Stale (8 + )

Cup Quality (Age in Days)
After Na 
sweeping

Slightly stale (6- 8) 
Slightly stale (6- 8) 
Comp, fresh (3-5) 
Stale (1 0 + )

A s a n  in d e p e n d e n t  ch eck  o n  th e  h y p o th e s is  t h a t  co m p o u n d s  
re sp o n sib le  fo r s ta le  flav o r in  coffee a re  v o la ti le  o r a re  fo rm ed  
in  th e  v a p o r  p h a se , th e  fo llow ing  t e s t  w as c a rr ied  o u t :  T h e  
sam p le s  o f coffee w h ich  h a d  b een  sea led  in  g lass  w ith  1 
a tm o sp h e re  o x y g en  fo r 18, 19, a n d  32 d a y s , re sp ec tiv e ly , w ere  
sw e p t w ith  d r y  n itro g e n  fo r 7 d a y s  in  a s p ir a to r  b o ttle s . 
'S am p les w ere  c u p - te s te d  b e fo re  a n d  a f te r  sw eep in g  w ith  
n itro g e n  w ith  th e  re su lts  sh o w n  in  T a b le  IV . T h e  n itro g e n  
w ash in g  t r e a tm e n t  m a rk e d ly  re d u c e d  th e  s ta le n e ss  o f th e  
th re e  sam p les  w h ich  h a d  b e e n  sea led  fo r 18 a n d  19 d a y s . 
T a b le  IV  a lso  show s t h a t  th e re  is  a p p a r e n tly  a  lim it to  w h ich  
coffee c an  b e  a llow ed  to  a c c u m u la te  o x id ized  p ro d u c ts  a n d  
s ti ll  re lease  th e m  to  a  s tre a m  of n itro g e n  d u r in g  7 d a y s , to  a  
suffic ien t e x te n t  to  re s to re  c o m p a ra t iv e ly  fresh  cu p  q u a lity . 
A t  th e  e n d  o f 32  d a y s , o x id a tio n  h a d  p ro c ee d ed  so fa r  t h a t  7- 
d a y  n itro g e n  sw eep in g  fa iled  to  ch an g e  th e  s ta le  flav o r sco re  
re p o rte d .

CONCLUSIONS

T h e  s to ra g e  c o n d itio n s  in  th e se  te s ts  w h ic h  led  to  th e  
d e v e lo p m e n t o f s ta le  f lav o r in  ro a s te d  coffee c an  b e  l is te d  a s  
follow s, a r ra n g e d  in  o rd e r  fro m  c o n d itio n s  p ro te c tiv e  a g a in s t  
s ta lin g  to  c o n d itio n s  p ro d u c in g  m o s t ra p id  s ta lin g :

1. H erm etic  vacu u m  pack .
2. V en tila tio n  w ith  m oist o r d ry  n itrogen .
3. H erm etic  pack  w ith  ad d ed  m oistu re , no  oxygen.
4. H erm etic  p ack  w ith  sm all am o u n ts  of d ry  oxygen.
5. V en tila tio n  w ith  d ry  oxygen.
6. V en tila tio n  w ith  m o is t oxygen.
7. H erm etic  pack  w ith  sm all am o u n ts  o f oxygen a n d  ad d ed

w ater.
8. H erm etic  p ack  w ith  oxygen a t  a tm ospheric  pressure.
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Action of Light on Cellulose

R A L PH  E . M O NTO NNA  
A N D  C. C. W IN D IN G 1
U n iv e rsity  o f M inneso ta , M inneapolis, M inn.

A sa tis fa c to ry  m e th o d  for d e te r m in in g  th e  
copper n u m b e r s  o f  ce llu lo se  a c e ta te s  h as  
b een  d evelop ed . T h e  r e su lts  o f  d e te r m in a 
t io n s  o n  variou s sa m p les  in d ic a te  a  h ig h  d e 
gree o f  d eg ra d a tio n  in  th e  lo w er-v isco sity  
c e llu lo se  a c e ta te s . L ig h t in crea ses  th e  
copper n u m b e r  o f  ce llu lo se  a c e ta te , exposed  
e ith e r  in  th e  so lid  p h a se  or in  so lu t io n .  
T h e  p resen ce  o f  oxygen  is  n o t  n ecessa ry  in  
th e  a tm o sp h ere  su rro u n d in g  th e  exposed  
a c e ta te . W ater appears to  h e  n ecessa ry  to  
a llow  th is  d eg ra d a tio n  to  ta k e  p la ce .

C O P P E R  n u m b e rs  a re  co m m o n ly  u sed  fo r th e  q u a li ta t iv e  
d e te rm in a tio n  of th e  a m o u n t o f d e g ra d a tio n  of cellu lose  
a n d  cellu lose  p ro d u c ts , b u t  th e  m e r i ts  o f th is  d e te r 

m in a tio n  a re  a  s u b je c t  o f c o n tro v e rsy . I t  is  g e n e ra lly  a d 
m it te d  t h a t  c o p p er n u m b e rs  m u s t  b e  re g a rd e d  a s  o n ly  q u a li
t a t iv e  in  sign ificance  a n d , e v en  so, m u s t  a ll b e  m a d e  acco rd in g  
to  a  r ig id  em p irica l m e th o d . I n  sp ite  o f i t s  q u a li ta t iv e  em 
p ir ic a l s ta tu s ,  th is  d e te rm in a tio n , in  th e  h a n d s  of e x p e rts , is 
o n e  o f th e  m o s t  successfu l m e th o d s  fo r  d isc o v e rin g  o v er
b lea ch e d  o r  o v e rh e a te d  p a p e r  o r  fa b ric s . W o rk  in  th is  la b o ra 
to ry  h a d  sh o w n  t h a t  i t  w as a  c o n v en ien t to o l fo r fo llow ing  th e  
a c t io n  of l ig h t  o n  cellu lose; w h en  a d d it io n a l  m e th o d s  o f fol
lo w in g  ch an g es in  cellu lose  a c e ta te  w ere  d es ired , a  c o n sid e ra 
t io n  o f c o p p er n u m b e r  su g g ested  t h a t  th is  d e te rm in a tio n  
m ig h t  b e  a p p lie d  to  cellu lose  a c e ta te .

T h e  use  o f c o p p er n u m b e r  d e te rm in a tio n s  fo r cellu lose  ace
t a te  w as m e n tio n e d  a s  a  p o ss ib ility  b y  R in se  (6) a n d  B a r th é l
é m y  (1) b u t  n e ith e r  g av e  d e ta ile d  in fo rm a tio n  a s  to  m e th o d . 
T h e  co m m o n  m e th o d s  o f S ch w a lb e  (7 ), K n e c h t  a n d  T h o m p 
so n  (4) a n d  B ra id y  (2), a s  w ell a s  th e ir  v a r io u s  m o d ifica tio n s , 
w ere  u n sa tis fa c to ry  fo r th is  w o rk  b ecau se  th e y  re q u ire  u n 
n e ce ssa rily  la rg e  sam p les. H e y es  (S) p u b lish ed  a  m e th o d  
u s in g  a  0 .2 5 -g ram  sa m p le , b u t  th e  a m o u n t  o f so lu tio n  is  so 
sm a ll t h a t  i t  is  a p p lic ab le  o n ly  u p  to  c o p p e r n u m b e rs  o f 5.

T h e  m e th o d  u se d  h e re  w as d e v e lo p ed  b y  m o d ify in g  a  com 
b in a tio n  o f th e  B ra id y  (2) a n d  H e y e s  (S) d e te rm in a tio n s , em 
p lo y in g  a  m ic ro sa m p le  o f 0 .25  g ra m ; i t  is  c ap a b le  o f g iv in g  
c o p p e r n u m b e rs  u p  to  50. T h e  p e rm a n g a n a te  m e th o d  is 
u se d  fo r  th e  c u p ro u s  c o p p e r d e te rm in a tio n , b u t  th e  e lec tro 
ly tic  m e th o d  m a y  b e  em p lo y ed  b y  th o se  w h o  fa v o r i t  w i th o u t  
c h an g in g  th e  e sse n tia ls  of th e  p ro c ed u re .

COPPER NUM BER DETERM INATION

O ne of th e  m o s t im p o r ta n t  p a r ts  o f a  c o p p e r n u m b e r  d e te r 
m in a tio n  is  th e  p re p a ra tio n  o f th e  sam p le . N o t  o n ly  m u s t  i t

A P P LIC A T IO N  OF 

C O P P E R  N U M BER D ET ER M IN A T IO N S  

TO C E L LU LO SE  A C E T A T E

b e  re p re se n ta t iv e , b u t  su ccess iv e  sa m p le s  sh o u ld  h a v e  a  u n i
fo rm  p a r tic le  size a n d  th e  in d iv id u a l  p a r tic le s  sh o u ld  b e  a s  
sm a ll a s  p o ss ib le  to  fa c i li ta te  th e  re a c tio n  b e tw ee n  a  so lid  
a n d  a  so lu tio n . T h e  b e s t  m e th o d  o f fu lfilling  th e se  co n d i
t io n s  is  a  ra p id  p re c ip ita tio n  fro m  so lu tio n  in to  a  n o n a q u eo u s  
p re c ip ita tin g  a g e n t . A p p ro x im a te ly  0 .6  to  0 .7  g ra m  o f cellu 
lose a c e ta te  is  p u t  in to  a  so lu tio n  in  a c e to n e . T h is  a m o u n t  
is  su ffic ien t fo r d u p lic a te  d e te rm in a tio n s  a s  e ac h  sam p le  
w eighs 0 .25  g ra m . A p p ro x im a te ly  th re e  t im e s  th e  so lu tio n  
v o lu m e  of iso p ro p y l e th e r  is b ro u g h t  to  a  b o il o n  th e  s te a m  
b a th ,  a n d  th e  cellu lose  a c e ta te  so lu tio n  is a d d e d  slo w ly  w ith  
s tir r in g . T h e  a c e to n e  flashes off a lm o s t  in s ta n t ly .  T h e  
re m a in in g  su sp en s io n  is c o n c e n tra te d  to  a  v o lu m e  of a b o u t  50 
cc. T h e  la s t  o f th e  iso p ro p y l e th e r  is  re m o v e d  in  a  slow  cu r
r e n t  o f w a rm  a ir  (3 5 ° to  4 0 °  C .) . T liis  p ro c e d u re  g iv es a  
fin e ly  d iv id e d  d r y  sa m p le  w h ich  is  s to re d  in  a  d e s icc a to r o v e r 
P 2Os fo r  48  h o u rs  b e fo re  a n a ly s is . T h e  a c e ta te  is  le f t  u n 
ch an g ed  b y  th is  p ro c e d u re  b u t  m u s t  be  h a n d le d  c a re fu lly  
d u r in g  w e ig h in g  to  p re v e n t  i t  fro m  b eco m in g  e le c tr ica lly  
c h a rg e d  a n d  c o n se q u e n tly  s tic k in g  to  th e  w alls o f th e  w eig h in g  
b o ttle .

T h e  so lu tio n s  a re  th o se  re co m m e n d e d  b y  B ra id y  (2):

1. 150 gram s sodium  carb o n a te  (anhydrous) an d  50 gram s 
sodium  b ica rb o n ate  pe r lite r  of w ater.

2 . 100 gram s crystalline  copper su lfa te  pe r lite r of solution.
3. 40 gram s ferric su lfa te  an d  100 cc. co n cen tra ted  su lfuric  

acid  pe r lite r of w ater.
4. 0.04 N  po tassium  perm anganate.

A p p ro x im a te ly  0 .25  g ra m  of cellu lose  a c e ta te  is  w eighed  
o u t  a n d  p lac ed  in  a  150-cc. su c tio n  flask . N in e ty -f iv e  cu b ic  
c en tim e te rs  o f so lu tio n  1 a re  q u ic k ly  h e a te d  to  b o iling , a n d  5 
cc. o f so lu tio n  2  a re  a d d e d . A b o u t 65 cc. o f th is  so lu tio n  a re  
p o u re d  o v e r th e  cellu lose  a c e ta te ,  a n d  th e  flask  is  p u t  in to  a  
b o ilin g  w a te r  b a th .  A  reflux  c o n d en se r is  a t ta c h e d , a n d  n i
tro g e n  is  b lo w n  slo w ly  th ro u g h  th e  sid e  a rm  of th e  flask  d u r in g  
th e  e n tire  3 h o u rs  o f h e a tin g . A t  th e  e n d  of th e  f ir s t  h o u r  th e  
re m a in in g  30 cc. o f th e  re a c tio n  m ix tu re  a re  p o u re d  d o w n  th e  
c o n d en se r. T h is  se rv es  to  w ash  d o w n  a n y  fine  p a r tic le s  t h a t  
m a y  te n d  to  c reep  u p  th e  s id e s o f th e  flask . A f te r  coo ling  
ra p id ly , th e  so lu tio n  is  f ilte red  off f ro m  th e  p re c ip ita te d  cu 
p ro u s  ox id e  a n d  cellu lose  a c e ta te  b y  a  s in te re d  g lass c ru c ib le . 
C a re  sh o u ld  b e  ta k e n  n o t  to  expose  th e  c u p ro u s  o x id e  to  th e  
a ir  u n n e ce ssa rily . T h e  c ru c ib le  is  t r a n s fe r re d  to  a  sm a ll 
su c tio n  flask , a n d  th e  E r le n m e y e r  flask  w ash ed  o u t  w ith  15 cc. 
o f so lu tio n  3 ; th is  so lu tio n  is  p o u re d  o v e r  th e  p re c ip ita te  on  
th e  f ilte r  w i th o u t  a p p ly in g  su c tio n , a llo w ed  to  re m a in  fo r a  
few  m in u te s , a n d  fin a lly  re m o v e d  b y  th e  a p p lic a t io n  of v a c 
u u m . T h e  sa m e  p ro c e d u re  is  re p e a te d  u s in g  10 cc. o f so lu 
tio n  3, fo llow ed  b y  th re e  o r fo u r w ash in g s w ith  4 -cc. p o rtio n s  
o f d is tilled  w a te r . T h e  t i t r a t io n  w ith  p e rm a n g a n a te  is  c a r
r ie d  o u t  w i th o u t  re m o v in g  th e  so lu tio n  fro m  th e  su c tio n  flask .

1 Present address, Cornell University, Ithaca, N . Y.
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T h e  b la n k  d e te rm in a tio n  is  v e ry  sm a ll a n d  can  be  n e g le c te d  
fo r th e  re la tiv e ly  la rg e  c o p p er n u m b e rs  o f  cellu lose  a c e ta te .

T a b le  I  sh o w s th e  d a ta  o b ta in e d  b y  th is  m e th o d . T h e  
d u p lic a te  re s u l ts  in d ic a te  th e  a c c u ra c y  to  b e  e x p ec te d  w ith  
care fu l m a n ip u la tio n .

T a d l e  I, C o p p e r  N u m b e r s  o f  C e l l u l o s e  A c e t a t e s
Copper No.Material

Medium-viscosity acetate (12A) 
M edium-viscosity acetate (107) 
High-viscosity acetate (101) 
Low-viscosity acetate (50A) 
Low-viscosity triacetate 
High-viscosity triacetate 
Absorbent cotton  
Paper pulp

Acetyl Content, [17]
%

2 .1 6 -2 .1 8 -2 .3 7  4 1 .6  1.12
2 .6 0 -2 .7 0  4 1 .4  1.23

1 .9 5 -2 .1 5 -2 .0 0  3 9 .5  1.35
5 .2 0 -5 .0 0 -4 .9 6  4 2 .2  0 .77
6 .0 0 -6 .1 4 -5 .9 0  4 6 .1 °

0 .5 2 -0 .5 5  4 4 .8
0 .1 5 -0 .1 5  0
0 .6 0 -0 .6 5  0

“ This value, exceeding the theoretical value for cellulose triacetate, has 
been carefully checked. In conjunction with the high copper number, it 
indicates that this sample is an acetylated, partially degraded cellulose. 
Whether the cellulose was degraded before acétylation or degradation took 
place during the acétylation process, is not known.

COPPER N U M B ER S O F ACETATES

T h e  c o p p er n u m b e r , a s  u sed  in  th e  cellu lose  in d u s try ,  is  de 
fined a s  th e  n u m b e r  o f g ra m s  of c o p p e r re d u c e d  b y  100  g ra m s  
of cellu lose, w h en  a n  a r b i t r a r y  p ro c e d u re  is  fo llow ed  e x ac tly . 
I t  is  n e ce ssa ry  to  sp ec ify  a  d e fin ite  m e th o d  b e ca u se  th e  oxi
d a tio n  o f  cellu lose  is  v e ry  se n s itiv e  to  co n d itio n s  su c h  a s  
c o n c e n tra tio n , tim e , te m p e ra tu re ,  a n d  th e  su b d iv is io n  o f th e  
sam ple . T h e  sam e  d e fin itio n  h a s  b e en  u sed  in  th is  w o rk  on 
cellulose a c e ta te .  I t  sh o u ld  b e  re m e m b e re d , in  c o m p a rin g  
th ese  re su lts  w ith  th o se  o b ta in e d  o n  cellu lose, t h a t  th e  w e ig h t 
o f th e  s t r u c tu r a l  u n i t  o f th e  a c e ta te  is  fro m  75 to  80 p e r  c e n t 
g re a te r  th a n  cellu lose  itse lf, so t h a t  th e se  c o p p e r  n u m b e rs  
a re  in  re a l i ty  t h a t  m u c h  g re a te r  th a n  th e  n u m e ric a l v a lu e s  
in d ic a te .

T h e  s tro n g , h o t  a lk a lin e  so lu tio n  h y d ro ly ze s  off th e  a c e ta te  
g ro u p s, le a v in g  re g e n e ra te d  cellu lose. B la n k  ru n s  w ith  a d d i
tio n s  o f so d iu m  a c e ta te  sh o w ed  th a t  th e  a c e ta te  g ro u p  h a d  no  
effec t o n  th is  m e th o d  of d e te rm in in g  c o p p er n u m b e r . A n  
a l te rn a t iv e  m e th o d  m ig h t  in v o lv e  h y d ro ly z in g  off th e  ace 
ta t e  g ro u p s  b e fo re  ru n n in g  th e  c o p p e r n u m b e r  d e te rm in a tio n , 
e x ce p t t h a t  th e  re g e n e ra te d  cellu lose o b ta in e d  b y  h y d ro ly s is  
is u su a lly  a  h a rd , h o rn y  su b s ta n c e  t h a t  re s is ts  a t t a c k  b y  cop
p e r  n u m b e r  so lu tio n s . N o  ev id en ce  w as n o te d  o f a n y  d is
c rep an cies in  th is  m e th o d  b e ca u se  o f th e  u se  o f th e  cellu lose 
a c e ta te  in  p lac e  of cellu lose  itse lf. I n  a d d itio n , f u r th e r  u n 
p u b lish ed  w 'ork p e rfo rm e d  in  th is  la b o ra to ry  h a s  sh o w n  t h a t  
m a n n ito l  h e x a -a c e ta te  does n o t  g ive  a  c o p p er n u m b e r . T h is  
ev id en ce  in d ic a te s  t h a t  p r im a ry  a lco h o l g ro u p s , e v en  th o u g h  
a c e ty la te d , do  n o t  e n te r  in to  th is  re a c tio n .

T h e  c o p p e r n u m b e r  is  in v e rse ly  p ro p o r tio n a l to  th e  v is 
co sity  c lass ifica tio n  o f th e . v a r io u s  sam p les, a n d  th e  la rg e  
c o p p er n u m b e rs  o f  th e  lo w -v isco sity  a c e ta te s  sh o w  a  h ig h  d e 
g ree  o f  d e g ra d a tio n . T h e  e x tre m e ly  low  c o p p er n u m b e r  o f 
ca re fu lly  p re p a re d  t r ia c e ta te s  in d ic a te s  t h a t  th e  a c e ty la tio n  
re a c tio n  i ts e lf  d o es n o t  n e ce ssa rily  cau se  d e g ra d a tio n , b u t  th e  
su b s e q u e n t h y d ro ly s is  to  p ro d u c e  co m m erc ia l o r  se c o n d a ry  
cellu lose a c e ta te  in v o lv es  c o n sid e rab le  d e g ra d a tio n . I n  
sev e ra l in s ta n c e s  th e  v isc o s ity  c h a ra c te ris tic s  o f t r ia c e ta te s  
w ere  a c c u ra te ly  p re d ic te d  b e fo re  b e in g  e x p e rim e n ta lly  d e te r 
m in ed .

EFF EC T  O F LIGH T ON COPPER NUM BER

T h e  loss o f ten s ile  s tre n g th ,  d isc o lo ra tio n , a n d  g e n e ra l d e 
te r io ra t io n  o f cellu lose  a n d  i ts  d e r iv a tiv e s  b y  lig h t  is w ell 
k n o w n , b u t  to  s tu d y  a n d  follow  th is  d e g ra d a tio n  a re  d ifficu lt 
b ecau se  o f th e  h ig h  m o le c u la r w e ig h ts  in v o lv e d . A f te r  th e  
m e th o d  o f d e te rm in in g  th e  c o p p e r n u m b e r  o f cellu lose a c e ta te  
h a d  b een  d ev e lo p ed , i t  w as d ec id ed  to  s tu d y  th e  effect o f l ig h t

o n  th e  a c e ta te  a n d  to  a t t e m p t  to  follow  th e  d e g ra d a tio n  b y  
m e a n s  o f th e  c o p p er n u m b e r  d e te rm in a tio n . S in ce  th e  co p p er 
n u m b e r  sh o u ld  in d ic a te  a n y  d e p o ly m e riz a tio n  of cellu lose, i t  
a p p e a re d  t h a t  th is  m ig h t  b e  a n  in d e p e n d e n t  m e th o d  o f follow 
in g  th e  e ffec t o f lig h t,  b ecau se  th e  c o p p er n u m b e r  is in d ic a tiv e  
o f th e  n u m b e r  o f free  p o te n tia l  a ld e h y d e  “ e n d  g ro u p s”  o n  th e  
lo n g  s tra ig h t-c h a in  cellu lose a c e ta te  p a r tic le s . T h is  re la tio n  
m a y  n o t  be  d ire c t b ecau se  of th e  c o m p lica te d  c ry s ta llin e  
s t ru c tu re  o f th e  so lid  a n d  th e  p e c u lia r  cou rse  o f  o x id a tio n  of 
c a rb o h y d ra te s  in  a lk a lin e  so lu tio n s . T h e  o n e  f a c t  t h a t  h a s  
b e en  g e n e ra lly  a c c e p te d  is  t h a t  a  free  a ld e h y d e  g ro u p  m u s t  b e  
p re s e n t  to  a llow  o x id a tio n  to  o ccu r. H o w  m u c h  fu r th e r  th e  
o x id a tio n  w ill p ro ceed  is  n o t  k n o w n , b u t  fro m  in d e p e n d e n t  
d e te rm in a tio n s  o f th e  m o le c u la r  w e ig h t i t  is e v id e n t  t h a t  a  
g re a te r  d eg ree  o f o x id a tio n  o ccu rs  th a n  w o u ld  be  p re d ic te d  
b y  th e  o x id a tio n  of e ac h  a ld e h y d e  g ro u p  to  th e  c o rre sp o n d in g  
carb o x y l g ro u p  (5) .  T h e re fo re , if  th e  a c t io n  o f l ig h t  cau ses 
d e p o ly m e riz a tio n  w ith o u t  o x id a tio n , th e  in c re ase  in  free  a l
d e h y d e  g ro u p s  sh o u ld  b e  rev ea led  b y  a n  in c re ase  in  c o p p er 
n u m b e r.

A ll ex p o su res w ere  m a d e  in  c le a r q u a r tz  flasks. A n  a ir -  
cooled  C o o p e r-H e w itt  m e rc u ry  v a p o r  la m p  w a s  su rro u n d e d  
b y  a  d o u b le-w alled  e n c lo su re  th ro u g h  w h ich  w a te r  w a s  c ircu 
la te d  fo r a d d it io n a l  coo ling . T h e  flask s w ere  in se r te d  in  
h o les c u t  in  th is  e n c lo su re  so t h a t  a  d e fin ite  a re a  co u ld  b e  
exposed  a t  a  d is ta n c e  12 in ch e s  from  th e  la m p . I n  th e  case 
o f  th e  ex p o su re  o f so lid s, th e  a tm o sp h e re  in  th e  fla sk  w as  con
tro lle d  a s  d e s ired . W h e n  so lu tio n s  w ere  exp o sed , a n  a tm o s 
p h e re  o f so lv e n t v a p o r  w as  m a in ta in e d  a b o v e  th e  so lu tio n . 
T a b le  I I  sh o w s th e  effec t o f l ig h t  o n  th e  c o p p e r n u m b e rs  o f 
cellu lose  a c e ta te s  a n d  re la te d  su b s ta n c es .

T a b l e  I I .  E f f e c t  o f  L i g h t  o n  C o p p e r  N u m b e r  o f  V a r i o u s  
M a t e r i a l s

Material
Exposure,

D ays M ethod of Exposure

-------Copper No.------*
Before After 

exposure exposure
M edium-viscosity 63 Acetone solution 2 .0 13.45

cellulose acetate 42 Acetone solution 2 .7 10.00
34 Acetic acid solution 2 .0 13.40
30 Film s, Na atmosphere 2 .0 12.10

High-viscosity
cellulose acetate 33 Acetone solution 1 .7 11.03

Low-viscosity 
cellulose acetate 94 Acetone solution 5 .0 19.4

Pulp 30 Solid, exposed to  air 0 .6 0 5 .0 8
Absorbent cotton 30 Solid, N i atmosphere 0 .1 5 2 .0
Glucose 20 10% water solution 

5% water solution 
Solid, Nt atmosphere

2 .27 2 .2 8 “
Sucrose 10 0 .2 0 b
Sucrose c 10 0 .1 7 0 .1 6

° N ot a true copper number; relative only. 
b Reduced all available copper in 5 minutes. 
c Dried over PaO* for 48 hours.

T h e  cellu lose  a c e ta te s  w ere  re p re se n ta t iv e  sa m p le s  o f  com 
m erc ia l a c e ta te  a s  m a n u fa c tu re d  b y  tw o  d iffe re n t c o m p an ies ; 
th e  p u lp  w a s  a  h ig h -g ra d e  co m m erc ia l a lp h a -ce llu lo se .

I n  v iew  o f th e  m o d e rn  c o n ce p tio n  o f th e  s t r u c tu r e  o f cellu 
lose a n d  th e  fa c t  t h a t  a  free  a ld e h y d e  g ro u p  is  n e ce ssa ry  to  
g ive  a  c o p p e r n u m b e r, a n  in c re ase  in  c o p p er n u m b e r  m u s t  in 
d ic a te  t h a t  th e  lo n g  s t r a ig h t  c h a in s  o f  CuHioOs g ro u p s  h a v e  
b e e n  b ro k e n  d o w n  in to  s h o r te r  ch a in s , o r  t h a t  som e of th e  
p r im a ry  a lco h o l g ro u p s  h a v e  b een  o x id ized  to  p ro d u c e  m o re  
a ld e h y d e  g ro u p s . T h e  p o ss ib ility  o f th e  o x id a tio n  o f p r i
m a ry  a lco h o l g ro u p s  w as e lim in a te d  in  th is  w o rk  b y  th e  u se  o f 
p u rif ie d  n itro g e n  a tm o sp h e re s  a s  w ell a s  th e  f a c t  t h a t  g lucose  
sh o w s no  in c re ase  in  c o p p er n u m b e r  u p o n  e x p o su re . T h e re 
fore, d e p o ly m e riz a tio n  m u s t  ta k e  p lace  to  a c c o u n t  fo r  th e  
la rg e  in c re ase  in  c o p p er n u m b e r . T h is  d e g ra d a tio n  m ig h t  
a lso  cau se  th e  d ec rease  n o te d  in  th e  re la tiv e  v isc o s ity  o f th e  
a c e ta te  so lu tio n s  o n  ex p o su re  a s  w ell a s  th e  lo ss o f ten s ile  
s t r e n g th  o f cellu lose  a n d  i ts  d e r iv a tiv e s .
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A p p a re n tly  th e  e ffec t o f l ig h t  is  n e a r ly  in d e p e n d e n t  o f th e  
m e th o d  of e x p o su re . S im ila r  re su lts  a re  n o te d  w h e th e r  th e  
a c e ta te  is  exposed  in  so lu tio n , a s  film s, o r  p o w d ered . C h a n g 
in g  th e  a tm o sp h e re  in  th e  flasks a lso  h a d  l i t t le  effec t o n  th e  
a m o u n t  o f d e g ra d a tio n . H o w ev e r, th e  ca rb o n -o x y g en -ca r
b o n  b o n d s  b e tw ee n  C J I n O t  g ro u p s  c a n n o t b e  b ro k e n  w ith o u t 
in tro d u c in g  o th e r  a to m s . F ro m  th e  re su lts  o f th e  su c ro se  
ex p o su res i t  is  o b v io u s  t h a t  w a te r  is  n ece ssa ry  fo r th e  b re a k 
in g  of th e  b o n d  b e tw ee n  th e  C 6 g ro u p s  in  th e  case  o f th is  sing le  
su g a r  s ince  n o  h y d ro ly s is  to o k  p lace  w h en  th o ro u g h ly  d ried  
su c ro se  w as exposed . T h e  cellu lose a c e ta te s  u se d  w ere  d ried  
in  d e s icca to rs , b u t  th e  h a n d lin g  a n d  p re p a ra tio n  o f th e  so lu
tio n s  a n d  film s u n a v o id a b ly  a llow ed  a  c e r ta in  a m o u n t  o f m ois
tu re  to  b e  p ick ed  u p  fro m  th e  a ir  a s  w ell a s  th e  w a te r  re m a in in g  
a f te r  d e s icca tio n . I t  is n o t  possib le  to  d ry  cellu lose o r  cellu
lose a c e ta te  co m p le te ly  in  a  d e s icc a to r. I f  l ig h t  does p ro m o te  
th e  d e p o ly m e riz a tio n  of th e  lo n g  s t r a ig h t  c h a in s  b y  h y d ro ly s is ,

th e  in c re ase  in  c o p p er n u m b e r  c an  b e  re a d ily  u n d e rs to o d  a s  
one  n ew  a ld e h y d e  e n d  g ro u p  b e in g  fo rm ed  eac h  tim e  th e  c h a in  
is  sp li t .  T h e re fo re , th e se  re su lts  in d ic a te  t h a t  l ig h t  is, in 
e ffect, a  c a ta ly s t  p ro m o tin g  th e  h y d ro ly s is  o f th e  cellulose 
a c e ta te  c h a in s  in  a  m a n n e r  s im ila r  to  i t s  a c tio n  o n  su c ro se  
so lu tio n s .
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Sorption of W ater Vapor by 
SOAP CURD

JAMES W . McBAIN A N D  WILL WIN LEE
S tan fo rd  U n iv ersity , Calif.

A n h yd rou s so a p , p u re or co m m ercia l, tak es  
u p  to  1 or 2 per c e n t  o f  w a ter  accord in g  to  a  
so rp tio n  m e c h a n ism  o f  p h y s ica l ty p e . Ex
cep t for so d iu m  o lea te , th e  curd  or su p er-  
cu rd  th e n  su d d en ly  form s a  h e m ih y d r a te , 
w h ic h  a g a in  ta k es u p  w a ter  m o re  rap id ly  
(up to  10 or 12 per cen t) a ccord in g  to  a sorp 
t io n  law  u n t i l  a n o th er  p h a se  fo rm s. A t  
low  tem p era tu res th e se  n ew  p h a ses  are

h ig h er  h y d ra tes; th a t  is , th ey  are m a sses  o f  
cry sta llin e  fibers c o n ta in in g  m u c h  larger  
a m o u n ts  o f  w ater . T h e  h ig h er  h yd rates  
read ily  revert to  h e m ih y d r a te  w h en  th e  re l
a tiv e  h u m id ity  fa lls  b y  15 per c e n t  or le ss . 
T h e  so rp tio n  curves, th ro u g h  a h ig h  va lu e  
o f  1 /n  exceed in g  u n ity , u n m is ta k a b ly  
sh o w  th e  p resen ce  o f  cap illary  liq u id  in  
pores a n d  in te r s t ic e s  o f  th e  fibrous m a ss .

P R E V IO U S  co m m u n ica tio n s  h a v e  d e a lt  w ith  th o se  v a p o r  
p re ssu re  re la tio n s  o f so ap  sy s te m s  t h a t  a re  b e s t  d is
cussed  fro m  th e  s ta n d p o in t  o f th e  p h a se  ru le  a n d  of 

p h a se  d iag ra m s . T h e  p re se n t p a p e r  d iscu sses th e  so rp tio n  
o f w a te r  v a p o r  b y  so a p  sy s te m s  c o n ta in in g  o n ly  so lids.

A t  o rd in a ry  te m p e ra tu re  a n h y d ro u s  so ap  c u rd  fib ers  can  
e x is t in  sev era l u n s ta b le  c ry s ta ll in e  fo rm s, a lp h a  a n d  
o th e r  m o noclin ic  fo rm s, os w ell a s  in  th e  s ta b le  m o noclin ic  
y  fo rm . O n  h e a tin g , a n o th e r  fo rm  of c ry s ta llin e  c u rd  fiber 
a p p e a rs  w h ich  w e h a v e  n a m e d  “ su p e rc u rd ” . F o r  ex am p le , 
so d iu m  s te a r a te  su p e rc u rd  ex is ts  a s  a  s ta b le  c ry s ta llin e  p h a se  
b e tw e e n  9 0 °  a n d  117° C . a n d  so d iu m  o le a te  su p e rc u rd  b e 
tw een  3 8 °  a n d  6 5 °  C . J u s t  a b o v e  th is  te m p e ra tu re  th e  f irs t 
o f th e  th re e  w ax y  tra n s lu c e n t  c ry s ta ll in e  fo rm s, e n ti t le d  
“ su b w a x y ” so ap , is  s ta b le  (5, 25, 26). T h e  c u rd , su p e rc u rd , 
a n d  su b w a x y  p h a se s  w ill b e  d iscu ssed  w ith  re g a rd  to  th e ir  
v a p o r  p re ssu re  re la tio n s  b e fo re  th e y  h a v e  ta k e n  u p  suffic ien t 
w a te r  to  y ie ld  a n y  liq u id  o r  liq u id  c ry s ta ll in e  p h a se .

T h e  d a ta  a re  o f g en era l in te re s t  a n d  sign ificance  fo r a ll 
co llo idal p o w d ers , fibers, a n d  ge ls; in  th e  so lid  so ap  sy s te m s,

a s  in  m a n y  o f th e  sy s te m s  j u s t  m e n tio n ed , th e  fo llow ing 
a re  s im u lta n e o u s ly  p re s e n t:  ty p ic a l a d so rp tio n , fo rm a tio n  
of g e n u in e  c o m p o u n d s  o r  h y d ra te s ,  a d so rp tio n  o n  th e  la t te r ,  
a n d  c o n d en sa tio n  o f th e  u n s a tu ra te d  w a te r  v a p o r  in  a ll 
c a p illa ry  p o re s  a n d  in te rs tic e s  o f a p p ro p r ia te  d im en sio n s.

H P H E  e x p e rim e n ts  w ere  c a rr ied  o u t  w ith  th e  p u re s t  sing le  
so ap s  u sed  in  p re v io u s  w o rk  (IS, 27, 28). T h e  M c B a in - 

B a k r  sp ira l s ilica  sp r in g  w ith  p la t in u m  b u c k e t  w as em p lo y ed . 
O w ing  to  th e  d isc o v e ry  t h a t  s ilica  sp r in g s  c an  s tr e tc h  w h en  
exposed  to  h e a te d  w a te r  v a p o r , i t  w as o b lig a to ry  to  beg in  
a ll c r itic a l e x p e rim e n ts  w ith  a n h y d ro u s  so ap , th e  w a te r  b e in g  
frozen  in  th e  low er p a r t  o f th e  tu b e  w ith  so lid  c a rb o n  d io x id e  
o r liq u id  a ir .  F u r th e rm o re , i t  is  n e ce ssa ry  a f te r  a  series  of 
e x p e rim e n ts  to  r e tu r n  to  th is  p o in t  to  ch eck  fo r s tre tc h in g  of 
th e  sp rin g . T h ir ty - f iv e  e x te n d e d  iso th e rm s  w ere  p re se n te d  
in  a b b re v ia te d  fo rm  in  a n o th e r  p u b lic a tio n  (14)', th e  p re se n t 
p a p e r  is  co nfined  to  a  m o re  d e ta i le d  e x a m in a tio n  o f th e  in itia l  
p o r t io n  of a  few  ty p ic a l iso th e rm s . T h o se  iso th e rm s  a re  
p lo t te d  in  th e  c u s to m a ry  m a n n e r  a s  x/m, th e  n u m b e r  o f g ra m s
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of w a te r  so rb e d  p e r  g ra m  a n h y d ro u s  so ap , a g a in s t  p / p „  th e  
re la tiv e  h u m id i ty  o r a c tu a l  p re s su re  p d iv id e d  b y  th e  v a p o r  
p re ssu re  o f s a tu r a te d  v a p o r  p ,  a t  t h a t  te m p e ra tu re .  T o  
a v o id  d u p lic a tio n , re fe ren ce  sh o u ld  b e  m a d e  to  th o se  iso
th e rm s  fo r fu r th e r  e v id en ce  su p p o r t in g  som e co n clu sio n s 
d ra w n  in  th e  p re s e n t  c o m m u n ica tio n .

All iso th e rm s  b eg in  w ith  a  sm o o th ly  ris in g  c u rv e  re p re se n t
in g  so ap  c o n ta in in g  s te a d ily  in c re as in g  b u t  s lig h t a m o u n ts  of 
w a te r  u n til ,  a t  a b o u t  40  to  50 p e r  c e n t  re la tiv e  h u m id ity ,  n o t  
m o re  t h a n  1  o r  2 p e r  c e n t  o f w a te r  h a s  b e e n  ta k e n  u p  b y  th e  
so ap . (E v e n  w a x y  so d iu m  p a lm ita te  a t  145° C . b e h av e s  
s im ila rly .)  T h e n  a t  a  d e fin ite  v a lu e  b e tw e e n  40 a n d  70 p e r  
c e n t  re la tiv e  h u m id ity , w ith  c u rd  a n d  su p e rc u rd  b u t  n o t  w ith  
th e  su b w a x y  a n d  w a x y  p h a se s , th e re  is a  su d d e n  b re a k  a n d  
th e  co m p o s itio n  goes o v e r to  a b o u t  97  p e r  c e n t  so ap , co rre 
sp o n d in g  to  a  c ry s ta ll in e  h e m ih y d ra te  c o n ta in in g  0 .5  m o le  of 
w a te r  to  1 m ole  o f so ap . T h e re u p o n  th e  c u rv e  c o n tin u e s  
w ith  in c re a s in g  s lo p e ; w a te r  is  m o re  a n d  m o re  ra p id ly  ta k e n  
u p  u n til  10 o r  15 p e r  c e n t  is in c o rp o ra te d  in  th e  so ap  m ass 
b e fo re  a n y  p h a se  ch an g e  occurs.

T h ro u g h o u t th e  reg io n  d esc rib ed , th e  p h e n o m e n a  m a y  b e  
g ro u p e d  to g e th e r  a s  so rp tio n  e x ce p t fo r th e  b re a k  co rre 
sp o n d in g  to  th e  r a th e r  su d d e n  fo rm a tio n  o f h e m ih y d ra te .
T h is  is  sh o w n  b y  th e  ex am p le  ch o sen  fo r F ig u re  1 a n d  th e  
fu r th e r  i llu s tra tio n s  in  F ig u re  2 , w h e re  th e  d a ta  a re  te s te d  b y  
th e  c lassical em p irica l so rp tio n  iso th e rm ,

x /m  — k p i/n  o
w here x /m  = w eight o f w a te r tak en  up  b y  1 gram  soap  

p =  re la tiv e  h u m id ity

W h en  p lo t te d  a s  lo g a r ith m  x / m  a g a in s t  lo g a rith m  p, th is  
e q u a tio n  g ives a  s t r a ig h t  line . S ince  th e  d a ta  (re p re se n te d  
b y  c irc les o n  F ig u re s  1 a n d  2) fa ll o n  s t r a ig h t  lin es fo r 
a n h y d ro u s  c u rd  a n d  th e n  fo r th e  h e m ih y d ra te , i t  is  a  n eces
s a ry  co n clu sio n  t h a t  th e y  re fe r  to  so rp tio n . A n  e x am p le  is 
g iv en  of o n e  iso th e rm  fo r so d iu m  la u ra te , w h e re  th e  b re a k  to  
h e m ih y d ra te  d id  n o t  a p p e a r . T h e  L a n g m u ir  iso th e rm  is 
u su a lly  less a c c u ra te ly  fo llow ed.

M o s t  o f th e  d a ta  fa ll o n  tw o  s t r a ig h t  lines— o n e  fo r so rp tio n  
of w a te r  v a p o r  b y  o th e rw ise  a n h y d ro u s  c u rd  o r  su p e rc u rd , 
a n d  th e  o th e r  fo r so rp tio n  of w a te r  v a p o r  o n  th e  h e m ih y d ra te  
w h ich  a p p e a rs  in  th e  h ig h e r  ra n g es  o f re la tiv e  h u m id ity .
T h e  figures in c lu d e  c u rd , su p e rc u rd , a n d  su b w a x y  c ry s ta llin e  
fo rm s o f th e  d iffe re n t so a p s ; b u t  so d iu m  o lea te  is  d is t in 
g u ish ed  b y  th e  fa c t  t h a t  e v en  c u rd  a n d  su p e rc u rd  seem  to  fo rm  
no  h e m ih y d ra te . T h e  iso th e rm  fo r su b w a x y  so d iu m  o lea te  
is  th e  sa m e  fo r  h y d ra t io n  a n d  d e h y d ra t io n . W h ere  no  h e m i
h y d ra te  h a s  b een  fo rm ed  fo r  su b w a x y  a n d  w a x y  so ap s, th e  
iso th e rm s  a re  rev ers ib le . S u c h  re v e rs ib ili ty  m u s t  b e  a s
c rib ed  to  th e  flex ib ility  o f th e  c u rd  fibers w h ich  p ro d u c e  o n ly  
a  sem irig id  s tru c tu re .

T N  C O N T R A S T , d e h y d ra t io n  of a ll th e  o th e r  so a p s  a f te r  
fo rm in g  h e m ih y d ra te s  p ro ceed s w ith  re te n tio n  of a lm o s t

LOG P

F ig u re  1 .  Is o th e rm  S h o w in g  S o rp tio n  o f  W a te r  V a p o r  
b y  W h ite  O p aq u e C ry s ta llin e  F ib e rs  o f  S o d iu m  P a lm i
ta tc  a s  S u p e rc u rd  a n d  H e m ih y d ra te  a t  90 ° C . w it h  T r a n 
sitio n  to H e m ih y d ra te  a t  7 2  P e r C e n t  R e la tiv e  H u m id ity
H  *=» h e m ih y d ra te  (N a P .1 /2  H sO ) c o n ta in in g  3.14 p e r  c e n t  H iO ;  N  «■ 

a lm o s t  c le a r ,  l iq u id  c r y s t a l l in e ,  so a p -b o ile rs ’ n e a t  so a p  p h a se .

th e  e x a c t h e m ih y d ra te  co m p o s itio n  u n t i l  v e ry  low  re la tiv e  
h u m id itie s  a re  re a c h e d . A lth o u g h  th e  ev id e n ce  is  in co m 
p le te , i t  a p p e a rs  t h a t  so m e  h y d r a te  w a te r  is  p ro g ress iv e ly  

lo s t  in  a cc o rd an c e  w ith  th e  co n clu sio n  
t h a t  a  ch em ica l co m p o u n d  ex p o sed  o n  
a  su rfa c e  c o n ta in in g  a  v o la ti le  c o n s t i tu 
e n t  m u s t  fo rm  a n d  d eco m p o se  a c 
co rd in g  to  a  so rp tio n  law  (11). A t  v e ry  
low  h u m id itie s  d e so rp tio n  b ecom es m u ch  
g re a te r  u n til  co m p le te  d e h y d ra t io n  occu rs . 
A n y  s u b s e q u e n t  r e h y d ra t io n  th e n  fo llow s 
th e  o rig in a l so rp tio n  c u rv e  fo r a n h y d ro u s  
so ap .

O u r d a ta  a re  in  a g re e m e n t w ith  th e  f in d 
in g s o f K a tz  (6) a n d  K r a tz  (7 ), w ho  o b 
se rv e d  a  so rp tio n  iso th e rm  w ith  a n h y d ro u s  
so a p  ta k in g  u p  less t h a n  3 p e r  c e n t  w a te r  u p

T a b l e  I .  E m p ir ic a l  C o n s t a n t s  f o r  t h e  S o r p t io n  I s o t h e r m

. Supercurd   -—Hemihydrate—. . Subwaxy *
Soap k 1 /n  k  1 /n  k 1 /n

NaP (90° C.) +  50% NaCl 
on basis of:

Total solids 0 .9 8  X 1 0 - ‘ 1.1 4 . 6 X 1 0 - «  4 .2  ..............................
Soap alone 1 .9  X 10'* 1.1 9 . 2 X 1 0 ' «  4 .2

N aP WO0 C.) +  2% NaCl 1 .8  X 10'* 1 .0  ............................  ..............................
N aP  (90° C.) 1.1  X 1 0 -<  1 .2  5 .4  X  10’ '  2 .6  ..............................
NaM yr (90° C.) 0 .5  X 10 ‘ < 1.4  1 .9  X 1 0 ' 1 2 .8  ..............................
NaM yr (100° C.) 0 .8 9 X 1 0 ' *  1 .3  ............................ 9 .5  X 10'» 3 .6
NaOl (90° C.) ..............................  ............................ 0.2-1 X 10 '*  1 .5
NaL (65° C .)“ 1 .0  X  10 '* 1.3

° The values given are for curd.
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O
O

F ig u r e  2 .  Iso th e rm s fo r th e  T a k in g  U p  o f  W a te r  V a p o r b y  O rig in a lly  
A n h y d ro u s S o a p  S y ste m s

I I  >=* c o m p o s it io n  h e m ih y d r a t e ;  S W  =  su b w a x y  p h a se . S t r a ig h t  l in e s  o n  t h is  lo g a r it h m ic  
g ra p h  o f  x / m  a g a in s t  p  in d ic a te  so rp tio n .
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to  50 p e r  c e n t  re la tiv e  h u m id ity . T h e  en su in g  so rp tio n  w as 
te rm e d  ‘ ‘sw elling”  b y  K r a tz  (7) a n d  L e d e re r  (9,10). S o rp tio n  
is a lw ay s  a cc o m p a n ied  b y  sw elling— fo r ex am p le , in  th e  case  of 
ch arco a l ta k in g  u p  c a rb o n  d io x id e  (21) — b u t  ty p ic a l  sw elling  
is  n o t  m e re  so rp tio n .

T h e  f irs t  so rp tio n  lin e  in  th e  lo w er p a r t  o f e ac h  d ia g ra m  (ex
c e p t t h a t  a t  6 5 ° C ., F ig u re  2) is fo llow ed  b y  a  f la t  v e r tic a l  
p o r tio n  o f c o n s ta n t  re la tiv e  h u m id ity  u n t i l  th e  n e x t  p h a se  is 
reach ed , w h e th e r  h e m ih y d ra te , n e a t  so ap  (as fo r so d iu m  o le a te  
a t  9 0 °  C .) , o r  su b w ax y  (as fo r so d iu m  m y r is ta te  a t  10 0 ° C .) . 
I n  th e  la s t  case  th e  su b w a x y  fo rm  in te rv e n e s  b e fo re  h e m i
h y d ra te  c an  fo rm  b ecau se  th e  su b w ax y  e x te n d s  o v e r  th is  
field  a t  th is  te m p e ra tu re .  S u c h  p h a se s  a s  su b w a x y  a n d  n e a t  
a re  re a d ily  d is tin g u ish e d  fro m  e ach  o th e r  a n d  fro m  c u rd  b y  
th e ir  v isu a l a p p ea ran c e .

O ne of th e  m o s t s ig n ific a n t fe a tu re s  is t h a t ,  a lth o u g h  th e  
L a n g m u ir  so rp tio n  fo rm u la  a n d  th e  lo g a rith m ic  fo rm u la  a re  
a p p ro x im a te ly  o b ey ed , th e re  a re  d e v ia tio n s  f ro m  th e  u su a l 
a d so rp tio n  re la tio n :  T h e  s lo p e  is  to o  s teep , th e  e x p o n en t 
1/n exceeds u n i ty  in s te a d  of b e in g  less, a n d  th e  u su a l so rp tio n  
c u rv es  h a v e  a n  o p p o s ite  c u rv a tu re  to  t h a t  g e n e ra lly  fo u n d . 
I n  o th e r  w o rds, so rp tio n  in c reases  m o re  ra p id ly  th a n  p re ssu re . 
T h is  b e h a v io r  a lw ay s  in d ic a te s  th e  p re sen ce  o f free  c a p illa ry  
liq u id  in  p o re s  o f g re a te r  d ia m e te r , w h ich  p o ss ib ly  in c re a se  in  
size b y  sw elling  a s  so rp tio n  in c reases  (11).

T h e  im p o r ta n t  p o in t  in  p o ro u s  a n d  fib ro u s sy s te m s  is  th a t ,  
w ith  a  w e tta b le  so lid  fo r e ac h  v a lu e  o f re la tiv e  h u m id ity , 
all p o re s  b e low  a  d e fin ite  size m u s t  fill w ith  liq u id — t h a t  is, 
c ap illa ry  w a te r  (11). T h is  c a p illa ry  w a te r  b ecom es a n  essen 
tia l p a r t  o f th e  g ro ss  co m p o s itio n  of th e  so lid  m ass. O n  a  
p h ase  d ia g ra m  th is  g ro ss co m p o sitio n , a n d  n o t  th e  su p p o sed  
o r a c tu a l  co m p o s itio n  o f th e  fib er o r  so lid  s t r u c tu r e  itse lf , 
c o n s t i tu te s  th e  en d  o f th e  t ie  line  fo r a n y  h e te ro g en e o u s  
eq u ilib riu m . T h e  c a p illa ry  liq u id  h e re  m a y  ta k e  th e  fo rm  of 
d i lu te  so ap  so lu tio n  o r  liq u id  c ry s ta ll in e  so ap  so lu tio n , d e 
p e n d in g  u p o n  th e  te m p e ra tu re  a n d  th e  so lu b ili ty  o f th e  
p a r tic u la r  so ap . F o r  p a r tia l  w e ttin g — t h a t  is, fo r a  fin ite  
c o n ta c t  a n g le — la rg e r p o re s  w ill fill a t  a  g iv en  low  re la tiv e  
h u m id ity .

V a lu es  o f th e  em p irica l c o n s ta n ts  k a n d  1/n fo r th e  so rp tio n  
iso th e rm  a re  g iv en  in  T a b le  I .  S o rp tio n  of w a te r  b y  su p e r
c u rd  a p p e a rs  to  d ecrease  w ith  in c re ase  in  m o le c u la r  w e ig h t; 
t h a t  is, a t  h ig h e r re la tiv e  h u m id itie s  h ig h er so ap s  a re  less 
h y d ro sco p ic  th a n  lo w er so ap s. T h is  ag ree s w i th  th e  fin d in g s 
o f S tiep e l a n d  of G o d b o le  b u t  n o t  o f M a r t in  F isc h e r. H o w 
ever, o w ing  to  th e  d iffe rin g  v a lu e s  o f th e  e x p o n e n t 1 / n ,  th is  
re la tio n  is  re v e rse d  a t  low h u m id itie s . T h e  sa m e  com 
p lic a tio n  ap p lie s  to  th e  te m p e ra tu re  coefficien t w h ich  is 
s lig h t, c o rre sp o n d in g  to  a  p h y sic a l ty p e  o f e x o th e rm ic  
so rp tio n .

T h e  e m p irica l iso th e rm  h o ld s  a lso  fo r su b w a x y  so ap . I n  
th is  re sp e c t su b w ax y  a n d  c u rd  a re  sim ila r, c o n firm in g  x -ra y  
d a ta  to  th e  effec t t h a t  b o th  a re  c ry s ta ll in e  a n d  fa ir ly  c losely  
re la te d .

r p H E  q u e s tio n  o f th e  e x a c t h y d ra tio n  of c u rd  fib ers  is a n  
in c o m p le te ly  so lv ed  p ro b lem , p a r t ly  b e ca u se  a  com 

p a ra t iv e ly  sm a ll r e d u c tio n  o f re la tiv e  h u m id ity  suffices to  
p ro d u c e  a  d e h y d ra t io n  o f a ll  th e  h ig h e r  h y d ra te s  d o w n  to  
h e m ih y d ra te . H o w ev e r, th e re  is  n o  d o u b t  o f th e  r e a l i ty  of 
h y d ra tio n , s ince  i ts  e x is ten ce  is  d e m o n s tra te d  b y  m a n y  
m e a su re m e n ts  w ith  so lu tio n s  o f in e r t  re fe ren ce  su b s ta n c e s . 
W ith  th e  s ig n ific a n t ex ce p tio n  of g ly ce ro l, th e se  a re  re je c te d  
b y  th e  h y d r a te  w a te r ,  in c re as in g  th e  c o n c e n tra t io n  of th e  
re su ltin g  m o th e r  l iq u o r  (1, 8, 12, 15, 17). A  s im ila r  con
c lu s io n  re su l te d  fro m  p re v io u s  s tu d ie s  o f th e  v a p o r  p re ssu re  
o f w a te r  (4, 12, 16), d ila to m e tr ic  m e a su re m e n ts  o f freez ing  
c u rd s  (19), m ic ro sco p ic  a n d  u ltra m ic ro sc o p ic  e x a m in a tio n

(2, 20), a n d  c en tr ifu g e  (13), a n d  a g a in  b y  x -ra y  o b se rv a tio n s  
(22, 23, 2/.). A s  fo u n d  in  1925 in  M c B a in ’s la b o ra to ry  a n d  
sh o w n  in  s u b s e q u e n t  p u b lic a tio n s  (3, 29), g lyce ro l a p p e a rs  to  
b e  p ra c t ic a lly  in te rc h a n g e a b le  w ith  w a te r  in  t h a t  i ts  d is
t r ib u t io n  b e tw e e n  n e a t  so ap  a n d  o th e r  liq u id  p h a se s  is  p ro 
p o r tio n a l to  th e  w a te r  c o n te n t  o f e ach  p h a se .

T h e  iso th e rm  fo r co m m erc ia l to ile t  so ap  b a se  a t  4 0 °  C . is 
su ffic ien t in  its e lf  to  p ro v e  th e  ex is ten ce  of h y d ra te s  c o n ta in 
in g  a t  le a s t  30  o r  p o ss ib ly  40  p e r  c e n t  w a te r . T h is  te m p e ra 
tu r e  is  to o  low  fo r th e  ex is ten ce  o f e ith e r  n e a t  o r  m id d le  so ap , 
b u t  o n ly  fo r  a n  o rd in a ry , c o m p a ra tiv e ly  d i lu te  so ap  so lu tio n  
ly in g  w ell to  th e  a q u e o u s  sid e  o f th e  p h a se  d ia g ra m . N e v e r
th e le ss , th e re  is a  f la t  in  th e  iso th e rm  e x te n d in g  fro m  a b o u t  
88 p e r  c e n t  so a p  a t  a b o u t  85  p e r  c e n t  re la tiv e  h u m id i ty  to  
so m ew h ere  b e tw e e n  70 a n d  60 p e r  c e n t  so ap  b e fo re  th e  
p re ssu re  c u rv e  r ise s  to  a  m u c h  h ig h e r  v a lu e  a t  a b o u t  50 p e r  
c e n t so ap . T h is  is d e fin ite  p ro o f  t h a t  o th e r  h y d ra te d  so lid  
p h a se s  in te rv e n e  b e tw ee n  h e m ih y d ra te s  a n d  o rd in a ry  so ap  
so lu tio n s , b e ca u se  th e  la t t e r  h a v e  o n ly  o n e  fixed h ig h  h u m id ity  
a t  o n e  te m p e ra tu re .

T h ese  d a ta  a g ree  w ith  p re v io u s  in d ic a tio n s  in  th e  l i te ra tu re .  
F o r  ex am p le , a cc o rd in g  to  L e d e re r  (9, 10), a  m illed  so a p  
(85 p e r  c e n t  so a p )  sh o w s 87 p e r  c e n t  r e la tiv e  h u m id ity , 
w h e rea s  a  h o u se h o ld  so a p  (70 p e r  c e n t  so ap ) e x h ib its  96.5 
p e r c e n t re la tiv e  h u m id i ty  a n d  a  63 p e r  c e n t  so a p  sh o w s 97 .5  
p e r  c e n t  re la tiv e  h u m id ity .

H en ce , a t  o rd in a ry  te m p e ra tu re s  o n ly  a  n e a r ly  s a tu r a te d  
a tm o sp h e re  a ffec ts  c o m m erc ia l so a p  a p p re c ia b ly , a llo w in g  i t  
to  b eco m e  m o is t o r  to  “ s w e a t” . E v e n  in  a  h o t  c lim ate , 
sw ea tin g  of so a p  d o es n o t  b eg in  be low  85 p e r  c e n t  re la tiv e  
h u m id ity  (5).
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F ig u r e  2 .  Iso th e rm s fo r th e  T a k in g  U p o f  W a te r  V a p o r b y  O rig in a lly  
A n h y d ro u s  S o a p  S y ste m s  

U  «  c o m p o s it io n  h e m ih y d r a t e ;  S lf7 “  su b w a x y  p h a se . S t r a ig h t  l in e s  o n  t h is  lo g a r it h m ic  
g ra p h  o f  x / m  a g a in s t  p  in d ic a te  s o rp tio n .
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to  50 p e r  c e n t  re la tiv e  h u m id ity . T h e  e n su in g  so rp tio n  w as 
te rm e d  “ sw elling”  b y  K r a tz  (7) a n d  L e d e re r  (9,10). S o rp tio n  
is a lw ay s  a c c o m p a n ied  b y  sw elling— fo r e x am p le , in  th e  case  of 
ch arco a l ta k in g  u p  c a rb o n  d io x id e  (SI)— b u t  ty p ic a l  sw elling  
is  n o t  m e re  so rp tio n .

T h e  f irs t  so rp tio n  lin e  in  th e  lo w er p a r t  o f e ac h  d ia g ra m  (ex
c e p t  t h a t  a t  6 5 °  C ., F ig u re  2) is  fo llow ed b y  a  f la t  v e r tica l 
p o r tio n  o f c o n s ta n t  re la tiv e  h u m id i ty  u n t i l  th e  n e x t  p h a se  is 
re ac h ed , w h e th e r  h e m ih y d ra te , n e a t  so ap  (as fo r so d iu m  o lea te  
a t  9 0 °  C .) , o r su b  w ax y  (a s  fo r so d iu m  m y r is ta te  a t  100° C .) . 
I n  th e  la s t  case  th e  su b w a x y  fo rm  in te rv e n e s  b e fo re  h e m i
h y d ra te  c an  fo rm  b e ca u se  th e  su b w ax y  e x te n d s  o v e r  th is  
field a t  th is  te m p e ra tu re .  S u c h  p h a se s  a s  su b w a x y  a n d  n e a t  
a re  re a d ily  d is tin g u ish e d  fro m  e ac h  o th e r  a n d  fro m  c u rd  b y  
th e ir  v isu a l a p p ea ran c e .

O ne of th e  m o s t  s ig n ific a n t fe a tu re s  is  th a t ,  a lth o u g h  th e  
L a n g m u ir  so rp tio n  fo rm u la  a n d  th e  lo g a rith m ic  fo rm u la  a re  
a p p ro x im a te ly  o b ey ed , th e re  a re  d e v ia tio n s  fro m  th e  u su a l 
a d so rp tio n  re la tio n :  T h e  s lo p e  is  to o  s te ep , th e  e x p o n e n t 
1 / n  exceeds u n i ty  in s te a d  of b e in g  less, a n d  th e  u su a l so rp tio n  
c u rv es  h a v e  a n  o p p o s ite  c u rv a tu re  to  t h a t  g e n e ra lly  fo u n d . 
I n  o th e r  w o rd s , so rp tio n  in c reases  m o re  ra p id ly  th a n  p re ssu re . 
T h is  b e h a v io r  a lw ay s  in d ic a te s  th e  p re sen c e  o f free  c a p illa ry  
liq u id  in  p o re s  o f  g re a te r  d ia m e te r , w h ich  p o ss ib ly  in c re ase  in  
size b y  sw elling  a s  so rp tio n  in c reases  (11).

T h e  im p o r ta n t  p o in t  in  p o ro u s  a n d  fib ro u s sy s te m s  is  th a t ,  
w ith  a  w e tta b le  so lid  fo r eac h  v a lu e  o f re la tiv e  h u m id ity , 
all p o re s  b e lo w  a  d e fin ite  size m u s t  fill w ith  liq u id — t h a t  is, 
c a p illa ry  w a te r  (11). T h is  c a p illa ry  w a te r  b ecom es a n  essen 
t ia l  p a r t  o f th e  g ro ss  co m p o s itio n  o f th e  so lid  m ass. O n  a  
p h a se  d ia g ra m  th is  g ro ss  c o m p o s itio n , a n d  n o t  th e  su p p o sed  
o r a c tu a l  co m p o s itio n  of th e  fib er o r  so lid  s t r u c tu r e  itse lf , 
c o n s t i tu te s  th e  en d  of th e  t ie  line  fo r a n y  h e te ro g en e o u s  
e q u ilib riu m . T h e  c a p illa ry  liq u id  h e re  m a y  ta k e  th e  fo rm  of 
d i lu te  so a p  so lu tio n  o r  liq u id  c ry s ta ll in e  so a p  so lu tio n , d e 
p e n d in g  u p o n  th e  te m p e ra tu re  a n d  th e  so lu b ili ty  o f th e  
p a r t ic u la r  so ap . F o r  p a r t ia l  w e ttin g — t h a t  is, fo r  a  f in ite  
c o n ta c t  an g le— la rg e r  p o re s  w ill fill a t  a  g iv en  low  re la tiv e  
h u m id ity .

V a lu es  o f th e  e m p irica l c o n s ta n ts  k a n d  1/n fo r  th e  so rp tio n  
iso th e rm  a re  g iv en  in  T a b le  I .  S o rp tio n  o f w a te r  b y  su p e r
c u rd  a p p e a rs  to  d ec rease  w ith  in c re a se  in  m o le c u la r  w e ig h t; 
t h a t  is, a t  h ig h e r re la tiv e  h u m id itie s  h ig h e r  so ap s  a re  less 
h y d ro sco p ic  th a n  low er so ap s. T h is  ag ree s w ith  th e  fin d in g s 
of S tiep e l a n d  o f G o d b o le  b u t  n o t  o f M a r t in  F isc h e r . H o w 
ev er, o w ing  to  th e  d iffe rin g  v a lu e s  o f th e  e x p o n e n t 1 / n ,  th is  
re la tio n  is  re v e rse d  a t  low  h u m id itie s . T h e  sa m e  com 
p lic a tio n  a p p lie s  to  th e  te m p e ra tu re  coefficien t w h ich  is 
s lig h t, c o rre sp o n d in g  to  a  p h y s ic a l ty p e  o f e x o th e rm ic  
so rp tio n .

T h e  e m p irica l iso th e rm  h o ld s  a lso  fo r su b w a x y  so ap . I n  
th is  re sp e c t su b w a x y  a n d  c u rd  a re  s im ila r , co n firm in g  x -ra y  
d a ta  to  th e  e ffec t t h a t  b o th  a re  c ry s ta ll in e  a n d  fa ir ly  c losely  
r e la te d .

rJ 1H E  q u e s tio n  o f th e  e x a c t h y d ra tio n  o f c u rd  fibers is  a n
in co m p le te ly  so lv ed  p ro b lem , p a r t ly  b e ca u se  a  com 

p a ra t iv e ly  sm a ll re d u c tio n  o f re la tiv e  h u m id i ty  suffices to  
p ro d u c e  a  d e h y d ra t io n  o f a ll  th e  h ig h e r h y d r a te s  d o w n  to  
h e m ih y d ra te . H o w ev e r, th e re  is  no  d o u b t  o f  th e  r e a l i ty  o f 
h y d ra tio n , s in ce  i ts  ex is te n ce  is  d e m o n s tra te d  b y  m a n y  
m e a su re m e n ts  w i th  so lu tio n s  o f in e r t  re fe ren ce  su b s ta n c e s . 
W ith  th e  s ig n ific a n t e x ce p tio n  of g ly ce ro l, th e s e  a re  re je c te d  
b y  th e  h y d r a te  w a te r , in c re a s in g  th e  c o n c e n tra t io n  o f th e  
re su ltin g  m o th e r  liq u o r  (1, 8, IS, 15, 17). A  s im ila r  con
c lusion  re su lte d  fro m  p re v io u s  s tu d ie s  o f th e  v a p o r  p re ssu re  
o f  w a te r  (4, 12, 16), d i la to m e tr ic  m e a su re m e n ts  o f freez in g  
c u rd s  (19), m ic ro sco p ic  a n d  u l tra m ic ro sc o p ic  e x a m in a tio n

(2, 20), a n d  c en tr ifu g e  (18), a n d  a g a in  b y  x -ray  o b se rv a tio n s  
(22, 23, 21/). A s fo u n d  in  1925 in  M c B a in ’s la b o ra to ry  a n d  
sh o w n  in  s u b s e q u e n t  p u b lic a tio n s  (8, 29), g ly ce ro l a p p e a rs  to  
b e  p ra c t ic a lly  in te rc h a n g e a b le  w ith  w a te r  in  t h a t  i ts  d is
t r ib u t io n  b e tw e e n  n e a t  so a p  a n d  o th e r  liq u id  p h a se s  is p ro 
p o r tio n a l to  th e  w a te r  c o n te n t  o f eac h  p h a se .

T h e  iso th e rm  fo r co m m erc ia l to ile t  so a p  b a se  a t  4 0 °  C . is 
su ffic ien t in  its e lf  to  p ro v e  th e  ex is ten ce  of h y d ra te s  c o n ta in 
in g  a t  le a s t  30  o r  p o ss ib ly  40  p e r  c e n t  w a te r . T h is  te m p e ra 
tu r e  is to o  low  fo r th e  ex is ten ce  o f e ith e r  n e a t  o r  m id d le  soap , 
b u t  o n ly  fo r a n  o rd in a ry , c o m p a ra tiv e ly  d i lu te  so ap  so lu tio n  
ly in g  w ell to  th e  aq u eo u s  s id e  o f th e  p h a se  d ia g ra m . N e v e r
th e less , th e re  is  a  f la t  in  th e  iso th e rm  e x te n d in g  fro m  a b o u t  
88 p e r  c e n t so a p  a t  a b o u t  85  p e r  c e n t  re la tiv e  h u m id ity  to  
so m ew h ere  b e tw ee n  70 a n d  60 p e r  c e n t  so a p  b e fo re  th e  
p re ssu re  c u rv e  rises  to  a  m u c h  h ig h e r  v a lu e  a t  a b o u t  50 p e r  
c e n t  so ap . T h is  is d e fin ite  p ro o f  t h a t  o th e r  h y d ra te d  so lid  
p h a se s  in te rv e n e  b e tw ee n  h e in ih y d ra te s  a n d  o rd in a ry  so ap  
so lu tio n s , b ecau se  th e  l a t t e r  h a v e  o n ly  o n e  fixed h ig h  h u m id ity  
a t  o n e  te m p e ra tu re .

T h e se  d a ta  a g ree  w ith  p re v io u s  in d ic a tio n s  in  th e  l i te ra tu re .  
F o r  ex am p le , a cc o rd in g  to  L e d e re r  (9, 10), a  m illed  so ap  
(85 p e r  c e n t  so a p ) sh o w s 87 p e r  c e n t  re la tiv e  h u m id ity , 
w h e rea s  a  h o u se h o ld  so a p  (70 p e r  c e n t  so ap ) e x h ib its  96.5 
p e r c e n t  re la tiv e  h u m id i ty  a n d  a  63 p e r  c e n t  so a p  sh o w s 97 .5  
p e r  c e n t  re la tiv e  h u m id ity .

H e n ce , a t  o rd in a ry  te m p e ra tu re s  o n ly  a  n e a r ly  s a tu ra te d  
a tm o sp h e re  a ffec ts  c o m m erc ia l so ap  a p p re c ia b ly , a llo w in g  i t  
to  b eco m e  m o is t  o r  to  “ s w e a t” . E v e n  in  a  h o t  c lim a te , 
sw e a tin g  of so ap  d o es n o t  b eg in  b e low  85 p e r  c e n t  re la tiv e  
h u m id ity  (5).

LITERATURE CITED

(1) B ennett, H. B., J .  Chern. Soc., 125, 1971 (1924).
(2) Darke, W. F., M cBain, J . W ., and Salmon, C. S., Proc. R oy. Soc.

(London), A98, 395 (1921).
(3) Ferguson, R . H „ Oil «£ Soap, 14, 115 (1937).
(4) Ferguson, R. H ., and Void, R . D ., Ib id ., 15, 181 (1938).
(5) Goswami, M . N ., Choudhury, A. R „  and Basak, K . K ., In d ia n

Soap J . ,  7, 9(1940).
(6) K atz, J . R „  Kolloidchem. Beihefle, 9, 1 (1917).
(7) K ratz, E ., Z . deut. Ol- u. F ett.-Ind ., 44, 25 (1924).
(8) Laing, M . E ., J .  Chem. Soc., 119, 1669 (1921).
(9) Lederer, E . L., Z . angcw. Chem., 39, 1007 (1926).

(10) Lederer, E . L., Z . deut. Ol- u . F ett.-Ind ., 46, 519 (1926).
(11) M cBain, J . W ., "Sorption of Gases and Vapors by Solids” ,

p. 185, Chap. X II  and XV I, London, Routledge, 1930.
(12) M cBain, J . W., Bull, H . I., and Staddon, L. S., J .  P hys. Chem.,

38, 1075 (1934).
(13) M cBain, J . W ., and Ford, T . F., J .  A m . Chem. Soc., 62, 866

(1940).
(14) McBain, J . W., and Lee, W. W „ Oil & Soap, 20, 17 (1943).
(15) M cBain, J . W., and M artin , H. E ., J .  Chem. Soc., 119, 1369

(1921).
(16) M cBain, J . W., and Salmon, C. S., Ib id ., 119, 1374 (1921).
(17) M cBain, J . W „ and Taylor, M., Ib id ., 115, 1300 (1919).
(18) M cBain, J . W., Void, R . D., and Frick, M ., J .  P hys. Chem., 44,

1013 (1940).
(19) M cBain, J. W ., Void, M . J., and Johnston, S. A., J .  A m . Chem.

Soc., 63, 1000 (1941).
(20) M aclennan, K ., J .  Soc. Chem. In d ., 42, 393T (1923).
(21) M eehan, F . T ., Proc. R oy. Soc. (London), 115A, 199 (1927).
(22) Piper, S. H ., and Grindley, E . N ., Proc. P hys. Soc. (London),

35, 5 (1923).
(23) Thiessen, P . A., and Spychalski, Z , physik . Chem., A156, 435

(1931).
(24) Thiessen, P . A., and Stauff, J., Ib id ., A176, 397 (1936).
(25) Void, R. D., J .  A m . Chem. Soc., 63, 2915 (1941).
(26) Void, M . J., Macomber, M., and Void, R . D., Ib id ., 63, 168

(1941).
(27) Void, R. D ., Reivere, R ., and M cBain, J . W., Ib id ., 63, 1293

(1941).
(28) Void, R. D „ and Void, M. J., Ib id ., 61, 808 (1939).
(29) Wigner, J . H ., “Soap M anufacture” , p. 116, New York, Chemi

cal Publishing Co., 1940.



Aliphatic H ydrocarbon Densities
CORRELATION IN THE CRITICAL REGION

T. G . ST E V E N IN  A N D  J . G . A L L E N 1
Phillips P e tro leu m  C om pany , K ansas C ity , K ans.

A sim plified correlation of densities of paraffin (and to som e ex ten t olefin) hydro
carbons is presen ted . Based on reduced tem peratures and reduced pressures, i t  gives 
densities d irectly  w ith o u t the use of in term edia te  reduced volum es. Calculated data  

agree w ith  experim ental data  w ith in  2 to 5 per cen t deviation.

C A L C U L A T IO N  of th e  d e n s i ty  o f h y d ro c a rb o n s  u n d e r  
a  v a r ie ty  o f p re ssu re  a n d  te m p e ra tu re  co n d itio n s  is 
n e ce ssa ry  in  a lm o s t a ll  p h a se s  o f p e tro le u m  e n g in e e r

in g . A m o n g  th e se  is th e  c a lcu la tio n  of th e  e q u iv a le n t  c rac k 
in g  tim e  in  fu rn a c e  coils. T h is  in v o lv e s  th e  c a lcu la tio n  o f th e  
d e n s i ty  o f th e  oil in  th e  liq u id  p h a se , th ro u g h  th e  c r it ic a l re 
g io n , a n d  in to  th e  v a p o r  p h a se . T h e  p a r t  o f th e se  ca lcu la tio n s  
fo r  w h ich  th e  le a s t  re liab le  en g in eerin g  d a ta  h a v e  b e en  a v a il
a b le  h a s  b e en  t h a t  p h a se  o f th e  l iq u id -v a p o r  reg io n s im m e d i
a te ly  a d jo in in g  th e  c r it ic a l te m p e ra tu re .  I t  is  h o p e d  t h a t  th e  
c u rv e s  p re se n te d  h e re  ■null c o rre la te  a v a ilab le  d a ta  in  t h a t  
re g io n  a n d  a t  th e  sam e  tim e  s im p lify  th is  ty p e  o f c a lcu la tio n .

T a b l e  I .  C r i t ic a l  C o n s t a n t s  f o r  H y d r o c a r b o n s

Hydrocarbon
Critical Tem p., 

° Rankine
Critical Pressure, 
L b./Sq. In. Abs.

M ethane 344 673
Ethylene 508 745
Ethane 549 717
Propylene 656 661
Propane 665 617
Isobutane 732 544
n-Butane 766 529
Isopentane 829 483 .4
n-Pentane 846 485
2,3-D im ethylbutane 901 449 .5
n-Hexane 915 441
2-M ethylpentane 902 472
n-Heptane
D iisobutyl

972 393.7
9S9 360.0

n-Octane 1024 361.4

Citation

T h e  p re s e n t  d a ta  c o rre la te  d e n s i ty  o f p a ra ffin  h y d ro c a rb o n s  
a n d  a re  a p p lic a b le  to  som e e x te n t  to  olefin  h y d ro c a rb o n s . 
A n y  fu r th e r  ex te n s io n  of th e  cu rv es, su ch  a s  to  in c lu d e  a ro - 
m a t ic s  o r  m a k e  th e  g e n e ra l c u rv es  a p p lic ab le  to  m ix tu re s  b y  
m e a n s  o f a  c h a ra c te r iz a t io n  fa c to r , a n ilin e  p o in t,  o r  sim ila r 
m e th o d , w ill re q u ire  fu r th e r  e x p e rim e n ta l d a ta  th a n  a re  h e re  
a v a ila b le .

A  p re v io u s  u n p u b lish e d  c o rre la tio n  b y  th e  a u th o r s  in d ic a te d  
t h a t  fo r liq u id s  a  s a t is fa c to ry  p lo t  co u ld  be  m a d e  of re d u ce d  
te m p e ra tu re ,  re d u c e d  p re ssu re , a n d  re d u ce d  v o lu m e . A  fu r
th e r  o b se rv a tio n  t h a t  th e  c r it ic a l  v o lu m e s  of p a ra ffin  h y d ro 
c a rb o n s  w as a p p ro x im a te ly  c o n s ta n t  led  to  th e  co n clu sio n  
t h a t  th e  specific v o lu m e  co u ld  b e  p lo t te d  in s te a d  of th e  r e 
d u c e d  v o lu m e ; o r fo r m o re  d ire c t  u se , th e  rec ip ro ca l o f sp e -

1 Present address, 80 Broadway, New York, N . Y.

cific v o lu m e  o r  d e n s ity  co u ld  b e  p lo t te d  a s  o n e  o f th e  co o r
d in a te s . O n  th is  a ssu m p tio n  F ig u re  1 w as p re p a re d . T o  u se  
th is  c h a r t  i t  is n e ce ssa ry  to  k n o w  th e  re d u c e d  te m p e ra tu re  
a n d  re d u ce d  p re ssu re  o f th e  m a te r ia l  in  q u e s tio n . R e a d  d i
re c t ly  fro m  th e  c h a r t  i ts  re q u ire d  v a lu e  of d e n s i ty  in  p o u n d s  
p e r  cu b ic  fo o t.

C ritic a l  c o n s ta n ts  o f th e  lo w er h y d ro c a rb o n s  a s  p u b lish ed  
b y  E d m is te r  (5) a n d  K e lso  a n d  F e ls in g  (7, S) a re  g iv en  in  
T a b le  I .

ACCURACY O F CORRELATION

T h e  c o rre la tio n  is  b e liev ed  to  re p ro d u c e  th e  e x p e rim e n ta l 
d a ta  w ith  a n  a c c u ra c y  of 2  to  5 p e r  c e n t  d e v ia tio n  fo r th e  
m o s t  p a r t  in  th e  ra n g e  of re d u ce d  te m p e ra tu re s  f ro m  0 .700 to
1 .500. A b o v e  a  re d u c e d  te m p e ra tu re  o f 1 .500 th e re  a re  in 
su ffic ien t e x p e rim e n ta l d a ta  to  a ch iev e  a  c o rre la tio n  of th is  
a c c u ra c y . T h e  d o t te d  lin es a re  t e n ta t iv e  c u rv es  b a se d  on  
m eag er d a ta  f ro m  m e th a n e  a n d  o n  e s t im a te s  f ro m  g en era lized  
c o m p ress ib ility  d a ta .  F o r  te m p e ra tu re s  w ell b e lo w  th e  
c r itic a l i t  h a s  b e en  c u s to m a ry  to  a p p ly  te m p e ra tu re  co rrec 
tio n s  a n d  to  ig n o re  th e  e ffec t o f p re ssu re . T h is  p ro c e d u re  is  
p ro b a b ly  s till  s a t is fa c to ry  fo r th e  ra n g e  b e low  th e  re d u c e d  
te m p e ra tu re  o f 0.700.

T a b l e  I I .  A c c u r a c y  o f  M e t h o d

Hydrocarbon
M ethane
Ethane

Propane

Propylene
n-Butane

Isobutane
n-Pentane
Isopentane
2,3-Dim ethylbutane
n-Hexane
2-M ethylpentane

Citation

U3)
CD

M i
US)

(ffl(.10)
( 12)

it)

Max. %  Deviation  
from This Correlation

35
6 .7

13 .0
7 .0

17.0
7 .4
6 .8
4 .2
2 .7
2 . 8
2 .9
1.0
2 .7
3 .7
9 .4

T a b le  I I  in d ic a te s  m a x im u m  d e v ia tio n s  o f d e n s itie s  re a d  
from  F ig u re  1 c o m p a red  w ith  e x p e r im e n ta l d a ta  fro m  th e  
l i te ra tu re .  I n  g e n e ra l, th e  a v e ra g e  is fa r  b e t te r  th a n  th e  m ax i-
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m u m  fig u re  sh o w n . 
T h e  m ax im u m  fig
u re  a p p e a rs  u su 
a lly  a t  a  p o in t  in  
th e  c u rv e s  w here  
th e  s lo p e  is  su c h  
t h a t  r e l a t i v e l y  
sm a ll d e v ia tio n s  
in  th e  re d u ce d  p re s 
su re  w ill p ro d u c e  
d i s p r o p o r t i o n a t e  
e r r o r s  i n  t h e

EDUCED PRESSURE
C o rrelatio n  o f  D en sities o f  A lip h a tic  H y d ro carb o n s in  th e  C ritica l R egio n
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d e n s ity . E x tre m e  
d isc re tio n  m u s t  b e  
ex erc ised  w h en  th e  
cu rv es  a re  u sed  
in  th is  ra n g e . T h e  
d a ta  o f K a y  fo r 
b u ta n e  (6) a n d  of 
S m ith , B e a tt ie , 
a n d  K a y  fo r h e p 
ta n e  (15) show  
la rg e  d e v ia tio n s  
fro m  th e  co rre - 
l a t e d  c u r v e s .  
S u p e rfic ia l ex am i
n a tio n  of th e  d a ta  
a n d  ca lcu la tio n s  
h a v e  n o t  rev ea led  
a n y  re a so n  fo r th is  
d isc re p a n c y ; no  
e x p la n a tio n  w ill 
b e  a t te m p te d  h e re .
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COM PO SITIO N OF D EW -PO IN T G A S IN  

E T H A N E -W A T E R  S Y S T E M

H . H . R E A M E R , R . II. O L D S, B . H . SA G E , A N D  W . N . LACEY
C alifornia In s t i tu te  o f  T echnology, P asad en a , C alif.

T h e  in flu en ce  o f  p ressu re a n d  tem p era tu re  o n  th e  c o m p o sit io n  o f  
th e  d e w -p o in t gas o f  th e  e th a n e -w a te r  sy s te m  w as ex p er im en 
ta lly  e s ta b lish e d . T h e  ex p er im en ta l w ork covered p ressu res u p  
to  10,000 p o u n d s per sq u are in c h  in  th e  tem p e r a tu r e  in terv a l b e 
tw een  100° a n d  460° F . D a ta  for o th er  a q u eo u s  sy s te m s  o f  a 
s im ila r  n a tu r e  are com p ared  w ith  th e  v a lu es o b ta in e d  a n d  w ith  
p red ic tio n s  b a sed  u p o n  a n  a ssu m ed  th e r m o d y n a m ic  b eh av ior  
for th is  sy s te m .

A N  U N D E R S T A N D IN G  of th e  ro le  p lay e d  b y  w a te r  in  th e  p h a se  b e h a v io r  of 
f \  h y d ro c a rb o n  sy s te m s  is  im p o r ta n t  s in ce  th is  c o m p o n e n t is  n e a r ly  a lw ay s  

a sso c ia ted  w ith  p e tro le u m  in  u n d e rg ro u n d  re se rv o irs . A  b a c k g ro u n d  of 
e x p e rim e n ta l fa c ts  co n ce rn in g  th e  b e h a v io r  o f g as  h y d r a te s  a t  low  te m p e ra tu re s  
h a s  a c c u m u la te d  (7 , 10, 11, 12, 14), b u t  th e re  is  a  d e a r th  o f in fo rm a tio n  a t  th e  
te m p e ra tu re s  e n c o u n te re d  in  n a tu ra l  re se rv o irs . T h e  m e a su re m e n ts  o f B a r t l e t t  (1) 
c o n ce rn in g  th e  co m p o s itio n  o f th e  g as p h a se  in  h e te ro g en e o u s  reg io n s  o f th e  h y d ro -  
g e n -w a te r , n itro g e n -w a te r , a n d  h y d ro g e n -n itro g e n -w a te r  sy s te m s  c o n s t itu te  th e  
m o s t  c o m p le te  so u rce  o f in fo rm a tio n  co n ce rn in g  th e  b e h a v io r  o f d ifficu ltly  so lu b le  
gases in  w a te r  a t  e le v a te d  p re ssu re s . T h e  m e a su re m e n ts  o f M cH affie  (S) a n d  
P o llitz e r  a n d  S tre b e l (5) a lso  c o n tr ib u te  to  th e  a v a ila b le  in fo rm a tio n  o n  th e  b e h a v io r  
o f a q u e o u s  sy s te m s  in v o lv in g  in o rg an ic  gases.

L a u lh e re  a n d  B risco e  (2) s tu d ie d  th e  b e h a v io r  o f a  n a tu r a l  g a s -w a te r  sy s te m  a t  
p re ssu re s  u p  to  500 p o u n d s  p e r  sq u a re  in ch  in  th e  in te rv a l  b e tw e e n  6 0 ° a n d  100° F . 
R e c e n tly  th e  co m p o s itio n  of th e  d e w -p o in t g a s  in  th e  m e th a n e -w a te r  sy s te m  w as 
s tu d ie d  a t  p re ssu re s  u p  to  10,000 p o u n d s  p e r  sq u a re  in c h  fo r te m p e ra tu re s  b e tw e e n  
100° a n d  4 60° F .  (4)• T h e se  re su lts ,  w i th  th e  e x ce p tio n  o f th e  m e a su re m e n t fo r 
th e  h y d ro g e n -w a te r  sy s te m , in d ic a te  h ig h e r c o n c e n tra tio n s  o f w a te r  in  th e  g as 
p h a se  th a n  w ou ld  b e  p re d ic te d  on  th e  b a s is  o f th e  a s su m p tio n  u n d e r ly in g  th e  
P o y n tin g  e q u a tio n  (6). T o  e x te n d  th e  d a ta  o n  th e  b e h a v io r  o f w a te r -h y d ro c a rb o n  
sy s te m s  in v o lv in g  o rg a n ic  c o m p o n e n ts  o f in te rm e d ia te  m o le c u la r  w e ig h t, a  s tu d y  
of th e  e th a n e -w a te r  sy s te m  w as u n d e r ta k e n .

M ETH O DS AND M ATERIALS

T h e  co m p o s itio n  o f th e  d e w -p o in t g a s  w as e s ta b lish e d  b y  th e  w ith d ra w a l 
o f a  p o r tio n  o f th e  g a s  p h a se  o f a  h e te ro g en e o u s  sy s te m  u n d e r  iso b a ric  
iso th e rm a l co n d itio n s . T h is  p ro c e d u re  is  in  c o n tr a s t  to  th e  e sse n tia lly  d y n a m ic  
a p p ro a c h  e m p lo y e d  b y  B a r t l e t t  (1 ) .  A  m ix tu re  o f e th a n e  a n d  w a te r  w as
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M O L E  FR A CTIO N  W ATCfi

F ig u r e  1 .  P re ssu rc -C o m p o sitio n  D ia g ra m  in  E t h a n c -W a te r  S y ste m

confined  o v e r  m e rc u ry  a n d  w as b ro u g h t  to  th e rm o d y n a m ic  
e q u ilib r iu m  a t  th e  d e s ired  p re ssu re  a n d  te m p e ra tu re .  A  
sam p le  o f th e  g a s  p h a se  w as w ith d ra w n  fo r a n a ly s is , a n d  th e  
e ffec tiv e  v o lu m e  o f th e  sy s te m  w as re d u c e d  in  o rd e r  t h a t  th e  
p re ssu re  m ig h t  b e  m a in ta in e d  a t  a  c o n s ta n t  v a lu e  w ith in  1  
p o u n d  p e r  sq u a re  in c h  d u r in g  th e  w ith d ra w a l p rocess . A fte r  
b e in g  th r o t t l e d  to  a tm o sp h e ric  p re ssu re , th e  g a s  sa m p le  w as 
tra n s fe r re d  in  sm a ll-d ia m e te r  m e ta l  tu b in g , m a in ta in e d  a t  
140° F . ,  to  a  p a r t ia l  co n d en se r a t  — 140° F . T o  m in im ize  
s o lu tio n  o f e th a n e  o r  i t s  a d so rp tio n  a t  th e se  low  te m p e ra tu re s , 
th e  c o n d en se r w as a llo w ed  to  r e tu r n  to  ro o m  te m p e ra tu re  
a n d  th e n  reco o led  u n d e r  low  p re ssu re  b e fo re  th e  q u a n t i ty  of 
e th a n e  w as a s c e r ta in e d . P re l im in a ry  e x p e rim e n ts  confirm ed  
e a r lie r  in d ic a tio n s  (4) t h a t  p a r t ia l  c o n d e n sa tio n  a t  th is  te m 
p e ra tu re  re m o v e d  th e  w a te r  to  su ch  a n  e x te n t  t h a t  i t  w as 
u n n e c e ssa ry  to  e m p lo y  ch em ica l a g e n ts . A f te r  p a ss in g

c a tio n s  o f a  m erc u ry -in -g la ss  m an o m e te r. 
T h e  d e ta i ls  o f th e  e x p e rim e n ta l p ro g ram  
w ere s im ila r  to  th o se  em p lo y ed  in  a n  e a rlie r  
s tu d y  o f th e  m e th a n e -w a te r  sy s te m  (4) ;  th e  
e q u ilib r iu m  a p p a r a tu s  h a s  a lso  b e en  de 
sc rib ed  (9). T h e  d e te rm in a tio n  o f th e  p r i
m a ry  v a r ia b le s  w as b e liev ed  to  b e  such  
t h a t  th e  m o le  fra c tio n  of w a te r  w as w ith in  
3 p e r  c e n t  o f  th e  v a lu e  re p o rte d , e x cep t 
p e rh a p s  a t  th e  lo w er te m p e ra tu re s  w here 
th e  sm all c o n c e n tra tio n  of w a te r  m a d e  i ts  
e s t im a tio n  m o re  d ifficu lt. A v a ilab le  v o lu 
m e tr ic  d a ta  fo r p u re  e th a n e  w ere  u tilized  
(10) in  c o n n ec tio n  w ith  th e  d e te rm in a tio n  

o f th e  m o le  f ra c tio n  o f e th a n e  fro m  th e  v o lu m e tr ic  m easu re 
m e n ts  m ad e .

T h e  e th a n e  w as o b ta in e d  fro m  th e  C a rb id e  a n d  C a rb o n  
C h em ica ls  C o rp o ra tio n . T h e  m a te r ia l  a s  rece iv ed  c o n ta in ed  
a p p re c ia b le  q u a n ti t ie s  o f gaseo u s h y d ro c a rb o n s  o th e r  th a n  
e th a n e . I t  w as p u rif ied  b y  re p e a te d  f ra c t io n a tio n  in  a  g lass 
co lu m n  p a c k e d  w ith  sm a ll g lass  helices, u s in g  a  re flux  ra tio  of 
a p p ro x im a te ly  50. T h e  p u rif ied  m a te r ia l  e x h ib ited  a  v a r ia 
t io n  in  v a p o r  p re ssu re  fro m  dew  p o in t  to  b u b b le  p o in t a t  7 0 ° F . 
o f less th a n  1  p o u n d  p e r  sq u a re  inch .

T h e  w a te r  w as p re p a re d  b y  th e  re d is ti l la t io n  o f th e  reg u la r 
d is tilled  w a te r  su p p ly  fu rn ish e d  th e  la b o ra to ry . I t  w as freed  
fro m  d isso lv ed  a ir  b y  b o ilin g  a t  re d u ce d  p re ssu re  fo r a n  ex
te n d e d  p e rio d . A f te r  in tro d u c tio n  in to  th e  e q u ilib riu m  
e q u ip m e n t, a  p o r t io n  o f th e  g a s  p h a se  w as re m o v e d  in  o rd e r 
to  red u ce  th e  q u a n t i ty  o f e x tra n e o u s  m a te r ia l  s t i ll  fu r th e r .

PRESSU RE LB. PER SQ. IN.

F ig u r e  2 . In flu e n c e  o f  P ressu re  u p o n  D e w -P o in t G a s  C o m p o sitio n  o f  E tlin n e -W a te r
S y ste m

th ro u g h  th e  lo w -te m p e ra tu re  p a r t ia l  c o n d en se r, th e  re s id u a l 
e th a n e  w a s  co llec ted  in  a n  iso ch o ric  g lass  c h a m b e r  k e p t  a t  a  
c o n s ta n t  te m p e ra tu re  b y  m e a n s  o f a n  a g ita te d  a ir  b a th .  T h e  
q u a n t i ty  o f e th a n e  w a s  d e te rm in e d  fro m  th e  ch an g e  in  p re s 
su re  o f th e  g a s  w ith in  th is  vessel a s  e s ta b lish e d  fro m  th e  in d i-

COM POSITION O F GAS PH ASE

T h e  co m p o s itio n  o f th e  g a s  p h a se  in  th e  e th a n e -w a te r  
sy s te m  a s  d e te rm in e d  e x p e rim e n ta lly  is  g iv en  in  T a b le  I  a n d  
F ig u re  1. T h e  fu ll c u rv es  re p re se n t  sm o o th ed  v a lu e s  ob 
ta in e d  in  th e  g ra p h ic a l in te rp o la tio n  o f  th e  re su lts .
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I n  o rd e r  to  m a k e  th e  re su lts  
fo r th e  m o le  f ra c tio n  o f w a te r  in  
th e  g as  p h a se  o f h e te ro g en e o u s  
m ix tu re s  o f w a te r -h y d ro c a rb o n  m ix 
tu re s  m o re  co m p a rab le , a  q u a n ti ty  
$ , defin ed  b y  th e  fo llow ing exp res
sio n  (4), m a y  b e  u tiliz e d :

ß =  ft,  X j/Y ,

T a b l e  I.

Pressure, 
Lb./Sq. 
In. Abs.

 100°
926.3

9010.2  
8010.0  
6982 .9  
5172.4  
3091 .0
1977.3

PRESSURE L a  PCR SQ. IN.

F ig u r e  3 . In flu en ce o f  P ressu re  u po n  f ° ,  Xi

E x p e r i m e n t a l  D a t a  o n  C o m p o s it io n  o f  D e w - P o i n t  
G a s  i n  E t h a n e -W a t e r  S y s t e m

Mole 
Fraction 

Water 
X 10>

F. -
1.330
0.647
0.656
0.620
0.623
0.723
0 .802

8992.0
7001.2
6017.4

320 .8

-160° F -
1.960
2.190
2.034

15.570

7084.8
6100.0
4117.4

536.0

-220° F.-
5 .639
0.346
7.224
3.362

Pressure, 
L b./Sq. 
In. Abs.
. 280°
9892.1
8985.1
8123.6
7138.7
6096.8
5047.0
3049.8
1033.7

  340°
9896.3
9003.1
5097.8
4046.8  
2998.5
1150.1

Mole 
Fraction 

Water 
X 10*

F. -
12.680
13.190
14.404
14.990
16.006
16.235
21.800
51.982

F. -
27 .96
29.63
39.17
43.62
52.81

115.76

Pressure, 
Lb./Sq. 
In. Abs.
  100 '

4945.8  
3989.2  
9843.6
9042.9
7979.5
6855.6  
5982.1

Mole 
Fraction 

Water 
X 10* 

F. .
81 .84  
93.73  
56.20
59.85  
64 .26  
69.11  
74 .48

T o  e v a lu a te  /3, i t  is  n e ce ssa ry  to  
e s ta b lish  th e  c o m p o s itio n  o f th e  
liq u id  p h a se  a s  a  fu n c tio n  of p re s 
su re  a n d  te m p e ra tu re .  Som e v a lu e s  
o f  e th a n e  s o lu b ili ty  in  w a te r  a t  
re la tiv e ly  low  te m p e ra tu re s  a n d  
p re ssu re s  a re  a v a ila b le  a n d  h a v e  
b een  u se d  in  c o n ju n c tio n  w ith  
H e n ry ’s law  to  p re d ic t  th e  m ole  
fra c tio n s  o f e th a n e  in  th e  liq u id  
p h a se  a s  a  fu n c tio n  o f p re ssu re . 
A  50 p e r  c e n t  u n c e r ta in ty  in  th e  
m o le  fra c tio n  o f e th a n e  a s  p re d ic te d  
b y  th e se  m e th o d s  w o u ld  m o d ify  
th e  v a lu e  o f in  E q u a t io n  1  o n ly  
b y  a p p ro x im a te ly  1.0  p e r  c en t. 
F o r  th is  re a so n  i t  is  b e liev ed  th a t  
th e  a s su m p tio n  o f H e n ry ’s law  

/Y i a n d  th e  u se  o f  a  r a th e r  m ea g e r
ex p e rim e n ta l b a s is  fo r  th e  so lu
b i li ty  o f e th a n e  in  w a te r  d o  n o t  

in tro d u c e  la rg e  u n c e r ta in t ie s  in  th e  v a lu e s  o f o b ta in e d  fro m  
E q u a t io n  1.

T h e  r a t io  o f /? to  th e  p re v a ilin g  p re ssu re  is  sh o w n  fo r th e  
e th a n e -w a te r  sy s te m  in  F ig u re  3, a s  a  fu n c tio n  of p re ssu re  
w ith  te m p e ra tu re  a s  th e  p a ra m e te r .  T h e  c u rv e s  w ere  n o t

T h e  m e th o d  o f p re se n tin g  th e  e x p e rim e n ta l re su lts  in  
F ig u re  1 is  n o t  p a r tic u la r ly  w ell su ite d  to  d i re c t  in te rp o la 
t io n  o r  sm o o th in g , s in ce  th e re  is  su c h  a  la rg e  v a r ia tio n  in  th e  
m o le  f ra c tio n  of e th a n e . T o  re d u c e  th e  v a r ia t io n  in  th e  p r i 
m a r y  v a r ia b le , th e  p ro d u c t  o f th e  m o le  fra c tio n  o f w a te r  a n d  
th e  p re ssu re  d iv id e d  b y  th e  v a p o r  p re ssu re  o f w a te r  a t  th e  
te m p e ra tu re  in  q u e s tio n  w as u se d  (4). T h is  r a t io  is  p re 
s e n te d  in  F ig u re  2  a s  a  fu n c tio n  o f p re ssu re  w ith  te m p e ra tu re  
a s  th e  p a ra m e te r .  T h e  c u rv es  re p re se n t v a lu e s  sm o o th ed  
w ith  re sp e c t to  b o th  p re ssu re  a n d  te m p e ra tu re .  T h e  r a th e r  
co m p lex  b e h a v io r  in d ic a te d  a t  te m p e ra tu re s  a b o v e  2 80° F .  is 
s im ila r  to  t h a t  fo u n d  fo r th e  m e th a n e -w a te r  sy s te m . 
S m o o th e d  v a lu e s  o f th e  m o le  f ra c tio n  o f  w a te r  in  th e  gas p h a se  
o f h e te ro g en e o u s  m ix tu re s  o f e th a n e  a n d  w a te r  a t  e v en  v a lu e s  
o f  p re ssu re  a n d  te m p e ra tu re  a re  g iv en  in  T a b le  I I .  I t  is  b e 
liev ed  t h a t  th e  m e th o d s  u til iz e d  in  o b ta in in g  th e se  re s u lts  d id  
n o t  a d d  u n c e r ta in ty  b e y o n d  th a t  o f th e  e x p e rim e n ta l v a lu e s  in  
T a b le  I .

PRESSURE LB. PER SQ. IN.

F ig u r e  4 . C o m p a ra tiv e  B e h a v io r  o f  W a te r  in  T h r e e  
B in a ry  S y ste m s  a t  10 0 °  F .
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T a b l e  II . M o l e  F r a c t i o n  o f  W a t e r  i n  D e w - P o i n t  G a s  i n  E t h a n e - W a t e r  S y s t e m
Pressure, ------------ M ole Fraction of Water X  10*-
L b./Sq. 100° F. 160° F. 220° F. 2S0° F. 340° F. 400° F. 460° F.
In. Abs. (0 .9492)° (4.741) (17.1S6) (49.203) (118.01) (247.31) (466.9)

200 5 .007° 24 .49 87.82 250 .7 595.4
400 2.641 12.69 45 .07 127.9 303 .6 629 ! 4
600 1.859 8 .779 30 .79 86 .93 206.5 429 .5 793 ! 7
SOO 1.474 6.833 23 .72 66.61 158.1 330 .2 613.4

1000 1.244 5.675 19.51 54 .47 129.1 270.1 505.2
1250 1.065 4.752 16.16 44 .87 106.2 222.6 418 .3
1500 0.949 4 .147 13.96 38.41 90 .47 190.9 361.1
2000 0 .S12 3.409 11.21 30.51 71 .69 151.4 289 .0
2500 0.734 2.979 9.610 25 .78 60.42 127.9 245 .2
3000 0 .68S 2.709 8.553 22 .72 53.22 112.4 215 .6
3500 0.658 2.521 7.827 20 .53 48 .05 101.6 194.8
4000 0.640 2.390 7.300 19.05 44 .25 93.42 178.8
4500 0.626 2.292 6.905 17.91 41 .38 S 7 . l l 166.8
5000 0.620 2.218 6.603 17.01 39 .06 82.01 157.0
6000 0.617 2.118 6.173 15.70 35 .60 74 .19 142.3
7000 0.619 2.068 5.890 14.75 33 .18 68.61 131.3
SOOO 0.623 2.030 5.650 13.96 31 .17 63 .90 122.5
9000 0.626 1.993 5.431 13.32 29.44 59.90 114.7

10,000 0.629 1.952 5.207 12.74 27 .95 56.49 107.9

a Figures in parentheses are vapor pressures of water in pounds per square inch absolute.

sign ificance  d u r in g  cy c lin g  o p e ra tio n s  
in  h ig h -p re s su re  fields. A s fo u n d  fo r 
th e  m e th a n e -w a te r  sy s te m  (10), th e  
c r it ic a l p re s su re  o f th e  e th a n e -w a te r  
sy s te m  is m a rk e d ly  in  excess o f 10,000 
p o u n d s  p e r  sq u a re  in c h  a t  a ll th e  te m 
p e ra tu re s  in v e s tig a te d .
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PRESSU RE L a  PER SO. IN.

F ig u r e  5 . C o m p a ra tiv e  B eh a vio r o f  W a te r  in  T h r e e  B in a ry  S y ste m s  a t  2 2 0 ° F .

e x te n d e d  to  a ll th e  te m p e ra tu re s  
b e ca u se  o f u n c e r ta in t ie s  re g a rd in g  
th e  m o le  f ra c t io n  of e th a n e  in  th e  
liq u id  p h a se .

F ig u re s  4  a n d  5 p re s e n t  th e  com 
p a ra t iv e  b e h a v io r  o f w a te r  in  th e  
m e th a n e -w a te r , e th a n e -w a te r , a n d  
n i tro g e n -w a te r  sy s te m s  a t  10 0 ° a n d  
2 2 0 °  F .  T h e  d a ta  fo r th e  m e th a n e -  
w a te r  sy s te m  w ere  o b ta in e d  fro m  
e a r lie r  m e a su re m e n ts  (4) ;  th e  b e 
h a v io r  o f th e  n i tro g e n -w a te r  sy s te m  
w as a sc e r ta in e d  fro m  B a r t l e t t ’s 
m e a su re m e n ts  (1 ) of th e  g as-p h ase  
co m p o s itio n  o f th is  sy s te m  a n d  fro m  
S a d d in g to n  a n d  K ra s e ’s d a ta  (S) on  
th e  so lu b ili ty  o f n itro g e n  in  w a te r .
T h e  d e v ia t io n  of n itro g e n  fro m  th e  
p e rfe c t g a s  law s a s  d e te rm in e d  b y  
W ieb e  a n d  G a d d y  (13) w as em p lo y ed  
in  e s ta b lish in g  th e  fu g a c ity  o f 
n i tro g e n  in  th e  g as  p h a se . I t  is 
b e liev ed  t h a t  th e  a v a ila b le  in fo r
m a t io n  w a s  su ffic ien t to  e s ta b lish  
th e  v a lu e s  o f (3 fo r th e  n itro g e n -  
w a te r  sy s te m  w ith  a n  a c c u ra c y  c o m p a rab le  to  t h a t  o f  th e  tw o  
w a te r -h y d ro c a rb o n  sy s te m s .

I n  g en era l, th e  b e h a v io r  o f  th e  th re e  sy s te m s  is  s im ila r . 
T h e re fo re  i t  is  p o ss ib le  t h a t  th e  m o le  f ra c tio n  o f w a te r  in  th e  
g a s  p h a se  m a y  b e  e s t im a te d  fo r s im ila r  sy s te m s  b y  re w ritin g  
E q u a t io n  1 in  th e  fo llo w in g  fo rm :

Y , «  PI’/ 3 (2)

E q u a t io n  2  a ssu m es, a m o n g  o th e r  th in g s , a  neg lig ib le  
so lu b ili ty  fo r th e  n o n a q u e o u s  c o m p o n e n t in  th e  liq u id  p h a se  
a n d  n e g le c ts  th e  in flu en ce  o f p re ssu re  u p o n  th e  fu g a c ity  o f 
p u re  w a te r  in  th e  l iq u id  p h a se . T h e  th e rm o d y n a m ic  b a c k 
g ro u n d  u p o n  w h ich  E q u a t io n s  1 a n d  2  a re  b a se d  h a s  a lre a d y  
b e e n  d esc rib e d  (4).

T h e  re s u lts  sh o w n  in  F ig u re s  4  a n d  5  a t  th e  h ig h e r  p re s 
su re s  a n d  lo w er te m p e ra tu re s  in d ic a te  a p p ro x im a te ly  five 
t im e s  th e  m o le  f ra c tio n  o f  w a te r  in  th e  g a s  p h a se  t h a t  w ou ld  
b e  p re d ic te d  fro m  s im p le  v a p o r  p re ssu re  co n sid e ra tio n s . 
T h e se  e ffec ts  a re  o f  su ffic ien t m a g n itu d e  to  b e  o f in d u s tr ia l  
im p o r ta n c e  w h en  g ases a t  h ig h  p re ssu re s  a re  in  c o n ta c t  w ith  
w a te r  in  th e  liq u id  p h a se . S u c h  s i tu a t io n s  a re  o f te n  en 
c o u n te re d  in  p e tro le u m  re se rv o irs  a n d  m a y  b eco m e o f e special

NOM ENCLATURE  

¡3 =  q u a n tity  defined by  E q u a tio n  1
fli =  fugacity  o f w a ter in pu re  s ta te  and  liquid phase, lb ./sq . in. 
Xt =  m ole frac tion  o f w a te r in  liquid phase 
Y, =  m ole ffac tio n  of w a ter in  gas phase  
P  =  pressure, lb ./sq . in. abs.
PI’ =  vapor pressure o f p u re  w ater, lb ./sq . in. abs.
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Fortification of Oil, Fat, and F lour
S T A B IL IT Y  OF AD D ED  C A R O T E N E  AND  

E F F E C T  OF A N T IO X ID A N T S

P . W . M O R G A L1, L. W . B Y E R S 2, A N D  E. J . M IL L E R
M ichigan  A g ricu ltu ra l E x p erim en t S ta tio n , E a s t L ansing, M ich.

T h e  fo r tifica tio n  o f  food s w ith  v ita m in s  
serves as a  n u tr it io n a l b en efit  o n ly  in  so  far  
as th e  v ita m in s  h ave n o t  d eco m p o sed  b e 
fore th e  food  is  co n su m ed . T h erefore  
s ta b ility  te s ts  to  d e te r m in e  th e  m o s t  s ta b le  
c o n d itio n s  for a g iven  v ita m in  are o f  u t 
m o s t  im p o rta n ce . C aroten e (p ro v ita m in  
A )  h a s b een  co n sid ered  for in crea sin g  th e  
v ita m in  A  va lu e  o f  fo o d s. B y  a n  acceler
a ted  te s t  th e  s ta b ility  o f  cry sta llin e  caro ten e  
in  various o ils , b o th  w ith  a n d  w ith o u t  
added a n tio x id a n ts , is  com p ared  w ith  th a t  
o f  a  ca ro ten e  co n c e n tr a te  prepared  fro m  
a lfa lfa - le a f  m e a l. T h e  s ta b ility  o f  th e  sa m e  
ca ro ten e  p rep a ra tio n s in  C risco, lard , o le o 
m arg a r in e , w h ite  flour, so y b ea n  m e a l (so l
v e n t-  an d  exp cller -ex tra cted ), an d  so y b ea n  
flour, is  g iven . In  m o s t  p rep a ra tio n s th e  
a lfa lfa  ca ro ten e  c o n cen tra te  w as th e  m ore  
s ta b le . Soybean  le c ith in  im p roved  th e  
s ta b ility  o f  ca ro ten e  in  so y b ea n  flour.

RE C E N T  t r e n d s  in  n u tr i t io n  h a v e  b e e n  to w a rd  th e  a d d i
t io n  o f v i ta m in s  to  th e  co m m o n  fo o d s (1). M ilk  h a s  
b e e n  fo rtif ied  w ith  v i ta m in  D  a n d  m a rg a r in e  w ith  

v i ta m in  A . I n  1941 e n ric h ed  flour a n d  b re a d  w ere  p ro d u c e d  
w h ic h  c o n ta in , in  a d d it io n  to  th e  u su a l in g red ien ts , p ro p e r  
a m o u n ts  o f th ia m in e , n ico tin ic  a c id , a n d  iro n  a s  spec ified  b y  
th e  F o o d  a n d  D ru g  A d m in is tra tio n .

C o n sid e rab le  in te re s t  h a s  b e en  sh o w n  in  th e  p p ss ib ilitie s  o f 
fo r tify in g  v a r io u s  foods, su c h  a s  m a rg a rin e , so y b e a n  flour, 
e tc .,  w ith  c a ro te n e  a s  a  so u rce  of v i ta m in  A . C a ro te n e  (p ro 
v i ta m in  A ) is  fo u n d  w id e ly  d is t r ib u te d  in  n a tu r e  a n d  in  som e 
in s ta n c e s , n o ta b ly  c a r ro ts  a n d  d e h y d ra te d  a lfa lfa -lea f m ea l, 
in  su ffic ien t c o n c e n tra t io n  a n d  a v a ila b ili ty  to  w a r ra n t  th e  
d e v e lo p m e n t o f p ro cesses fo r i t s  co m m erc ia l iso la tio n  (2, 7, 
11). W ith  o u r  im p o r ts  o f fish  liv e r  oils c o n ta in in g  v i ta m in  A  
p ra c t ic a lly  c u t  off a s  a  re s u lt  o f th e  w ar, w e m a y  be  fo rced  to  
o b ta in  m u c h  o f o u r  v i ta m in  A  su p p ly  fro m  d o m estic  so u rces . 
S in ce  v i ta m in  A  a n d  c a ro ten e , a s  w ell a s  m o s t  o f th e  o th e r  
v ita m in s , a re  s u b je c t  to  d e s tru c t io n  u n d e r  v a r io u s  c o n d itio n s, 
i t  is  e ssen tia l t h a t  th e y  sh o u ld  n o t  b e  a d d e d  to  foods in  w h ich  
th e y  a re  n o t  re la tiv e ly  s ta b le .

M a n y  lea fy -g reen  p la n ts  c o n ta in  v i ta m in  E  a n d  o th e r  a n t i 
o x id a n ts  (9) w h ich  a re  c o n c e n tra te d  a lo n g  w ith  th e  c a ro te n e  
a n d  s te ro ls  in  th e  u n sa p o n ifia b le  c o n c e n tra te . T h e re fo re , 
to  co m p a re  th e  s ta b il i ty  o f th e se  p re p a ra tio n s  w h e n  in co r-

* Present addrcsH, Purdue University, Lafayette, Ind.
* Present address, Dow Chemical Company, Midland, Mich.

p o ra te d  in  fo o d s w ith  a n  o il so lu tio n  o f c ry s ta ll in e  c a ro ten e  
(13), a c c e le ra te d  c a ro te n e  d e co m p o sitio n  te s ts  w ere  m a d e  
w ith  b o th  c ry s ta ll in e  caro ten e -in -o il a n d  d e h y d ra te d  a lfa lfa -  
lea f u n sap o n ifiab le  c o n c e n tra te  (7, 11). V a rio u s  a n tio x i
d a n ts  w ere  a d d e d  to  so m e o f th e  p re p a ra t io n s  to  d e te rm in e  
th e ir  e ffec tiveness.

ACCELERATED DECOM POSITION T E S T  FO R CAROTENE

T o  h asten  th e  decom position  o f caro tene, w hich m ay  be very  
slow a t  room  tem p e ra tu re , tw o th e rm o sta tica lly  con tro lled  elec
tr ic  ovens a t  45° a n d  60° C. w ere used. W eighed sam ples, in 
lab o ra to ry  glassw are a n d  exposed to  th e  a ir, w ere p laced in  th e  
ovens, a n d  a t  selected  in te rv a ls  du p lica tes were rem oved  a n d  
an a ly zed  for caro ten e  b y  th e  m eth o d  of P e tering , W olm an, an d  
H ib b a rd  (12).

Sam ples were p rep ared  b y  d issolving a  weighed a m o u n t of 
crystalline  caro tene  (90 p e r cen t b e ta , 10 pe r cen t a lp h a , S. M . A. 
C orpora tion) in  low-boiling pe tro leum  e th e r, add ing  a  definite 
a m o u n t of W esson oil, an d  ev ap o ra tin g  off th e  pe tro leu m  e th e r 
b y  h eatin g  a t  50° C. u n d e r n itro g en  a n d  reduced  pressure . H e a t 
an d  v acuum  were con tin u ed  fo r 20 m inu tes a f te r  th e  so lv en t h ad  
a p p aren tly  been rem oved . T h e  so lu tion  w as th en  analyzed  for 
caro tene  by  th e  P e terin g , W olm an, H ib b a rd  m eth o d  (12). 
Sam ples of th is  stock  so lu tion  of caro tene in  W esson oil (con tain 
ing 1.2 m g. o f caro tene, o r 2000 I .  U . o f v itam in  A, per g ram  of 
oil) were th en  su b jec ted  to  th e  accelerated  decom position  te s t.

A  series of ru n s  w as m ade  to 'd e te rm in e  th e  effect o f th e  a m o u n t 
of surface exposed to  th e  a ir  on  th e  caro ten e  s ta b ility . T h e  su r
face exposed v aried  from  31 to  630 sq. m m . pe r 0.1 g ram  of sam ple. 
T h e  resu lts  show ed th a t  th e  a m o u n t o f surface  exposed to  th e  a ir 
u n d er th e  conditions o f o u r te s t  w as n o t  a  critica l fac to r in  caro
ten e  decom position.

T h e  following procedure was used  in  th e  su b seq u en t s ta b ility  
te s ts : A 0.2-g ram  sam ple  o f caro tene  in oil w as w eighed in to  
glass vials 12 m m . in  d iam ete r a n d  25 m m . high. L arg er sam ples 
an d  vials were used fo r th e  fa t  a n d  flour p rep ara tio n s. F o r  con
venience th e  v ials were p laced  in to  holes in hardw ood blocks.

STABILITY IN O ILS

C ry s ta llin e  c a ro te n e  in  b o th  M a z o la  a n d  W esso n  oil sh o w ed  
a p p ro x im a te ly  th e  sa m e  s ta b i l i ty  a s  a n  a lfa lfa  c a ro te n e  con
c e n tr a te  in  th e  sam e  tw o  o ils . F ig u re  1 p re s e n ts  th e  s ta b i l i ty  
o f  c ry s ta ll in e  c a ro te n e  in  W esso n  o il. S in ce  a lfa lfa -lea f  m ea l 
is  k n o w n  to  c o n ta in  v i ta m in  E  w h ic h  h a s  a n tio x id a n t  a c t iv ity ,  
a n d  p o ss ib ly  o th e r  a n tio x id a n ts  also , i t  m ig h t  b e  e x p e c te d  t h a t  
a lfa lfa  c a ro te n e  c o n c e n tra te  w o u ld  b e  m o re  s ta b le  t h a n  c ry s
ta ll in e  c a ro te n e  in  th e  sam e  so lv e n t. T o  c la r ify  th is  p o in t,  
a n tio x id a n ts  w ere  a d d e d  to  a  so lu tio n  o f c ry s ta l l in e  c a ro te n e  
in  W esso n  oil to  d e te rm in e  th e ir  e ffec t o n  th e  c a ro te n e  s ta b il i ty .

A  so lu tio n  o f c ry s ta llin e  c a ro te n e  in  W esso n  oil w a s  p re 
p a re d  a s  p re v io u s ly  d e sc rib e d  e x c e p t fo r th e  a d d it io n  of th e  
a n tio x id a n t  b e fo re  th e  so lv e n t w as  re m o v e d . T h e  a n tio x i
d a n ts  w ere  h y d ro q u in o n e , p h e n y l-a -n a p h th y la in in e ,  phenyl-/S- 
n a p h th y la m in e  (14 , 13), a n d  a - to c o p h e ro l a d d e d  a t  0.01 p e r  
c e n t  level b a se d  o n  th e  w e ig h t o f oil. T h e  h y d ro q u in o n e  a n d  
cz-tocopherol w ere  a lso  u sed  a t  th e  0.1 p e r  c e n t  leve l.

T h e  d a ta  (F ig u re  1) sh o w  t h a t  o n ly  h y d ro q u in o n e  w as effec
t iv e  in  re ta rd in g  c a ro te n e  d e co m p o s itio n ; o th e r  a n tio x id a n ts  
w ere  in effec tiv e . T h e  sa m e  re su lt  w as o b ta in e d  w ith  a lfa lfa
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F ig u r e  1 . E ffe ct  o f  A d d e d  A n tio x id a n ts  on  S ta b ility  o f  C r y s t“ !!*11®  
C a ro te n e  in  W esso n  Oil

carotene concentrate in Wesson oil. Presumably Wesson oil 
contains a sufficient quantity of natural antioxidants so that 
the addition of the phenylnaphthylamines, or a-tocopherol, 
or the natural antioxidants in alfalfa, in the quantities used 
have practically no effect in retarding the decomposition of 
carotene dissolved in it. To determine the presence or ab
sence of antioxidants in a given preparation, a solvent which 
was free of antioxidants would have to be used. Therefore 
to show that the alfalfa carotene concentrate contains anti- 
oxidants, a similar series of runs were made using a mineral 
oil solvent (Petrofol, United Drug Company); it is under
stood that mineral oil is not satisfactory as a medium for ad
ministering carotene for its provitamin A activity due to the 
poor absorption attendant upon its use (4 ).

Crystalline carotene in mineral oil without added antioxi
dant remained quite stable for about 230 hours and then 
underwent almost complete decomposition by 280 hours at 
45° C. By comparison, crystalline carotene in Wesson oil at 
280 hours contained about 65 per cent of its carotene (Figure 
1). The phenylnaphthylamines and a-tocopherol at the
0 .0 1  per cent level and the a-tocopherol and hydroquinone 
at the 0 .1  per cent level effectively protected the carotene in 
mineral oil so that about 8 8  per cent remained in each case 
after 476 hours. The 0.001 per cent a-tocopherol had 
dropped to 39 per cent in the same time, while the 0.01 per 
cent hydroquinone was only slightly better than the unpro
tected carotene. The 0.1 per cent hydro
quinone sample protected the carotene very 
well and, when analyzed after 838 hours, was 
found still to contain 81.8 per cent of its origi
nal carotene. The alfalfa carotene concentrate 
contained 89 per cent of its carotene after 865 
hours, which is even better than the protection 
afforded by 0 .1  per cent hydroquinone, the 
best antioxidant used.

I t  thus appears evident that the alfalfa 
carotene concentrate does contain naturally 
occurring antioxidants which undoubtedly 
protect the carotene from decomposition dur
ing its extraction and concentration. Although 
these antioxidants do not add to the carotene 
stability when in Wesson oil, because of the 
antioxidants already present in that solvent, 
they do become effective stabilizers in solvents 
which are naturally deficient in antioxidants.
Therefore, when added to foods relatively poor 
in antioxidants, the alfalfa carotene concen

trate should also show greater carotene 
stability than crystalline carotene.

S T A B IL IT Y  IN  E D IB L E  FA T S

Accordingly, alfalfa carotene concentrate 
and crystalline carotene were added to 
certain food products to compare the 
stability. Commercial samples of Crisco, 
lard (Armour's Star pure lard), and oleo
margarine (not fortified with vitamin A, John
F. Jelke Company) were obtained and 
prepared for the test as follows: Wesson oil 
stock solutions of both crystalline carotene 
and alfalfa carotene concentrate were pre
pared as before. To 200 grams each of 
Crisco, lard, and oleomargarine, sufficient 
Wesson oil stock solution was added to bring 
the fat to the equivalent of 1 0 ,0 0 0  units of 
vitamin A per pound. After thorough mixing 
at 34° C., 2 .2 -gram samples were weighed 
directly into vials and placed in an oven 
maintained at 45° C. At appropriate in

tervals samples were taken and analyzed for carotene.
The results are given in Figure 2. The addition of small 

amounts of antioxidants to material which already contains 
considerable antioxidants, such as Crisco and oleomargarine, 
does not add to the carotene stability in that material. In 
lard, a slight protective action was observed with the alfalfa 
concentrate. These results agree with the findings of Olcott 
el al. (8, 9, 10) that “inhibitols” are effective for animal fats 
but not for the vegetable oils from which they come.

Stability tests were run on the same samples for 6060 hours 
at room temperature and in a refrigerator at 8 ° C. in 2 -ounce 
sample bottles with screw tops. Again Crisco was superior 
to the other two samples, and kept over 90 per cent of its caro
tene in both the crystalline carotene and alfalfa concentrate 
at both temperatures. At room temperature oleomargarine 
contained about 50 per cent for both preparations, while with 
lard the alfalfa concentrate improved the carotene stability 
from 30 to 67 per cent. In the refrigerator test, lard and oleo
margarine were practically identical (about 80 per cent re
maining) with the alfalfa concentrate slightly higher in each 
case.

S T A B IL IT Y  IN  F L O U R  AND M E A L

A white, bleached flour (Gold Medal brand, enriched), and 
two soybean meals, one solvent-extracted and the other ex- 
peller-extracted, were obtained. Stock solutions of crystal

TIME IN HOURS

F ig u r e  2 .  S ta b ility  o f  C ry s ta llin e  C a ro te n e an d  A lfa lfa  C a ro te n e  
C o n c e n tra te  in  L a rd , C risco , a n d  M a rg a rin e
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F ig u re  3 . S ta b ility  o f  C r y s ta llin e  C a ro te n e  a n d  A lfa lfa  C aro te n e  
C o n c e n tra te  in  W h ite  F lo u r  a n d  S o yb e a n  M e a ls

line carotene and alfalfa carotene concentrate were added to 
150-gram portions each of the white flour, solvent-extracted 
soybean meal, and expeller-extracted soybean meal to give a 
potency of 60,000 I. U. of vitamin A per pound of flour or 
meal. Petroleum ether was added, the mixture was stirred 
thoroughly, and the petroleum ether was removed as before. 
After thorough mixing, a carotene determination was run in 
duplicate, and each preparation was divided into equal por
tions and placed in open beakers. One sample was stored at 
room temperature in a dark closet, and the other was placed 
in an oven at 45° C. Three-gram samples were taken for 
analysis. The results are shown in Figure 3. Stability 
tests were run at room temperature for those samples contain
ing the alfalfa concentrate. The order of stability was the 
same as at 45° C.; solvent-extracted soybean meal was best 
(90 per cent), then the white flour (77 per 
cent), and last the expeller-extracted soybean 
meal (34 per cent), at the end of 6060 hours.

Carotenized soybean flour was available 
commercially, and a comparison was made 
of the stability of the carotene in this product 
with the stability of our alfalfa carotene con
centrate in the same flour. The Archer- 
Daniels-Midland Company prepared several 
carotenized flours; a solvent-extracted soy
bean flour containing less than 1 per cent 
residual fat or ether extractable material was 
used for all preparations, and all were caro
tenized to a potency of 60,000 I. U. of 
vitamin A (as carotene) per pound of flour:
Sample 1, soybean flour with a carotene-in- 
oil preparation added; sample 2 , soybean 
flour with carotene-in-oil and 2.5 per cent of 
a technical grade soybean lecithin added; 
sample 3, soybean flour with alfalfa carotene 
concentrate added; and sample 4, soybean 
flour with alfalfa carotene concentrate and
2 .5  per cent of technical grade soybean 
lecithin added.

All four products were subjected to the 
same decomposition tests at both 45° and

60° C. Three-gram samples were weighed into 
open vials, and at appropriate time intervals 
the entire amount was used for the carotene 
determination. Figure 4 shows the results. 
In both tests sample 4 proved most stable. 
Also, soybean lecithin improved the carotene 
stability in each preparation.

These same samples were run at room 
temperatures for 5424 hours (226 days) in 
metal cans about half full and closed with a 
metal lid. Again sample 4 was best and 
contained 94.5 per cent of its carotene after 
5424 hours. Sample 3 was next (91.3 per 
cent), followed by sample 2 (83 per cent) and 
sample 1 (75 per cent). At room temperature 
sample 3 proved more stable than sample 2, 
but in the accelerated tests at 45° C. this was 
not true.

The alfalfa carotene concentrate used in 
these tests contained some xanthophyll, and 
since the xanthophyll content was readily 
obtainable during the progress of the tests 
(7), the xanthophyll stability was determined 
under the same conditions as the carotene. 
The original xanthophyll content of samples 
3 and 4 of Figure 4 was 15 mg. per pound of 
flour. At both 45° and 60° C. the addition 
of soybean lecithin improved the stability of 

xanthophyll approximately as much as it did that of the caro
tene. The sample containing lecithin in the 45° C. test still 
contained 51.5 per cent of its xanthophyll after 1895 hours.

D IS C U S S IO N

Crystalline carotene, to be suitable for stability tests, must 
not have been exposed to air for any appreciable time before 
it is used in a test, as it oxidizes rapidly (5). Partially de
composed carotene accelerates carotene decomposition in 
oils; although this is not so pronounced in vegetable oils, such 
as Wesson, it is striking in an oil free of antioxidants. A 
crystalline carotene sample which had been exposed to air for 
some time was completely decomposed in less than 24 hours 
at 45° C. in mineral oil, whereas 300 hours were required with

F ig u r e  4 . S ta b ility  o f  C r y s ta llin e  C a ro te n e  a n d  A lfa lfa  C a ro te n e  
C o n c e n tra te  in  S o y b e a n  F lo u r , w ith  a n d  w ith o u t A d d e d  L e c ith in
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crystalline carotene from freshly opened vials. This test was 
frequently used on carotene samples to ensure their suita
bility for the stability tests.

Whereas the addition of small amounts of hydroquinone 
(0.002 and 0.005 per cent based on the weight of oil) has been 
reported ineffective in protecting carotene in Wesson oil (S), 
at the higher levels (0 .0 1  and 0 .1  per cent), the amount of 
carotene remaining was increased from 43 to 73 and 81 per 
cent, respectively.

The stability of carotene in sweet potato flour under vari
ous conditions of storage has been reported (6); at room tem
perature and in loosely stoppered bottles sweet potato flour 
had approximately 25 per cent of its original carotene after 
1 2 0  days, while sweet potato flour plus 1 0  per cent crude cot
tonseed oil had 61 per cent under the same conditions. In 
comparison, the four soybean flour samples, under similar con
ditions of temperature and air exposure, contained from 81 
to 96 per cent carotene after 169 days. Although the soy
bean flour samples contained only 60,000 I. U. of vitamin A 
(as carotene) per pound and the sweet potato flour contained 
almost twice that amount, it appears that carotene is more 
stable in soybean flour than in sweet potato flour.

CO N C L U SIO N S

The stability of carotene is greatly influenced by the pres
ence or absence of antioxidants contained in the solvent. In 
solvents free of antioxidants, the addition of antioxidants 
has a strong stabilizing effect; in solvents like Wesson oil, 
which contain naturally occurring antioxidants, little addi
tional effect is observed.

Carotene is much more stable in solvent-extracted than in 
expeller-extracted soybean meal.

Soybean lecithin improves the stability of carotene in soy
bean flour.

Alfalfa carotene concentrate showed better stability in 
many of these products than crystalline carotene, an indica

tion that the naturally occurring antioxidants present in the 
concentrate are effective in these food products.
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Heat. E x c h a n g e  E q u ip m e n t fo r a  C o n tin u o u s, I lig h -P re ss u re  
D istillatio n  U n it B u ilt  h y V u lc a n  C o p p er an d  S u p p ly  C o m p a n y

O rgan ic  liq u id s , su c h  as a lco h o l 
an d  a c e to n e , h a v e  b een  sep a 
ra ted  b y  so lv en t ex tra c tio n  fro m  
d ilu te  a q u eo u s so lu t io n s  an d  
su b se q u e n t d is t il la t io n  o f  th e  
ex tra c t layer  to  g ive th e  org a n ic  
l i q u i d  o v e r h e a d  ( 2 ) .  T h i s  
m e th o d  o f  recovery o f  lo w -b o il
in g  a lco h o ls , k e to n e s , a ld eh y d es, 
e tc .,  h a s  b een  fo u n d  exp eri
m e n ta lly  to  req u ire  le s s  h e a t  
th a n  u s u a l m e th o d s . D ilu te  
so lu tio n s  m a y  b e  recovered  m ore  
ec o n o m ica lly  b y  e x tra c tio n  w ith  
a  su ita b le  so lv en t prior to  d is t i l
la t io n . T h e  d is t il la t io n  e q u ip 
m e n t  is  sm a ller , a n d  th e  to ta l

Alcohol and Acetone by
DO NALD F . O TIIM ER  A N D  

R O B E R T  L. R A T C L IF F E , JR.
Polytechnic Institute, Brooklyn, N. Y.

T HE simple rectification of dilute aqueous solutions of 
alcohol or acetone has been possible only by use of con
siderable heat and large columns. Liquids have here

tofore been separated by extraction only where it has been 
impossible to use rectification. Even the two pairs of liquids, 
acetone-water and ethanol-water, may be separated in some 
cases more economically by extraction (2). Two classes of 
solvents were suggested: (a) those immiscible with water, 
such as chlorobenzene (monochlorobenzene), benzene, and 
toluene, and (6) those partially miscible with water, such as 
methyl isobutvl ketone for acetone and isoamyl alcohol for 
ethanol. Calculations showed that the heat saved by extrac
tion and then distillation of the “extract layer” was as much 
as 75 per cent compared to ordinary distillation of 2 per cent 
acetone solutions, and even greater for more dilute solutions.

The object of the present work was to measure experi
mentally the heat requirements of the usual distillation and 
of the combined extraction and distillation process.

EX T R A C TIO N  AND R K C T m C A T IO N

Figure 1 (left) shows the proposed continuous process using 
an immiscible solvent of lower density than water. (For 
solvents heavier than water, the flows to and from the ex
tractor will be reversed.)

Letters indicate the various liquids flowing in each part of 
the system: A represents the organic solute to be recovered; 
IF, water; and S, the immiscible solvent. A countercurrent 
extractor is fed the dilute aqueous solution, and the fresh 
solvent charged into the extractor at the opposite end ex
hausts the aqueous feed of solute (acetone, for example). The 
solvent or extract layer, discharged from the top of the ex
tractor, is saturated with solute and an unavoidable trace of 
water, and is fed to the still for separation. From the bottom 
of the extractor the water layer is discharged to waste, almost 
completely exhausted of acetone and containing a trace of 
solvent (0.1 per cent). This may be recovered by a simple 
stripping operation if the solvent loss balances in value the 
cost of this distillation (not indicated in Figure 1). The 
immiscibility of the solvent with water is of critical impor
tance; and a minimum of solvent dissolved in waste water is 
essential to the economic operation of the extraction process 
if there is no additional water-stripping operation.

The extract layer enters the rectifying column and the ace
tone passes overhead, using suitable reflux. The solvent, ex
hausted of solute, flows from the bottom in substantially pure 
form, ready for re-use in the extractor. The small amount 
of water unavoidably introduced in the extract layer cannot 
discharge with low-boiling acetone at the top of the distilling 
column or with high-boiling solvent at the bottom. I t  col
lects at a mid-point in the column as an insoluble layer and 
must be drawn off by a gravity separator or decanter, D, 
which separates water and solvent. The latter, dissolving a 
small amount of solute, is returned to the column at a lower
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e q u ip m e n t, in c lu d in g  th e  ex
tra cto r , is  le s s  exp en sive. T h e  
p rocess is  e co n o m ic a l, p a r ticu 
larly  for h a n d lin g  a q u eo u s  so lu 
tio n s  o f  le ss  th a n  5 per c e n t  
s tr e n g th , a n d  a llow s th e  re 
covery o f  m a n y  liq u id s , o f  w h ich  
a lc o h o l a n d  a c e to n e  arc on ly  
ex a m p les , fro m  so lu t io n s  to o  
d ilu te  to  b e  h a n d le d  b y  previous  
m e th o d s . T h ese  are o b ta in ed , 
for ex a m p le , in  so lv e n t recovery  
op era tio n s or a fter  th e  fe r m e n 
ta t io n  o f  w a ste  liq u o rs o b ta in ed  
fro m  w ood  p ro cessin g , su c h  as  
w ood  h y d ro ly sis  or su lf ite  p u lp  
m a n u fa c tu r e .

Courtesy, Vulcan Copper and Supp ly  Company 
C e n tra liz e d  C o n tro l S ta tio n  fo r C o n tin u o u s , P ressu re  D istilla tio n  U n it

SOLVENT EXTRACTION

point; the aqueous layer passes to a mid-point of the extractor 
for the recovery of the small amount of acetone which it con
tains. The small amount of acetone which may be brought 
into the decanter does not interfere with the separation unless 
enough is present to make the two layers completely miscible. 
Proper location of the drawoff and proper operation of the 
column prevents this. If the mixture of water and solvent 
is completely exhausted of solute, which may be the case, it 
can be discharged from the column base directly to the bottom 
of the extractor.

The extraction process using partially miscible solvents is 
similar in principle. Figure 1 (right) illustrates the case for a 
solvent lighter than water. The extractor discharges the 
solvent saturated with solute and water at the top and the 
exhausted water layer saturated with solvent at the bottom. 
The water layer is sent to the stripping still for recovering the 
small amount of dissolved solvent, which in this case is suffi
cient to warrant recovery.

The extract layer is fed to the distilling column, and the 
solute is separated from water in the upper part and passes 
overhead. Solvent and water are exhausted of solute in a 
two-phase distillation in the middle of the column. The more 
volatile solute and some water pass upward; most of the sol
vent passes into the decanter in a two-layer aqueous mixture, 
containing substantially no solute. The solvent layer on top 
is recycled to the bottom of the extractor for re-use; the 
aqueous layer on the bottom is combined with the discharged 
water layer from the extractor and passed to the stripping 
section of the column for recovery of the dissolved solvent.

Either open or closed steam may be used; and the water is 
entirely exhausted of solvent before being discharged at the 
base. Heat-interchanging equipment and other necessary 
accessories are not shown in Figure 1.

A PPA R A TU S F O R  D E T E R M IN IN G  H E A T  R E Q U IR E M E N T S

S t il l  P o t . A 3-liter, 3-neck, Pyrex flask was provided with an 
outlet and stopcock for withdrawal of bottoms continuously 
(Figure 2). A heating coil of Nichrome wire to supply 572 watts 
a t 110 volts was connected with a pressure snitch, B, to main
tain a constant boil-up. This was a mercury manometer so con
nected that, when a predetermined pressure was reached, a relay 
broke the electrical circuit to the reboiler heater.

D is t il l a t io n  C o l u m n . The 1-inch column was packed with 
single-turn glass helices, about 6/ 32 inch in diameter, to a total 
height of about 7.5 feet for the two sections and wrapped with 
Nichrome resistance wire over small vertical strips of insulation 
material. This heating element was connected with a variable 
resistance so tha t the heat input could be controlled. A 2-inch 
Pyrex tube was placed as a jacket around this heater to compen
sate for radiation losses of the column.

There were two branches in the upper section. The lower one 
was the feed inlet, and a thermometer was placed in the upper 
one. The temperature on this thermometer was useful in secur
ing uniform operation.

S t i l l  H e a d . The overhead vapors passed to the pencil type 
condenser with the tilting-funnel reflux controls (supplied by 
Ace Glass Company). The reflux was controlled by an electrical 
timer having a cycle of 20 seconds which energized a solenoid 
coil. This attracted an iron core attached to a tilting funnel 
and thereby diverted the condensate out of the system as product. 
The timer could be adjusted for any desired ratio of time of 
energizing of magnet to time not energized, and this determined 
the reflux ratio.
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T a b l e  I. S u m m a r y  o f  C o l u m n  P e r f o r m a n c e  D a t a

T e s t M ixture
C C h +  C .H  ,d  
A cetonc-w ater e 
n -H ep tan e  +  m ethy l- 

cyclohexane/

Reflux
R atio
T o tal
2 .0 6

T o ta l

C om pn.*, of M ore 
Volatile L iquid, M ole %

No. T heoretical P latea e

T op
4 5 .0
99 .2

Side*
6 .0

B ottom
3 .0
0 .3

T o ta l
15 .5
14.7*

F rac tio n 
a tin g
11 .9
12 .5

S trip
2 .5
2 .2

Superficial 
V apor Velocity, 

F t .  per Sec.
0.81
1.96

0 .5 5 -1 .6 5

Theoretical 
P la tes 

p er F oo t
2 .0 7
1.96

° R efractive  indices were used to  determ ine th e  com position 
1» T he side s tream  sam ple was taken  from  th e  decanter.
c D eterm ined  g raphically  b y  th e  M cC abe-Thiele m ethod. • , . . ,
d E xperim enta l determ ination , packed section of colum n; s trip p er 1.5 ft., frac tiona ting  6.0 ft.; and to ta l 7.o f t. P acking , vai-m oh single-turn  
9 C ontinuous experim ental d istilla tion  in  colum n; d a ta  from  5%  acetone in  w ater-feed com position.

H . E . T. P., 
Inches

5 .7
G .l

2 .9 -5 .5

glass helices.

/  D a ta  from  RoEinson and  G illiland (4, page 2 2 i) ;  packing, »/«-inch sing le-tu rn  nickel helices. 
o A llowance was m ade for th e  use of a  cold feed to  tn e  colum n, using th e  m ethod  described by Robinson and  G illiland U).

F ig u r e  1 .  F lo w  D ia g ra m s o f  E x tra c tio n  
a n d  R e ctifica tio n  w ith  Im m is c ib le  S o lve n t  
{le f t)  a n d  P a r tia lly  M isc ib le  So lve n ts  

(r igh t)

W,
S .
E .

S o lu te  (a c e to n e , 
a lc o h o l, e tc .)  

W a te r  
S o lv en t 
E x tra c to r

B , D is ti l l in g  c o lu m n
C. S tr ip p in g  c o lu m n  
Z>. D e c a n te r
/ / .  H e a tin g  s te a m

Courtesy, American Institute o f Chemical Engineers

D e c a n t e r  a n d  S i d e -S t r e a m  D r a w  o f f . Decanter H  (Figure 
2) separated the two-phase mixture leaving the upper column. 
The water layer was removed as a  side-stream drawoff if an im
miscible solvent was being used; and the solvent layer was re
moved if a partially miscible solvent was being used. Since the 
distillation column operated under a slight positive pressure, a 
liquid trap, I, allowed a nearly constant flow for the side-stream 
drawoff even though the pressure in the column varied.

F e e d  t o  C o l u m n . A 5-gallon can, K, was used as a  feed reser
voir. As liquid flowed out, air was drawn in through the left 
tube and was therefore under a pressure less than atmospheric 
by a head equal to th a t above the bottom of this tube. As the 
level fell, this supernatant pressure increased a t the same rate as 
the hydrostatic pressure fell, so tha t the net pressure was always 
the same—i. e., tha t below the bottom of this air in let tube. The 
feed rate was therefore constant and was measured by withdraw
ing the stream into a graduate for a given number of seconds.

C O LU M N  P E R F O R M A N C E

The rectifying efficiency of the column was evaluated on 
(a) a carbon tetrachlori de-benzene mixture with total reflux 
and (6) a dilute solution of acetone in water with continuous 
distillation and partial reflux. The data obtained (Table I) 
indicated a total of about fifteen theoretical plates in the en
tire column. The H. E. T. P. agrees favorably with published 
values for a mixture of n-heptane and methylcyclohexane 
when the packing was 5/ 3rinch single-turn nickel helices (4 ).

R a d i a t i o n  L o s s e s . I t was desirable to correct for any 
radiant heat losses which existed, notwithstanding the 
thermally jacketed column. Several pure liquids were used 
to determine losses at the temperatures of their different 
boiling points—chlorobenzene, water, isopropyl alcohol, and 
acetone. At a definite measured heat input during distilla
tion of a pure material, all of which was withdrawn as over
head product, the radiant heat loss was determined as the 
difference between the heat input to the still pot and the out
put recovered as condensed distillate. These radiant heat 
losses were recorded for different air jacket temperatures 
maintained during the runs. Smooth curves were obtained 
of the heat loss in B. t. u. per hour plotted against the differ
ence between the top vapor temperature in the column and the 
top air jacket temperature. A family of curves resulted with 
the normal boiling point of the substance being vaporized as 
the parameter. Graphical methods were used to determine 
the average temperature difference between the inside vapor 
temperature and the outside air jacket temperature of the 
column from the observed data, so that this correction could 
be made.

In operating a column with a heated jacket, it is possible to 
control the heat input to the jacket so that the temperatures 
in it are either higher or lower than the corresponding tem
peratures of the vapor stream. When these are higher, heat 

will be flowing into the column; when 
lower, heat will be flowing out from the 
column. Since the second condition is 
easier to consider, the jacket temperatures 
were always maintained somewhat below the 
vapor temperatures. Thus, in the heat 
balances the correction for heat loss was 
always positive and was made as indicated 
above.



H E A T  R E Q U IR E M E N T S

Several different methods of conducting the distillation 
steps were necessary:

1. Ordinary distillation of dilute aqueous acetone solutions.
2. Distillation of acetone-chlorobenzene mixtures with a 

trace of water, which would come as an extract layer from an 
extractor. Chlorobenzene is practically immiscible with water, 
and the small quantity of water was removed from the decanter.

3. Rectification of mixtures (such as would come from an ex
tractor) of acetone, water, and a solvent partially miscible with 
water such as methyl isobutyl ketone. The solvent was removed 
as a side stream.

4. Ordinary distillation of dilute aqueous solutions of ethanol.
5. Rectification of mixtures (such as would come from an ex

tractor) of ethanol, water, and the partially miscible solvent, 
isoamyl alcohol. The solvent was removed as a side stream.

D i l u t e  A c e t o n e - W a t e r  S o l u t i o n s . A  series of con
tinuous distillations with feed concentration of 2 , 5, 1 0 , and 
2 0  per cent acetone were carried out at different reflux ratios 
(Table II). The cycle timer was first set for a certain reflux 
ratio. The heat input to the still pot was regulated to give a 
vapor rate somewhat below the flood point of the column 
under the reflux conditions. The temperature in the air 
jacket was also adjusted slightly below the vapor temperature. 
The feed rate was then adjusted to correspond with the rate 
of product withdrawal. A material balance was maintained 
for about one hour, while the top vapor temperature remained 
constant at the boiling point of pure acetone. (It was found 
advisable to wet the packing well before a distillation run was 
started.)

The control of the column for aqueous acetone solutions was 
relatively simple, except for the dilute solutions such as the 
2  per cent mixture, since it was somewhat difficult to get 
accurate material balances with such a small throughput of 
overhead product. If any condition changed, this tempera-

ture just above the feed point (at Tit Figuro 2) would clmngo 
correspondingly; then adjustments could be made without 
upsetting the entire system.

For each concentration of acetone in the feed, three differ
ent reflux ratios were used in separate runs with the rates of 
feed, bottom, and overhead products carefully measured. 
Several attempts were made to find experimentally for the 
particular distillation the theoretical minimum reflux ratio
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F ig u r e  2 .  D istilla tio n  C o lu m n  an d  A ccesso ries
A .  S t i l l  p o t
B .  P re s su re  c o n tro l le r
C . B o tto m s  d ra w  o il
F . H e a te r  e le m e n t  fo r  a i r  j a c k e t  
TI. D e c a n te r
I .  T r a p  fo r  »1 d e -s tre a m  d ra w o ff
J .  F e e d  c o n tro l  v a lrc
K .  F e e d  c o n ta in e r
L ,  D is t i l la t io n  c o lu m n
M .  S t i l l  h e a d  a n d  re flu x  c o n tro l le r
¿V. M a g n e t fo r  t i l t i n g  re flu x  s p l i t te r ,  e le c tr ic a lly  c o n n e c te d  to  re flux  

cycle  t im e r  fo r  a u to m a t ic  re f lu x  c o n tro l
T h e rm o m e te r s  

Ti S t i l l  p o t
T t  B o t to m  o f  lo w er ja c k e t  
Ta T o p  o f  lo w e r  ja c k e t  
T i  T o p  o f  lo w er c o lu m n
T t  M id -p o in t  o f  u p p e r  c o lu m n  (46 in c h e s  d o w n  f ro m  to p .  n o t  

sh o w n )
T i  M id -p o in t  o f  u p p e r  j a c k e t  (37 in c h e s  d o w n  f ro m  to p . n o t 

sh o w n )
T i  T o p  o f  u p p e r  ja c k e t  
T t  T o p  o f  u p p e r  c o lu m n

T a b l e  II. A c e t o n e - W a t e r  S e p a r a t i o n s  b y  D i s t i l l a t i o n  ( F e e d  T e m p e r a t u r e  80° F.)

Reflux ra tio  
R ate , jjram s/m in .

B ottom  
P ro d u ct 

T em pera tu re , ° F . 
Vapor

T op  fractionating  
M id-fractionating  
T o p  s tripp ing  

L iquid , s till po t

2 .0 5 .0
-P e r  C en t A cetone in -Feed -

10 .0 20 .0
7 .0 8 8 .0 10.5 2 .0 0 2 .0 5 4 .5 1.55 2 .0 3 .5 0 1.55 2 ,0 3 .6 0
49 .0 4 5 .0 4 0 .7 5 2 .0 4 8 .2 4 3 .5 3 3 .2 3 0 .0 2 7 .0 25 .3 23 .5 2 0 .0
5 1 .0 4 3 .2 3 9 .0 4 8 .0 4 5 .0 4 2 .0 2 9 .0 2 8 .0 2 4 .5 2 0 .0 18.3 17.
0 .8 7 0 .8 8 0 .77 2 .5 2 .3 5 2 .0 2 3 .3 3 .1 2 .7 5.1 4 .8 3

132.2 132.4 132.2 132.2 132.2 132.3 132.2 132.0 132.5 132.8 132,5 132.0
202 200 201 193 193 199 193 190 200 192 193 195
211 211 211 211 211 211 212 212 212 212 212 212
213 213 213 214 213 213 214 214 214 214 213 214
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T a b l e  I I I .  A c e t o n e - C h l o r o b e n z b n e  S e p a r a t i o n  b y  D i s t i l l a t i o n  w i t h  I m m is c ib l e  S o l v h n t s  ( F e e d  T e m p e r a t u r e  75° F . )

1 .33 3 .33 6 .6 7 13.3
Reflux ra tio 4 .7 6 .00 8 .7 0 1.93 2 .2 5 3.82 1.18 1.70 3 .5 6 0 .8 4 1.65 3 .5 5
R ate , g ram s/m in .

57. S 5 0 .0 4 2 .0 56 .3 53 .0 46 .0 4 7 .0 4 0 .0 33 .2 32 .5 2 6 .5 20 .4
55 .0 4 9 .3 4 4 .0 5 4 .5 5 3 .0 4 5 .0 4 2 .5 37 .0 28 .0 2 9 .0 2 3 .0 17.0

P ro d u ct 0 .79 0 .6 6 0 .5 0 1.80 1 .75 1.65 3 .2 2 .7 2 .2 4 .2 3 .5 2 .7
T em pera tu re  ° F .

T op  fractionating  
M id-fractionating  
T op stripping

132.5 132.5 132.4 132.5 132.4 132.7 132.5 133 132.6 132.7 132.7 132.8
215 215 210 208 20S 210 207 206 209 206 205 210
233 237 235 222 222 225 248 247 255 262 265 266

Liquid, s till p o t 269 268 268 269 268 268 268 270 269 269 270 270

which was obtained graphically by the McCabe-Thiele 
method. The reflux cycle timer was set for a reflux ratio very 
near this point, but it was found impossible to control the 
column for minimum reflux conditions and still obtain a pure 
overhead product. This was considered proof that the actual 
minimum reflux ratio was very close to that determined 
graphically.

M i x t u r e s  o f  A c e t o n e  i n  C h l o r o b e n z e n e . After the 
extraction of a 5 per cent aqueous acetone solution with 150 
per cent of the theoretical minimum of chlorobenzene (as
sumed as an industrially operable ratio), there is an extract

T a b l e  I V .  A c e t o n e -W a t e r  S e p a r a t i o n  b y  D i s t i l l a t i o n  
w i t h  a  P a r t ia l l y  M is c ib l e  S o l v e n t , M e t h y l  I s o b u t y l  

K e t o n e  (Feed T e m p e r a t u r e  75° F.)
Acetone in feed, %
W ater in feed, %
M ethy l isobuty l ketone, %

2 .66“
2 .1 0

95 .2

6 .6 7 “
2 .51

9 0 .8

Reflux ra tio 1 .7 3 .3 5 1.97 3 .4

R ate , g ram s/m in . 
Feed 
Side 
P roduct

4 7 .5
47.1

1.25

4 4 .5
46 .0

1.18

38 .0
37 .0  

2 .7

33 .0
3 0 .0  

2 .2
T em pera tu re , ° F : 

Vapor
T op  fractionating  
M id-fractionating  
T op stripping  

Liquid, s till po t

132.5
180
210
214

132.5
180
210
213

132.2
178
210
213

132.5
178
209
213

“ Based on th e  concentrations of ex trac t layers which would resu lt from 
an  original concentration  of acetone in  th e  aqueous feed before extraction  
of 2 and  5 p e r cent, respectively, and  w hen 1.5 tim es as m uch so lven t is used 
for ex traction  as is required  theoretically .

layer composed of 3.33 per cent acetone, 96.3 per cent chloro
benzene, and 0.3 per cent water (S). The separation of ace
tone from this extract layer can thus be treated as a binary 
distillation from chlorobenzene because of the small amount 
of water. During extended continuous distillation, the small 
amount of water entering the feed of extract layer was col
lected in decanter H (Figure 2).

The data for the acetone-chlorobenzene runs were taken by 
the method used for the acetone-water series (Table III). 
The concentrations of the ternary mixture of acetone, chloro
benzene, and water were obtained by extracting 2, 5, 10, 
and 2 0  per cent aqueous acetone solutions with the required 
amount (50 per cent excess over the theoretical minimum) of 
chlorobenzene.

M i x t u r e s  o f  A c e t o n e , W a t e r , a n d  M e t h y l  I s o b u t y l  
K e t o n e . Methyl isobutyl ketone is a good solvent for ace
tone, is partially miscible with water, and has a much better 
distribution coefficient (S) than the immiscible solvents of 
which chlorobenzene is representative. In this case a much 
larger amount of water was present; the water was placed in 
the still pot and its vapor was used to supply the heat for the 
vaporization and rectification of the feed. The feed mixtures 
supplied to the column had the same concentrations that

would result if an extraction were made on a 2 and 5 per cent 
aqueous acetone solution, respectively, with the partially 
miscible solvent, methyl isobutyl ketone, using a 50 per cent 
excess of solvent over that theoretically required.

The acetone (the low boiler) was taken overhead at the 
boiling point of the pure material. A two-phase azeotropic 
mixture collected in the column below the feed point a t a 
point where the acetone had been exhausted completely. The 
constant-boiling temperature of the methyl isobutyl ketone- 
water azeotrope is 189° F., and the vapor temperature (Ts, 
Figure 2 ) above the feed point, designated as vapor, mid- 
fractionating, in Table IV, shows a temperature around 180 ° F. 
Therefore, the true azeotrope temperature of 189° F. is 
below this point and probably just below the feed point. The 
two-phase mixture flowed down the column and collected in 
two layers in the decanter. The decanter interface level 
was adjusted to give smooth flow for the top layer as a side 
stream. Thus, the solvent was withdrawn as fast as it was 
fed into the system. This side-stream drawoff of methyl iso
butyl ketone (saturated with water, but stripped entirely of 
acetone) would be recycled to the extraction column to pick 
up again its equilibrium concentration of acetone, and then 
be returned to the distillation column feed to start the cycle 
again.

Since some methyl isobutyl ketone was dissolved in the 
water layer of the decanter, this layer was sent to the top of 
the stripper section which exhausted it completely to give 
pure water discharging at the base.

After the column had reached a steady state during each 
run, the rates of feed, side-stream drawoff, and overhead prod
uct were measured; these data are also recorded in Table IV.

D i l u t e  A q u e o u s  S o l u t i o n s  o f  A l c o h o l . These dis
tillations were run in the same manner as those for the 
acetone-water distillations, while maintaining a top vapor

T a b l e  V . E t h a n o l - W a t e r  S e p a r a t i o n  b y  O r d in a r y  
D i s t i l l a t i o n  a n d  w i t h  I s o a m y l  A l c o h o l

E th an o l an d  W ater
E th a n o l-W a te r“-  
Isoam yl Alcohol

E th an o l in feed, % 2 .0 5 .0 1.81 4 .5 3
W ater in  feed, % 98 .0 9 5 .0 10.3 11.3
Solvent in feed, % 0 0 87 .9 84 .2
Reflux ra tio 14.2 6 .1 8 6 .18 6 .1 8

R ates, g ram s/m in .
Feed 2 4 .8 19.2 18.5 12.0
B ottom 2 5 .0 18.5 0 0
Side 0 0 18 .4 11 .8
P roduct 0 .5 0 0 .9 8 0 .2 8 0 .5 5

T em pera tu re , ° F .
Vapor

Top frac tiona ting 172 172 172.5 172.5
M id-fractionating 206 204 199 197
T op  stripp ing 211 211 210 210

Liquid , s till p o t 214 213 214 214

“ These concentrations a re  based on those of an  ex trac t layer w hich would 
re su lt from  an  original concen tration  of acetone in th e  aqueous feed before 
ex traction  of 2 and  5% , respectively; and  when 1.5 tim es as m uch solvent 
is used for ex traction  as is requ ired  theoretically .
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T a b l e  VI. M a t e b ia l  a n d  H e a t  B a l a n c e s  a r o u n d  t h e  C o l u m n  i n  A c e t o n e - W a t e r  S e p a r a t i o n  b y  D i s t i l l a t i o n

-----------------------------------------------------P e r C en t A cetone in  F e e d ---------------------------------------------------------
2 .0_______   5̂ 0_______  10.0 2 0 .0

Reflux ra tio 7 .0 8 8 .0 10.5 2 .0 0 2 .6 5 4 .5 1.55 2 .0 3 .5 6 1.55 2 .0 3 .5 6

R ate , g ram s/m in . 
Feed 
B ottom s 
P ro d u ct

4 0 .0
51 .0  
0 .8 7

4 5 .0
4 3 .2
0 .8 8

4 0 .7
3 9 .0
0 .7 7

5 2 .0
4 8 .0  

2 .5

4 8 .2
4 5 .0
2 .3 5

4 3 .5
4 2 .6  
2 .02

33 .2
2 9 .0

3 .3

3 0 .0
28 .0  

3 .1

2 7 .0
24 .5

2 .7

25 .3
2 0 .0

5 .1

23 .5
18.5 
4 .8

2 0 .0
17.0
3 .9

M ateria l balance, g ram s/m in . 
A cetone in feed 
B ottom s +  overhead 

p roduct

0 .9 8

51 .9

0 .81

3 9 .8

2 .0

5 0 .5

2 .4

4 7 .4

2 .1 7

4 4 .6

3 .3

32 .3

3 .0

31 .1

2 .7

2 7 .2

5 .06

25 .1

4 .7

2 3 .3

4 .0

20 .9

B. t. u. requ ired  per lb. 
acetone recovered 1800 2590 688 823 1239 575 675 1025 575 675 1028

T a b l e  VII. M a t e r ia l  a n d  H e a t  B a l a n c e s  a r o u n d  t h e  C o l u m n  i n  A c e t o n e -C h l o r o b e n z b n e  S e p a r a t i o n  b y  D i s t i l l a t i o n

T> n t- A * T7 A
1.33 3 .33 6 .6 7 13.3

Reflux ra tio 4 .7 6 .00 8 .7 0 1 .93 2 .2 5 3 .8 2 1.18 1.70 3 .5 6 0.84 1.65 3 .55

R ate , g ram s/m in . 
Feed 
B ottom s 
P ro d u ct

57 .5
55 .0
0 .79

50 .0
49 .3
0 .66

4 2 .0
44 .0  
0 .5 0

56 .3
54 .5
1 .80

53 .0
53 .0  
1 .75

46 .0
4 5 .0  
1 .65

4 7 .0
4 2 .5

3 .2

4 0 .0
3 7 .0  

2 .7

33 .2
2 8 .0

2 .2

32 .5
2 9 .0

4 .2

26 .5
23 .0

3 .5

20 .4
17 .0
2 .7

M ate ria l balance, g ram s/m in . 
A cetone in feed 
B ottom s +  overhead p roduct

0 .765
55 .8

0 .665
4 9 .9

0 .560
4 4 .5

1.87
56 .3

1.77
5 4 .8

1 .56
46 .7

3 .1 5
4 5 .7

2 .6 7
39 .7

2 .22
30 .2

4 .3 2
33 .2

3 .5 2
26 .5

2 .72
19.7

B. t .  u. requ ired  per lb. acetone 
recovered 1285 1575 2180 660 737 1088 473 608 1028 415 598 1030

temperature of 172° F., the boiling point of 95 per cent alcohol. 
The distillation data for 2 and 5 per cent concentrations of 
alcohol in water were obtained at reflux ratios 150 per cent 
greater than the minimum reflux ratio determined graphi
cally ; the data are shown in Table Y.

M i x t u r e s  o f  A l c o h o l , W a t e r , a n d  I s o a m y l  A l c o h o l . 
The same distillation method was used for these mixtures 
representing extract layers from an extractor, as were those 
of acetone, water, and the partially miscible solvent methyl 
isobutyl ketone; the data are shown in Table V.

taken as the radiation loss. These radiation losses were also 
estimated by the graphical method. There was a good check 
between the estimated radiation losses and those obtained by 
difference; and only two runs had unaccounted-for heat losses 
above 3 per cent. These two were off by about 10 per cent.

The heat requirements, based on the amount of vaporized 
acetone required, are also listed in Tables VI and VII. For 
each concentration of acetone in the feed to the distilling col
umn, the most economical reflux ratio was arbitrarily taken as 
50 per cent above the theoretical minimum reflux ratio which

T a b l e  VIII. H e a t  R e q u ir e m e n t s  f o r  S e p a r a t i o n  o f  D i l u t e  M i x t u r e s  o f  
A c e t o n e  a n d  W a t e r

S traigh t Aqueous E x tn . w ith  Chlorobenzene 4* H e a t Savings over
D istilla tion  D istn . of Solvent and  Acetone S tra ig h t D istn.

% B. t.  u ./lb . % B. t .  u ./lb . B . t .  u ./lb .
Acetone Reflux acetone acetone Reflux acetone acetone D ecrease,
in  Feed ra tio recovered in feed® ra tio recovered recovered %

2 .0 9 .56 2370 1.33 6 .03 1575 795 3 3 .5
5 .0 3 .05 810 3 .33 2 .2 5 720 190 20 .9

10 .0 1.71 600 6 .67 1 .18 470 130 2 1 .7
2 0 .0 1.71 600 13.3 0 .8 4 415 185 3 0 .8

® Feed to  d is tilla tio n  colum n is ex trac t layer from  ex trac to r.

IIE A T  SA V IN G S IN  R E C O V E R Y  O F
A C E T O N E  W IT H  C H L O R O B E N Z E N E

Ordinary distillation of dilute 
aqueous acetone solutions is stand
ard industrial practice and will be 
used for comparison with extrac
tion using an immiscible solvent 
such as chlorobenzene. The over
head product of the distilling column 
is acetone in both cases; and the 
total heat cost may be assumed 
to be that of vaporizing the acetone 
p r o d u c t  a n d  th e  n e c e s s a ry  
reflux. This is true if it is assumed that the sensible heats are 
disregarded as being (a) less important, (6) comparable in 
magnitude for both cases, and (c) recoverable to a large axtent 
by heat exchangers. These assumptions appear to be rea
sonably close to the truth.

Material and heat balances were calculated for the experi
mental data (Tables VI and VII). The material balances 
check quite well because the column was adjusted to operate 
at a steady state for at least 30 to 60 minutes. For the feeds 
representing 1.33 and 2.0 per cent acetone for both chloro
benzene and water mixtures, the greater difficulty of operat
ing with such a small amount of acetone shows in less exact 
balances.

A heat balance was first computed around the column, and 
the difference between the heat input and heat output was

T a b l e  IX. M a t e r ia l  a n d  H e a t  B a l a n c e s  a r o u n d  t h e  
C o l u m n  i n  A c e t o n e -W a t e r  S e p a r a t i o n  b y  D i s t i l l a t i o n  w i t h  

M e t h y l  I s o b u t y l  K e t o n e

A cetone in feed. %  2 .6 6 a 6.67®
W ater in  feed, %  2 .1 0  2 .51
M . I. K . in feed, %  9 5 .2  9 0 .8
Reflux ra tio 1 .7 3 .3 5 1 .97 3 .4
R ate , g ram s/m in . 

Feed 
Side 
P roduct

4 7 .5
47.1
1.25

44 .5
46 .0
1.18

38 .0
3 7 .0  

2 .7

33 .0
3 0 .0  

2 .2

M ateria l balance, g ram s/m in . 
A cetone in  feed 
Side +  overhead p roduct

1.26
48 .4

1.18
47 .2

2 .5 4
39 .7

2 .2
3 2 .2

B. t .  u. required  per lb. acetone 
recovered 605 980 670 990

® B ased on th e  concen trations of ex trac t layers which would re su lt from  
an  original con cen tra tio n  of acetone in th e  aqueous feed before ex traction  
of 2 and  5 per cent, respectively, and  w hen 1.5 tim es as m uch so lven t is used 
for ex traction  as is requ ired  theoretically .
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T a b l e  X. H e a t  R e q u ir e m e n t s  f o r  R e c o v e r y  o f  A c e t o n e  b y  S t r a ig h t  
D i s t i l l a t i o n  a n d  w i t h  M e t h y l  I s o b u t y l  K e t o n e

S tra ig h t D istn. Solvent E x tn . an d  D istn .
A cetone 
in  Feed,

%
2 .0
5 .0

Reflux
ra tio
9 .5 6
2 .05

B. t.  u ./ib . 
acetone 

recovered
2370

910

Feed0 analysis, %
A cetone W ater M . I. K .

2 .66
6.67

2 .1 0
2.51

9 5 .2
90 .8

Reflux
ra tio
1.71
1.71

B. t. u ./lb .
acetone

recovered
605
605

F igure  3. I le a t R equ irem en ts
A . D is ti l la t io n  o f  a c e to n e  fro m  a q u e o u s  s o lu tio n s  o f  d if f e r e n t 

c o n c e n tr a tio n s
IS. P re lim in a ry  e x tra c tio n  o f  a q u e o u s  s o lu tio n s  w ith  c h lo ro b e n z e n e  

a n d  d is t i l la t io n  o f e x tr a c t  la y e r  
C. P e r  c e n t  h e a t  sav in g s  o f  B  (e x tra c tio n  a n d  d is t i l la t io n )  over A 

( s t r a ig h t  d is t i l la t io n )

was calculated from data previously reported (/); 150 per 
cent of theoretical minimum is used in all calculations here
after. (This depends on the balance of the cost of equipment 
against the cost of steam. An investigation of this factor 
was beyond the present scope, especially since substantially 
the same conditions would hold both for the usual distillation 
and for the distillation of the extract layer.) Table VIII and 
Figure 3 present the heat requirements for distilling both the 
aqueous acetone solutions and the corresponding extract 
layers after chlorobenzene extraction.

The “per cent decrease” curve of Figure 3 indicates that 
the greatest heat savings (34 per cent and more) occur when 
very dilute aqueous solutions of acetone (2  per cent and less) 
are to be recovered, and the curve goes through a minimum 
point at aqueous feed concentrations of about 7 per cent ace
tone. The heat savings curve ap
proaches a constant value of about
32 per cent as the feed concentration ...
of acetone increases.

Othrner and Trueger (2) wore able 
to make predictions for these heat 
savings based on reflux requirements.
Their values, recalculated to the more 
logical basis of total overhead vapor, 
check the experimental values.

For convenience in determining the 
re flu x  ra tio  to  be used when

H eat
Saving,

%
7 4 .5
3 3 .5

° T h is feed to  the  d istilla tion  colum n is th e  ex trac t layer from  th e  ex trac to r.

reco v erin g  d ilu te  aq u eo u s ac e 
tone solutions, by either straight 
distillation or the combination proc
ess of extraction and distillation, 
another curve was plotted in the 
left-hand graph of Figure 3. An 
example shows that, if a 5 per 
cent aqueous acetone is to be re-

_________________  covered, about 910 B. t. u. per
pound of acetone will be required 
to make a straight distillation with 

a reflux ratio of 3.05. But if the combination process 
is used, the same 5 per cent aqueous acetone feed will 
require 710 B. t. u. per pound of acetone recovered and a re
flux ratio of 2.25 in order to make the separation between the 
extracting solvent, chlorobenzene, and acetone.

C R IT IC A L  C O N C E N T R A T IO N S

Othmer and Trueger (2) mention so-called critical concen
trations existing for mixtures of acetone-water and acetone- 
ehlorobenzene. Thus, aqueous mixtures containing more 
than 1 0  per cent acetone require the same reflux ratio for the 
recoveiy of substantially pure acetone, owing to the upward 
concavity of the vapor composition curve for acetone and 
water, since the minimum reflux ratio is determined by the 
same tangent to the vapor composition curve. The experi
mental data also indicate the existence of the critical concen
tration, especially for acetone-water separations by distilla
tion. Figure 3 indicates a constant minimum reflux for mix
tures above 10  per cent acetone.

The critical concentration in chlorobenzene-acetone mix
tures is not definitely shown, although it is indicated by the 
experimental data since no feed concentrations greater than 
20 per cent by weight acetone were studied. Othmer and 
Trueger show that the critical concentration for the acetone- 
chlorobenzene mixture is 2 0  per cent by weight acetone.

T a b l e  X I .  M a t e r ia l  a n d  H e a t  B a l a n c e s  
C o l u m n  i n  E t h a n o l - W a t e r  S e p a r a t i o n  b y

AROUND THE
D i s t i l l a t i o n

E th an o l and 
W ater

E th a n o l-W a te r-  
Isoam yl Alcohol

E th an o l in feed, %  
W ater in feed, % 
Solvent in  feed, %

2 .0
98 .0

0

5 .0
95 .0

0

1 .8 1 “
10.3
8 7 .9

4 .5 3 °
11.3
84 .2

Reflux ra tio 14.2 6 .1 8 6 .1 8 6 .1 8

R ate , g ram s/m in . 
Feed 
B ottom s 
Side 
P roduct

2 4 .8
25 .0

0
0 .5 0

19.2
18.5

0
0 .9 8

18.5
0

18.4
0 .2 8

12.0
0

11.8
0 .5 5

M ate ria l balance, g ram s/m in . 
E th an o l in feed 
B o ttom s or side 4* overhead 

p roduct

0 .495

2 5 .5

0 .9 6

19.5

0 .3 3

18.7

0 .5 4

12 .4

B. t. u. requ ired  p er lb. ethanol 
recovered 5430 2560 2570 2570

a B ased on th e  concen trations ot ex trac t layers which would re su lt from  
an  original concen tration  of e thano l in the  aqueous feed before ex trac tion  of 
2 and  5 p e r cen t respectively , an d  w hen 1.5 tim es as m uch so lven t is used 
for ex trac tion  as is requ ired  theo re tically .

T a b l e  X II. H e a t  R e q u ir e m e n t s  f o r  R e c o v e r y  o f  E t h a n o l  (9 5  P e r  C e n t )

E thano l 
in  Feed,

%
2 .0
5 .0

S tra ig h t Aqueous 
D istilla tion

B. t .  u ./lb . 
e thanol 

recovered
5430 
2560

E x tn . w ith  Isoam yl Alcohol 
and  D istn . of E x tra c t L ayer

F eeda analysis, %
Reflux
ra tio
14.2  
6 . IS

E th an o l W ater
1.81
4 .5 3

10.3
11.3

Isoam yl
alcohol

8 7 .9
84 .2

Reflux
ra tio
6 .1 8
6 .1 8

B. t. u ./lb .
ethanol

recovered
2570
2570

H ea t
Saving,

%
5 2 .6

0

a T h is  feed to  th e  d is tilla tion  colum n is th e  e x tra c t layer from  th e  ex trac to r
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H E A T  SA V IN G S IN  A C E T O N E  R EC O V ER Y  
W IT II M E T H Y L  IS O B U T Y L  K E T O N E

Material and heat balances were made 
for the experimental distillations carried 
out to investigate this system (Table IX) .• 
The heat balance checks very well for 
the extract layer for a 5 per cent aque
ous acetone solution; but the radiation 
losses during distillation of the 2  per 
cent aqueous acetone solution could not 
be accounted for entirely. However, 
the experimental data (Table X) for the 
combination process using partially 
miscible solvents show heat savings of
74.5 and 33.5 per cent for 2.0 and 5 per 
cent by weight acetone in the aqueous 
feed, respectively, in comparison to a 
straight distillation recovery.

T o p  S e c tio n  o f  a  C o n tin u o u s, H ig h -V a c u u m  D istilla tio n  U n it  iiu ilt  b y  
V u lc a n  C o p p e r an d  S u p p ly  C o m p a n y

H E A T  SA V IN G S IN  E T H A N O L  R EC O V ER Y  
W IT H  IS O A M Y L  A LC O H O L

Table X I summarizes the material 
and heat balances for the ethanol-water 
and ethanol-water-isoamyl alcohol dis
tillations. These material balances 
check satisfactorily for ethanol-water 
distillations, but the sum of the over
head product and side stream was 
greater than the amount of feed in botli 
cases for the ethanol-water-isoamyl 
alcohol separation. This discrepancy 
can probably be attributed to the fact 
that solvent on leaving the column by 
the side-stream drawofl at the decanter 
carried some droplets of the aqueous 
layer with it as a result of incomplete 
décantation. This condition was also 
noticed in the acetone-water-methyl 
isobutyl ketone experiments (Table IX).
The operation of the distilling column 
or extractor in a commercial process 
would not be affected by this condition.
All of the heat losses could be accounted 
for within a few per cent.

Table X II shows that considerable heat savings (52.6 per 
cent) can be realized by using the combination extraction and 
distillation process to recover 95 per cent ethanol (constant- 
boiling mixture) from a 2  per cent aqueous feed. There are 
no heat savings if aqueous alcohol solutions of 5  per cent and 
greater are to be recovered; however, larger heat economies 
will be realized when less than 2  per cent aqueous alcohol solu
tions are to be recovered by the combination process (2). 
These very dilute alcohol solutions would probably be en
countered in recovery systems for alcohol in the fermentation 
of liquors from the hydrolysis of cellulose, from sulfite waste 
liquors, and other marginal sources of this material.

C O N C L U SIO N

Dilute aqueous solutions of acetone and alcohol may be re
covered with a substantial saving in operating costs by a 
combination of extraction and rectification, using solvents 
which are substantially immiscible or partially miscible with 
water. This conclusion was reached previously {2) from 
careful calculations rather than experimental results as ob
tained here, and the method of calculation is thus substan
tiated. As a direct result of the considerable reduction in the

amount of heat required, there is a comparable saving in the 
required amount of cooling water. Furthermore, the size 
of the distillation equipment may be reduced proportionally 
to the reduction in heat required. This will result in a large 
saving in copper or other construction material.

While the experimental work was only with acetone and 
alcohol, other low-boiling water-soluble organic materials 
may be recovered by the same methods. Patent coverage 
on the commercial applications is being secured.
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Conductivity of 
R ubber T read Stocks

EFFECT OF PROPERTIES OF CARBON BLACK

LEO NARD H . COIIAN AND JA M E S F . M ACK EY
Continental Carbon Company, Chicago, 111.

C ONSIDERABLE interest 
has been shown in semi
conducting rubber com

pounds. These compounds are 
particularly useful where it is 
desirable to have a conducting 
path for the dissipation of static 
electricity. Examples of such 
application are: shoe soles and 
flooring in certain plants, bus 
and automobile tires, etc. Semi
conducting rubber can be pre
pared by the addition to the 
rubber formula of certain car
bon blacks manufactured both 
from natural gas and acetylene.
Unloaded rubber or rubber 
loaded with other pigments 
than carbon blacks has a spe
cific resistance of 1012 to 1018 ohm-cm. By the addition of 
proper types of carbon black, resistances as low as 30-500 
ohm-cm. can be readily obtained.

Several publications (6, 7,8,10,11) have reported the effect 
of different carbon blacks on the conductivity of rubber stocks. 
In the present work an effort has been made to determine the 
influence of various fundamental properties of carbon black 
on the conductivity of a typical rubber tread stock test form
ula. The properties considered are ultimate particle size, 
crystal form, and surface structure.

P R O C E D U R E  AND A PPA RA TU S

The blacks were milled into the following standard tread 
formula:
Sm oked shee t 100 Sulfur 2 .81
Zinc oxide 7 .8 5  C ap tax  (m ercapto-
P in e  ta r  3 .0 0  benzothiazole) 0 .743
S tea ric  acid  3 .3 0  C arbon  black 5 0 .5

Tensile sheets were cured at 280° F.; a soap solution was used 
for mold lubrication, and reasonable care was exerted in curing 
and handling to prevent defacing the surface of tire sheets. 
Resistance measurements were made before tensile strips 
were cut and broken. The specific resistance, R,, listed 
for each black was taken on a tensile sheet cured at or near 
the cure giving the maximum tensile value. Resistance was 
determined by placing the tensile sheet between brass elec
trodes and measuring the current I  and voltage E. All 
measurements were made at about 15 volts. Specific resist
ance R, was calculated from the formula:

where t =* thickness of the rubber sheet, cm. 
31.6 = area of the electrode, sq. cm.

A previously described appa
ratus (3), equipped with a de
vice for applying sustained 
pressure, was used. The meas
urements were made under 
pressure in order to duplicate as 
far as possible the conditions 
under which a tire tread actu
ally operates. Within the range 
of pressures used, a limiting 
value was reached beyond 
which increasing the pressure 
decreased the resistance very 
little; a constant pressure of 36 
pounds per square inch was 
used which was well above this 
limiting value. The average de
viation of measured resistance 
for a given black run in the 

standard formula under standard conditions was found to be 
25 per cent.

Degree of dispersion of the carbon black in the rubber 
compound has been shown by other investigators to effect 
conductivity (4, 11). However, rubber tests such as aged 
and unaged tensile, hardness, resilience, and abrasion resist
ance indicated that for the stocks reported here, the degree of 
dispersion was very similar and could therefore have only a 
negligible influence on the general trends.

E F F E C T  O F  P A R T IC L E  S IZ E

Table I gives the effect of particle size of the carbon black 
on the conductivity of the rubber stock. Since the color of a 
rub-up of carbon black in oil varies principally with particle 
size, the color index as given in Table I is taken as a rough 
measure of surface area per unit weight. Also included in 
the table are estimates of actual particle diameters made from

T a b l e  I. E f f e c t  o f  P a r t i c l e  S iz e  o f  C h a n n e l  B l a c k  o n  
R e s i s t i v i t y

Black

E s td .
P a rtic le
D iam .,

m/A • Color

Volatile
M atte r ,

%
Ra, 

O hm -C m .
C o n tin en ta l AÀ 33 60 5 .5 7 X 10«
C o n tin en ta l E 25 80 5 .7 5 X 10s
C o n tin en ta l G 20 98 5 .4 3 X 10«
Low-color 17 127 6 .0 6 X 10*
H igh-color (Continex) 10 222 4 .7 2 X  10*

published electron microscope (16) and adsorption (14) 
measurements on similar blacks. In Figure 1 the logarithm 
of R. is plotted against color index and estimated particle size.

T h e  c o n d u c tiv ity  o f  a  rubber tread  sto ck  
co m p o u n d ed  w ith  50 p arts carb on  b la ck  in 
creases ex p o n e n tia lly  as th e  p a rtic le  s ize  o f  
th e  b la ck  d ecrea ses . A s th e  crysta l s tr u c 
tu r e  o f  t h e  carb on  ap p roach es a  m o re  
g r a p h itic  fo rm , th e  c o n d u c tiv ity  in crea ses  
sh a rp ly . N o n ca rb o n  su rfa ce  c o n s t itu e n ts ,  
e ith er  o f  th e  h y d rocarb on  or carb on  oxide  
ty p e , d ecrease  th e  co n d u ctiv ity . T h is  effect 
is  le ss  im p o r ta n t  th a n  p a r tic le  s iz e  or 
crysta l s tr u c tu r e . H ow ever, in crea ses  in  
co n d u c tiv ity  o f  m o re  th a n  te n fo ld  ca n  b e  
b r o u g h t a b o u t b y  rem ova l o f  su rfa ce  c o n 
s t itu e n ts .
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As Table I shows, the specific resistance of a rubber stock 
varies exponentially with the diameter of the ultimate parti
cles of carbon black used; these are channel blacks prepared 
from almost identical gases and permit the reasonable assump
tion that their crystal structure is very similar. The volatile 
content is a measure of the amount of volatilizable surface 
constituents of the black and is sufficiently constant to have 
little influence on conductivity.

July, 1943

The position of acetylene black in Table II is in qualitative 
agreement with these considerations; however, in comparison 
with Graphon, acetylene black is slightly better conducting 
than might be expected considering the x-ray data of Biscoe

807

T a b l e  I I .  E f f e c t  o f  C r y s t a l  S t r u c t u r e  o f  C a r b o n  B l a c k s  
o n  R e s i s t i v i t y

E std .
P article
D iam .,

Volatile
M atte r , R „

O hm -C m .Black m/i %
Scries 1

C on tinen tal AA (devola 33 1 .0 8 X 10*
tilized)

S tatex 34 (16) 0 .8 2 X 10*
G raphon 33 ¡14) 0 .4 5 X 10*
Shaw inigan acety lene 

black
43 (16) 0 .9 1 X 10*

Series 2
P-33 74 “ 0 .5 2 X 10“>
G astex 81 “ 0 .2 2 X 10»
L am pblack  devolatilized 97 “ 0 .0 7 X 10«
“ Values were determ ined w ith  th e  electron microscope b y  W iegand and 

Ladd (16). Sm ith , T hornh ill, and  B ray  (14) give th e  following particle 
d iam eters as calculated from  adsorp tion  m easurem ents: G astex  «=* 75 m/x,
lam pblack =* 107 m/t, P-33 ** 200 m/i.

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

F ig u r e  1 .  E ffe ct  o f  P a rtic le  S iz e  a n d  C o lo r In d ex on  
S p e cific  R e sista n c e

Kemp and Hermann (11) and Habgood and Waring (6) 
stated that the conductivity of rubber loaded with carbon 
probably occurs through chains of carbon particles which act 
as leakage paths for the current. As the particle size de
creases, the number of particles in a given weight increases 
and the probability of the formation of carbon chains in
creases enormously. The results of Table I are in full agree
ment with these considerations.

E F F E C T  O F  C R Y S T A L  S T R U C T U R E

Blacks listed in series 1, Table II, have similar particle size 
and fairly similar volatile content but different crystal struc
tures. Continental AA is a commercial channel black pre
pared from natural gas. Materials of this type give an x-ray 
pattern with diffuse bands. Graphon is prepared by heating 
channel black for several hours at about 2000° C. (12). As a 
result of this treatment the x-ray pattern becomes much 
sharper and more nearly approximates that of graphite (2); 
the conductivity as indicated in Table II  is markedly in
creased. Shawinigan black is made by the thermal decom
position of acetylene gas, and the higher temperature prevail
ing during formation of this black makes it probable that a 
greater extent of crystal growth should occur. The results 
of heat of combustion determinations indicate that acetylene 
black is closer to graphite than channel black (13). Like
wise, x-ray photographs indicate a more nearly graphitic 
structure for acetylene black than for ordinary channel black 
(2, 5). However, Biscoe and Warren (2) indicated that 
channel black heated at high temperature, as in the case of 
Graphon, increases in crystal dimensions and becomes similar 
to acetylene black.

o  2000 4000 6000 8000
R, (OHM -CM .)

F ig u r e  2 . R e la tio n  o f  S p e cific  R e sista n c e  to D P G  
A d so rp tio n  a n d  V o la tile  C o n te n t

Both lampblack and acetylene black were reported to 
differ from other blacks in their appearance under the electron 
microscope (15). Ultimate particles of lampblack and 
acetylene black group together as irregular networks in the 
specimens prepared for examination with the electron micro

X -  DPG ADSORPTION 
O - VO LA TILE CONTENT

and Warren (2) and the particle size estimates of Table II. 
Statex is prepared by partial combustion at rather high 
temperatures.

A second series of blacks of similar particle size and volatile 
content appears in Table II. Owing to the different produc
tion conditions (P-33 by thermal decomposition of natural 
gas diluted with hydrogen, Gastex by partial combustion of 
natural gas and lampblack by partial combustion of higher 
hydrocarbons), we would again expect differences in crystal 
structure among the products.
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scope, whereas other blacks, such as ordinary channel black, 
Statex, Gastex, and P-33, appear either as individual particles 
or floes. These tendencies are probably due to crystal 
structure factors which distinguish acetylene black and 
lampblack from the other blacks. The conductivity values 
in series 2 , Table II, show that, like acetylene black, lampblack 
has a higher conductivity than other carbons of similar di
ameter and volatile content.

E F F E C T  O F  SU R FA C E  S T R U C T U R E

The samples listed in Table III were prepared by partially 
removing the volatilizable surface constituents from a moder
ately small particle size (17 m/a) channel black (Continental 
C-15).

T a b l e  I I I .  E f f e c t  o f  S u r f a c e  S t r u c t u r e  o f  C a r b o n  
B l a c k s  o n  R e s i s t i v i t y

V olatile
M atte r %  D P G  Rs,

M edium -C olor B lack (0) (1) %  Is* O hm -C m .
O riginal 4 .3  56 62 5000
P a r tly  devolatilized  3 .3  36 65 3500
P a r tly  devolatilized  1 .8  23 70 3300
P a rtly  devolatilized  1 .2  12 75 1100
C om pletely  devolatilized  < 0 .1 5  4 73 400

* A dsorbed b y  1 gram  black (to  which 10 cc. 10% H 2SO1 has been added) 
from  100 cc. of I* so lu tion  in  K I contain ing  2.7 gram s Ij and  4.05 g ram s K I 
per lite r of solution.

The volatile matter was reduced by heating the black for 
various periods in a nonoxidizing atmosphere. Since the 
temperature in all cases was kept below 800° C., no significant 
change in either particle size or crystal structure could have 
occurred. Thus the differences in conductivity can be 
attributed solely to the surface structure of the blacks. The 
conductivity increases appreciably as the volatile content 
decreases (Figure 2). The per cent DPG is a measure of 
the amount of oxygen containing complexes present on the 
surface of the black. Figure 2 shows that there is even closer 
correspondence between per cent DPG and conductivity 
than between volatile content and conductivity. The 
iodine adsorption corresponds roughly to the bare carbon 
surface. As the volatile content is removed, the extent of 
carbon surface is increased and the per cent iodine adsorbed 
is also increased. The iodine adsorption of the completely 
devolatilized sample is lower than would be expected, owing 
possibly to the higher temperature of devolatilization.

T a b l e  IV .  E f f e c t  o f  C h a n g in g  V o l a t i l e  C o n t e n t  o f  
S t a n d a r d  R u b b e r - G r a d e  C h a n n e l  B l a c k

C on tinen tal E  Black
V olatile
M atte r , D PG , 1?, Rs,

Ohm-Cm.

R esistance 
of Un

com pounded 
Black,

(25 m/t) % % % Ohm -Cm .
1. V olatile increased 9 .7 86 28 4 X 10« 5000
2. U ntreated 5 .7 50 44 5 X 10« 2500
3. V olatile decreased 1 .8 12 72 1 X 10« 750

The influence of volatile matter content is further illustrated 
in Table IV. Sample 2  was the untreated black, 3 was the same 
black with the volatile partially removed, and 1 was prepared by 
treating 2  in an oxidizing atmosphere to increase the oxides 
present on the surface. The results are in complete agree
ment with those of Table III. Also shown in Table IV is 
the effect of changes in volatile content on the conductivity 
of the uncompounded carbon black. This type of measure
ment depends on physical factors such as the size of pellets or

T a b l e  V . R e s u l t s  o n  L a m p b l a c k

V olatile
M atte r , D P G , I2, Rs,

L am pblack  %  %  %  O hm -Cm .
O riginal 4 .5  21 16 1 X  10’
D evolatilized 0 .6  5 28 7 X  10*

aggregates present in the black and the degree of packing of 
these aggregates, so that the results are only of relative im
portance.

The conductivity of a commercial lampblack (estimated 
particle diameter 97 m/i) before and after the volatilizable 
surface constituents had been removed is shown in Table V. 
As indicated by the low DPG adsorption, the volatile content 
of lampblack consists chiefly of hydrocarbons rather than 
oxides of carbon. In this case, also, removal of the surface 
film leads to strikingly higher conductivity.

The foregoing indicates that noncarbon surface constituents 
on carbon blacks act as an electrically insulating layer. 
Since the electric current is probably carried through rubber 
loaded with carbon black along conducting chains of the 
black, a nonconducting layer preventing good contact be
tween the carbon black particles will lower the conductivity 
considerably. For example, in the case of the Continental E 
series of Table IV, a surface layer 2.5 A. thick on the carbon 
particle is roughly equivalent to a nonconducting film of 0 .2  
mm. on one side of a test sheet 1 cm. thiek.o (A surface layer
2.5 A. thick causes an insulating film of 5 A. between carbon 
particles. Since for Continental E the particle diameter is 
about 250 A., the thickness of the insulating film is about 2  
per cent of the total thickness. Ignoring variation in specific 
resistance with thickness, this would be equivalent to a 0 .2 - 
mm. film on a sheet 1 cm. thick.)
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SOLVENT PROPERTIES OF

C8 Aromatic Hydrocarbons

D o m e s t i c  coal tar light 
oil sources provide annually 
a total of 10 to 15 million 

gallons of mixed xylenes and Cg 
aromatics, in the form of I o, 3°,
5°, 10°, and industrial pure xylenes, 
together with solvent naphthas
and Hi-Flash naphthas (18). Double this amount of nearly 
pure toluene and more than ten times as much benzene have 
annually come from these sources. I t  is therefore not sur
prising that, except for benzene and toluene, no highly 
purified aromatic hydrocarbon has been obtainable until 
recently at low cost and in tank car quantities.

Henceforward this balance of supplies may be shifted. 
While industrial coking favors the formation of benzene, 
a number of petroleum conversion processes result in a pre
ponderance of the higher aromatics (8, 12). I t  is not, of 
course, to be expected that such petroleum stocks may be 
taken at the present time for the manufacture of pure aro
matics, either for solvent use or chemical synthesis. Never
theless, a study of the properties of the individual higher- 
boiling aromatics may be of interest to both the chemical 
manufacturers and the purchasers of solvents. Isoparaffins 
have been shown (8) to differ so markedly in solvent properties 
from the isomeric normal paraffins that one might suspect 
commercially significant differences to exist within groups of 
isomeric or homologous aromatics. A brief study of the 
four C3 aromatics has therefore been made.

The p-xylene used was recrystallized from commercial I o 
xylene. The o-xylene was recrystallized from a commercial 
o-xylene. The m-xylene 
was obtained by the re
duction of m -xy lid ine  
diazonium chloride. The 
m-xylidine used for di- 
azotization was purified 
from commercial m-xyli- 
dine by crystallization of 
the acetate salt. A sam
ple of the m-xylidine in 
dilute hydrochloric acid 
gave no turbidity when 
boiled with formaldehyde 
solution; this indicated 
th e  absence of o th e r 
xylidines.

P . D . H A M M O N D
Ileyden Chemical Corporation, Fords, N. J

E. H . M cA R D L E
Esso Laboratories, Standard Oil 

Development Company, Elizabeth, N. J

fied by crystallization) probably 
contain less than 1 per cent im
purities and possibly less than 0.5 
per cent. Density and optical 
data indicate the impurities to be 
aromatic. The p-xylene appears 
to be less pure than that of Boord 

and Ilenne (4); the o-xylene is somewhat purer and equal to 
that characterized by the Bureau of Standards “best values” 
(14). Purity of the ethylbenzene and m-xylene may be 
estimated at about 99 per cent, again with impurities largely 
aromatic.

Freezing points were taken in a Bureau of Standards type 
apparatus (5), made from two coaxially mounted Dewar 
tubes. The inner tube, of 75 ml. capacity, was fitted with a 
controlled-speed motor-driven stirrer. Temperatures were 
taken with a Bureau of Standards standardized platinum 
resistance thermometer. Cottrell boiling points were read 
with a Bureau of Standards standardized Anschutz type 
thermometer, ranging from 125° to 150° C. and graduated 
in 0.2° C. Correction was made for barometric pressure.

Surface tension was obtained with a du Nouy tensiom- 
eter. The ring was mounted on the left-hand side of an 
analytical (Chainomatic) balance, check readings being 
taken to 0.1 mg. in a constant temperature room at 25° 
*  0.2° C.

Dielectric constants were determined in a modified 
heterodynebeat apparatus, in conjunction with a platinum 
cell standardized against pure benzene.

K: KAURI-BUTANOL VALUE 
A: ANILINE POINT 
r -.RESIN DILUTION RATIO 
p-.POLYBUTENE-DECANOL VALUE

D E G R E E S  O F  PU R IT Y

Cross reference between 
th e  v a lu es  given in 
Table I and those ob
tained by previous authori
tative investigators re
veals that the present 
samples of o- and p- 
xylenes (both finally puri-

900

800

to OJ
5 500
COÜJ
5400
Q.
I -

¡5 300o

2 0 0

100

OVER-ALL AVERAGE VISCOSITIES: 
META * 100%
PARA * 100%

ETHYL BENZENE * 106%
ORTHO * 153%

m i l l e d p a l e ^ r e p ę

F ig u r e  1 .  M e d ia n  S o lv e n c y  T r e n d  a n d  
O v e r-A ll „.’V isco sity  A ve ra g e  fo r R e p re 

s e n ta tiv e  S o lu tio n s
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T a b l e  I .  C o m p a r is o n  o f  P h y s ic a l  P r o p e r t i e s  o f  M a t e r ia l s  
U s e d  w i t h  P r e v i o u s  V a l u e s

p-X ylene
E th y l-

benzcne

-9 5 .3 0

o-X ylene m -X ylene
P resen t M aterials  

F reezing  po in t, ° C. —2 5 .3 0  —48 .56  +  13.00
P la teau  tim e, m in. 2 1 .5  8 # 7 .5  11
B a th  com position CO2 +  iso- Com m ercial COa +  iso- Com m ercial 

p ropy l n itrogen p ropy l nitrogen
alcohol alcohol

G rad ien t a t  F . P .,
0 C . 55 144 93 97

C o ttre ll sp read , in i
tia l B . P . to  50%  144.4  to  139.1 to  138.5  to  136.3  to
d istd ., 0 C. 144.4 139.1 138.6  136.5

d'a«« 0 .8759 0 .8600 0 .8576 0.8624
dio& 0 .8809 0 .8650 0.S626 0.8674
G rav ity^ , ° A .P .I. 2 8 .3  3 1 .2  3 1 .0  30 .7
Lb./ga 'l. a t  60° F . 7 .3 9  7 .2 0  7 .2 4  7 .28
n ao 1.5053 1.4970 1.4959 1.4958

155.8  156.5  151.3D ispersion a t  20° C. 158.2 
Sp. dispersion a t  20°

C. 179.6
D u  Nolly su rf ace ten 

sion a t  25° C., 
d ynes/cm . 31 .56

D ielectric co n stan t 
a t  3 0 .05° C. 2.571

180.1 181.4

29.9530 .46

2.351 2 .264
B ureau  of S tandards Values (14)

174.4

30 .50

2.382

Freezing p o in t, ° C. 
Boiling po in t, ° C.¿30

- 2 5 .3 0
144.4
0.88040

- 4 7 .5 5
139.3
0.86401

+  13.35 
138.4 
0.86100

Boord and  H enne Values (4)
F reezing  po in t, ° C . - 2 5 . 5  - 4 8 . 9  + 1 3 .1 9  - 9 4 .9 6
Boiling po in t, ° C . 144.5  139.2  138.5  136.5
«20 1.5054 1.4971 1 .4958 1 .4959
d jo  0 .8799 0 .8639 0 .8609 0.8661
E s td . im purities, mole 0 .010  =*» 0 .026  =*= 0 .0010 *  0 .0 0 6  ^

frac tion  0 .003  0 .009 0 .0005 0 .002
a 10-cc. pycnom eter a t  25° +  0.002° C.
b Coefficient of cubical expansion of all four Cs arom atics taken  as 0.0010

(10).

D IL U T IO N  R A T IO  VALUES

Solvent properties, such as kauri-butanol solvency, aniline 
point, and other dilution ratio values, have been character
ized (5) as estimates of affinity or relative structural similarity 
between solute and solvent, and may thus be regarded as 
measuring the ability of a solvent to dissolve a certain solute, 
or an intrarelated class of solutes. That such values do not 
necessarily predict viscosity effects has been demonstrated 
in the case of certain isomeric paraffins (5); this behavior is 
strikingly evident among the C3 aromatics.

Thus o-xylene suggests itself as a doubly desirable solvent. 
Not only may it answer a demand for critically high solvency, 
but it appears able to serve with representative solutes where 
a higher viscosity is needed at a stipulated solids content, 
or a lower solids content is desirable at a fixed viscosity—e. g., 
in the mechanical application of adhesives or saturants.

Ethylbenzene, which may or may not eventually become 
available at a price competitive with commercial xylenes, 
appears to offer little advantage as a solvent over a meta-para 
mixture, the bulk component of present-day narrow-cut 
fractions.

Figure 1 illustrates a median solvency trend and an over
all viscosity average for representative series of solutions. 
Divergencies are regarded as effects of structural relations 
since past experience (1, 2, 6-9) has shown that the experi
mental errors involved in running dilution ratios and deter
mining viscosities (under carefully controlled conditions) 
are of the order of 1-3 per cent. In the present instance 
weighings and volume readings were made to 0 .1  per cent, 
and all operations were carried out in a constant temperature 
room at 25° ±  0.2° C.

T a b l e  III. S o l u t io n  V i s c o s i t i e s  a t  25° C.
G ardner-H o ld t/C en tipo ise3a

50%  w t. cu t of Beckosol No. 3 
solids &

50%  w t. cu t of 25-gal. tung  
oil-B eckacite  N o. 3000 v a r
nish solids

20%  w t. soln. of 125-centipoise 
P arlon  (chlorinated  rubber)

100 > 
pak

g ram s/lite r soln. of m illed _R_ 
»le crepe ru b b er 470

o-Xylene nt-X ylene ;>-Xylene
E th y l

benzene
V +  ■/» V +  >/. V -  V t V -  ■/«

907 945 840 840

M I H /I I -  >/i
320 225 210 218

1 /3 F  -  ■/. G H -  V t
237 136 165 191

R O +  ■/> O P
470 382 370 400

a Solutions m ade a t  25° C ., b y  tum bling  a t  15 r. p. m .; corked bo ttles  
back-ta red .

b Phenol-m odified a lkyd  resin.
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o-Xylene m -X ylene. p-X ylene
E th y l

benzene

106.8 102.8 9 7 .3 9 8 .6
9 7 .7 9 4 .0 89 .2 9 0 .3
8 5 .5 8 0 .8 7 6 .4 7 7 .8

101.9 98.4 9 3 .2 94 .5
8 .4 10.0 10.6 10.0

12.38 12.40 11.72 11.70
4 4 .0 37 .5 36 .7 4 2 .2

T a b l e  I I .  S o l v e n c y  P r o p e r t ie s

K auri-bu tano l value, cc.
K auri-bu tano l so lvent pow er“
S olvent pow er by  w t.°
K auri-bu tano l solvency b 
M ixed aniline po in t, 0 C .c 
Po lybu tene  n-decanol value, 

ml.«*
M aleic resin  solvency, ml. •

a Benzene «=> 100; « -hep tane  =» 25.4 (1, 2).
b Toluene ■» 100; p rim ary  reference m ineral sp irits =  40 (5).
< C ritica l so lu tion  tem pera tu re  of 10 ml. anhydrous aniline, 5 ml. of Cs 

a rom atic , and  5 ml. of a  60° C. aniline po in t n ap h th a  of 43 ° /4 4 °  A .P .I.
g rav ity— i. e., a  n a p h th a  which gives a  10.0° C. mixed aniline p o in t w ith  pure  
toluene (7, 11).

J Tolerance, to  cloud po in t a t  25° C ., of a  so lution of 2.0 gram s of 5500 
m olecular w eight polybutene in 10 ml. of Cs arom atic  (8).

* M l. of 60° C. aniline  p o in t n ap h th a  to lerated  a t  25° C. by  a  so lution of 
10.0 gram s A m berol 801 in  40 gram s Cs arom atic  (7).

The data in Table II  show that o-xylene has a 4-20 per 
cent superiority over the meta and para isomers in ability 
to dissolve one natural resin and one synthetic resin. Table 
III indicates, however, that solutions made with the higher- 
solvency o-xylene are, with one exception, 8  to 75 per cent 
more viscous than the corresponding meta and para solutious.
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Silica Sol as Auxiliary Coagulant 
with Copperas

GRAPHICAL DETERMINATION OF OPTIMUM PROPORTIONS 
OF DUAL COAGULANTS IN WATER TREATMENT

A . A. H IR SC II
State Department of Education, Baton Rouge, La.

B AYLIS discovered the importance of colloidal silica 
in turbidity removal by coagulants (1-4, 6); and tech
niques were developed by Baylis (1, 5) and by Graf and 

Schworm (8, 11) for the preparation and application of ac
tivated silica solutions as an adjunct to alum and some of the 
other coagulants. Following their work, a number of in
vestigators have reported successful experiences in the use of 
silica sol with chemical treatments, usually with alum. Only 
one investigation (10) failed to note generally beneficial 
effects. Activated silica lias also given favorable results in 
the chemical treatment of sewage (7, 9). Nevertheless when 
first announced, universal benefits were disclaimed for this 
reagent, and its limitations in practical use have been indi
cated. Applicability of activated sodium silicate to the treat
ment of a given water is a matter of individuality as regards 
character of water, process, and plant.

This paper relates some laboratory studies with activated 
silica sol on the Lower Mississippi River water, at the Carroll
ton plant of the New Orleans Sewerage and Water Board, to 
determine its advantages as an auxiliary coagulant in treat
ing a slightly alkaline, fairly hard, colorless, moderately tur
bid, but readily flocculated raw water. Plant treatment con
sists in preliminary grit removal, lime softening to bicarbon
ate neutralization, intervening primary sedimentation, co
agulation by copperas, and final sedimentation. Using the 
pair copperas-activated silica sol, it is evident that a given 
clarity in the settled water might be attained with an infinite 
number of combinations simply by varying the amounts 
and ratios of the chemicals. The problem therefore resolved 
itself into the selection of the most economical proportions 
of coagulants based on cost. A direct graphical method was 
employed that involved a minimum of calculation and gave 
immediately a program for the optimum coagulant adjust
ment to yield any desired turbidity level in the settled water.

E X P E R IM E N T A L  C O N D IT IO N S

During the period of these experiments the raw water char
acteristics and plant feed data were as follows:

Color, p. p. m. 10 C a, p. p. m. 40 .3
T u rb id ity , p . p. m. Si02 62 M g, p. p. m. 11.0
F ree  COj, p. p. m. 0 N a (calcd.), p. p. m. 22 .3
A lkalin ity , p . p. m. CaCOa 106 SiOa (gravim etric), p. p. m. 5 .4  
p H  8 .2  SO<, p. p. m. 42 .3
In c ru s tan ts , p. p . m. CaCOa 41 Cl, p. p. m. 32
T o ta l hardness, p . p . m. CaCOa 147 P la n t dosage, g ra ins/ga l.
T o ta l hardness (calcd.) 145 Lim e 4 .3
T o ta l dissolved solids (105° C opperas 0 .34

C .), p . p . m. 249 T em pera tu re , ° F . 49

The stirring machine used for this work was shop-made with 
a belt-driven arrangement for treating twelve 1-gallon samples 
simultaneously. The stirring arm was a !/i6-inch brass rod with

the bottom carefully bent a t the experimentally determined best 
angle—namely, 42°; over this deflection was slipped sufficient 
rubber tubing to reach almost to the side of the vessel. After a 
flash mix and about 10 minutes of stirring a t 175 r. p. m., the 
next chemical was added without removing the sample from the 
machine; the same rate continued for 10 minutes more. The 
speed was then lowered progressively to about 10 r. p. m., allow
ing 0.6-2 hour total slow speed stirring according to the needs of 
each particular series for good flocculation. Quiescent settling 
ranged from 16 to 24 hours before pipetting off a 400-ml. portion 
of tne supernatant for reading on a Hellige turbidimeter. Identi
cal procedure was followed throughout a given run.

Silica sol was prepared from 41.1 ° B6. sodium silicate (contain
ing 8.85 per cent Na20  and 28.7 per cent Si02; ratio of Na20  
to Si02, 1 to 3.22) after dilution to 1.5 per cent Si02, almost com
plete neutralization down to 1200 p. p. m. calcium carbonate al
kalinity using 12.6 per cent of the sodium silicate weight of 66° 
BA sulfuric acid, 2-hour aging, and final dilution to 0.56 per cent 
Si02 (or 1.95 per cent sodium silicate content). This same batch 
of Baylis sol was used throughout all experiments; its age at 
the time of dosing varied from 6 to 12 days. By applying co
agulant do'ses in geometric series, a wide range of experimental 
results was obtained.

R E S U L T S  O F  JA R  T E S T S

R a w  W a t e r  w i t h  S i l i c a  S o l . Silica sol alone does not co
agulate turbid natural waters (1). Silica sol failed utterly to 
flocculate 60 p. p. m. turbidity in raw Mississippi River water

F igure  1. Effect o f O rder o f A ddition  o f S ilica Sol and  
4 G ra ins per G allon of Q uicklim e S lurry  on F in a l T u r

b id ity  o f M ississippi R iver W ater
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turbidity. Reference to the dashed lines will 
be made later.

Addition of activated silicate to a given 
copperas dose, except for the uncertain dip 
zone with low dosages of both materials, will 
improve final clarities down to a residual 
value where the curves flatten out parallel to 
the silicate axis. A limit in benefits possible 
from silicate is thus indicated. Increase in 
copperas lowers final turbidities, without ex
ception. Iron alone can produce fairly low 
turbidities, particularly if the dosage is high 
enough; silicate alone is valueless. However, 
their combination is most effective, as the de
cided vertex in the curves shows. Floe break 
with sufficient iron present was aided by a very 
small silica addition.

L i m e - S o f t e n e d  W a t e r  w i t h  S i l i c a  S o l  
a n d  C o p p e r a s . This combination is of par
ticular interest, as the silicate meshes into 
the lime-iron process used locally. Starting 
with lime-softened primary settled water from 
the plant, various combined doses of silica sol 
and copperas were added to explore their 
composite flocculating value. Results of the 
trial coagulations (Figure 3) show maximum 
curvature in the turbidity lines somewhat 
near the silicate axis. The curves run out at 
lower silicate than iron doses, an indi
cation of the superiority of silicate if 
either is to be used alone. Curves for

and even, with ascending dosage, caused a 
small increase in final turbidity of the settled 
water by its action as a dispersion agent.

L i m e d  W a t e r  w i t h  S i l i c a  S o l .  Acti
vated silica effectively coagulates Lower 
Mississippi River water that has first been 
lime-softened to balance bicarbonates. Floe 
growth was faster when silicate followed 
liming, but final clarity of the supernatant 
was improved if the lime was added last. 
Comparative results as affected by the order 
of chemical addition are shown in Figure 1. 
In subsequent experiments silica sol was 
added in advance of the main coagulant. 
As noted by previous observers, silica sol in 
practical amounts did not affect the pH of 
the water.

R a w  W a t e r  w r r a  S il ic a  S o l  a n d

C hrrssuE  This combination is of interest 
for eeaguSatir.i turbidity without the ad
vantage • : 'ir.ue so freeing. Silicate materially 
eahanees the action of copperas as Figure 2 
shews. The swv coagulant doses are plotted, 
skyr.c tee cvvcdinate axes with' final tur
bidities savotbed ta parametrically. The 
figures ursi'CrMred are the experimentally 
observed turbidity readings used to inter
polate the <v rtc .-s.. Its. this way the 
plot shews all e:cveiaatiers c: coagulants 
possible to prod»* a desired settled water

S O D I U M  S I L I C A T E  B P .M .

Fisrure a . C o p peras—S ilic a  So l C o a g u la tio n  o f  L im e d . S e ttle d  XV a te r
I ' i a o l  q t t k i l i m e  «ktw , 4sS^ g ra in s  p e r  s a l lo n .  F ig u re s  u n d e r i in e J  g ive IS -h o u r

ix -t ti« !  lu rb id iti-ra .

V.V.M.SODIU

F ig u r e 2. C opperas—S ilica Sol C o ag u la tio n  
o f  Ha>v Mi«»5»lssippi Hivcr W a te r 

ftgU rftt ttttdrrlitKHl f t p r w f i i t  20-hour u rt t ln l 
turbid l lim*
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E C O N O M IC S O F  S IL IC A T E -C O P P E R  AS PA IR

system. In Figure 5 the price in dollars 
per ton of coagulant X  is laid off along 
the coagulant Y  in any arbitrary units. 
Inversely, the cost per ton of coagulant Y  
is marked off along the coagulant X  axis in 
the same units, after this figure is adjusted 
for the difference in p. p. m. scale factors, 
as indicated in the diagram. Along the “equal 
cost slope” connecting these two points the 
total coagulant cost is a constant. By draw
ing lines parallel to the equal cost slope, 
tangent to all of the residual turbidity 
curves, the locus of the most economical 
coagulant adjustment is obtained through 
the points of tangency. Any other equal 
cost slope would cut a given turbidity curve 
as a secant and, from the direction of 
curvature, involve a higher cost. Locating 
an economy line by this method obviates 
the necessity for replotting the data directly 
on a cost basis. Correctness in establishing 
the slope of a constant cost line may be 
checked by multiplying its intercept dosage 
on any axis by the corresponding cost for 
the same coagulant; the products so found 
should be equal along either axis.

S O D I U M  5 / i - I C A T E .  P P M
F ig u re  4. F iltr a te  T u rb id itie s  (th ro u g h  W h a tm a n  N o . 4 1  P ap er) 

F o llo w in g  th e  C o p p e ra s -S ilic a  S o l C o a g u la tio n s  in  F ig u re  3
F igure«  u n d e r l in e d  « re  tu rb id im e te r  read in g « .

very clear water are asymptotic to the iron axis and dem
onstrate the inapplicability of copperas alone in this region. 
From the pronounced convex inward type of curvature, it is 
apparent that mixed coagulation surpasses a single coagulant 
in flocculating value and enables lower residual turbidities.

Floe containing silicate was larger, especially when first 
formed, than when it contained copperas alone; mechanical 
envelopment of soil particles was thus promoted. But on 
aging, the silicated floe shrank to a smaller volume and 
showed greater resistance to breaking on agitation. Tough 
compact floe is not only ideal for filtering, but may also retard 
scouring of reservoirs and lengthen cycles between cleaning. 
Iron up to 4 p. p. m. also aided bottom floe consolidation at 
a given silicate level. With either iron or silicate alone as 
coagulants, the silicate showed the greater degree of final 
floe compaction.

Supernatant samples were also filtered through Whatman 
No. 41 paper in a 4-inch funnel and filtrate turbidities were 
determined. Results are plotted in Figure 4. Again the 
vertex in the turbidity lines is very distinct, an indication of 
the advantages of bicoagulants. As before, some curves 
which follow along the copperas axis bend downward and 
outward at the silicate axis; therefore, if a single coagulant 
is to be selected, activated silica sol is superior to copperas on 
a paper filter performance basis. The reversed curvature, 
near the silicate axis, is probably due to experimental uncer
tainties in measuring very low turbidities.

Equal cost slopes and the loci of most 
economic pairing are indicated in Figures 
2, 3, and 4 by the dashed lines. For pur
poses of calculation, prices per ton f. o. b. 
plant are taken as follows: sodium silicate 
S20, 6 6 ° B6 . sulfuric acid $15, and copperas 
S15. The cost of sulfuric acid for partially 
neutralizing the silicate amounts to $1.89 
per ton of sodium silicate, or slightly less 

than 1 0  per cent of the sodium silicate cost.
For silicate-copperas clarification of raw river water (Figure 

2 ) greatest economy is gained, particularly for the clearer 
settled samples, when the sodium silicate dose is roughly 
three fourths of the copperas dose.

LO CA TION  O F  O PT IM A

Obviously, the higher the cost of a coagulant per ton, the 
greater will be the relative amount of its associate in the dual

F i g u r e  5 .

C O A G U L A N T  X RRM.

M e th o d  o f  E s ta b lis h in g  M in im u m  C o st in  
a  B ic o a g u la n t S y ste m
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When coagulating lime-softened water (Figure 3) the 
economy line indicates the value of using approximately as 
much silicate as copperas beyond a very small iron lead un
til a dosage of 3 p. p. m. copperas is reached; treatment for 
lower turbidities can be more economically selected by in
creasing only the silica sol and still retaining slightly over
3 p. p. m. copperas as a constant feed. The high indicated 
relative amount of silica here reverses the roles of main and 
auxiliary coagulants and gives more value to activated so
dium silicate than do previous studies. The economy of 
high silica proportions can be appreciated from its power to 
produce very clear water. However, if high settled-water 
turbidities are tolerable, the limiting condition points to the 
economy of copperas alone.

For inferior filtrate quality (Figure 4) copperas unaided is 
the economical choice up to 2  p. p. m., but for improved clarity 
activated sodium silicate is best added in the proportion of 
2  p. p. m. for every 1 p. p. m. copperas above a 2  p. p. m. cop
peras level. Figure 4 indicates that economical silicate dos
age approximately equals the copperas dose at and above the
4 p. p. m. level. From these observations it is evident that 
considerably more emphasis is due to activated silica sol in 
its joint performance with copperas than has been accorded 
heretofore.

A PPL IC A T IO N  T O  P L A N T  P R A C T IC E

Although these curves definitely demonstrate the economy 
of sodium silicate in conjunction with lime softening and 
final coagulation with copperas, application of the Baylis sol

to plant operation has been restricted at Carrollton to use as 
a palliative during periods of basin outage or obscure inter
vals of poorly coagulable turbidity, particularly in cold 
weather. When it has been employed, the progress of en
hanced floe formation produced by preceding 0.3 grain per 
gallon of copperas with 0 .1  grain per gallon of silica could be 
followed as a front advancing through the course of an around- 
the-end mixing basin. However, at the Algiers plant (capac
ity of 6  million gallons per day with limited mixing and set
tling facilities), serving a municipal division on the west bank 
of the river, adoption of silica sol as routine in connection 
with the lime-iron process has resulted in improved perform
ance.
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FUNGAL AMYLASES AS SACCHARIFYING AGENTS IN THE

Alcoholic Ferm entation of Corn

I N TWO previous papers (S, 6) data were presented on 
the use of mold amylase preparations in the saecharifi- 
cation of com mash for alcoholic fermentation. The 

molds were cultured on wheat bran in rotating drums. In 
a general review of the use of microbial amylases in the al
coholic fermentation, one of the authors (5) discussed briefly 
the relative merits of these materials and malt.

The present paper describes a new and more efficient 
laboratory method for growing the molds and compares the 
efficiencies of the mold-bran preparations from twenty- 
seven strains of molds, representing four genera, as sacchari
fying agents in the alcoholic fermentation of corn.

FE R M E N T A T IO N  P R O C E D U R E S

From the results of preliminary investigations, the follow
ing standard procedures were adopted. The stock cultures 
of the molds were kept on wort-agar slants. For cultivating 
the molds in flasks, transfers were made from well sporulated 
cultures to wheat bran mashes. The latter were prepared by 
mixing equal weights of wheat bran and 0.3 N  hydrochloric 
acid in Erlenmeyer flasks and sterilizing for 30 minutes at 
15 pounds per square inch (1 kg. per sq. cm.) steam pressure. 
The bran mashes were heavily inoculated from well sporu
lated stock cultures and the flasks, lying on their sides, were

L U  C H EN G  H AO , E L L IS  I . F U L M E R , 
AND L. A . U N D E R K O F L E R
Iowa State College, Ames, Iowa

incubated at 30° C. For most of the work here reported, 
500-ml. Erlenmeyer flasks containing 25 grams of bran were 
employed, but it was found later that more rapid growth 
and sporulation are secured if 1 0  grams of bran are used in 
250-ml. flasks. After abundant sporulation had taken place, 
the cultures were used as inoculum for larger batches of bran 
mash. The well sporulated mold cultures on the bran may 
be allowed to dry undisturbed in the flasks and kept at in
cubator or room temperature for many months without loss 
of potency as inoculum.

The mold amylase preparations were produced by growing 
the molds on the wheat bran mash in special 3-quart alumi
num pots equipped for aeration. The apparatus is simply con
structed (Figure 1); it is a modification of that employed by 
Beresford and Christensen (£), and has several advantages 
over the drum method previously employed in these labora
tories (S, 6). I t  takes less space and requires no special 
mechanical devices. There is no disturbance of the mold 
mycelium during growth and more uniform aeration is ob
tained. The growth of the molds is more rapid, and the pot
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preparations lead to more 
consistent and higher yields 
of ethanol.

The method of culturing 
the' molds in the pots is as 
follows: The bran mash is
prepared by moistening 750 
grams of wheat bran with an 
equal weight of 0.3 N  hydro
chloric acid. The wet bran is 
packed into the pot and 
sterilized in the autoclave 
at 15 pounds per square inch 
steam pressure for 30 minutes.
The cooled mash is mixed 
with 5 to 10 grams of well 
sporulated mold culture grown 
in flasks on wheat bran mash, 
and the inoculated material is 
packed firmly into the pot.
The pot is placed on a layer 
of cotton batting and the 
material incubated at 30° C. 
until the temperature rises to 
37-40° C. This temperature 
is reached in about 8  hours 
and indicates rapid growth 
of the mold. The mass is 
then aerated by passing air 
through the pot at a pres
sure of 0.3 to 3 inches of 
water, the flow of air being 
so regulated as to maintain 
a temperature below 45° C. After aeration for 1 2  to 24 
hours the contents are removed, spread on paper, and 
dried at room temperature. The dried material is ground 
in a Wiley mill and is used as the saccharifying agent in 
the fermentation tests. Such material is designated “ mold- 
bran”.

Yields of ethanol from fermentations of 20 per cent corn 
mash, saccharified with the various mold-bran preparations, 
were employed as the index of their amylolytic effectiveness. 
The authors believe (6) that the final yields of ethanol furnish 
the only reliable means for comparing the usefulness of the 
saccharifying agents; Lintner numbers are wholly unreliable 
in such comparisons. The data represent the averages of 
duplicate fermentations, and all were confirmed by repeated 
experiments.

The corn meal used in these investigations was prepared 
by grinding whole yellow corn, obtained in several lots at 
different times; moisture and starch analyses were carried 
out on each lot. The starch analyses were made by the 
official A. O. A. C. diastase method with subsequent acid 
hydrolysis (I); the reducing sugars formed were determined 
by the modified Shaffer-Somogyi method developed in these 
laboratories (7). The average moisture content ranged 
from 11 to 14 per cent, and the starch content from 56 to 
60 per cent. The wheat bran was purchased from a local 
grain elevator. Blue Ribbon malt extract (Premier-Pabst 
Corporation) was employed in the preparation of the wort 
for yeast culture.

The method employed in the comparison of the different 
mold-bran preparations follows: 60.0 grams of corn meal are 
mixed with 300 ml. of 0.04 N  hydrochloric acid in a 500-ml. 
Erlenmeyer flask, and the starch is gelatinized by heating the 
mash on a hot plate or over a small flame with occasional 
stirring to produce a uniform paste. The mash is then 
cooked in the autoclave at 20 pounds per square inch (1.4 
kg. per sq. cm.) steam pressure for 30 minutes. Upon re

moval from the autoclave the 
pPI is adjusted to 4.5-5.0 
using sodium hydroxide, so
dium carbonate, or calcium 
carbonate; for most of the 
work here reported sodium hy
droxide was employed. The 
mash (at 30° C.) is transferred 
to a Whiz mixer or similar 
equipment, and the mold-bran 
added in the form of a slurry 
in water. The mixture is agi
tated for one minute, returned 
to the flask, and allowed to 
stand in the incubator at 
30° C. for about an hour. 
The mash is then inoculated 
by adding 20 ml. of a 24-hour 
yeast culture (Saccharomyces 
cerevisiae No. 43) grown on a 
1 0  per cent malt extract me
dium. After fermentation for 
3 or 4 days, the fermented 
medium is transferred to a 
Kjeldahl flask, and about 0.5 
gram of solid sodium carbonate 
or a little solid calcium carbon
ate is added to neutralize 
the acids. The mixture is 
then distilled, and exactly 
1 0 0  ml. of the distillate are 
collected in a volumetric flask. 
The specific gravity of the 

distillate (25°/25° C.) is determined by means of a 
Chainomatic Westphal balance, and the alcohol content 
read from an appropriate table.

Corrections were made for the ethanol from the inoculum 
and from the mold-bran. That is, the activities of the 
various mold-bran preparations were compared on the basis 
of the alcohol yields from the starch of the corn alone. The 
theoretical yield of ethanol was calculated from the well 
known equations for the conversion of starch to sugar and the 
latter to ethanol by alcoholic fermentation.

In a typical experiment the fermentation mash con
tained 60.0 grams of corn with a starch content of 57.9 and 
a moisture content of 12.5 per cent, 3.6 grams of mold-bran, 
and 20 ml. of yeast culture as inoculum. After fermentation 
for 3 days the entire fermented mash (365 ml.) was subjected 
to distillation and the first 1 0 0  ml. of distillate collected. 
The specific gravity (25°/25°) of the distillate was 0.9686, 
corresponding to 19.77 grams of ethanol produced from the 
corn, mold-bran, and inoculum, which represents 5.41 grams 
of ethanol per 100 ml. of final beer or 6.87 per cent by volume. 
The ethanol derived from inoculum and mold-bran, as deter
mined from control fermentations containing malt extract 
and mold-bran, was as follows: 0 .6 8  gram from the 2 0  ml. of 
inoculum and 3.6 X 0.045 =  0.16 gram from the mold-bran, 
or a total of 0.84 gram of ethanol. Therefore, the quantity 
of ethanol from the starch of the corn alone was 19.77 — 
0.84 = 18.93 grams of ethanol. From the equation for the 
alcoholic fermentation,

C8H10O, +  H20  — >■ 2COj +  2CjH6OH

it is evident that the complete fermentation of 162 grams of 
starch yields 92 grams of ethanol; i. e., 1 gram of starch 
yields 0.568 gram of ethanol. In the 60.0 grams of corn 
there were 60.0 X 0.579 =  34.74 grams of starch which would 
give a theoretical yield of 34.74 X 0.568 = 19.72 grams of

M o ld -b ra n  p rep a ra tio n s o f  tw en ty -sev en  
s tr a in s  o f  m o ld s , r ep resen tin g  fo u r  gen era , 
h ave b een  te s te d  as sa cch a r ify in g  a g en ts  
for  th e  a lc o h o lic  fe r m e n ta tio n  o f  corn. 
T h e  m o ld s  w ere  grow n o n  w h e a t b ran  in  
sp ec ia l a lu m in u m  p o ts  eq u ip p ed  for aera
t io n . T h e  g ro w th  o f  th e  m o ld s  in  th e  p o ts  
w as m o re  rap id  a n d  u n ifo r m  th a n  in  th e  
r o ta t in g  d ru m s p rev iou sly  em p lo y ed , and  
th e  sa cch a r ify in g  a c tiv it ie s  o f  th e  p ro d u cts  
w ere greater . S a cch a r ifica tio n  a t  30° C. 
w as as sa tis fa c to r y  as a t  h ig h e r  te m p e r a 
tu res; in  fa c t , w ith  so m e  m o ld s  h ig h er  a l
co h o l y ie ld s  w ere  c o n s is te n t ly  o b ta in e d  a t  
th e  low er te m p era tu re . S tra in s  o f  A s p e r 
g i l l u s  o r y z a e ,  R h i z o p u s  d e l e m a r ,  a n d  R l i i z o -  
p u s  o r y z a e  gave th e  b e s t  y ie ld s . H ow ever, 
A .  o r y z a e  w as preferred  for  i t  sh o w ed  th e  
m o s t  c o n s is te n t  re su lts  a n d  w as th e  e a s ie s t  
to  h a n d le . U n d er  o p t im u m  c o n d itio n s  th e  
a lc o h o l y ie ld s  o b ta in e d  b y  u s in g  cer ta in  
str a in s  o f  A .  o r y z a e  w ere a b o u t  95 per c e n t  
o f  th eo ry .
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F ig u r e  1 .  A p p a r a tu s  fo r G ro w in g  M o ld

ethanol. The yield from the above fermentation was, there
fore, 100 X (1S.93/19.72) = 96.0 per cent of theory.

I t is evident from the above example that the activities of 
the various mold-bran preparations were compared on the 
basis of the alcohol yields from the starch of the corn alone, 
in terms of the percentage of theoretical yield of alcohol ob
tained. However, in order to make possible a more ready 
comparison of the results obtained in this study with in
dustrial plant practice, the data of the above typical experi
ment may be used to calculate the results as commonly done 
in the distilling industry. Since 18.93 grams of ethanol 
were obtained from 60.0 grams of corn, this would represent 
18.93 pounds of ethanol from 60.0 pounds of corn or 56 X 
(1S.93/60.0) = 17.67 pounds of ethanol or 5.34 proof gallons 
of alcohol per bushel of corn as used. Since the corn as used 
contained 12.5 per cent moisture, 60.0 pounds would be 
equivalent to 60.0 X 0.S75 =  52.5 pounds of moisture-free 
corn. The yield on the dry basis, therefore, was 100 X 
(1S.93/52.5) = 36.06 pounds of ethanol or 10.9 proof gallons 
of alcohol per 100 pounds of dry corn, or was 36.06 X (56/ 
100) =  20.19 pounds of ethanol or 6.10 proof gallons of al
cohol per 56 pounds of dry corn. '

The standard procedures were based upon many prelimi
nary experiments. For example, Table I gives data on the 
effect of saccharification temperature and time upon al
cohol yields. It is evident that the alcohol yields are just as 
good, or better, when the conversion takes place at 30° C.

T a b l e  I. E f f e c t  o f  S a c c h a r if ic a t io n  T e m p e r a t u r e  a n d  
T im e  o x  A l c o h o l  Y i e l d s  f r o m  C o r n  M a s h  S a c c h a r i f i e d  b y  

S e v e r a l  M o l d - B r a n  P r e p a r a t io n s

Tem p., Tim e,

M old- 
B ran, 
%  of

Alcohol 
Y ield, 
%  of

P repara tion ° C. H ours Corn T heory

Aspergillus oryzae 2 30 1 4 88 .6
30 1 6 9 1 .5
30 1 8 91 .3
55 1 4 8 7 .0
55 1 6 88 .4
55 1 8 8 9 .5
55 2 4 86.1
55 2 6 SS.O
55 2 8 8 9 .5

A spergillus oryzae 38 30 1 6 9 4 .5
30 1 8 9 4 .8
55 3 G 9 3 .5
55 3 8 93 .7

R hizopus oryzae 15 30 1 6 9 2 .0
30 1 8 9 3 .5
55 3 G 9 3 .0
55 3 S 9 4 .0

R hizopus delem ar 34 30 1 6 9 2 .5
55 3 6 9 1 .0

for 1 hour as at 55° for 1, 2, or 3 hours. 
In commercial practice it may be advan
tageous to add the mold-bran at 55° C. 
to lower the mash viscosity and then 
pump immediately through the mash 
coolers into the fermenters.

Table II shows the effect upon alcohol 
yields of cooking the corn mash with 
various concentrations of hydrochloric acid 
for 30 minutes at 20 pounds per square 
inch steam pressure. There is a definite 
optimum at 0.04 N  acid. There was a 
distinct difference in the consistency of 
the mash cooked with 0 .0 2  N  and with 
0.04 N  acid; the former was quite thick, 
the latter was very thin. The mashes 
cooked with concentrations of acid higher 
than 0.04 N  were brown in color, and the 
extent of caramelization increased with 
increasing acid concentration. The de
crease in viscosity of the mash markedly 
increases the ease of handling and simpli
fies the procedure of saccharification. The 
mash can also be thinned by the prelimi • 
nary addition of mold-bran or of malt, 
but the use of acid gave much more uni
form results.

A M Y L A SE PR E P A R A T IO N S  FR O M  
D IF F E R E N T  M O L D S

Twenty-seven representative strains of 
molds were chosen for detailed studies; 
four genera were included, Aspergillus, 
Mucor, Pénicillium, and Rhizopus. The 
strains are listed in Table III. With the 
exception of two unidentified black molds 
(probably species of Rhizopus) which were 
isolated in these laboratories, all cultures 
were obtained from carefully kept collec
tions and are designated by the names 
under which they were received.

Data on the alcohol yields from corn mash 
saccharified with representative mold-bran preparations are 
given in Table IV. All the strains of Aspergillus were very 
active; cultures of Aspergillus oryzae Nos. 2,38, and 40 were es-
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pecially potent. Mucor rouxii and Mucor drdnelloides 
proved to be as effective as the Aspergilli; M. javanicus 
was inferior to the other preparations. The two species of 
Penidllium were inferior to the Aspergilli, the P. chryso- 
genum being particularly poor. With the exception of one 
strain of R. oryzae, all of the strains of Rhizopus gave very 
active mold-bran preparations.

T a b l e  II. E f f e c t  o f  H y d r o c h l o r ic  A c id  C o n c e n t r a t io n  
U s e d  i n  C o o k in g  C o r n  M a s h  o n  A l c o h o l  Y i e l d s

(Cooked for 30 m inutes a t  20 pounds per square  inch steam  pressure; 8 
per cen t m old-bran prepared  from  Rhizopus delemar No. 12)

N orm ality Alcohol Yield,
of HC1 %  of T heory
0.005 86 .5
0.01 86 .7
0 .0 2 8 7 .5
0 .0 4 93 .5
0 .0 8 90 .0
0 .16 88 .8
0 .3 2 85 .8

E f f e c t  o f  S t o r a g e . Studies were made of the effect of 
several variants in the handling of the mold-bran. Mold- 
bran preparations from Aspergillus oryzae No. 38, added to 

/  the mash in the form of wet lumps, dry lumps, dry powder, 
and wet powder, showed no significant differences in alcohol 
yields. The effect of storage upon the activity of the dry 
powdered preparations is shown in Table V. I t is evident 
that there is no significant deterioration during storage. In 
order to avoid deterioration, however, it is advisable that

T a b l e  III. M o l d s  T e s t e d  f o r  A m y l a s e  P r o d u c t io n

Lab.
No. Name Source

1 Aspergillus niger Botany Dept., Iowa State

2 Aspergillus oryzae
College 

A. T. C. C.°, No. 4814
3 Aspergillus niger N. R. R. L .\ No. 3
4 Mucor rouxii A. T. C. C., No. 4855
7 Pénicillium chrysogenum Thomc, No. 5034.11
8 Pénicillium purpurogenum Thom, No. 413.2670

11 Rhizopus nigricans A. T. C. C., No. 1210
12 Rhizopus delemar A. T. C. C., No. 4859
13 Rhizopus delemar A. T. C. C., No. 4858
14 Rhizopus oryzae Lockwoodd, No. 649
15 Rhizopus oryzae Lockwood, No. 660
16 Rhizopus oryzae Lockwood, No. 664
17 Rhizopus oryzae Lockwood, No. 704
18 Rhizopus peka I Lockwood, No. 839
19 Rhizopus tritici LockwTood, No. 654
20 Mucor circinelloides Lockwood, No. 840
21 Mucor javanicus Lockwood, No. 718
32 Rhizopus oryzae N. R. R. L., No. 395
33 Rhizopus oryzae N. R. R. L., No. 1034
34 Rhizopus delemar N. R. R. L., No. 1472
35 Rhizopus shanghaiensis N. R. R. L., No. 1518
38 Aspergillus oryzae Rohm and Haas®, No. 38
40 Aspergillus oryzae Rohm and Haas, No. 40
42 Aspergillus oryzae Rohm and Haas, No. 42
67 Aspergillus niger N. R. R. L., No. 67
Ki Unidentified black mold Isolated in lab.
Kt Unidentified black mold Isolated in lab.

a American Type Culture Collection, Georgetown Univ. Medical
School, Washington, D. C.

b Northern Regional Research Laboratory, U. S. Dept. Agr.,
Peoria, IÜ.

c Charles Thom, Bur. of Agr. Chem. and Eng., U. S. Dept. Agr., 
Washington, D. C.

d L. B. Lockwood, Bur. of Agr. Chem. and Eng., U. S. Dept. Agr., 
Washington, D. C.

• Rohm and Haas Co., Bristol, Penna.

T a b l e  IV. A l c o h o l  Y i e l d s  f r o m  C o r n  M a s h  S a c c h a r if ie d  
w i t h  A m y l a s e  P r e p a r a t io n s  f r o m  S t r a i n s  o f  F o u r  G e n e r a

M old-B ran, Alcohol Y ield,
M old and  C u ltu re  No. %  of Corn 

A s p e r g i l l u s

%  of T heory

A. niger 1 4 86 .4
6 9 1 .4
8 91 .3

A. niger 3 6 90 .0
8 91 .6

A. niger 63 6 84.1
8 8 9 .5

A. oryzae 2 4 8 8 .6
6 91 .5
8 93.2

A. oryzae 2 4 90 .5
6 92 .8
8 92 .5

A. oryzae 38 4 93 .2
6 93 .8
8 93 .5

A. oryzae 40 4 92 .5
6 93 .5
8 93 .0

A. oryzae 42 4 89.4
6 91.1
8

M u c o r

91 .6

M . roux ii 4 6 8 7 .5
8 92 .7

M . circinelloides 20 6 9 1 .0
8 92 .8

M . javan icus 21 C 7 2 .8
8

P é n i c i l l i u m

8 2 .8

P . chrysogenum  7 6 64 .7
8 73 .4

P . purpurogenum  8 6 86.1
8

R h i z o p u s

90 .5

R. delem ar 12 6 92 .5
8 93 .9

It. delem ar 13 6 92 .5
8 93 .7

It. delem ar 34 4 9 3 .8
6 9 3 .8
8 93 .4

R . oryzae 14 6 9 0 .5
8 90 .9

R . oryzae 15 6 92 .0
8 93 .5

R . oryzae 16 6 85 .2
8 9 0 .5

R . oryzae 17 6 7 1 .6
8 8 4 .0

R . oryzae 32 4 8 5 .0
6 90 .6
8 9 3 .0

R. oryzae 33 4 92 .8
6 93 .5
8 94 .0

R. n igricans 11 6 8 1 .0
8 89 .5

R . shanghaiensis 35 6 8G.9
8 9 1 .0

R . tr i tic i 19 6 9 0 .8
8 8 9 .6

U nidentified, K i 8 88 .5
Unidentified, Kx 6 90 .3

8 90 .3

the moisture content be not above 12  per cent; in a few 
cases where the moisture content was from 15 to 17 per cent, 
spoilage occurred.

E f f e c t  o f  S e c o n d a r y  A d d i t i o n  o f  M o l d - B r a n . If the 
amylase preparation were added at intervals, in amounts 
which might maintain the concentration of the enzymes at a 
level where possible synthesis of fermentable into non- 
fermentable sugars would not take place, it was thought that 
the alcohol yield would be improved. Data on this secondary 
addition of mold-bran are given in Table VI. Prelimi
nary tests had shown that 2  per cent mold-bran was an ade
quate amount for the secondary addition and that the best 
time for its addition was between the twentieth and 
twenty-fourth hour of fermentation. The data show that 
the secondary addition leads to small but consistent increases 
in alcohol yields. The advantage decreases with increase of 
alcohol yield. I t  is probable that secondary addition is of



018 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. 35, No. 7

T a ni.r, V , K f f k u t  o r  H t o u a o k  o n  A M r u tM f T ic  A c t i v i t y  o f  
MoLD-JSuAN PREPARATION«

Mold »ti<f Oui- Vol Hiin
Tí/no oí Hlornii'u 
Months

Mold- 
i Jmn.
% oí

Alcohol Yield, % of Theory
tili» No. No, Corn 8torcd Fresh

At Htyttin a ir 1 0 92,6 92.8
A i of yaftoil 1 6 a Ö 94.2 94.0
A. urytiftH2 ía 3,6 H 93.3 93.2
At 0!.V8ft« 2 H (1 H 90.0 90.2
A. ory*ft« 2 8 10 H 91.0 90.2
At inyanft 2 a 7.6 8 02.2 90.6
Ai oryaftft 2 1 0 8 90.6 91.0
A» 01 y8ft« 2 1 13 8 91.0 91.0
A. (o viiie 2 
A* oíyift« 38

Dr utn 24 0 91.6 92.0
00 4,6 0 9.3.6 93.8

Ht oiy#ftft tlH aa a 8 93.0 93.5

T ámííH! VI. A l c o h o l  Y i e l d s  f r o m  Co u n  Masii S a c c h a r i f i e d  
WITH AmYLABM PREPARATIONS, W ITH AND WITHOUT SECONDARY 

A d d i t i o n

Mnld fthit (H lliutn 
No,

À. üïy»ft6 38

H» ory#»** 88

I old -limn, %  of Corn Alcohol Y ield,
nddition 2nd »(IdTtíññ %  of T heory

4 0 9 2 .0
2 0 9 2 .5
t) Í) 9 3 .5
4 2 94 .3
8 0 9 4 .8
« 2 9 5 .0

•I 0 9 2 .8
2 2 93 .9
0 5 9 3 .5
4 2 9 4 .2
8 0 93.1
0 2 9 3 .5

little or no vnluo when the alcohol yields, without, secondary 
addition, ere already close to maximum. Tertiary addition 
of mold-bran was iUso tried- i. e., dividing the amount of 
mold-bran into three portions, and adding one portion bofore 
the fermentation starts and the other two portions at 20-24 
hour intervals; a secondary addition of 10  ml. of active 
yeast culture was also made.. Neither of these modifications 
nor a combination of them further improved alcohol yields.

the effect of mixtures of various mold-bran preparations, 
representing different genera, was also studied. None of 
them, with or without secondary addition, gave higher 
akvhcl yields than those obtained by using the corresponding 
amount of the better strain alone.

Rnascr o r M inera l S a lts . It is well known that traces 
of mineral salts stimulate the growth of molds. The salts 
ieeommcrniod by SteinK'ig (I) were added to the acid used 
in preparing the bran mash for the growth of the molds. To 
each liter of the dilute acid were added 0.CKXW25 gram each 
of ferrous sulfate and *m* sulfate. The alcohol yields ob
tained from fermentations of masivos saceharified with these 
preparations are given in Table i 'l l .  The addition of the 
salts increases somewhat the amyiotytie activity of the 
strains of AsjvrgfL'ws c.ryws hut is disadvantageous with the 
voproscntativos of KMro»?«. It is possible, however, that 
the latter might he stimulated hv different concentrations of 
the salts.

Ctem'XStSOS cm Sttuoxs. On the bass of the above data 
and other repeated eapenments, cernir. strains of Asp&pBas 
orpnw proved to he the most sstisfaetvry molds Although 
some of the sswios of S’.fewcpws gave eseeher.t results, the 
cultures of dU ^fw w s are much ossaer to handle. The 
Aspetgmi ptwhroe more abundant ^ptsmJaiaeo, which faeiii- 
tatos growth of the imxmlr.m, n»Ss68 vossiMe a heavier in- 
OCuMion of the mash, and thus mimmises danger of 
^N>tttam«tat.ior,. Morcovor, the myoehum formed by  the 
.Vŝ vgviTi is more dense and makes the mom-braa easier to 
Ivaudhx.

The throe best strains of A$ptrj£h& «rgeae w«a* sekvted, 
and two rmld-brar 'orerarations of each wore compared in

the same fermentation series (Table VIII). The prepara
tions all give yields of about 95 per cent of theory, and the 
results are remarkably uniform. I t is unlikely that much 
better alcohol yields than those shown above may be ex
pected under laboratory conditions since some of the carbo
hydrate must be utilized in building up the protoplasm of 
the yeast, some alcohol is lost by evaporation, and small 
amounts of by-products, such as glycerol, are always produced 
in the normal fermentation.

T a b l e  VII. A l c o h o l  Y i e l d s  f r o m  C o r n  M a s h  S a c c h a r i f i e d
w i t h  A m y l a s e  P r e p a r a t io n s  f r o m M o l d s  G r o w n  o n  B r a n ,

WITH AND WITHOUT M IN ER A L SALTS

M old and C ultu re M old-B ran, Alcohol Yield , %  of T heory
No. %  of Corn W ith  salts W ith o u t sa lts

A. oryzae 2 4 91 .0 9 0 .5
6 9 4 .2 9 2 .8
8 9 5 .5 93 .2

A. oryzae 38 4 94 .0 9 3 .2
6 9 4 .5 93 .8
8 95 .0 9 3 .5

A. oryzae 40 4 92 .5 9 2 .5
6 94 .4 9 3 .5
8 9 2 .0 9 3 .0

I t. deloraar 12 4 9 1 .0
6 9 3 .0 92Í5
8 9 2 .0 9 3 .9

R. dclom ar 13 4 8 8 .4
6 90 .2 92Í5
8 9 0 .6 9 3 .7

It. doloraar 34 4 9 2 .5 93 .8
6 91 .9 93 .8
8 90 .3 93 .4

It. oryzao 32 4 9 0 .4 85 .0
6 90 .2 90 .6
8 9 0 .0 9 3 .0

R . oryaao 33 4 8 9 .3 9 2 .8
6 89 .1 93 .5
8 8 8 .9 9 4 .0

T a b l e  V III. A l c o h o l  Y i e l d s  f r o m  C o r n  M a s h  S a c c h a r i 
f i e d  w i t h  D i f f e r e n t  A m y l a s e  P r e p a r a t io n s  f r o m  S t r a i n s  o f  

Aspergillus oryzae
M old-B ran, Alcohol Y ield,

Culture. No. P o t R un  No. % of Corn %  of T heory

2 15 6 95 .7
8 9 6 .0

2 38 6 94 .3
8 9 5 .0

3S 00 6 95 .5
S 9 6 .0

38 44 6 95 .0
8 9 6 .0

40 IS 6 9 4 .5
S 9 5 .5

40 41 6 9 5 .3
S 9 5 .5
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Nitric Acid Pulping of 
W hole Cotton

PROPERTIES OF CELLULOSES OBTAINED

J . D . F L E M IN G  AND F . K . CAM ERON
U niversity of N orth  Carolina, Chapel Hill, N . C.

I NTEREST in cellulose 
pulps prepared by the 
action of nitric acid on 

v a rio u s  raw  m a te r ia ls  is 
steadily increasing. Macormac 
and Cameron (12) cited data 
on such substances as bagasse 
and cotton stalks; a further 
study of the latter was re
ported by Korzheniovskil and 
Raskina (11) and Shikata and 
A kagi (£8). S im oda and 
Yosino (25) pulped rice straw.
Aronovsky and Lynch (2) 
pulped woods with alcoholic 
nitric acid; Aronovsky and Dryden (1), Reid and Lynch (16), 
and Whittemore, Reid, and Lynch (26) studied pulps from 
woods and cotton linters. Routala and Sev6 n (19) pulped fir. 
Benson and Walton (J)) studied the use of nitric acid for pulping 
Douglas fir; they reported that the acid has been used in Ger
many to produce 40 tons per day of high grade cellulose from 
beechwood, and at least one American producer has used it.

Macormac and Cameron (12) pulped whole cotton with a 
2 .1  per cent aqueous solution of nitric acid, after removing 
oil and wax from the pulverized mass of stems, cusps, and 
seed cotton. A more concentrated solution is desirable. For 
the present study a 5 per cent solution was used. The pro
cedure of Chen and Cameron (6), who investigated the distri
bution of cellulose in the several components of the cotton 
plant, was followed. This paper records some of the proper
ties found for pulps made from whole cotton and from its 
several components. Because there is no lignin in seed cot
ton and not enough in stems and cusps to affect the pulp from 
whole cotton significantly, determinations were not made. 
Nor were the physical properties of the pulps studied quanti
tatively.

M A T E R IA L S  AND P U L P IN G  P R O C E D U R E

The whole cotton was grown in 1940 and has been stored in 
an open shed. This same cotton was used in the studies re
ported by Chen and Cameron (6) and by Powell and Cameron 
(H). I t  was harvested 25 weeks after planting and contained 
some immature seeds, but a fair proportion of the seeds was 
shown to be viable by a planting experiment. Zakoshchikov 
and colleagues (27) reported that the lint of immature plants 
has the same value commercially as that from mature plants.

About 400 pounds, taken at random, were sent to the 
laboratory where the mass was quartered and several 25- 
pound samples were prepared. The content of stems was 
20.5 per cent; of cusps, 19.5 per cent; and.of seed cotton,
60.0 per cent. Seed was delinted with sulfuric acid. All

samples prepared for pulping 
were ground in a hammer mill; 
a 3/32-inch screen was used for 
whole cotton, and a 3/50-inch 
screen to shorten the pulping 
period for stems and cusps.

Before pulping, whole cotton 
was washed with aqueous so
dium sulfide, as suggested by 
Powell and Cameron (lJf) to re
move coloring agents and then 
extracted with a low-boiling 
petroleum ether. The delinted 
seeds were likewise extracted 
with petroleum ether, leaving 

for pulping a residue of hulls and degreased seed meats.
The pulping was carried out in a 5-liter flask. In it were 

placed 250 grams of air-dried sample with 2500 ml. of a 5 
per cent solution of nitric acid. The flask was then placed 
on a steam bath and heated for 4 hours. During the diges
tion, the temperature in the fluid mass was between 80° and 
90° C. The pulp was then washed free of acid and heated on 
the steam bath with 2500 ml. of a 2 per cent solution of sodium 
hydroxide. Filtered on a copper screen, the pulp was washed 
until the washings were neutral to litmus. I t was then 
washed with 500 ml. of a 10 per cent solution of acetic acid. 
Washed free of this acid the pulp was bleached with 2 liters 
of a 0.5 per cent solution of commercial bleaching powder.

The appearance of the pulps was satisfactory. A few 
brown spots or specks were found in a wet pulp from cusps, 
and close inspection showed a few in a pulp from whole cotton. 
Raitt (15) and Heim de Balsac and co-workers (8) noted such 
spots in their work on cotton stalks. In making pulps from 
whole cotton which had been harvested several years before, 
Macormac noted such spots, but they disappeared when the 
pulps were beaten. Many pulps without specks have been 
made from the cotton used here. However, the cotton had 
been in storage 18 months when our pulps were made. I t  is a 
reasonable conclusion that the specks are due to aging of the 
cotton.

The scanty occurrence of the specks and their disappearance 
on beating make it improbable that they can affect any prac
tical use of the pulps. I t  seemed desirable, nevertheless, to 
determine their origin. Raitt suggested that they come from 
the cuticle or outside skin of the stems. We found large 
pieces of stems pulped completely without specks. When 
whole cusps were pulped separately, little nodules near the 
base of some of the cusps were found to have resisted the 
action of the pulping liquid. Some nodules were gathered 
and treated separately and proved to be very resistant. 
Even when broken into small fragments in the grinding of a

W h ole  c o tto n  an d  its  c o m p o n e n ts  h ave  
b een  p u lp ed  sep a ra te ly  w ith  5 per cen t  
n itr ic  ac id  a t  a tm o sp h e r ic  p ressu re . T h ere  
w as n o  u n d u e  d eg ra d a tio n  o f  ce llu lo se . 
E xam in ed  for a lp h a - an d  b e ta -c e llu lo se  
and  p e n to sa n  c o n te n t  an d  for copper n u m 
ber an d  cu p r a m m o n iu m  v isco s ity , th e  
p u lp s com p ared  favorably  w ith  th o se  from  
co m m ercia l w ood s. N o p ra ctica l reason  
appeared  for sep a ra tin g  th e  co m p o n e n ts  
for th e  p ro d u ctio n  o f  p u lp .
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sample for a regular pulping, an occasional fragment may not 
lie completely disintegrated in the pulping and becomes a 
speck in the resulting relatively large mass of cellulose.

I’H O P E H T IE S  O F  T H E  F U L I’S

A l p h a - ,  B e t a -  a n d  G a m m a - C e l l u l o s e . Alpha-ccllulose 
is defined as that part of the total pulp which is not dispersed 
when the pulp is digested in a 17.5 per cent solution of sodium 
hydroxide; beta-ccllulose is defined as the precipitate when an 
excess of acetic acid is added to the dispersion. The unre- 
generated material in the dispersion is estimated by difference 
as gatnma-cellulose. The alpha-cellulose of all these pulps 
compares favorably with those usually reported for commer
cial bleached wood pulps.

This is true for the figures for whole cotton, although the 
latter is not quite so high as might be expected, assuming 
the lint to be practically pure cellulose. In a pulp from an
other sample of this same crop, Chen and Cameron (6) found 
97.34 per cent alpha-cellulose; Macormac and Cameron (12) 
found SO.7 to 94 per cent in five pulps from the crops they 
investigated.

The beta-ccllulose content of the pulps from stems, cusps, 
and seeds arc in accord with the 1.2 and 2.5 per cent for whole 
cotton, as reported by Macormac and Cameron. The figure 
for whole cotton in Table I is comparable with that com
monly reported for commercial pulps but must be regarded as 
high and an indication of degradation in the preparation of 
this particular pulp.

T a b l e  I. C h a r a c t e r is t ic s  o f  C e l l u l o s e  f r o m  W h o l e  
C o t t o n  P c l t e d  w i t h  N i t r i c  A c id

Source 
A tpha-eetlulose, %
Bet a-cellulo?<\ %
Bentos ans, %Copper number 
C ttp ram m onium  viscosity , 

centipoises 
Ash* %

CorrER N u m b e r . The standard method of the Technical 
Association of the Pulp and Paper Industry (22) is the Braidy 
modification (5) of the original Schwalbe method (20) and 
was studied critically by Clibbens and Geake (7). With it, 
we obtained good duplicate determinations. The values ob
tained for stems, cusps, and seeds are somewhat low as com
pared with those for commercial wood pulps, while the value 
for whole cotton is that characteristic of highly purified wood 
cellulose. Two possible explanations of these low copper 
numbers have been published. Korzbeniovskil and Rasldna
(11) suggest that the cellulose fibers are protected from at
tack by nitric acid by a buffer action of impurities in the 
crude plant material. Simoda (24) boiled purified cellulose 
with dilute solutions of nitric acid and found that in solutions 
of 10 per cent or less little oxveellulose was formed. He did 
find some hydroeelhdose, but it had little effect on copper 
number.

P en tosan s . Although considered impurities in a  pulp, 
the presence of pentosans is sometimes desirable or even neces
sary for certain kin ds of paper. They are thought to interfere 
with estérification and must be removed from pulps so des
tined. The method employed for their determination is that 
of the Association of Official Agricultural Chemists (S), based 
On the fact that pentosans yield furfural, whereas cellulose 
yields glucose.

The high value found for the seed is probably due to con
tent of hulls. Ivanova and Kurennova (9) reported 15 per 
cent furfural from huBs and predict much higher results 
from delinted hulls. The low value for whole cotton is due to

Stem s C usps Seeds W hole C o tton
S2.10 S2.15 S3.00 S 4 . l l

1.09 2.S9 3 .24 1 0 .5S
S.7S 9 .3 0 14.61 4 .44
I .  SO 2.07 2 .03 1.17

14.3 17.4 21 .2 7 .4 2
0 .93 0 .23 0 .1S 0 .2 6

the high content of lint, which itself contains less than 1 per 
cent of pentosans. The pentosan content found for whole 
cotton is about that in a bleached coniferous wood pulp; 
that for stems and cusps, for a bleached hard wood or aspen 
pulp (18).

V i s c o s i t y  o f  D i s p e r s i o n s  i n  C u p r a m m o n i u m  S o l u t i o n s . 
Although Rich (17), Richter (18), and others reported results 
by methods requiring less than 30 minutes, the standard 
method of the Technical Association of the Pulp and Paper 
Industry requires 20 hours, special equipment, and rigid 
control. Essentially, the standard method was used to ob
tain the results here recorded, following the specifications of 
Mease (18) and Scott (21), and satisfactory duplicates were 
obtained without difficulty. Korzheniovskil (10) found that 
purified cellulose, after treatment with nitric acid, gave higher 
viscosities when dispersed in cuprammonium solutions. 
Moreover, high temperatures in pulping tend to lower this 
viscosity. The moderate temperature and short pulping 
period when nitric acid is the reagent would be expected to be 
followed by relatively high viscosities.

A s h  a n d  C o l o r . The ash contents of the pulps are as 
low as generally found for commercial wood pulps; but since 
they were due largely to adhering soil, they could have been 
materially lowered by mechanical manipulation in the prepa
ration of the pulps. These pulps were not “purified”. In all 
cases the color was a good clear white, and bleaching was easily 
accomplished.

s u m m a r y

Cotton stalks and cusps are essentially wood and, it is to be 
expected, would react as do woods generally towards pulp
ing agents. The degreased seeds, a mixture of meat residue 
and hulls, might be suspected of showing a different response. 
The present study confirms previous work in this laboratory 
and shows that all the components of the cotton plant, 
treated either separately or as a whole, are pulped readily by a 
5 per cent solution of nitric acid, a t atmospheric pressure and 
a moderate temperature, within a short time interval, and 
without undue degradation of cellulose. I t  is not suggested 
as having general application, since Chen and Cameron (6) 
showed that some woods were pulped with difficulty and with 
a decomposition of nitric acid which implied a considerable 
chemical change in the cellulose content.

The pulp obtained from whole cotton compares favorably 
with the pulps from tree woods, commonly used as raw mate
rials. The composition and properties of the components, 
including seeds {see meats and hulls), have been found to be 
fairly close, and the data obtained suggest that each can be 
retained with advantage in whole cotton which is to be proc
essed for its cellulose content.

It has been found that the dark colored specks occasionally 
observed in pulps made from relatively old cotton plants are 
undigested or partially pulped fragments of a concretion some
times (but not always) to be found a t the base of a cusp. 
They have been observed only as a few widely scattered spots 
in any one pulp.
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THE USEFUL LIFE OF

Pyro-, Meta-, and Tetraphosphates
R A L P H  A. M O R G EN  AND R O B E R T  L. SW O O PE

U niversity of Florida, Gainesville, Fla.

T h e  ra te  o f  h y d r a tio n  o f  m e ta -  a n d  pyro
p h o sp h a te s  in  1 N  a c id  a n d  o f  m e ta p h o s 
p h a te  in  1 iV a lk a lin e  s o lu t io n  is  to o  rap id  
to  p e r m it  th e ir  co m m ercia l u s e  u n d er  th e se  
c o n d it io n s  u n le s s  a n  a lm o s t  in s ta n ta n e o u s  
r e a c tio n  o ccu rs. T h e  p y ro p h o sp h a te  h y 
d ra tes very s lo w ly  in  1 N  a lk a lin e  so lu tio n .  
T h e  “ u se fu l l i f e ”  o f  a ll m a te r ia ls  tr ied  is  a t  
le a s t  24 h o u rs  a t  85° C. in  w aters w h o se  pH  
is  b e tw e e n  7.0 a n d  9.0 . D a ily  d osage  th e r e 
fore  w ill m a in ta in  th e  d esired  co n d itio n s  
w ith o u t  dan ger  o f  lo ss  o f  effectiv en ess  u n d er  
s im ila r  o p era tin g  c o n d it io n s . A t 56° C. 
th e  u s e fu l l ife  o f  a ll m a ter ia ls  tr ied  is  m u c h  
greater. M a in ta in in g  th e  pH  o f  th e  so lu 
t io n s  b e tw e e n  7.0 a n d  9.0 in crea ses  th e  u s e 
fu l l ife  a p p reciab ly . C om m ercia l fu sed  
te tr a p h o sp h a te  d oes n o t  h y d ra te  in  so lu t io n  
in  th e  sa m e  m a n n er  as a  com p a ra b le  p h y s i
ca l m ix tu r e  o f  m e ta -  an d  p y ro p h o sp h a tes .

T HE development and uses of phosphates produced by 
removal of water from within an orthophosphate 
molecule (“molecularly dehydrated phosphates”) have 

been thoroughly discussed in recent articles (8, 8). Work in 
this laboratory on the corrosion-inhibiting properties of 
some of these materials revealed no quantitative data on the 
rate of reversion to the orthophosphate form. Since all of 
the unique properties of the molecularly dehydrated phos
phates are lost when hydration to the orthophosphate form 
occurs, a quantitative determination of the useful life of the 
materials is of value. “Useful life” is defined here as that 
time when 50 per cent by weight of the original P2O5 content

of the molecularly dehydrated material has reverted to the 
orthophosphate form. I t  must be borne in mind that under 
certain conditions these materials perform their “useful” 
function rapidly and remain valuable as complex ions for a 
longer period than indicated. The rate of inversion of the 
complex ions was not studied.

The materials tested were those commercially available 
phosphates that the chemical engineer might use for cor
rosion resistance purposes. No attempt was made to deter
mine the properties of specially purified reagent chemicals. 
I t  is not tbe intention of this paper to enter into a discussion 
of the structure of the materials but to point out that the 
different materials behave differently in aqueous solution 
under conditions which might be met in practice.

There has been some discussion (2) as to whether the 
hexametaphosphate hydrates directly to the orthophosphate 
according to the following equation:

NaPO, +  ILO • NaH2PO< (1)
and whether the pyrophosphate hydrates to the ortho
phosphate:

NaiP207 '} " H20  ■ 2 NaîHPO< (2 )

Work in this laboratory seemed to indicate that the meta
phosphate, at least in part, formed some pyrophosphate as 
an intermediate in the hydration:

2NaPOj +  H20 ■ Na.H2P207 (3)
This subject was also investigated.

There is also uncertainty in the literature (S, 7) regarding 
the physical state of tetraphosphate (NaePiOu). Since 
these materials are glasses, they may all be classed as super
cooled solutions of the system Na2 0 -P 20 s. In this work it 
was desired to determine how the commercial NasP4Ou 
mixture acted, in so far as reversion to the orthophosphate 
form is concerned. The results shed some light on the 
behavior of commercially available materials in this respect. 
Whether Na4P<0u is a solid solution containing tripolyphos
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HYDRATION PERIOD IN HOURS 
F ig u r e  1 .  H y d ro ly sis  o f  C o m m e rc ia l S o d iu m  H e x a -  
m ctu p h o B p h n lc a n d  T c tr a s o d iu m  P y ro p h o sp h a te  to 

O rth o p h o sp h a te  in  1 N  A cid

F ig u r e  2 . H yd ro lysis  o f  C o m m e rc ia l S o d iu m  H e x a m e ta -  
p lio sp lia te  to O rth o p h o sp h a te  in  1  N  A lk a li

phate dissolved in metaphosphate or a glass of the system 
NftjO-Ptbs of composition 3Na20.2P20 5 is immaterial to this 
discussion.

H Y D R A T IO N

M a t e r i a l s .  The sodium hexametaphosphate used w a s  
tho commercial unadjusted glass obtained from Calgon, Inc. 
This sample was found by analysis to consist of 76.2 per cent 
sodium hexametaphosphate (NaPOj) and 23.8 per cent tetra- 
sodium pyrophosphate (N nj\0 ;), based on the P20 6 content. 
This material is referred to throughout as metaphosphate.

The tetrasodium pyrophosphate, anhydrous, c. p . was 
obtained from the J. T. Baker Chemical Company. This 
material is referred to as pyrophosphate.

The sodium tetraphosphate pellets (m*P«Oia) were ob
tained from the Rumford Chemical Works. This material 
is referred to as tetraphosphate. Both the monosodium 
orthophosphate crystals, c. r. (NaH2P0«.H20), and di
sodium orthophosphate crystals, c. p. (Na;IIP0(.12H20), 
were obtained from J. T. Baker Chemical Company.

The disodium pyrophosphate (Na«H2P20 7 ) was the com
mercial U. S. P. pro luct obtained from Monsanto Chemical 
Company.

Procedure. Solutions were held at the desired tempera
ture (=*=0.5° C.) in glass-stoppered Erlenmever flasks in a 
Freas electric oven. Samples were pipetted out at suitable 
intervals and analyzed by one of two methods.

Data for Table I and Figures 1 and 2  were obtained in this 
laboratory (1, 9) by gravimetric precipitation of ortho
phosphate with ammonium molybdate as described by 
Griffin (5).

The other data (Table II) were obtained by the colorimetric 
pH method of Gerber and Miles (4). A 50-cc. aliquot of a 
sample with a known P20 5 content of 0.4 gram per 100 cc. 
was adjusted to pH 4.4, using 1 N  nitric acid and 0.1 N  car
bonate-free standard sodium hydroxide with bromocresol 
green indicator. The meta-, pyro-, and orthophosphates 
are then in the forms NaP03, NaoH-PoO?, and NaH2P 04, 
respectively.

When an excess of silver nitrate is added, the precipitation 
of normal silver phosphates occurs and the H + formed from 
the hydrogen ions of the Na2H2P20? and NaH2P 0 4 is titrated 
with standard sodium hydroxide, using methyl red indicator. 
Each mole of pyro- or orthophosphate requires 2 moles of 
sodium hydroxide.

Ten grams =*=0.5 gram of sodium nitrate were added to 
another 50-cc. aliquot which was then adjusted to pH 8 .8 , 
using thymol blue indicator. The phosphates then exist 
as NaP03, NaiP20 7, and Na.HPO;, respectively.

An excess of silver nitrate was added, and the mixture ti
trated with sodium hydroxide and methyl red as before. In 
this titration each mole of sodium hydroxide is equivalent to 
one mole of orthophosphate. Knowing the moles of ortho

phosphate, moles of orthophosphate 
plus pyrophosphate, and total P2Os 
content, the amounts of pyrophosphate 
and of metaphosphate may be calcu
lated.

Actually, volumes of standard so
dium hydroxide are recorded at pH 
4.2, 4.4, and 4.6 in the bromocresol 
green titration because at this point 
the pH of dihydrogen orthophosphate 
is 4.6 while that of dihydrogen pyro
phosphate is 4.2. Likewise, in the 
thymol blue titration, sodium hy
droxide volumes are recorded at pH 
S.4, 8 .6 , S.8 , 9.0, and 9.2 because 
under these conditions the pH of 
monohydrogen orthophosphate is 8.5 
and that of tetrasodium pyrophosphate 

is 9.1. Using the provisional pH values of 4.4 and 8 .8 , the 
approximate ratio of ortho-P20 5 to pyro-P20 5 is calculated. 
This ratio is then used to interpolate the correct bromocresol 
green end point pH between the values of 4.2 for pyro- and
4.6 for orthophosphate, and to interpolate the correct thymol 
blue end point pH between 9.1 for pyro- and S.5 for ortho
phosphate. A detailed discussion of this method is given 
by Gerber and Miles (4), and Jones (6). pH values were de

T a r l k  I. C o m p o s i t io n  o p  H y d r a t io n  P r o d u c t s  ( i n  G r a m s  P2Os) O b t a i n e d  b y  
G r a v im e t r ic  P r o c e d u r e  ( B a s i s , 100 G r a m s  T o t a l  P-Os)

0 .2%
0 .2 %  Soln. P yrophosphate , 0 .2 %  Soln. Co m m ercial M etaphosph» te

1 .V H N O j O rthophosphate  O rthophosphate  nhosDhate
S6*"fc. 85° C. .*}th 1 -V HNO» w ith  1 N  N aO H  j ,y

Tim e
VO

Pyro O rtho Pyro O rtho 56° C. S5° C. 56° C, S5° C. 85° C.

0 100 0 100 0 0 0 0 0 0
5 min. 100 0 5 4 .S 45 .2 16.4 44 .7 20 .0 3 3 .6

15 S I . 5 I S .5 7 .6 92 ,4 30 .2 91.1 2 7 .S 62.1
30 64 .0 S6 .0 4 .1 95 .9 40,7 100.0 31 .6 7 5 .0 o '

I hr. 43 .4 56 .6 0 .5 9 9 .5 63.4 35 .5 S4.2
2 15.6 S4.4 0 .2 5 99 .75 S7 .6 39 .7 SS.O
5 l .S 9S.7 0 .5 100.5 99.4 46 .3 94 .3 0«

•  N o  orthophosphate ; crystals  of Na*PjOr se ttle  on  the  b o tto m  of th e  container a fte r 5 , 16S, and 1000 
hours.
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H Y D R A T IO N  P ER IO D  IN HOURS

F ig u r e  3 . R a te  o f  H y d ro ly sis  o f  C o m m e rc ia l S o d iu m  H ex a -  
m e ta p h o sp h a te  a t 8 5 °  C . (N o te  In itia l In crea se  in  P y ro p h o s

p h a te  C o n te n t)

termined with a W. A. Taylor and Company slide 
comparator.

U S E F U L  L IF E  DATA

Since the hydration of most of the molecularly 
dehydrated phosphates is known to proceed at a rapid 
rate in strong acid or alkaline solutions, the first series 
of experiments were run in 1 N  nitric acid and 1 N  
sodium hydroxide solutions. Two temperatures, 56° 
and 85° C., were chosen as typical of conditions that 
might be expected in heat exchangers or similar 
equipment.

Hydration data for pyro- and metaphosphates are 
shown in Table I. At 85° C. the useful life of both 
materials in 1 N  nitric acid is less than 10 minutes 
(Figure 1) while complete hydration occurs in less than 
1 hour. At 56° C. the useful life is prolonged to 45 
minutes and complete hydration takes 5 hours.

In 1 N  sodium hydroxide solution the useful life 
(Figure 2 ) of the hexametaphosphate is still only 10 
minutes at 85° C. At 56° C. the useful life is 
increased to somewhat more than 5 hours. A probable 
explanation for this phenomenon is that the metaphosphate 
tends to hydrate in two ways as shown by Equations I and 3. 
The pyrophosphate hydrates at a much slower rate in alkaline 
solution, and therefore this becomes the controlling reac
tion.

Attempts to obtain the rate of hydration of the pyro
phosphate in 1 Ar sodium hydroxide solution at 85° C. indicate 
that less than 1 per cent hydrates in 60 days. When the 
concentration of N a^O ? is as low as 7.5 grams per liter 
of 1 N  sodium hydroxide solution, crystals of Na.1P2O7.1 0 H2O 
precipitate after about 10 days at 85° C. The slow rate of 
hydration can be ascribed, in part at least, to the fact that 
only a small amount of pyrophosphate is present in the 
strongly alkaline solutions at any one time. That some 
hydration of the pyrophosphate occurs is demonstrated by 
the fact that the metaphosphate hydration always shows 
some intermediate pyrophosphate which disappears in 
complete hydration.

The next series of runs were made in distilled water, and 
the pH of the solution was allowed to vary as hydration 
proceeded. Typical data from these runs are summarized 
in Table II. As noted in the hydration of hexametaphos
phate, the pyrophosphate content actually increases during 
the early stages of hydration (Figure 3). As long as the

solution contains sufficient salt to buffer the pH above 6.5, 
little hydration of pyrophosphate occurs. When the pH of 
the solution drops to 6.5, the pyrophosphate content drops 
rapidly and approaches zero within 80 hours. The over-all 
rate of hydration of metaphosphate appears to slow down 
when the pH becomes less than 6.2. During this stage the 
controlling factor is either the direct hydration of meta
phosphate to orthophosphate or to pyrophosphate, or the 
rate of depolymerization of hexametaphosphate to meta
phosphate:

(NaPOj)e 6NaPOj (4)

Figure 4 and Table II compare at 85° C. the total ortho
phosphate formation against time for each of the materials 
used, hexametaphosphate, pyrophosphate, tetraphosphate, 
and a physical mixture of 2  moles of metaphosphate and 1 
mole of pyrophosphate, which is the analytical equivalent 
of the tetraphosphate.

The curve for the hexametaphosphate is about as ex
pected, except that only 83 per cent hydration has occurred 
at the end of 300 hours. In the early stages the pH is above 
7, and Table II shows that the pyrophosphate content in
creases and the metaphosphate decreases. As the pH de
creases, the speed of pyrophosphate hydration increases and

T a b l e  I I .  C o m p o s it io n  o p  H y d r a t io n  P r o d u c t s  ( in  G ra m s  P 2O s) O b t a in e d  b y  V o l u m e t r ic  A n a l y s is  (B a s is , 100 G ra m s
T o t a l  P 20 5)

0.62%  Spin. Com m ercial M etaphosphate   0.75%  Soln. P yrophosphate , p hosphate  per M ole P y ro - 0.66%  Spin. T e trap h o sp h a te
56° C. 85° C. 85° C. phosphate0, 85° C. 85° C. 56° C.

Tim e M eta P yro O rtho M eta Pyro O rtho pH M eta Pyro O rtho pH M eta Pyro O rtho p H O rtho p H O rtho pH
0 7 6 .2 2 3 .8 0 7 6 .2 2 3 .8 0 7.1 0 100 0 10.3 50 50 0 8 .7 0 8 .3 0 8 .3
5 min. '  '
15
30
1 hr.o 7 4 .5 2515 7!0 10 ! 3 8 .7 ¿!à
4
5 7 Ï .8 27! 6 ô!é 64 ! 4 26 ! 3 9 .3 ¿ !s l 6 ! l 8 .4 Ï . 5
10 6 .5 9 .7 7 .8 7 .0
20 7 0 .5 2 6 ’.5 8.Ö 43 !o i i ! o 4é!o 6 .3 "6 1Ô6 0 * 9 .7 38! 1 52 .9 9 .0 7 .3 43le 6 .8 'Ô 8 ! 3
30 6 6 .8 2 8 .8 4 .4 6 .3 9 .6 3 2 .6 4 5 .5 2 1 .9 7 .0 6 .8
40 65.1 2 9 .0 5 .9 38! 4 3^4 58 .3 6 .3 *6 1ÔÔ’ 0 9 .6 2 9 .0 14.7 56 .3 6 .9 6s !5 6 .8
60 6 .3 9 .5 2 6 .2 4 .8 6 9 .0 6 .8
80 32.1 Ö.5 67 ! 4 6 .2 9 .5 2 4 .8 3 .0 72 .1 é !é 9 Ü 2 6 .7
100 29 .9 0 .5 69 .6 6 .2 ”6 97! 6 2 .4 9 .4 15.9 5 .4 7 8 .7 6 .5 9 6 .9 6 .7 “As in em -
200 22 .2 0 .0 77 .8 5 .9 0 69 .0 31 .0 9 .2 6 .5 0 .4 p inea l ior-
300 17.5 0 .0 8 2 .5 5 .9 0 48 .2 51 .8 9 .0 6 .5 6 .3 m ula for
400 5 .9 0 3 3 .6 66 .4 8 .9 6 .4 6 .3 t e t r a p h o s -
500 0 2 1 .8 7 8 .2 8 .9 6 .4 6 .3 ph&te.
600 5 .8 0 11.7 88 .3 8 .8 6 .4 6 .3
700 5 .8 0 3 .5 9 6 .5 8 .7 6 .3
800 0 2 .0 9 8 .0 8 .6
900 5^8 0 1.7 9 8 .3 8 .5 6 .2
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of iruiUpluiwpliato hydration decrease«. This rate must pass 
through a mlnlmuin point since, at very low pH (Figure 1), 
the hydration of motaphosphate 1« again rapid. Symbolically 
tills can lie represented as follows:

N a i 'O , I 11,0 — >• N ttlI,P O «  

M ln ln n n n  ra te  n e a r  p i I ß.

ü N a P O , d- 11 .0  - -*-■ N a d  I , !>,(),

(5)

(0 )

Oceui s at all pi I value« ami slows completo hydration to ortho 
Condition due to natation 7.

Na.l’,0» -i 11,0— +• 2NuiIIP0, (7)

Slower rate, becoming infinitely slow a t high pH, helped by 
saltingout. etïeot of buffer salts,

Tim pyrophosphate ourvo (Figure t) shows an induction 
periotl tluvlng which little detectable orthophosphate is 
formed. However, the initial pi I of the solution is 1 0 .1  
(Table 11), ptQlmbly due to some impurity. As the pH 
dw'ps to 0 ,5 , orthophosphate is detected, and by the time 
pH 9,U (70 hours) is reached, the rate of hydration becomes 
nppm'iable. At the end of 700 hours the hydration is 96.5 
per rent complete. During the next 'AH) hours the hydration 
eon t inuos at a much reduced rate so that at the end of 900 
hours the Ityvlrat ion is only 9S.S per cent complete.

ç** S/Êtm = ¡ L

r j-_¿i

V i f V 1

A ,’ !

I ¿
ł  *«,\, • c s u

i
* 9 Ttfe-îà

k
K

# J. .'■ '.'S *^1

so ;,v s,v 2 «
sv .'sow xs rss jeo  , \  sxx ss

tNsmv »X c\v.“ .•o.t', of R*its of V e a a s t i»  o í Or- 
itvox l > , î ‘'M o la iittd v  IViovh-itïvi"  

I î a  l  i i W f a c d  ^  i ï K *  C ,

The rate of hydration closely follows the metaphosphate 
curve for the first 36 hours, but does not slow down and is 
substantially hydrated to the orthophosphate in 1 0 0  hours. 
Using the method of Gerber and Miles (4), separate deter
minations of meta- and pyrophosphate could not be ob
tained. These results indicate that the fused tetraphosphate 
remains in a different condition from that of the same analy
tical mixture of pyro- and metaphosphates even in solu
tion. Whether this different form is tripolyphosphate in 
solution was not determined. As far as useful life is con
cerned, the 50 per cent hydration point of the tetraphosphate 
under these conditions is about the same as that of the 
metaphosphate.

To show the effect of temperature on rate, a portion of 
tho curve for hydration of the metaphosphate at 56° C. is 
included. This shows about 5 per cent hydration to ortho
phosphate in 40 hours. Samples in distilled water at room 
temperature averaged less than 1 0  per cent hydration to the 
orthophosphate in 30 days. The pyrophosphate under the 
same conditions showed no measurable hydration at 85° C. 
after SO hours and no measurable hydration at room tem
perature at the end of 30 days.

The data in Table II indicate that the pH of the solutions 
has a considerable effect on the relative rates of hydration of 
metaphosphate to orthophosphate, metaphosphate to pyro
phosphate, pyrophosphate to orthophosphate, and tetra
phosphate to orthophosphate. Attempts were made to buffer 
the solutions at known pH values and then follow the hydra
tion. However, the buffer solutions interfered with the ti
trations to such an extent that the results were inconclusive. 
The above discussion indicates that pH values, in the vicinity 
of S-9, slow the rate of hydration of all the molecularly 
dehydrated phosphates to an appreciable extent and hence 
increase the useful life. When these materials are used for 
scale control or corrosion control in heat exchangers or con
densers, it is relatively easy to maintain the pH between 
S and 9 and thus increase the useful life.

No attempt has been made in this study to evaluate the 
relative values of the different molecularly dehydrated phos
phates from an efficiency standpoint in scale control, corrosion 
control, or emulsion formation. That is planned for future 
study. In  addition, no attempt was made to study the life 
of the complex ions formed with Ca~'i' and Mg++. The pur
pose of this work was to find out how long the unreacted 
phosphates would remain available for use to form com
plexes or to exercise some function.
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Reversible H ardening of Shellac 
in Storage

L . M CCULLOCH
Westinghouse Research Laboratories, E a s t  Pittsburgh, Penna.

S HELLAC is one of those useful natural products which 
have many substitutes but no duplicates. I t  is the 
basis of molded products in which it exhibits such a 

combination of useful properties that it has not been entirely 
displaced by the synthetic resins. Shellac was the first 
thermal-setting resin known, with the property of con
version by heat into an infusible, insoluble form. I t  has 
been of great aid to the electrical industry on account of its 
adhesive properties, and because at oarbonizing temperatures 
it vaporizes without leaving an electrically conducting 
residue.

At temperatures below 100° C. shellac is relatively non
volatile and stable, not subject to change by oxidation. 
Its thermal hardening property is attributed to the presence 
of carboxyl and hydroxyl groups which react into cross 
linkages of several types, and cause the resin to harden and 
yield water. The purpose of this paper is to show that the 
reactions which lead to hardening are modified by the presence 
of water and may be reversed by it. Shellac is hydrophilic 
in nature; it is somewhat permeable to water, which it 
absorbs to the extent of 5 per cent at saturation (2).

The hardening of shellac takes place in two definite stages, 
and proceeds at a rate dependent upon the temperature and 
upon the water content. During the first or fluid stage there 
is a progressive increase in viscosity and in the so-called 
melting point up to the point of gelation, which is the begin
ning of the second stage. In the gelled state the resin 
acquires a fixed shape which cannot be deformed beyond an 
elastic limit without fracture. Gelled shellac cannot be 
made fluid by heat below the decomposition temperature, 
and its structure is not broken down or dissolved by alcohol 
at ordinary temperatures. After reaching gelation, the 
process of hardening may continue until the maximum 
strength is attained. The change proceeds by a “drying 
out” process, and the ultimate strength is not attained if the 
resin is confined (as in a mold) so that vapors cannot escape. 
The degree of hardness in the gelled resin is judged by a 
suitable test of mechanical strength—for example, by the 
shearing resistance. Thoroughly cured and hardened shellac 
remains slightly thermoplastic within its elastic limit, accom
modating itself to the thermal contraction of the surfaces 
to which it is adhering. This is one of the reasons for the 
adhesive strength of shellac.

The reversible hardening of shellac by water has been 
demonstrated by treating the thoroughly hardened resin 
with water in an autoclave at 150° to 210° C. (1). This 
treatment renders the resin again fusible and soluble. This 
soft resin can be rehardened by heat with drying substantially 
as before. These reversals can be carried through repeatedly. 
I t  is probable, however, that the resin recovered by the auto
clave is not identical with the original shellac in all respects. 
Rangaswami and Aldis (1) reported: “Depolymerized shellac 
slowly repolymerizes. This effect is somewhat more rapid 
than with a normal shellac.” Information is lacking as to the 
utility of such recovered resin.

S T O R A G E  IN  A M PO U LES

To study the autoclave process of recovering shellac that 
had hardened in storage, a series of experiments was made 
with shellac and water in ampoules of Pyrex at various 
temperatures. The ampoules were 1 inch in diameter and 
6  inches in length, and contained 2 0  grams each of new orange 
shellac and water. They were enclosed in capped iron 
pipes for safety and were heated in controlled electric ovens.

An unexpected difficulty had appeared while the writer 
was treating a pound of shellac in the autoclave. The 
center of the mass after cooling was found to be gelled and 
infusible, whereas all of it should have liquefied. The pre
vious workers (1) also encountered this difficulty, remarking 
that “shellac can repolymerize within the autoclave on 
cooling” . At first the writer attributed the gelation at the 
center to evaporation of water from the hot center to the 
cooler walls of the autoclave. The experiments with the 
ampoules led, however, to another explanation; namely, 
gelation is reversed by changes in temperature alone, and 
the gel structure is stable a t lower temperature and un
stable at the temperature of the autoclave.

The behavior of the shellac samples within the ampoules 
was as follows:

Tem p., 0 
70 
90 

100 
110 
125 
150 
160 
200

c. Shellac B ehavior 
Gelled in  a b o u t 30 days 

10 days
7 days 
6 days 
6 days 
6 days
8 days 
3 days

D id  n o t gel in

Shellac that had been liquefied at 165° and a t 200° C. 
gelled in less than one day at 90°, although from the above 
table new shellac required 10 days to gel. After having gelled 
at 90° it liquefied in a few hours at 165° and 200° C. The 
temperature of reversal lies between 150° and 165° C. 
Above this temperature there is liquefaction and below there 
is gelation. The samples were said to have gelled when no 
flow was seen within the ampoules after they had been in
verted in the ovens for a few hours.

E F F E C T  O F  M O IS T U R E

In another experiment in a flask of water boiling with 
reflux, some new shellac gelled after 7 days. I t  is well 
known, however, that shellac, baked in air at 1 0 0 ° C., gels 
or has a “life under heat” of about one day. Thus the 
effect of saturation with water is to retard gelation by at 
least seven times.

In an experiment in a flask at room temperature, shellac 
under water for 600 days is not yet infusible, although the 
fluidity is only a fraction of its former value.

Unfortunately, shellac proceeds to harden slowly even at 
the storage temperatures and results in loss of usefulness 
from infusibility and insolubility. The following experi
mental findings lead to the conclusion that spoilage in storage 
can be lessened by keeping the shellac dry. Two samples

825
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of orange shellac were kept in glass jars at room temperature 
for months; one was stored over calcium chloride, the other 
over wet sodium chlorido which gives 75 per cent humidity. 
After 1000 days the condition of the shellacs was as follows:

Orungo Shellac Ovor Dry CaClj Over Wet NaCl
High-flow Still fusiblo Hardened
Low-flow Still fusiblo Infusiblo

An experiment was commenced with orange shellac in 
two friction-top tin cans, covered with cloth to permit 
passage of moisture; one contained a small jar of calcium 
chloride, the other of wet sodium chloride. The two cans 
wore kept in an oven at 40° C. until the shellacs became in
fusible. Over dry calcium chloride the shellac was infusible 
after 400 days; over wet sodium chloride, after 175 days.

C O N C L U SIO N S

Shellac can best bo preserved by storage in a dry atmos
phere. Since, however, the fluidity and other molding 
properties vary with moisture content (8), the dry resin can 
bo restored to the desired condition by adding a measured 
amount of water shortly before it is to be used.

Shellac at temperatures below 150° C. approaches the 
gelled state whether dry, moist, or wet.

Shellac in storage should be kept dry to retard the re
actions of hardening.

At higher temperatures gelation is greatly retarded by 
svater and does not occur in water above 150° C. Gelation 
under water is reversible between about 150° and 165° C.

Since the effect of water at room temperature is to hasten 
gelation and at higher temperatures to retard it, there must 
be an intermediate range where water is without effect 
upon the rate; this temperature seems to be between 40° 
and 70° C.
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CORRESPONDENCE
Calculation of Relative Volatility

S ir : A recent paper by John Griswold [Ind. E ng. Chem., 35, 
247 (1843)] shows convincingly the need for accurate relative 
volatility values in distillation calculations. There is, however, 
a slight error in his reference to  m y equation for the  relative vola
tility of normal liquids at atmospheric pressure [J. Int. Petro
leum Tech., 25, 55S (1939)]. The constant of 11.5 was n o t de
rived from the Clausius-Clapeyron equation and T routon’s rule, 
bu t was a  m ean value obtained from consideration of a large 
num ber of hydrocarbon mixtures, mostly wide boiling. The con
s ta n t obtained in  th e  theoretical derivation was 11.1. Convert
ing natu ral to  common logarithms, this is nearly the same as the 
modified constant proposed in Griswold’s E quation 4A. Thus 
it appears th a t the “ constant” varies from 1 1 . 1  for close-boiling 
to  11.5 o r more for wide-boiling mixtures.

If  the approxim ate Clausius-Clapeyron equation is combined 
w ith K istiakowsky's equation instead of w ith T routon’s rule, the 
foUowing is obtained:

T -  Ta . „  Ts -  T .  „  , Ts -  Ta , „log a  »*  ÿT— log r.<  jp log Ts H j; log R

where R  ~  gas constant, (cc.) (atm.) (® C.) (mole) — 
S2 .CHS

Pa  Ps  ** vapor pressures of components a t abs. temp. T 
T a  T s  ** atm . boiling points of components, abs. scale 

a  ** relative volatility at abs. temp. T

This equation applies only to  nonpolar liquids a t  atm ospheric 
pressure when the gas law and  R aoult’s law deviations are  such 
th a t the relation a  =  P a /P b can be assumed. I t  contains no 
empirical constant and is likely to  be more accurate th an  m y 
eartier equation. Checked against the experimental results of 
Griswold and  a few others, i t  gives values of (a  — 1) from 4 to 
13 per cent low.

R .  E d g s w c ® t h ^To h n s t o n e

I * L td.
IV în t -a .INv k w , TaixrwAtv, B. W. I.

S i r :  T he new formula by  Johnstone for calculating osd»»i
(=  P a/P b) is a  real contribution. I t  is probably as accurate as 
can be developed from theoretical considerations only w ithout 
becoming complicated.

For accuracy in wide-boiling hydrocarbon systems, both this 
formula and m y E quation 6  leave som ething to  be desired. When 
the vapor pressure curve of each component fits the type form 
equation:

l o g P  -  o -  b/T  

as is usually the case, then:

log (oide«i) =  log ( P a / P b ) =  p / T  -  y

(3 and y are constants applicable over fairly wide ranges. Two 
vapor pressures for each component are needed to  evaluate p and 
y, one of which m ay be th e  norm al boiling point. W hen a  vapor 
pressure curve has no t been determ ined, a  synthetic curve m ay be 
draw n through th e  boiling poin t on a  suitable hydrocarbon vapor 
pressure chart, of which several are available.

This procedure is recommended as th e  best a t  th e  present tim e 
for calculation of 0 53^1 of wide-boiling hydrocarbon systems, and 
it is applicable to  pressures o ther than  atmospheric.

J o h n  G r is w o l d
T h x  U x iy k h s it y  o r  T x x a s  
A ttst in , T s x a s

♦ ♦ ♦

S is : I am  obliged to  Griswold for his rem arks on m y formula for 
■1 . and agree th a t w ith wide-boiling components for which vapor 
pressure curves are available o r can be approxim ated, his method 
is probably b e tte r than  any theoretical formula. W ith  very close- 
boiling components i t  is possible th a t the  formula m ight be more 
satisfactory, since atm ospheric boiling points are often known 
w ith greater accuracy th an  vapor pressures a t o ther tem peratures.

R .  E d g e w o r t h - J o h n s t o n e
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How about your crude?
If you are a refiner still making peacetime 

products the following statem ent is no nev/s to 
you:

Generally firm tone continuing in petroleum markets reflects 
the fact that m a n y  r e f in e r s  a re  in  d ifficu lt ie s  o v e r  th e  q u e s
tion  o f  a d eq u a te  c ru d e  su p p lie s

T hat is from Keith Fanshier’s oil page in the 
Chicago Journal of Commerce, April 30, 1943

F u rth e r down in his column Mr Fanshier 
writes:

No question about it; high octane aviation gasoline [100- 
octane] is needed in staggering quantities and ever greater ones

Refineries th a t can make 100-octane gasoline, 
any component of it or any other w ar product 
m u s t  have adequate crude supplies—and they do

I t’s wise and patriotic for every refiner to 
get into w ar production

Helping to convert refineries to w ar produc
tion is our job

Universal Oil Products Co Dubbs Cracking Process

T H E  R E F I N E R S  I N S T I T U T E  O F  P E T R O L E U M  T E C H N O L O G Y

Call on U.O.P
O IL  IS  A M M U N IT IO N  — U SE IT W IS E L Y C A R E FO R  YO U R CAR FOR YOUR CO U N T R Y

Chicago 4, Illinois Owner and Licensor
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Perhaps REVERE 
can help you with your

NON-FERROUS

Revere is trying in every way to help iron out 
kinks in war production problems for old and 
new users of copper and copper alloys. In addi
tion to supplying condenser and heat exchanger 
tubes and tube plates, Revere may be able to 
give first aid to you in one or more of four ways:

Heat Exchanger 
tubes and shells

Intercoolers

Receivers

Strainers

Evaporators

Water treating 
equipment

|  R evere copper an d  cop p er-base W eld ing technique . .  . practical assis-
a llo y s . . .  sound, superior metals produced in tance in welding these products, which will aid
a range of compositions and forms meeting in the completion of equipment when needed
the special requirements of war processes. and insure uninterrupted service.

2  R evere B im eta l., .w here war require- £  R evere E ngineering Service to
ments and service conditions demand, Revere 
can supply bonded Bimetal sheets and plate of 
S.A.E. 1010 carbon steel clad on one or both 
sides with copper as well as with certain other 
metals and allovs.

help Revere customers in the selection of 
metals and in methods o f fabrication so as to 
save time, increase output and reduce costs 
wherever possible.

If you have special problems, send us 
specifications and full details of your 
requirements. We will endeavor to sup
ply an answer promptly. Get in touch 
with Revere today.

COPPER AND BRASS INCORPORATED
Founded by Paul Rpvere in  1801  

Executive Offices: 230 Park Avenue, New York 
Sales Offices and Distributors- in Most of 

America’s Major Cities



LABORATORY OVEN
YOU’VE BEEN LOOKIN G FOR!

OVEN COMPANY M i n n e a p o l i s

BUTTERFLY VALVES

» l i n e d  l o t  

C l e a n i n g

a c c u k a c y

16-inch cas t i ro n  chain  w heel 
o p e ra ted  valve fo r  p ressu res up  
to  15 pounds. C om plete  ran g e  o f 
sizes from  2-inches to  84-inches.

T h e  A C T I O N  of an 
R -S  B u t t e r f l y  

V alve is ra p id  and  
sm ooth. Four to  six 
r e v o lu t io n s  o f  th e  
hand  w heel o r  chain 
wheel fully open or 
close the valve vane. 
T he com pact, in h er
ently narrow  face-to- 
face dim ensions, and 
the fact that there is 
no long  stem o r gate 
well, reduce clearance 
requirem ents to  the 
minimum.

T here is free pas
sage for d irect flow 
w ith no restric tions 

o ther than the stream lined vane. Sediment cannot 
collect since there  are no rig h t angle bends or 
reverse turns. H ence, the R-S Valve is ideal for 
the con tro l and shut-off of dirty gas, dirty water, 
pulverized fuel o r sim ilar flowing solids.

T h e  beveled vane w edges tigh t against the valve 
body for shut-off duty.

W rite  fo r catalog and detailed inform ation 
about the use o f R-S metals for resistance against 
heat, abrasion  and corrosion .

A utom atic  e lec tric -m o to r 
o p e ia ted  A m erican S tand
a rd  V alve w ith  h an d w h ee l 
fo r m anual o p e ra tio n  in 
case o f cu rren t failure. 
A vailable in  125 lb  iro n , 
150 to  90 0  lb  steel. SAVES T IM E !

FAST HEAT RECOVERY and  rap id  
h e a t tran sfe r in  D e sp a tc h  Ovens 
increases the  num ber o f test-runs 
per day .

ACCURACY GUARANTEED!
POSITIVE TEMPERATURE CONTROL 
and h e a t un ifo rm ity  in  th e  work 
cham ber guaran tees accuracy.

100% DEPENDABLE!
FOR OVER <1 YEARS D e sp a tc h  
Ovens have proven  dependable 
for th e  exacting requ irem ents of 
L ab o ra to ry  T echnicians.

Send fo r Your Copy o f Bulletin 
105-N Today!

Despatch V-15 Oven; 13"xl3'xl3" inside. 
Electric. Max. heat 500CF. Control accu
racy +  l'C .

ASK YOUR CHEMICAL JOBBER 
or w rite to D espatch  O ven  Co.V A L V E  D I V I S I O N

R-S PRODUCTS CORPORATION
G erm antow n A v e . & B e rk le y  S ts ., P h ila ., Pa.
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Perhaps R EV ER E

can help You with you*

NON-FERROUS

t U v a r a  i s  t r y i n g  i n  e v e r y  w a y  t o  h e l p  i r o n  o u t  

k i n k s  i n  w a r  p r o d u c t i o n  p r o b l e m s  f o r  o l d  a n d  

n e w  u s e r s  o f  c o p p e r  a n d  c o p p e r  a l l o y s .  I n  a d d i 

t i o n  t o  s u p p l y i n g  c o n d e n s e r  a n d  h e a t  e x c h a n g e r  

t u b e s  a n d  t u b e  p l a t e s »  R e v e r e  m a y  b e  a b l e  t o  

g i v e  f i r s t  a i d  t o  y o u  i n  o n e  o r  m o r e  o f  f o u r  w a y s :

Heat Exchanger 
tubes and shells

Intercoolers

Receivers

Strainers

Evaporators

Water treating 
equipment

1 Hartua And copper-has« 3  W elding techn iqu e— practical xssis-
a l l i t y *  . sound» superior metals produced in tance in welding these products, which w ill aid
a range of compositions and forms meeting in the completion o£ equipment when needed
the Special requirements of war processes- and insure uninterrupted service.

U  ..IfcaV'dar« B&ntt&ttid..  ..where war require- 4 R e  v 'e re  Eang:m e'exim g  S e r v i c e  . . .  to
ment,s and. service conditions demand. Revere help Revere customers in the selection. o£
can supply lan d ed  bimetal, sheets and plate o f metals and in methods o£ fabrication so as to
RA..R fO lp  carbon steel clad on one or both save time, increase output and reduce costs
sides with copper as wed: as with: certain other wherever possible.
xHqtals and alloys.

If you bayo special; problems, send; us 
specifications and. foil; details o f  your 
xequirements. We will endeavor to sup
ply a n  a i t s w e r - promptly. C?et in touch 
with: Revere today.

CQP?6R AMD SSIA.SS IMCORFCRATSD
Bounded by Paul Revere in 1301 

Executive Offices: 230 Park Avenue, New York  

Sales Offices and Distributors• in Most of 
Am erica’s M a jor Cities
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SÜÄ * W«°MUI»CC

THE

LABORATORY OVEN
YOU’VE BEEN LOOKIN G FOR!

S t » e a » U n e ^  - -  
S e U 'C l e a n l * ^

SAVES T IM E !
FAST HEAT RECOVERT and  rapid  
h ea t tran sfe r in  D e s p a tc h  Oven* 
increases th e  n um ber o f tcst*runs 
per day .

ACCURACY GUARANTEED
POSITIVE TEMPERATURE CONTROL
and h ea t un ifo rm ity  in th e  work 
cham ber guaran tees accuracy.

100% DEPENDABLE!
FOR OVER 41 YEARS D e sp a tc h  
Ovens have proven dependable 
for the  exacting requ irem ents of 
L abora to ry  Technicians.

Send fo r Your Copy o f Bulletin 
105-N Todayl

Despatch Y-15 Oven; inside.
Electric. Max. heat SOÔ F. Control! acc«' 
racy -f 1 %

ASK YOUR CHEMICAL JOBBER 
or write to Despatch Oven Co.

16-inch cast iro n  chain  w heel 
opera ted  valve fo r  p ressures up  
to  15 pounds. C om plete ran /te  o f 
sizes from  2-inches to  84-inches.

V A L V E  D I V I S I O N

R-S PRODUCTS CORPORATION
G erm antown A v e . & B e rk le y  S ts ., P h ila ., Pa,

THE ACTION of an 
R -S  B u t t e r f l y  

V alve is r a p id  and  
sm ooth. Four to  six 
r e v o lu t io n s  o f  th e  
hand w heel o r chain 
wheel fully open o r 
close the valve vane. 
T he com pact, inher
ently narrow  face-to- 
face dim ensions, and 
the fact tha t there is 
no lo n g  stem o r gate 
well, reduce clearance 
requirem ents to  the 
minimum.

T here  is free pas
sage for d irect flow 
w ith no restrictions 

o ther than the stream lined vane. Sediment cannot 
collect since there are no rig h t angle bends o r 
reverse turns. H ence, the R-S Valve is ideal for 
the con tro l and shut-off o f dirty gas, dirty water, 
pulverized fuel o r sim ilar flowing solids.

T h e  beveled vane w edges tigh t against the valve 
body fo r shut-off duty.

W rite fo r catalog and detailed inform ation 
about the  use o f R-S metals for resistance against 
heat, abrasion and corrosion.

A utom atic e lectric-m o to r 
o p e ia ted  A m erican S tand
a rd  V alve w ith  h an d w h ee l 
fo r  m anual o p e ra tio n  in  
case o f  cu rren t failure. 
A vailable in  125 lb  iro n , 
150 to  90 0  lb  steel.

BUTTERFLY VALVES
OVEN COMPANY minníapqus



56 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. 35, No. 7

TAM PRODUCTS INCLUDE
Zircon bricks, special shapes and crucibles. . .  Zircon in
sulating refractories. . -Zircon ramming mixes, cements
and g ro g  Zircon milled and granular. . .  Electrically
Fused Zirconium Oxide Refractories...Electrically Fused 
Zirconium Oxide cements and ramming mixes.. .Elec
trically Fused Zirconium Oxide in various mesh sizes.

TITA N IU M
A L L O Y  M A N U FA C T U R IN G  C O M P A N Y

G E N E R A L  O F F IC E S  A N D  W O R K S : N IA G A R A  F A L L S , N . Y . ,  U . S . A .

E X E C U T IV E  O F F IC E S :  111 B R O A D W A Y , N E W  Y O R K  C IT Y

R e p re s e n ta t iv e s  for the Pacific Coast States :  L. H. BUTCHER COMPANY, Los An g e les ,  San Francisco, Po rt land , Seatt le  

R e p res e n ta t ive s  for Europe: UNION OXIDE & CHEMICAL CO., Ltd., P lantation  House, Fenchurch St., London, E. C., Eng.

TAM Zircon crucibles are finding w ide application for 
various high tem perature applications up to  3500° in 
non-ferrous m elting such as aluminum, platinum , etc. 
These Zircon crucibles no t only resist various acid and 
alloy reactions, but due to the straight line expansion 
coefficient o f Zircon, exhibit exceptionally good heat 
shock properties. Refractory bonds consisting o f o ther 
com pounds are not necessary in the m anufacture of 
TAM Zircon crucibles thereby assuring the user o f a 
pure Zircon product.

TAM small crucibles and shapes o f semi-vitreous Z irco
nium oxide are m anufactured for use in quartz fusions 
and high tem perature applications up to  4500° F.

An experienced staff o f  field engineers, located in vari
ous parts o f the country, are available for consultations 
w ithout obligation. W rite .
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ON WITH THE W AR
h o o / c U t i  w i l l  h e l p  .  • •

titttiicu
COMUCtO*

CM SUE 
IUM — ----------------------------- These 5 free booklets on dag colloidal

graphite can help you in more ways than one. Each covers a dif
ferent use or group of uses for dag products in industry. If you haven't 

used dag colloidal graphite or don't know all these uses meet Mr. dag 
today by writing for one or more of the booklets. Just clip the coupon.

PARTING 
COMPOUNDS

Teiis how dag disper
sions prevent objection
able freezing, rusting 
or slicking together of 
metals and other mate
rials, Cites use on screw 
threads, lamp bulbs, avi
ation and driving equipment; also: 
rubber and foundry industries.

BULLETIN No. 422

ASSEMBLIN ddi* COUOttU MWÏITI°... I». *v <L-̂r — '
SUNNING-IN ENGINES 

AND MACHINERY

J jPH fla Lists 10 advantages oi
adding dag colloidal 
graphite io liquid lubri
cants . for these opera-

  — tions and tells why
with photographs, charts, and simple, non
technical text.

BULLETIN No. 421

HIGH TEMPERATURE “dag” COLLOIDAL .
coiLoicit ciirstTt *,

GRAPHITE FOR £
IMPREGNATION AND 

SURFACE COATING 
of textiles, asbestos, felt, , 
abrasives, porous met- 15S:Id| 
als, paper, wood, etc. to I

i'l'J-.--—.: . I Wfliil'X" a, 1
impart lubrication prop- .•
erties, electrical conduc
tivity, opacity, color, or other desirable 
qualities.

BULLETIN No. 431

LUBRICATION

U ! How dag colloidal
US» i graphite takes over; 
Ijf i  when ,the going gets too

! hoi for conventional
? % liquid lubricants. Gives

 "' • ■:  ~  examples in forging,
oven conveyors, kiln cars, bottle and die 
casting machines, etc.

BULLETIN No. 423

GENERAL 
BOOKLET

The story of dag colloi
dal graphite, 12 pages 
fully illustrated. Gives 
the how and why of col- 
loidalization, explains 
the various liquid car
riers and suggests 

dozens of places where dag dispersions can: 
speed up production.

BULLETIN No. 430

copies of the bu]]eUns checked below:

it; »utTijßf u u iu i  until!

graphite

“ d a g ”  i t  th e  re g is te re d  tra d e m a rk  of A ch eso n  C o llo id s  C o rp o ra tio n
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\  "''é0T

HENRY VOGT MACHINE CO.
Incorporated

L O U I S V I L L E »  K E N T U C K Y
8 RANCH O FFICES: NEW YORK - PHILADELPHIA - CLEVELAND - CHICAGO - DALLAS

A.P.I»-—A .S .M .E . and A .S .M .E . CODES •  CARBON S T E E L  AND SP EC IA L S T E E L

3

4

4'—0“ dia. x 7'—6 " dia. x 82'—5” high Stabilizer 
Tower for a Texas Refinery. Fabricated to A.P.I.- 
A.S.M.E. Code, stress relieved and X-rayed. 250# 
working pressure.

Heat Exchangers, for an Eastern Refinery, on the 
testing floor. Units have fusion welded Monel Metal 
shells and were built to customer’s specifications.

48" dia. x 22'— 6" long mud drum for a Vogt Water 
Tube Boiler designed to operate at 450#  S.W.P. 
Fusion welded to A.S.M.E. Boiler Code.

Battery of Absorption Columns in a Western Refinery. 
Units are 33" dia. x 41'— 0" high and were stress 
relieved after welding.

400 KV Industrial X-ray unit in our plate welding 
department. Exographs of welded seams can be quickly 
made because of the special motor operated rolls and 
traveling carriages which are adjustable to vessels of 
any size.



corap°r
■ s t ru c te '

»■■■i
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LOUISVILLE
CHEMICALS
DRYER
CUTS
COSTS, SPACE, 
INVESTMENT I

If you use any sort of drying process in 
your manufacturing operations, study 
the little "blue-print" at the right. I t gives 
the essential facts about a Louisville 
Rotary Dryer installation in which 
Engineered Drying is drastically reducing 
the cost, space and investment formerly 
required for drying of a more or less 
typical heavy chemical. . . .

In addition to saving $ 1 3 ,6 8 0  annually 
in operating costs — and cutting the 
required space in half — this new 
Louisville Dryer is also solving a very 
serious dust problem which was in 
itself a major item. Note also that the

FORMER PROCESS
(Sleom>¡acbeted f i lle r  prestes with hoi o:.r 

introduced under pressure*

Annual Pro
duction, tons . . . 18,000
Drying Cost,
per t o n ....................... $1.30
Space Required,
sq. ft.  ..................... 1,000
Installed Cost . . $ 5 5 ,0 0 0

LOUISVILLE
INSTALLATION

(Louisville Rolory Steam Tube-Dryer}

Annual Pro
duction, tons . . . 18.000
Drying Cost,
per t o n ..................... $0.54
Space Required,
sq. f t ........................................4 5 0

Installed Cost . . $ 7 ,0 0 0

former batch process is now a rotary, 
continuous process, and that the new 
Louisville equipment represents an in
vestment of only $7 ,0 0 0 !

For many years a large part of this 
company’s business has come from just 
such installations, in which we have 
been able to prove, in advance, the 
lasting economies of real Engineered 
Drying. Our pilot plants and labora
tories are available for tests of your 
production. Drop us a line for details. 
Address: Louisville Drying Machinery 
Co., Incorporated, 4 3 3  Baxter Avenue, 
Louisville, Kentucky.



PL E X IG L A S  and  C R Y S T A U T E  are th e  tra d e -m a rks , R eg . U . S . P a t. O ff., fo r  th e  acrylic resin th erm o p la s tic s  m a n u fa c tu re d  b y  th e  R o h m  & H aas C o m p a n y .

R O H M  & HAAS COMPANY jg
WAS HI NGT ON-  S Q U A R E ,  P H I L A D E L P H I A ,  P i. §||

M a n u f a c t u r e r s  o f  C h e m i c a l s  i n c lu d in g P l a s t i c s  . . .  S y n t h e t i c  I n s e c t i c i d e s . . .  F u n g i c i d e s . . .  E n z y m e s . . .  C h e m i c a l s  f o r  t h e  l e a t h e r ,  T e x t i l e  a n d  o t h e r  I n d u s t r i e s  S

The Cliarpy Impact test is used to determine 
the impact strength of P l e x i g l a s  under all 
conditions. P l e x i g l a s  shows no loss of impact 
strength even at -65°F.

I M P A C T  S T R E N G T H  OF

P l e x i g l a s
P R O V E D  B Y  M E A S U R E D  B L O W S

I MPACT strength, tensile, com
pressive, flexural, and shear 

strength, hardness and cold flow 
are a few of the important P l e x i 

g l a s  properties described in 
detail in the new P l e x i g l a s  M e
chanical Properties Manual. Pub
lished by Rohm & Haas to help 
speed the use of P l e x i g l a s  in war 
production, this new handbook 
contains graphs and photographs 
never published before.

Write our Philadelphia office 
for your copy.

★ ★ *

Rohm & Haas Company, W ashington 
Sq u are, P h ila d e lp h ia , P a. O ther  
offices in : South Gate, Los Angeles— 
D etroit—Chicago. Canadian Distribu
tor — Hobbs-Glass Ltd., Montreal, 
Canada.

T H E  C R Y ST A L -C L E A R  
A C R Y L IC  P L A S T IC S

PLEXIGLAS
S H E E T S  A N D  R O D S

CRYSTALITE
M O L D I N G  P O W D E R
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O b s o l e s c e n c e  spins its web with astonishing 
rapidity. Spurred by the fast-shifting needs o f war, planes and tanks 
of a year ago are already outmoded. Explosives are more powerful; 
aerial bombs bigger and more effective. Aviation fuels are being pro
duced faster, in greater yield, and in higher quality. Chemicals are 
being manufactured by better processes and more efficient equipment. 
Change is everywhere. A nd the end is not in sight.

U n q u e s t i o n a b l y , p la n t  o b so les
cence is one of the dangerous threats 
many chemical manufacturing con
cerns face today. It requires a watch
ful e ye  to w a r d  fu tu re  su ccessfu l  
competition.

T o  busy engineering departments 
concerned prim arily with keeping

present plants in operation, Badger’s 
w ide activities and survey of trends 
can prove of great value in putting 
expansion and m odernization pro
grams on a sound footing.

Badger designs, builds, rebuilds 
and improves plants for better pro
d uction—  which may be reflected

in any or all of such directions as 
lo w er  p ro d u ctio n  costs, greater  
y ie ld , h ig h er  q u a lity  p rod u cts, 
sim plified operation, longer equip
m ent life.

From the fundam entals of plant 
and process, through design and 
construction, to final testing and in i
tial operating, Badger service is 
complete.

£ B Badger *S0NS co
B O S T O N  . . . .  E S T .  1841
N E W  Y O R K  . P H I L A D E L P H IA  
SA N  F R A N C I S C O  . LONDON

P R O C E S S  E N G IN E E R S  A N D  C O N S T R U C T O R S  FOR TH E C H E M I C A L ,  P ETR O LEU M  A N D  P E T R O -C H EM IC  A L IN D U S T R IE S
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"I like the way they engineer 'em"
— They have fu ll pipe thickness at 

the outer w all.
— They have tangents that keep 

the w eld  aw ay from  the zone of 
greatest stress.

— They m eet every condition; are 
made in a w ider range of sizes, 
materials and thicknesses than  
any other w elding fittings.
In short, they are the fitting  

that gives the engineer everything  
he w ants— at no extra cost.

TAYLOR FORGE & PIPE WORKS
G en era l Offices & W o rk s :

C hicago , P. O . Box 48 5 
N e w  Y o rk  Office: 50 C h u rc h  St. 

P h ilad e lp h ia  Office: B road  S t. S ta tio n  B ldg.

* W eldELLS and m any o th er T ay lo r Forge products 
are produced In Byers G enuine W rough t Iron .

'k  W eldELLS have every fe a tu re  found  in 
any  w elding fit tin g ; some featu res found  
in  no  o th e r fittin g s:

•  Seamless —  grea te r s tren g th  and un i
fo rm ity .
•  Tangents —  keep w eld aw ay from  zone 
o f highest stress —  s im plify  lin ing  up.
• Precision quarter-marked ends sim plify
lay o u t and help insure  accuracy .

•  Selective reinforcement— provides u n i
fo rm  stren g th .
• Permanent and complete identification 
marking —  saves tim e and elim inates errors 
in  shop and field.
• Wall thickness never less than specifi
cation minimum —  assures fu ll  s tren g th  and 
long  life.
•  Machine tool beveled ends —  provides 
best w elding surface  and  accu ra te  bevel 
and land.
• The most complete line of Welding Fittings 
and Forged Steel Flanges in the World
—  insures com plete service and undiv ided  
responsibility.

H E DESIGNS PIPING  . . .  One 
of the most im portant parts 

of his job is m aking dead sure that 
the strength of every part of the 
system  is equal to the strain im 
posed on it.

WeldELLS and other Taylor 
Forge W elding fittings* are in key 
w ith  this:

— They have extra reinforcement 
of the inner w all where stress is 
greatest.

•  T h e  l i f t  o f  T a y lo r  F o rg e ’s co n 
t r ib u t io n s  to  th e  w a r  e ffo r t  o n ly  
b eg in s  w i th  W eld E L L S . E v e ry  
T a y lo r  F o rg e  p r o d u c t  is p la y in g  
a  v i ta !  p a r t .  O ne o f  m a n y  e x 
a m p les  is F o rg e d  S teel W e ld in g  
N o z z le s , e s se n tia l  to  h u n d re d s  o f 
t ra n s p o r t s  a n d  f ig h tin g  sh ip s .
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BROWN FINTUBE HEAT EXCHANCERS

... BROWN FINTUBE à.
120 FILBERT STREET • ELY R IA ,  O H IO

M A N U F A C T U R E R S . O F  IN TEG R A LLY  B O N D E D  F IN TU B E S  A N D  F IN TU BE  HEAT  E X C H A N G E R S  j

Give ex tra  ca p a city  fo r  any exch a n y e betw een liquids  
am i (gases. . .  or oth er m a teria ls haviny unequal 

h ea t ti'ansfer co-efficien ts

•  Because Brown integrally bonded Fintubes, 
having the desired number and depth of fins, are 
used in effecting the heat transfer,—the primary 
and secondary tube surfaces of B row n F in tu b e  
Heat Exchangers can be proportioned to the trans
fer co-efficients of the materials being heated or 
cooled, thereby compensating for any deficiency 
in the heat tran sfe r ra te  of one 
o r an o th e r of th e  commodities.

This avoids the necessity of using 
hundreds, sometimes thousands of 
feet of bare tubing to satisfy the 
req u irem en t of the  com m odity  
having lower heat transfer co-effi
cient. I t permits a fewer number, 
or shorter, Brown Fintubes to be 
used for a given heat transfer ser
vice than if plain bare tubes were

used . . . and results in smaller shells, less back 
pressure, less p ressu re  d rop , and  m any o th e r 
im p o rta n t savings in m anufacturing, shipping, 
installation and maintenance costs.

Six standard and many special types of Brown 
Fintube Heat Exchangers meet every requirem ent 
for effecting transfers between liquids and gases, or 

other commodities having unequal 
transfer co-efficients,—and provide 
the high th e rm a l effic iency  and 
tro u b le -free  operation that only 
Brown resistance-welded integrally 
bonded F in tubes can g iv e  you.

More complete details, engineer
ing assistance, estimates, and de
scriptive literature furnished gladly 
on request. Let us quote on your 
h ea t e x c h a n g e r  req u irem en ts .



can be prevented by use of Throttling Nut
T his illustration shows the too common result of using a 

renewable composition disc valve for continuous th ro ttling  
service. T he bronze valve body was ruined by the effects 
of 'w ire  drawing.” The seat ( 1 ) was cut away; the 
outlet side of the diaphragm  was penetrated ( 2 ).

Many of your renewable disc seat valves in th ro ttling  
service may meet the same fate unless immediate action 
is taken to save them , . . a  simple change th a t w ill 
convert them  to w ithstand throttling.

T his change can be quickly and easily made in any 
Jenkins Renewable Composition Disc Valve by adding 
a Jenkins T hro ttling  N u t (Fig. 344). This provides 
an effective substitute for hard-to-get p lug  type valves, 
which would be first choice for services rhat require 
the extreme close regulation of flow. I t  reduces to a 
m inim um  the dam aging effects of w ire drawing, and 
greatly increases the life of the valve.

Ti* -I

Throttling Nut Increases Valve Life 5 to  lO Time.,
Aay Jenkins Renewable Composition Disc Valve can be converted for throttling
service by removing standard disc nut (A ) front standard disc holder, and re
placing it with Jenkins T h ro td in g N u t (Fig. 344) <B) to obtain assembly (C

Since valve failure today can stall vital production, and since preventable 
wear is a needless waste of scarce valve,metals, it  is your duty to insist oh 
effective conservation.

Make sure your valves are inspected regularly, systematically. Repair or 
replace worn parts before a valve destroys Itself. Instruct maintenance

T h e  legs o f the T h ro ttlin g  N u t p rov ide 
o r i f ic e s  w h ic h  r e s t r i c t  the flow o f  liquids. 
Before any appreciab le  volum e o f  fluid can 
pass th rough  the  th ro ttlin g  n u t orifices, the 
seats are separated  to such an  extent th a t d e 
struc tion  from  w ire  d raw in g  o f seat and  disc 
is m inim ized. W ith  this p ro tec tion , seat and 
disc last m uch longer w hen  valve is installed  in  
th e  custom ary position  . . . w ith  in le t pressure 
beneath  the  seat, (a b o v e ).

workers thoroughly. Select valves for new' installations carefully: install
them properly. Consult Jenkins Engineers for assistance in improving 
your system of valve conservation.
Jenk ins Bros.. 80 W h ite  Streer, N ew  Y ork , N . Y c  B ridgeport; A tlan ta; Boston;
P h ilade lph ia ; Chicago. Jenk ins Bros.. Ltd., M ontreal; London.

m ENKINS
; - S . I N C E

[For. every industrial, engineering';.marine and. power \ 
plant service . . . in Bronze, Iron. Cast Steel and 
[Corrosion-Resisting Alloys. . . 125 to 600 lbs. pressurés I

W h e r e  c o n d i t io n s  m a k e  i t  n e c e s sa ry , o r  
w here  th e  service perm its it, still g rea te r effi
ciency can be ob ta ined  if  valve is reversed in  
the line , so th a t in le t pressure is app lied  on 
top  o f disc, (a b o v e ) .  T h is  perm its  expansion 
o r d ischarge o f  fluid through  the ports  in to  
cen tra l cham ber o f th ro ttlin g  nu t, elim inating  
danger o f im p ingem ent effects, the m ost com
m on cause o f scat and disc destruction.



N o  wire w inding is used to hold cloth on the drum of this 

O liver C ontinuous V acuum  Filter except on the ends. 

T h e cloth is installed in sm all pieces and caulked into 

grooved slots betw een the sections. C ake is discharged by  

an ingenious cross-wire device.

T hese features of the O liver P A N E L  T Y P E  Filter* bring 

about several operating and m aintenance advantages:

1  thin, sticky cakes—even m inus 1 /1 6 th  of an inch—are 

easily removed from the cloth.

•Jl only sm all volum e of low  pressure air is needed for 

blow  back to help  lift the cake from the drum.

Comm ercial sizes o f O liver P A N E L  T Y P E  Filter,* now  

being used on m any different products, have already 

proved their operating effectiveness and low  m aintenance 

cost. If you are handling a product w hich  you believe  

w ould  be su itable for this filter, tell us about it. If you  

have any other  filtration or clarification problem, consult 

us about that, too. O ur experience in installing more than

16,000 filters of various types should be helpful.

W h e n  the cake is sticky or colloidal but is to be 

discarded, w e recommend investigation of the 

O liver C ontinuous Precoat Filter.

Best for Pulps Forming Thin, Sticky, 
Colloidal Cakes That Must Be Recovered

J  worn cloths are replaced in sm all sections: or holes 

can be readily patched.

• I  I Mi-



¡* CH EM ICA LS  for MUNITIONS 
I  and SANITATION <HSKÍÉh H h I

LEATHER for SHOES

I & P

POWDERED  
QUICK LIME PEBBLE LIME HYDRATED 

LIM E
LUMP LIME

MARBLEHEAD 
LIME CO.
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STEEL for ARMAMENT
æ ê o s ê l  H  :*3ægni

< * « « BOXBOARD for 
SUPPLY CARTON S

I  H E  e x te n t  o f  M a r b le h e a d ’s  p a r t ic ip a t io n  in  th e  
p r o d u c t io n  o f w a r  n e e d s  in  in d u s tr y , i s  a m a z in g . I t  is  
e x te n s iv e ly  u s e d  to  p u r ify  m o lt e n  ST E E L  in  o p e n  h e a r th  
fu r n a c e s ,  fo r  a r m a m e n t  —  in  t h e  m a n u fa c tu r e  o f  B O X 
B O A R D  fo r  c a r to n s  t h a t  c a rry  s u p p lie s  —  in  L E A T H E R  
fo r  t h e  se r v ic e  m a n ’s  s h o e s  —  F O O D  P R O D U C T S  fo r  th e ir  
m e s s  —  C H E M IC A L S fo r  m u n it io n s  a n d  s a n i t a t io n  —  
W I R E  for fe n c e s  in  f ie ld  a n d  c a m p  —  P A P E R  fo r  G o v e r n 
m e n t  r e c o r d s  —  P A IN T S  a n d  V A R N IS H E S , W H IT E W A SH  
a n d  B R IC K S  fo r  c a m p  b u ild in g s  a n d  w a r  p la n t s  —  T E X 
T IL E S  fo r  u n ifo r m s  a n d  b la n k e t s  —  G R E A SE S fo r  lu b r i
c a t in g  m a c h in e s  —  W A T E R  T R E A T M E N T  fo r  c a m p s , fa c 
to r ie s ,  w a r -b u s y  r a ilr o a d s  a n d  m u n ic ip a l i t ie s  —  a n d  sc o r e s  
o f  o th e r  u s e s  to o  n u m e r o u s  to  m e n t io n .

In  a ll  o f  t h e s e  a p p lic a t io n s , M a r b le h e a d  C h e m ic a l  
L im e  o ffers  u n u s u a l  c h e m ic a l  a n d  p h y s ic a l  q u a l i t ie s  to  
d o  t h e  jo b  q u ic k ly , th o r o u g h ly , d e p e n d a b ly , a n d  a t  lo w e s t  
c o s t .  I t  h a s  b e e n  o u t s t a n d in g  in  t h e  f ie ld  fo r  over 70 y ea rs .

FLOWS 
ALL THROUGH 

THE 
WAR EFFORT

*  FO U R  F O R M S  *



N O T H IN G !  No prom ise  to accom plish, no desire  to serve, no hope  to 

achieve, Mill take the place of actual p erfo rm a n ce !

The accom plishment of Asarco in the m ining of lead, and the fabri

cation and installation o f lead products is symbolized by the shields 

above . . . and these symbols say all that need be said about our ability 

to perform.

If dependable lead products or competent lead burning facilities are 

important to you, communicate promptly with us.

AMERICAN SMELTING and REFINING COMPANY
LEAD PRODUCTS DIVISION 120 BROADWAY, NEW YORK

Vol. 35, No.
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FRENCH FAIENCE POTTERY
As early as 1485# Faenza Italy was famous for the production 
of earthenware with a distinguishing whiteness and polished 
glaze. About 1600, the Italian art of tin enamelling on pottery 
was carried to Nevers in France. Then for upwards of a cen
tury, France had no rival in the art, for Italian production was 
on the decline. Late in the 17th century, w ar and famine hav
ing depleted the French treasury, many patriotic persons sent 
their silver plate to the mint and adopted services of FaTence. 
This w are then came into common use and the French pottery 
industry was securely established.

C H E M I C A L  S T O N E W A R E  DI V.
K E A S B E Y  • NEW  JERSEY

@ 3949

Other products include Steatite Insulators made by 
General Ceramics & Steatite Corp., Keasbey, N. J.

OF POTTERY
IN  THE 17TH CENTURY, pottery came into 
com m on use by the French people because of 
famine and depression. T he birth of Chemical 
Stoneware, on the o ther hand, grew  out of an 
advancing civilization. Its developm ent was 
brought about through the stimulus of chemical 
advancem ent—the handling, in great quantities, 
o f s trong  chemicals and corrosive liquids, re 
quiring equipm ent that was non-corroding.

G eneral Ceramics Chemical Stoneware, in 
addition to being acid-proof throughout, is built 
to w ithstand the roughest handling. Its glazed 
surface is easy to keep clean, thus elim inating 
product contam ination.

G eneral Ceramics products include acid-proof 
pipe, valves, fittings, kettles, jars, pots, pumps, 
exhausters, coolers, condensers, acid elevators, 
towers, filtering equipm ent and tourills.

Ceraphragms— the new  porce la in-like  

porous d iaphragm s fo r e lectro lysis



another feather in its  cap

| ;

tm m im a s m m . *. ■ m

These zinc blocks provide the protection that keeps 
this aluminum alloy heat exchanger on the job.
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A L C O A  V A L U M I  N U M

T h ey  se lec ted  a lu m in u m  fo r th is  h e a t 
exchanger because of its superior heat con
ductivity and its ability to  w ithstand the 
attack  of ho t gases from a by-product coking 
operation. These gases, high in ammonia and 
sulfur compounds and water vapor, pass 
along the outside of these tubes. B ut the 
cooling water circulated within the tubes 
proved corrosive, and the tubes showed ap
preciable attack  by the water after a few 
months’ service.

Samples of this water were subm itted to  
Aluminum Research Laboratories for examina
tion. Solution-potential measurements indi
cated th a t cathodic protection of the alumi
num should be effective in this water, even at

elevated tem peratures. So the zinc blocks seen 
in the picture were installed.

The heat exchanger has since been operated 
continuously for over a year. No leaks have 
developed. Exam ination of the tubes, by 
opening the ends of the cylinder, indicates 
th a t cathodic protection has been very effec
tive in slowing down the attack. Analysis of 
the scale deposited in the equipment con
firms this.

Have you the problem of making irreplace
able aluminum alloy processing equipment 
last longer? Alcoa engineers have been work
ing on such problems for years. They m ay be 
able to  aid you. Aluminum Company of 
America, 2154 Gulf Building, P ittsburgh, Pa.
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Barnstead Distilled Water 
DOES DOUBLE-DUTY

IN M ODERN CHEMICAL P LA N TS

Chemists make sure of getting pure 
water in two ways. First, by using 
Barnstead Distilled W ater for their 
laboratory work. And second, by us
ing larger Barnstead Stills for actual 
plant production.

The reasons are obvious. Using 
Barnstead Stills both in the lab and in 
the plant keeps everything on a high 
consistent quality standard . . .  for 
all Barnstead Stills, from the small }/£ 
gallon per hour unit up to the giant 
500 gallon per hour still produce the 
same high grade of distillate. And the 
results are profitable. For not only 
does Barnstead Distilled W ater cut 
down on your quality variations and 
rejects bu t it is very economical to 
produce as well.

B arnstead W ater Stills are avail
able in sizes from to  500 gallons 
per hour. Operation is by gas, steam 
or electricity.

STILL & S T E R I L I Z E R  CO.IncEŁi-j
5 LA N ES V ILLE  TER R A C E, B O S T O N , M A SS.



New Bulletin

Recovery of ferrous and non-ferrous alloys from 
Foundry Waste. Also Aluminum, Magnesium and 
Zinc from Dross and Skimmings.

Includes Flow Sheets of wet and dry systems, with 
complete description of processes. Also capacity and 
specification tables.

W rite for Bulletin No. 8-A

C O M P A N Y ,  I N C O R P O R A T E D  -  Y O R K ,  P E N N S Y L V A N I A
122 E a s t  42n d  S tr e e t  205 W est  W a ck er  D r iv e  501 H o w a rd  S t r e e t  200 Bay St.

N e w  Y o r k , N . Y . C h ic a g o , I l l in o is  S a n  F r a n c is c o , C a lifo r n ia  T o r o n to , O n ta r io , C a n a d a

CONICAL COUNTER CURRENT THICKENERS RUGGLES-COLES CONSTANT WEIGHT TUBE ROD AND
MILLS CLASSIFIERS CLARIFIERS DRYERS FEEDERS BATCH MILLS



ALLOY STEEL PRODUCTS COMPANY, INC.
1300 WEST ELIZABETH AVENUE • LINDEN, NEW JERSEY

July, 1943 IN

T E A M W O R K  W I N S  T H E

S f e t  '7/ a fo e s  a n d

|  On June 17th, officers of the Army and Navy presented 
the “ E" Award to “ the Men and Women" of the Alloy 

Steel Products Company. This honor was won by the untiring 
energy and devotion to duty of each employee, and to a 
spirit of loyal cooperation and teamwork among all.

Our organization is fortunate that the same stainless steel 
valves we produced for chemical, food and process plants in 
times of peace were required in large quantities for produc
tion of war materiel.

The Men and Women of this Company express their 
heartfelt thanks for this recognition of their efforts and. will 
not relax in their determination to produce more and more 
valves until this war is won.



for
high p ressu re  and  high tem p eratu re
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T H E  B A B C O C K  & W I L C O X  C O M P A N Y
8 5  L I B E R T Y  S T R E E T ,  N E W  Y O R K ,  N .  Y .

W  P R O C E S S  

E Q U IP M E N T

Not too many years ago, BOULDER D A M  brought Babcock & Wilcox 
the largest order ever placed anywhere for fusion-welded products. In
cluded in the 45,000 ton award was 4700 feet of welded steel pipe 30 feet 
in diameter. Thq illustration at right shows one section of this pipe, which 
was fabricated from plate varying in thickness from l- l  1/16 inches to 2%  
inches.

The constant progress being made by engineering science places a 
heavy responsibility on the ingenuity of engineers and manufacturing facili
ties. The successful fabrication of the Boulder Dam penstocks is only one of 
many examples of the way we have always gladly accepted our share of 
this responsibility, and have developed designs and fabricating processes 
which insure strehgth and uniformity of material structure in process equip
ment and economy in its application.

B&W  Process Equipment includes vessels, drums, castings, forgings and 
tubular product^ fo»- Oil Refinery apparatus, Gasoline Towers, Expansion 
Chambers and Alloy Castings. These are fabricated from carbon steel 
and the usual alloy steels, with welded seams, and in sizes limited only by 
railroad shipping clearances.



One of the major intersection members being placed on 
a truck at the adit to a penstock tunnel at Boulder Dam.

BABCOCK & WILCOX

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



EVERY ELLIOTT BLOWER
destined for use in the production of explosives (like all Elliott blowers) 

must first undergo a course of testing quite as severe in its w ay  as that 

of an A ir Force pilot or Com m ando soldier. These blowers must show  

that they have w hat it takes to fit into the high pow ered production  

schedule m aintained in ordnance plants. Bearings must run cool at 

rated speed , and im pellers must prove that they are  properly ba lan ced  

to the nicety required by this sp eed , and m achined to the necessary  

precision needed in developing rated capacity .

A  constant stream  of Elliott blowers is moving into action to put 

smashing force into the loads that bom bers carry , and to drive pro jec

tiles aim ed at A xis annihilation.

Supplied with drive by Elliott— turbine or motor.

E L L I O T T  C O M P A N Y
Centr ifugal  Blower Departm ent , J EA N N ET T E ,  PA.
D I S T R I C T  O F F I C E S  I N  P R I N C I P A L  C I T I E S

The Army-Navy E 
has been awarded 
to both the Jean- 
n e t t e  a n d  t h e  
Ridgway plants of 
Elliott Company.
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As the supply of natural rubber diminishes, undoubt
edly more and more mechanical goods will be made 
of synthetic rubber...  hose, belts, packings, molded 
goods, tank linings, and other rubber products used 
by industry.

Having worked in the field of synthetic rubber for 
more than twenty years, we know what each of the 
five types will do; what chemicals such as sulfur, 
carbon-black, or ultra-accelerators must be added,

and how to compound them. We work with all 
five types; use the type available that is best suited 
for the purpose.

You can get an over-all picture of the properties 
and characteristics of synthetic rubber in the new book 
recently published by United States Rubber Company. 
A request for "The Five Commercial Types of Syn
thetic Rubber" made on your company letterhead will 
be filled promptly. Address your letter to Dept. 8

U N I T E D  STATES R U B B E R  C O M P A N Y
Listen to the Philharmonic Symphony program over the C B S  
network, Sunday afternoon 3:00 to 4:30 E. W. T. Carl Van Doren 
and a guest star present an interlude o f historical significance.

1230 S IX T H  A V E N U E  • R O C K E F E L L E R  C E N T E R  • N EW  Y O R K  

IN  C A N A D A :  D O M IN IO N  R U B B ER  C O M P A N Y , LTD.

WHAT IS SYNTHETIC RUBBER? HOW IS IT MADE? 
WHERE IS IT USED? HOW DOES IT COMPARE WITH
NATURAL RUBBER? You’l l  find the answers in this new book
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POLYVINYL ACETATE is a colorless, ta s te 
less synthetic  resin, insoluble in  w ater b u t 
readily  soluble in  com m on organic sol
vents. I t  is supplied by  D u  P o n t in  th ree 
forms:

(1) POLYVINYL ACETATE BEADS— T his  con
venient form  of th e  solid resin can be 
molded, extruded o r cast in to  various 
shapes. W hen com pounded w ith  suitable 
m aterials, rubber-like products are  p ro 
duced. T h e  heads dissolve readily  in  su it
able organic solvents, and  th e  solution 
can he used in  adhesive, textile  and paper 
coating applications.

(2) POLYVIN YL ACETATE SOLUTION (50 %  

solids in  m ethanol)—T h is  is a  convenient 
form  for using th e  resin w henever suitable 
facilities for dissolving th e  solid arc no t 
available.

(3) POLYVINYL ACETATE EMULSION (5 5 %  

solids in  w ater suspension)—T his  product 
is an  excellent replacem ent and  modifier 
for rubber la tex  in  m any applications. I t  
can  be used w ithou t toxic o r flamm able 
solvents; only w ater is required for dilu
tion. T h e  emulsion is used for m aking  ad
hesives w hich are unusually  strong  and

perm anent under m any conditions.

GRADES:
Solid B eads—H igh, m edium  and 
low viscosity.
Solution—Low viscosity.
W ate r Em ulsion—H igh and low 
viscosity.

T h e  high viscosity products are higher 
m elting, form  h ard er and  m ore durable 
coatings, have  grea ter bonding strength , 
and higher heat-sealing tem peratures. T he 
properties o f all grades o f th is  resin can be 
modified b y  use o f different plasticizers.

COMPATABILITY: C om patible w ith  cellulose 
derivatives, chlorinated rubber, terpene 
resins, rosin, esters o f abietic  acid , and 
sm all am ounts o f coum arone and  indene 
resins. Some n a tu ra l resins such as dam ar, 
elemi, kauri, copal, sandarac, etc ., are n o t 
com pletely com patible, b u t m ay  be  com 
bined w ith  polyvinyl ace ta te  for use in  ap 
plications w here c larity  o f th e  m ix tu re  is 
no t required.

APPLICATIO N S : Polyvinyl ace tate  is an 
effective adhesive for a wide varie ty  o f 
m ateria ls, including leather, paper, cork, 
textiles, wood, ceram ics, and  even highly

polished surfaces o f glass, m etals, and 
m ost plastics. I t  m ay  be  em ployed as a 
heat-sealing o r w et bond adhesive or as 
an ingredient o f ho t m elts.

Polyvinyl ace ta te  is an  effective binder 
for lea ther scrap, paper pu lp , wood flour 
and pigm ents. I t  is o f particu lar in terest 
as a vehicle for m etallic  p igm ents because 
of its  stab ility  and  freedom  from  ta rn ish 
ing effects. F e lt, s traw  and fabrics m ay  be 
stiffened and perm anently  sized w ith  poly
vinyl acetate . A pplied to  m etals, poly
vinyl ace ta te  coatings show excellent du r
ability  and  p ro tection  against corrosion.

Solutions o f polyvinyl ace ta te  m ay  be 
applied to  paper to  form  glossy coatings 
which can be  heat-sealed a t  any  desired 
point, as in  th e  fabrication o f containers. 
P aper trea ted  w ith  polyvinyl ace tate  also 
shows im proved streng th  and oil resist
ance. C oated paper foils o r unsupported  
polyvinyl ace ta te  films m ay  be used as 
d ry  m ounting  foils for application by  hot 
pressing.

AVAILABILITY: C om m ercial quan tities are 
now being shipped on W P B  allocation 
(Allocation O rder M -10) for m anufacture  
of essential w artim e products.

FOR MORE INFORMATION, SEND FOR BULLETIN 4-243

POLYVINYL ACETATE
S E T T E R  T H I N G S  F O R  B E T T E R  L I V I N G  

. . . T H R O U G H  C H E M I S T R Y

E .  I .  du P o n t de N em ours & C o . ( In c . )
E le c tro ch e m ica ls  D e p t ., W ilm in g to n , D e law are

Please send me yo u r B u lle t in  4-243 on P o ly v in y l A ce ta te .

N am e____

C om pany .  

Addrens—
I  E C -7



PYREX PIPING I S  T O U G H !

Part of a well-known wine cellar was razed by fire 

recently. Almost everything in the burned buildings was 

destroyed beyond salvage or recognition. B ut shown 

above is a section of P y r e x  brand glass piping picked 

out of the ruins. I t  was bent by the heat. One end was 

chipped when it crashed. I t  is of no earthly use today, yet 

it  is still clearly a piece of Pyrex piping! B y  contrast, the 

tiny flecks visible on its surface are splashes of molten 

aluminum.

Engineers everywhere know that P y r e x  piping is 

chemically stable and highly resistant to  thermal shock. 

They know that it is easy to clean and that its trans

parency facilitates and even assures the success of many

operations. The one objection to its use—-and it  is raised 

only by those who have had no experience with it—is 

that glass is fragile. Engineers, however, with large 

installations of P y r e x  piping say that even under rough 

and ready conditions breakage is not a serious problem.

The above survivor of a devastating fire shows that 

P y r e x  piping can “take it”— that P y r e x  brand Indus

trial Glass has strength and stability far in excess of the 

demands of m ost industrial services. If you could 

benefit by the characteristics obtainable only in P y r e x  

piping, write to the Industrial Division, Corning Glass 

Works, Corning, N . Y. And remember, P y r e x  Piping is 

available today.

“ P Y R E X "  is a registered trade-mark and indicates manufacture by Coming Glass Works. Coming. A\ 1\
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1/0 DUCK

■ R

A F A B R I C  T H A T ' S  " A B O U T  T HE  S A M E "  W O N ' T  D O . .

S/770 AIRPLANE FABRIC

S/455 DRILLS/104 ARMY DUCK

F-10
TWILL

THE DIXIE 
COTTON MILLS

The fact that we regularly make and distribute 

over 25,000 different cotton fabrics—the prod

ucts of 20 modern mills— makes it possible for 

us to offer the one particular fabric best suited 

for a given job. Our engineers are also avail

able to work with you on the development of 

special fabrics to meet unusual requirements. 

Wellington Sears Company, 65 Worth St., N. Y.

BUY M ORE WAR BO N D S

BROOKSIDE MILLS EQUINOX MILL SHAWMUT MILL RIVERDALE MILL LANGDALE MILL LANETT MILL FAIRFAX MILL
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Beginning of a long life
in the POW ELL Line

F ig . 2457—Stainless Steel O. S. & Y. Globe Valve. 
Has flanged ends, outside screw rising stem, 
bolted flanged yoke and plug type disc. Vulcan
ized composition disc can be furnished. Made in 
sizes 4" to 12", inclusive.

Powell Valves, available in a wide variety of pure 
metals and special alloys to meet the exacting 
requirements of every kind of corrosive service, 
offer positive protection of end product against 
contamination.

Before a Pow ell Valve earns the right to bear this time-honored  
name, it is called upon to prove its acceptability into an illus
trious family. In blunt words, it m ust fill a need— actual or 
anticipated— before it  is perm itted the responsibilities o f  the 
fam ily name.

From the m om ent o f its conception b y  Pow ell engineers and 
consultants, that valve is engineered to its purpose. I t  m ust m eet 
every requirement o f “Standard o f Control” , which is the 
fam ily m otto.

This goes for a ll  Powell V alves . . .  of every type . . .  o f  every  
proved-in-service material . . . for every need. Pow ell takes this 
special care because its near-century-old name rests upon the

p r e - d e te r m in e d  p e r fo r m a n c e  
o f  e v e ry  P o w e ll  V alve.

Cincinnati, Ohio

F ig . 1911—Stainless Steel O. S. 8s Y. Gate Valve. 
Has flanged ends, outside screw rising stem, 
bolted yoke bonnet, threaded-through bronze 
yoke bushing and nested gasket. Body and yoke 
bonnet are cast the same alloy or metal.

TheWm. Powell Co.
Dependable Valves Since 1846
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T E A M - M A T E S
o f

W A  R  B O I L E R S

Yes, Buffalo Boiler Feed Pumps are "right in  
there fighting" —  ably fighting to help  Indus
try's boilers keep  steam  at peak levels and  
the w heels of production hum m ing. That's 
because —  long before Pearl Harbor —  the Buf
falo m ethod of design ing and construction  
took account of em ergency needs —  and built 
in  an extra m argin of stamina. Smooth operat
ing, practically attention-free, Buffalo Pumps 
are help ing d e l i v e r  th e  g o o d s !

★

B U FFA LO  PUM PS, INC.
153 Mortimer St. Buffalo, N . Y .

Branch Engineering O ffices in Principal Cities 
Canada Pumps Ltd ., Kitchener, Ont.
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P ro d u c e d  b y  J À Y - C  E E -T E N N E S S E E
A LU M IN U M  PLA N TS

Hoppers & Chutes 
Stacks & Breeching 
Annealing Baskets 
Specia l Machinery

PO W D ER  PLA N T S
Tanks
Pressure Yessels 
Fabricated Piping 
Specia l Machinery

O T H E R  PLA N T S
Structural Steel 
Steel and Plate Work 
Iron Castings 
Special Machinery

f a  c  I L I T i e  s
G r a y  Iron  Foundry  — Capacity 15 to 20 tons per day. Also alloy iron castings.

S t ru c tu ra l and P la te  Shop— A ll kinds 
of structural and plate fabricating up to 
and including 2" plate.

L ight Iron  Shop— F a b r ic a t in g  sheet 
steel, and aluminum. Also miscellaneous 
metal work 16 g a u g e  and heavier in 
metal work and light structural work.

If  it's m ade of Iron  o r  S tee l ,  d ra w  a p ic tu re  o f  It

M achine Shop— Having a wide variety 
of machinery we are capable of handling 
highly diversified work.

Our E n g in e e rs  and M e c h a n ic s  are 
familiar with tough problems in fabrica
tion and manufacture. A jk  us to help 
out on the "mean" jobs.

—  we'll  build it.

jobsI a  sara
C I T Y  • F O I
4NS0N CITY , TENN

MFMTAL StÖH wcmric •

F a b r i c a t e d
by

Build ers of Anything in Iron and Steel  
Not A l re a d y  Produced as a Specla  ity
Fabricated  from steel plates, sheets and shapes, the com pact exhaust 
units shown above were designed to remove the Inflammable ingredients 
from oil and grease fumes, by pulling the gasses through a liquid bath. 
Twelve o f these units were manufactured by " Ja y -C e e "  In Johnson C ity , 
Tennessee, and assembled c o m p le te ly  with the motors, fans and 
controls for use in large aluminum tube mills.
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EQUI P  Y O U R  LIBRAR
W i t h  A m e r i c a n  C h e m i c a l  S o c i e

O R G A N IC  C H E M IS T R Y

The Chemistry of N atural Coloring M atters — by F ritz  M ayer. 
T ranslated and  Revised by A. H . Cook. §10.00

The Chemistry of Aliphatic O rthoesters — bv H. \V. Post.
4.00

Organic Derivatives of Antimony — by W alter G. Christiansen.
3.50

Glycerol and the Glycols —  by Jam es W. Lawrie. 7.25

Nucleic Acids — by P . A. Levene and Lawrence W. Bass. 4.50
The Catalytic Oxidation of Organic Compounds in the Vapor 

Phase —  by L. F . M arek and  D orothy A. H ahn. 9.00

Carotinoids and R elated P igm ents: The Chromolipoids —  by 
Leroy S. Palm er. 4.50

T he Ring Index — by A ustin M. Patterson and Leonard T. 
Capell. 8.00

Organic Arsenical Compounds — by George W. Raiziss and 
Joseph L. Gavron. 6.75

The M echanism  of Homogeneous Organic Reactions from the 
Physical Chemical Standpoint — by Francis Owen Rice.

3.75

Anhydrous Aluminum Chloride in Organic Chemistry — by 
Charles A. Thom as. 15.00

The Reactions of P ure Hydrocarbpns —  by G ustav EglofF. 16.75

Physical Constants of Hydrocarbons — by G ustav Egloff.
Volume I, Paraffins, Olefins, Acetylenes, and O ther Aliphatic 

H ydrocarbons 9.00

Volume II , Cyelanes, Cyclenes, Cyclynes, and O ther Alicyclie 
Hydrocarbons. ' " 12.00

Pyrolysis of Carbon Compounds ■ ■ by Charles D ew itt H urd.
9.50

Isomerization of Pure H ydrocarbons —  by G ustav  Egloff, V. 
Komarcwsky and  George H ulla. 9.00

IN O R G A N IC  C H E M IS T R Y

Potash  in North America — by J. W. Turrentine. S 3.50

Diatom aceous E arth  — by R obert Calvert. 4.00

Fixed Nitrogen —  E dited  by H arry  A. Curtis. 12.00

Equilibria in Saturated  Salt Solutions — by W. C. Blasdale. 3.50 

Sulfuric Acid M anufacture —  by  Andrew M. Fairlie. 9.75

Nitrogen System  of Compounds —  by Edw ard C urtis Franklin.
7.50

M anufacture of Soda, 2nd Ed. — by Te-Pang Hou. 9.50

Solubility of Non-Electrolytes, 2nd Ed. —  bv Joel H. H ildebrand.
4.50

Hydrochloric Acid and Sodium Sulfate — by X. A. Laury. 3.00 
The Properties of G lass — by George W. Morey. 12.50

The Properties of Silica — by R obert B. Sosman. 9.50

The Industrial Development of Searles Lake Brines, with Equilib
rium  D ata — by John E . Teeple.

Soluble Silicates in Industry —  bv  Jam es G. Vail.
2.25

7.25

B IO L O G Y  A N D  M E D IC IN E

Electron Microscope — by B urton and Kohl. S 3.85
Electrophoresis of Proteins - 

and M. H. Gorin.
■ by I i .  A. Abramson, L. S. M oyer

6.00
Electrokinetic Phenom ena and Their Application to Biology and 

M edicine —  by H arold A. Abramson. 7.50
The Animal as a Converter of M atter and Energy —  by H enry 

P . Armsby and C. R obert M oulton. 3.50
Photodynam ic Action and D iseases Caused by Light — by 

H arold Francis Blum. 6.00
The Development of Physiological Chemistry in the United 

S tates •— by Russell H . C hittenden. 4.50
-b y  P. 

3.50
Surface Equilibria of Biological and Organic Colloids -

Lecomte D u Nouy.
by  K . George 

3.75
The Chemistry of Enzyme Actions, 2nd Ed. 

Falk.
The Chemistry of N atural Products R elated to P henanthrene, 

2nd Ed. — by L. F . Fieser. 7.00
4.25Thyroxine — by Edw ard C. K endall, M.S.

. The Physiological Effects of R adiant Energy -
Laurens.

- by H enry 
6.00

by  W. F . Von 
6.00

Therapeutic Agents of the Quinoline Group
Qettingen.

- by II. C. Sherm an and  S. L. Smith.
6.00

T he Vitamins, 2nd Ed.

M ineral M etabolism  — by A. T . Shohl. 
Colloid Chemistry — by  Thé Svedberg.

5.00
4.25

The Chemical Aspects of Im m unity, 2nd Ed. 
Wells.

- by H . Gideon 
4.50

Proteins, Amino Acids, and Peptides as Ions and Dipolar Ions —  
by E . J. Cohn and  J. T . Edsall 13.50

Biochemistry of Fatty  Acids — by W. R . Bloor
The W ar on Cancer — by E . Podolsky

6.00
1.75

P H Y S IC S

Phenom ena a t the Tem perature of Liquid H elium  — by  E . F. 
B urton, II. G rayson Sm ith and J. 0 .  Wilhelm. S 6.00

Properties of Ordinary W ater-Substance —  compiled by N. 
E rnest Dorsey. 15.00

The R am an Effect and Its  Chemical Applications — by Jam es 
H . H ibben. 11.00

The Kinetics of Homogeneous G as Reactions — by Louis S. 
Kassel. 6.50

Photochem ical P rocesses —  by George B. K istiakow sky. 4.25
The Chemical Effects of Alpha Particles and Electrons, 2nd 

Ed. —  by Samuel C. Lind. 3.75
The Photochem istry of G ases —  by William A lbert Noyes, Jr. 

and  Philip A lbert Leighton. 10.00
M olecular R earrangem ents —  by  C. W. Porter. 
T he M odem  Calorimeter — by W alter P . W hite.

3.00
3.00

T he Structure of Crystals, 2nd Ed. —  by R alph W. G. Wyckoff.
7.50

T he S tructure of Crystals, Supplem ent Volume H  —  by R alph 
W. G. Wyckoff. 6.00

R e i n h o ld  P u b l i s h i n g  C o r p o r a t io
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F O R  T H E  D U R A T I O N
M o n o g r a p h s  a n d  o t h e r  R e i n h o l d  Bo o k s

R U B B E R , P L A S T IC S  A N D  R E S IN S
Chemistry and Technology of Rubber — E dited  by Carroll C.

Davis and John T. Blake. $15.00
Science of Rubber — Edited by Prof. Dipl.-Ing K. Memmler — 

Translated by R. F. Dunbrook & V. N. Morris. 15.00 
Latex, Its Occurrence, Collection, Properties and Technical 

Applications — by Ernst A. Hauser. 4.00
Polymerization and Its Applications in the Fields of Rubber, 

Synthetic Resins, and Petroleum — by Robert E. Burk, 
Howard E. Thompson, Archie J. Weith and Ira  Williams.

7.50
• One Volume —  Edition —  bv

20.00
Chemistry of Synthetic Resins ■ 

C arleton Ellis.
Chemistry of Synthetic Surface Coatings ■ 

haar.
Plastics and Molded Electrical Insulation -

Casein and Its Industrial Applications -
and  Frederick L. Browne.

Systematic Survey of Rubber Chemistry — by C layton W. 
Bedford and  H erbert A. W inkelmann. 8.00

P E T R O L E U M , F U E L S  A N D  L U B R IC A N T S

- by William K rum b-
4.00

- by  Emile Hemming.
6.00

■ by Edwin Suterm eister 
6.50

The Amazing Petroleum Industry - - by Vladimir A. Kaliehevsky.
S 2.25

Chemical Refining of Petroleum, 2nd Ed. — by Vladimir A. 
Kaliehevsky and Bert Allen Stagner. 7.50

Modem Methods of Refining Lubricating Oils — by Vladimir 
A. Kaliehevsky. 6.00

Chemistry of Petroleum Derivatives — by Carleton Ellis. 
Volume I 18.00

20.00
•by E. N.

15.00
-  Thermal 

6.00
■ by Eugene

6.00
Shale Oil — by Ralph H. McKee. 4.50
Catalysis — Inorganic and Organic — by Sophia Berkman, 

Jacque C. Morrell and Gustav Egloff. 18.00
Emulsions and Foams — by Sophia Berkman and Gustav Egloff

8.50

Their Manufacture and Use -
Volume II

Lubricating Greases:
Klemgard.

Conversion of Petroleum, Production of Motor Fuels • 
& Catalytic Processes — by A. N . Sachanen.

Motor Fuels: Their Production and Technology - 
H. Leslie.

M E T A L L U R G Y
Metals and Alloys Data Book — by S. L. Hoyt. S 4.75
A Course in Powder Metallurgy — by W. J. Baeza. 3.50
Protective Coatings for Metals - 

Schuh.
•b y  R . M. Burns and  A. E.

6.50
Silver in Industry — Edited by Lawrence Addieks. Sponsored 

by the Silver Producers’ Research Project with the active 
cooperation of the National Bureau of Standards and many 
universities and scientific organizations. 10.00

Corrosion Resistance of Metals and Alloys — by Robert J. 
McKay and Robert Worthington. 7.00

Tin — Its Mining, Production, Technology and Applications — 
by C. L. Mantell. 5.25

Beryllium: Its Production and Application — Translated by
R. Rimbach and A. J. Michel — reprinting ready soon. 10.00

Bearing Metals and Bearings — by W. M. Corse. 5.25
Sampling and Analysis of Carbon and Alloy Steels. Prepared 

by The Chemists’ Committee of the Subsidiary Companies 
of the U. S. Steel Corp. 4.50

Sheet Steel & Tin Plate — by R. W. Shannon. 5.00
Textbook of Metallography, Chemistry and Physics of the 

Metals and Their Alloys — Gustave Tammann. 7.00
Titanium, With Special Reference to the Analysis of Titaniferous 

Substances — by William M. Thornton, Jr. 3.75
Zirconium and Its Compounds — by Francis P. Venable. 3.00 
Arsenical and Argentiferous Copper — J. L. Gregg. 4.00
Molybdenum, Cerium and Related Alloy Steels — by II. W.

Gillett and E. L. Mack. 4.25

FO O D  A N D  N U T R IT IO N

Drying and Dehydration of Foods — by II. W. von Loesecke.
$ 4.25

We Need Vitamins — by Walter H. Eddy and G. G. Hawley.
1.50

What Are the Vitamins? — by Walter H. E ddy. 2.50
Minerals in Nutrition — by Z. T. Wirtschafter. 1.75
Outlines of Food Technology — by II. W. von Loesecke. 7.00 
Animal as a Converter of M atter and Energy — by Henry P. 

Armsby and C. Robert Moulton. 3.50
Marine Products of Commerce, Their Acquisition, Handling, 

Biological Aspects and the Science and Technology of Their 
Preparation and Preservation — by Donald K. Tressler.

12.00
Comprehensive Survey of Starch Chemistry — by. Robert P. 

Walton. 10.00

M ISC E L L A N E O U S

Noxious Gases and the Principles of Respiration Influencing 
Their Action — by Y. Handerson and H. W. Haggard.

$ 3.50
Chemical Action of Ultraviolet Rays — by Carleton Ellis and 

Alfred A. Wells. 2nd Ed. by Francis F. Heyroth. 12.00 
Uses and Applications of Chemicals and Related Materials — 

by Thomas C. Gregory. 10.00
Condensed Chemical Dictionary — 3rd Ed. Edited bv Thomas 

C. Gregory. ' 12.00
Industrial Solvents — by Ibert Mellan. 11.00
Industrial Chemistry, an Elementary Treatise for the Student 

and General Reader. 4th Ed. — by Emil Raymond Riegel.
5.50

Modem Practice in Leather Manufacture — by John A. Wilson.
9.50

Soilless Growth of Plants — by Carleton Ellis and Miller W.
Swaney. 2.75

Temperature — Its Measurement and Control in Science and 
Industry — Sponsored by the Symposium Committee of 
American Institute of Physics. 11.00

Principles of Patent Law for the Chemical and Metallurgical 
Industries — by Anthony W. Deller. 6.00

Modem Pulp and Paper Making — by G. S. Witham, Sr. Sec
ond Edition. 6.75

3 3 0  W est  4 2 n d  Street, N ew  York, N. Y.
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costs far more than 
any pair of AO Safety Goggles

Am erican^ Optical
C O M P A N Y

When one o f your workmen suffers a minor eye injury, 
here's a typical picture o f  what happens: He stops work and 
goes to the First-Aid station for treatment. Usually he is 
sent home to nurse his injury. Next day he returns to work 
and has two brief treatments at the First-Aid room.

Now, let’s estimate costs. First, the workman suffers pain 
and annoyance. He loses 3 or 4 hours' pay. Your company’s 
expenses include items such as these:

Machine idle for 3 or 4 hours.. . First A id . . . Treatment 
Medical Supplies. . . Foreman’s time on case. ..

Now, compare these costs with the price o f a pair of  
comfortable AO safety goggles. You’ll find that even a 
minor eye accident is now costing you two, three, five, 
maybe ten times as much as a pair o f  AO Safety Goggles 
designed to prevent eye accidents from happening.

Make sure that your workers have AO eye protection. 
For information, advice and full cooperation, get in touch 
with the nearest AO branch— there’s one in every principal 
industrial center throughout the United States and Canada 

— or have an AO representative call at your office.

S O U T H B R I D G E , M A S S A C H U S E T T S
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W ILFLEY-the pum p w ithout a stuffing b o x - i s  the in d is

p en sab le  unit in plants w h ere acids, corrosives, or hot 

liquids M UST flow  day and n igh t to k eep  production  at 

the peak. This pum p is a 'round-the-clock  perform er 

on CO N TIN U O U S pu m pin g  jobs, as w ell as on INTER
M IT T E N T  operations. E ffective sea lin g  b lades. N o rub

b in g  contact. 1 0 - to 1 ,000-G .P .M . capacities and 15- to 

125-ft. heads and higher. Individual en g in eer in g  serv ice.

Buy W ILFLEY for in creased  production w ithout 

interruption. W rite for details.

P U M P S

A. R. WILFLEY & SONS,  Inc.
D E N V E R , C O L O R A D O , U . S . A .

N E W  Y O R K  O F F I C E :  1 7 7 5  B R O A D W A Y ,  N E W  Y O R K  C I T Y
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Q / C / €

SPEED UP PROCESSING and or PRODUCTION

'W c t & a u t  O r t c n e t i d i v t a

GIVE YOUR FLOW LINES 
FULL CAPACITY 

BY USING

LUBRICATED PLUG VALVES
On old pipe lines you can reduce pumping and 

other power costs by changing to C L C , £ — reduced 
operating costs and increased production w ill pay for 
the change-over.

Standard 125 lb. patterns have gate valve face-to- 
face  dimensions to facilitate the change without dis
turbing pipe lines.

Can also be furnished in special alloys, and with 
full round port openings, having port diameters equal 
to inside diameter of iron pipe.

SIM P LE TO SER V IC E
There is no packing gland and no auxiliary gaskets 
to be watched and rep laced . Lubricant is introduced in 
sticks, and is forced into the valve by turning the lubri
cant screw . A  bottom base-plate permits dropping out 
the plug without breaking the pipe connection.

Q ,C ,£ i  Lubricated Plug Valves are furnished in all 
standard sizes, screwed or flanged type. Ask about 
special alloys for corrosive service.

Representatives in principal cities carry adequate 
warehouse stock availab le  for quick delivery. Send 
for our Catalog # 3 -A ,

Because Processing and Chemical plants are so de
pendent upon pipe lines for handling of all their lad
ings, it is extremely important that these lines be 
permitted to function to the limit o f their capacity. 
Q , C , £  Lubricated Plug Valves have ports offering.

full, unrestricted area to the flow o f a ll fluids, with the 
further much desired feature of quick operation.

The sketches show thfe difference in port area of 
standard tapered plug valves as compared with 

‘G L C ,£  cylindrical plug valves.
On new pipe lines you can obtain this efficiency 

by specifying Lubricated Plug Valves — they
cost no more.

4 "  T a p e re d  P lug:  
A r e a  7 . 0 0  s q .  
i n . ,  r e s t r i c t s  
p a s s a g e  b y  a s  
much as  4 2 %  o f  
a r e a  o f  th e  p ip e .

4 "  C y l i n d r i c a l  
P l u g  o f C L O f?  
V a l v e :  A r e a
1 2 . 7 3  s q .  i n . ,  
f u l l  p i p e  a r e a  
p o rt  open ing /

A M E R I C A N  C A R  A N D  F O U N D R Y  C O M P A N Y
V a l v e  D e p a r t m e n t  

3 0  C H U R C H  S T R E E T , N E W  t O R K ,  N . Y .



G RISC O M -R U SSELL
T W IN  G-FIN  SECTION

^ I t e  1 / f f U a e M x U  c t l e a t  S 'X jc lt G M X j& i
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1 9 4 2 . . .

TWIN G-FIN 
SECTIONS

Th ere  are important reasons w h y Twin G -Fin  Section sales increase  
so steadily . . .  and so rapidly.

•  The design of these units is backed by 76 years of experience in building heat 
transfer apparatus.

•  Their details of construction have been proved  by 10 years of service.

•  More than 800 users have found that these " universal heat exchangers" can 
be applied to a greater variety of heat transfer processes than any other type 
of apparatus on the market.

Write for Bulletin 1613 which explains the wide preference for these units.

THE GRISCOM-RUSSELL CO. - 285 MADISON AVENUE, NEW YORK 17, N.Y.



GAS COOLER 
CONDENSER

A  SU BSID IA RY O F 
H A G A N  C O RPO RATIO N

C a l g o n  ■ T r e d  t e d
WATER SUPPLY

A few  ppm of Calgon stab ilize s  cooling  
w ater and p ro cess so lutions, preventing  
CaC 03 sc a le  and plugging of scre e n s by 
C a S 0 3 and retarding form ation of CaSO* 

sc a le  in evaporators.

on, in c .
H A G A N  B U IIO IN G  
P ITTSBU R G H , PA .

Vol. 35, No. 7

CELLITE
WASHER

STEAM

RED LIQUOR" 
FEED

ABSORPTION
TOWER NITRATOR

MULTIPLE-EFFECT EVAPORATORS

How Calgon helps speed America’s war effort:
10. IN THE MANUFACTURE OF TNT

P R EV E N T IN G  scale deposition  
from  co o lin g  w ater passing  

through process heat-exchangers was 
a familiar job for Calgon in all sorts 
of process industries years before the 
war. Only a few pounds of Calgon* 
fed to a m illion pounds of cooling 
water sufficed to keep calcium car
bonate from impeding heat transfer 
in power-plant, oi 1-refinery, distil
lery condensers and similar equip
m ent in many specialized operations.

T he same “threshold treatment” 
helped the operators of beet-sugar 
plants to complete a campaign with
out having to shut down their evapo

rators to boil out calcium sulphate 
scale, saving days when every second 
meant dollars.

A ll of these jobs that Calgon did 
so well in peacetime it is doing 
equally well under the imperative 
drive of war necessity. More than 
that, when guns became more im
portant than butter, and T N T  
plants mushroomed across the coun
try, Calgon went quickly to work in 
this deadly serious environment.

A “tremendous trifle” of Calgon 
now does for gas coolers, absorbers, 
and nitrators what it had long done 
for peacetime heat exchangers by

inhibiting calcium carbonate scale. 
Evaporators handling waste “red 
liquor” now stay on the line longer 
because Calgon holds back deposi
tion of calcium sulphate here as in 
the beet-sugar plants. And Calgon 
still further has demonstrated its ver
satility as a stabilizer by preventing 
plugging of the cellite washer screens 
with calcium sulphite.

T ell us your problem and we will 
tell you in a straightforward manner 
if Calgon can be of service to you.

*Calgon is the registered trade-mark of Calgoti, 
Inc., for its glassy sodium phosphate products.



KJELDAH L TUBE BRIGHT DIPPING STRIPPIN

HYDROCHLORIC ACID ETCH IN'PICKLING-PLATING-ANODIZING-ETC. KJELDAHL AND ABSORPTION TOWER

UNEXCELLED for HANDLING 
CORROSIVE GASES, becau se
1  — A ll parts in  co n ta ct w ith  corrosive are h e a v y  ca stin g s.
2 —A ll b ear in gs are extern al.
3 —E ach fan  c a s in g  equipped  w ith  op en in g  for d ra in age  

of con d en sa te .
4 —Im p eller  sh aft equ ipped  w ith  stu ffin g  box to p rev en t  

esca p e  of fu m es.

M ade in  s izes  from  3" in le t , 3" o u tle t , to 18" in le t , 16" 
ou tle t. C apacities from  60 c fm . to 7000 cfm .

T here are th ousands of D urco corrosion-resistant fan s  
se rv in g  d ozen s of d ifferen t industries. Som e of th e  prin
c ip a l ap p lica tion s are sh ow n  in  th ese  sk etch es. It is not  
u n u su a l to find  Durco fan s th a t h a v e  g iv e n  u n in terrup ted  
se r v ic e  for m ore th a n  15 years.

W rite for B u lletin  g iv in g  com p lete  d ata  and  sp ec ifica tion s.
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EVEN HOT SULPHURIC ACID CAN’T DULL 

THE G LO SS OF PAINT!
like plastic used to line tanks in  which 
c o rro s iv e s  a re  m ade and  h a n d le d )  
liquefied by the addition of appropriate 
solvents. These solvents, on evaporation, 
leave a sturdy, durable film of chemically 
unchanged Tygon.
Tygon Paint films are odorless when dry, 
tasteless, and relatively non-toxic (they 
may be formulated to be totally non
toxic, if desired). The films are tough, 
flexible, and non-inflammable. Tygon 
Paints show no tendency to crack, craze, 
check o r “weather” even after long ex
posure to air, sunlight, moisture o r other 
oxidizing elements. They are highly 
resistant to acids, alkalies, alcohols, 
•greases, oils and fats. Certain formula

P AINT seldom faces a tougher job 
than when used on the exterior of 

hot, non-ventilated pickling tanks. In  
addition to the viciousness of the fumes 
arising from hot sulphuric acid, there is 
the frequent spillage that occurs, plus the 
moisture which aggravates any corrosive 
condition.
In  this toughest kind of service, where 
the life o f most industrial paints is 
measured in terms of but a few months 
(sometimes but a few weeks) Tygon 
Paint is still taking it, the original gloss 
not even dulled after m ore than fifteen 
months!
The reason? Tygon Paint is, essentially, 
pure Tygon (the chemically inert, rubber

A K R O N , O H IO

tions will even withstand hot aromatic 
fuels.
For detailed information on the use of 
Tygon Paints, and other Tygon corrosion- 
resistant materials: linings, rigid or flexible 
tubing, gasketing materials, impregnating 
solutions, or molded Tygon products, write: 
U. S. Stoneware Company, Akron, Ohio. 
In Canada: Chamberlain Engineering, Ltd., 
Montreal, Que.
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WILLARD STORAGE BATTERY PLANT

I E A D  dust is particularly serious in the 
1mm manufacture of batteries because of the 

large volume of lead used. The W illard  

Storage Battery Company installed D R A C C O  

Bag Type Arresters in the fall of 1942 which 

have established a record of high dust col

lecting efficiency. The equipment is used 

16 hours a day, 6  days a week, with air re

moval at 24 ,000  cubic feet per minute. The 

lower photo shows employees burning straps 

to groups of plates. The plate burning table 

and grating top conveyor are exhausted by 

D R A C C O  Filters. Respirators are used as 

an added precaution.

•  For Further Information Write •

DRACCO CO RPO RATIO N
4055 E. 116th St. Cleveland, O h io

•  New York O ffice, 130 W . 42nd St. •

The "HOWS
a n d  "WHYS” of

GASKET ENGINEERING
. . .  from the Research Laboratory 

of " Gasket Headquarters”

D o you know all the factors bearing upon the selec
tion of tine proper gasket for a particular service?

Enlightening information is contained in the cur
rent issue of "The Gasket”— the first of a series of 
technical bulletins to be issued by the modern 
Research Laboratory of the Goetze Gasket and 
Packing Company, oldest and largest manufacturers 
of industrial gaskets in America.

W e w ill be glad to send these bulletins to you 
regularly, if  you write on company letterhead, giv
ing your position.

GOETZE GASKET & PACKING CO., In t.
12 A L L E N  A V E N U E . N E W  B R U N S W I C K , N . J .

V  fa  GASKETS
PN EUM ATIC CO N VEYO RS • DUST COLLECTORS rS  I  "America's Oldest and Largest Industrial Gasket Manufacturer''
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IS ESSEN TIAL FOR

AVIATION
GASOLINE

LIQUID PHASE ISOMERIZATION
Success of the "a ir invasion" depends on unlimited supplies of 100 octane 
gasoline. No shortage in its components must impede final Victory.

New Liquid Phase Isomerization gives 5 0 -5 5 %  yield per pass of isa- 
butane. This continuous process provides:

Decreased catalyst consumption 
Lowered capital, investment 
Reduced operating costs 
Minimized steel requirements 
Longer “ on stream“  time

F o s t e r W h e e l e r  is now constructing Liquid Phase Isomerization plants.

F O S T E R  W H E E L E R  C O R P O R A T I O N
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f* \ |e w  design, developed from operating experience 

with fluid catalytic units, produces the same high yields of 

quality aviation fuels while sharply reducing capital in

vestment. Steel requirements are more than halved; con

struction schedule is accelerated.

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

)



(AERCER

UNIQUE

Sole Representatives
of the Combined Engineering and Manufacturing Facilities 

  o f  -------

MERCER ENGINEERING WORKS, INC.
W O R KS: CLIFTON , N. J .

ROBINSON MANUFACTURING CO.
PLANT: M UN CY, PA.
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ELECTROPHORESIS OF PROTEINS
and the Chemistry of Cell Surfaces

b y
H arold  A . A b r a m so n

Assistant Professor of Physiology, College of Physicians and Sur- L a w ren ce  S . M oyer
geons, Columbia Unitersity; Associate in Medicine, The Mount Assistant Professor of Botany, University of Minnesota

Sinai Hospital, New York City and
M a n u e l H . G o rin

Chemical Research Supervisor, Field Research Department, Magnolia Petroleum Company
The surface chemistry o f living cells —  in particular the investigation of proteins b y  electrophoresis —  has made such 
rapid advances in recent years that it has attracted the attention of workers in nearly all fields of biological science.
This volume presents all phases of the subject in substantially complete form ; both theoretical and practical aspects 
are fully discussed. This concise and readable description of the behavior of proteins in solution, adsorbed at surfaces, 
and oriented at the limits o f crystal lattices will result in a clearer understanding of how proteins act in living cells.
Th e principles described apply to m any diverse fields: to the treatment o f allergies, which is the particular interest of 
the authors; to the study of blood and skin chem istry, which is of concern to dermatologists, physicians and cosmeticians; 
as well as to such industrially practical substances as wool, rubber latex, and other complex molecules in which proteins 
are involved. A  glance at the table o f contents will show the variety of subjects touched upon in this able study of 
protein behavior.

CONTENTS
General Principles o f Electric M igration in Liquids Antibodies, Antigens and Their Reactions
Experim ents in the Nineteenth Century Interactions of Proteins in M ixtures
Methods Interactions o f Proteins at Surfaces
Dissolved and Adsorbed Proteins and Related Surfaces Enzym es and Hormones . . . .  ,
Electrokinetic Theory and .Migration o f Charged Particles Electrophoretic Investigations of Biological

Electric M obility and the Calculation o f the N et Chargo Latex
Serum  and Plasm a Surface Chem istry o f Cells

341 Pages Illustrated $6.00
REINHOLD PUBLISHING CORPORATION, 3 3 0  W .  42nd St., New York, N. Y.
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5 7  I n d i c a t o r s  f o r  D c t c r m i n i n g  
H y d r o g e n - I o n  C o n c e n t r a t i o n

E astm an  O rganic C hem icals include 57 indicators covering the entire 

pH range. Careful laboratory tests assure the dependability and 

uniformity of these compounds. In addition, each indicator of the 

sulfonphthalein type is tested spectrophotometrically to make certain 

that it exhibits maximum color change and sensitivity.
A table giving the solvents employed and the concentrations in which 

these Eastman indicators are generally used, as well as a chart showing 

their pH ranges and color changes, will be supplied free upon request. . .  . 
Eastman Kodak Company, Chemical Sales Division, Rochester, N. Y.

T h e r e  a r e  m o r e  t h a n  3 4 0 0

E A S T M A N  O R G A N I C  C H E M I C A L S

S P E C IA L
VAPORIZERS

f o r  y o u r  

s p e c i f i c

r e q u i r e m e n t s
W h e n  y o u  o rder fro m  B R I G H T O N  y o u  a re  s u re  of 
p ra c tic a l, h a rd  w o rk in g  e q u ip m e n t, s k illfu lly  b u ilt  
of th e  p ro p er m e ta ls  fo r  y o u r  jo b . B R I G H T O N  c o n 
d en sers, s im ila r  to  th e  ty p e  illu s tra te d  c a n  b e d e
sign ed  fo r  y o u r  sp e c ia l re q u ire m e n ts. O u r e n g in e e r
in g  sta ff, o u r m o d e m  p la n t, o u r sk illed  w o rk m e n  an d  
p erson n el are  a t  y o u r

BRIGHTON sp ec ia lize s  in  : COPPER • 
STAINLESS STEEL • MONEL • NICKEL • 
BRASS • BRONZE • SILVER • NICKEL- 
CLAD • STAINLESS STEEL-CLAD from  
1/16" to 1/2" th ick n ess.

Established 1914
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€ATOn-DIK€mAn CO
•  •  m a n u f a c t u r e r s  o f  f i n e  f i l t e r  p a p e r s  •

MOUNT H OLLY S P R IN G S , PA.

The only temperoture control 
unit that ho» — 1/10 degree 
sensitivity and a range of 
minus 100° to plus 600° F. 
High tood-carrying capacity.

FOR FILTER PRESSES
A N D  A L L  TYP ES  O F

FILTERING MACHINES

Increased production at a lower cost has been made possible for many manufacturers of 
filtered products by changing over to Eaton-Dikeman filter paper. Tim e saved in dressing 
of the filter press and in om itting the cleansing of the filter cloths have more than offset the 
low cost of the filter paper.

A clean polished product is typical o f filter paper operations.
Information and samples cheerfully supplied at your request.

' 1 ’O P S  in  s iftin g  e fli-  
c ie n c y  is y o u rs w ith  

a B A R -N U N  on  th e jo b !  
I f  yo u  pro cess a  v ita l  
d ry, pow dered or g r a n u -  
la r m a te r ia l, in v e stig a te  
th is  m o d ern  S if te r  
N O W ! L e a r n  h o w  its  
c o m p le te  ro ta ry  m o 
tio n , m e c h a n ic a lly  c o n 
tro lled , p ro d u ces th o r
o u g h , u n ifo r m  s e p a ra 
tio n s. U n u s u a lly  la rg e  
c a p a c ity . B a r -N u n  R o 
ta ry  S ifte rs  a re  b u ilt  in  
9 sizes, 4 to 60 sq . f t .  
o f  c lo th  s u rfa c e .

Because of its many applications to 
all forms of heat (and cold) control, 
the THERMOSWITCH has long been 
outstanding. Special and standard 
mounting heads has made adaptation 
possible in most branches of industry. 
Pictured above is a cutaway view of 
the cartridge TH ER M O S W IT C H  
showing the precision parts and 
rugged, unique construction. Write 
for details.

BAR-NUN SIFTERS

203 M AIN ST. 
ASHLAN D

M A S S A C H U S E T T S

F I L T E R  P A P E R
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YOU CAN'T ACCUSE AN I.B . CRANE 
OF ABSENTEEISM!

In shipyards, steel mills, chemical plants 
and big war plants of every kind all over 
America, Industrial Brownholst Cranes are 
doing steady, heavy work day after day 
without a  letdown. Many I. B. Cranes are 
operating 24 hours a  day. And it is rare 
indeed when an I. B. Crane has to take 
time out for repairs. No, you can't suc
cessfully accuse I. B. Cranes of absentee
ism in this man's war. They're built to 
stand up—and they are stand- ¡ p S f  
ing up on'their Job—whenever 
and wherever it may be I

B U I L D S  B E T T E R  C R A N E S
INDUSTRIAL BROWNHOIST CORPORATION. BAY CITY, MICHIGAN •  DISTRICT 
OFFICES: NEW YORK, PHILADELPHIA. PITTSBURGH, CLEVELAND AND CHICAGO

About Shipments

IF  YOU BURN S U LFU R
LET  V I R G I N I A  BU RN  IT F O R  Y O U

H a v e  y o u  e v er  c o n sid ered  a ll o f  th e  a d v a n ta g e s  o f  pure, 
co o l 100%  S O L. in  th e  liq u id  or g a s  p h a se  as a  m ea n s o f  
s ta b iliz in g  you r p ro cess  . . . 
W h a t is th e  S 0 2 c o n ten t o f  th e  b u rn er  g as su p p ly in g  
you r p ro cess  . . . 
D o th e  in h e r e n t im p u r itie s  in  th e  bu rn er g a s  p ro d u ce  
u n d e s ir a b le  or u n p r e d ic ta b le  s id e  rea c tio n s  . . . 
D o es th e  h e a t  o f  th e  b u rn er g a s  or v a r ia tio n  in  th is  tem 
p era tu re  in te r fe r e  w ith  you r o p era tio n  or p ro cess  co n tro l.

I t  is th e  jo b  o f  “ V IR G IN IA ’S ” T e c h n ic ia n s  to  p ro v e  th e  o v e r 
a ll e co n o m ic  a d v a n ta g e s  o f “ E S O T O O ” *, to  d e m o n s tra te  th e  
v a lu e  o f  c o n tro l in te rm s  o f  s te p p e d  u p  o u tp u t, s im p lified  
o p e ra t io n  a n d  q u a li ty  p ro d u c tio n .
T o  th e  M a n u f a c tu r e r  w h o  d e s ire s  a n  a l te rn a te  co m m o d ity  
so u rc e  o r  th e  a s s u ra n c e  o f  a  co n tin u o u s  su p p ly  o f ra w  m a 
te r ia ls  in  th e s e  c ru c ia l  d a y s  w e say  a g a in — “ If  you  b u rn
s u l f u r  . . . l e t  V i r g i n i a  b u r n  i t  f o r  y o u  ”

* “ E S O T O O ”  is V irg in ia ’s T r a d e  N am e fo r  L iq u id  S u lfu r  D io x id e

P o r t a b le  c y l i n d e r s  c o n t a in i n g  
150 l b . ,  s e m i - p o r t a b l e  d r u m s  
c o n t a i n i n g  2 0 0 0  l b .  l iq u i d  S O » .  
L . C . L . o r  c a r lo a d .

C a r lo a d :  15 d r u m s  o n  m u l t i 
u n i t  c a r  f r a m e ;  3 0 ,0 0 0  lb .  F o r  
u s e r s  w i t h o u t  s t o r a g e  f a c i l i t i e s .

T a n k  c a r  l o t s  o f  4 0 ,0 0 0  lb .  fo r  
u s e r s  e q u ip p e d  w i t h  s t o r a g e  
f a c i l i t i e s .

Prom pt shipm ent from  th e  s tr a 
tegically  located works of the 
largest producer of liquid su lfu r 
dioxide in the  U. S.
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CHEMI CAL R E F I N I N G  
o f  PETROLEUM

T h e  A c t i o n  o f  V a r i o u s  R e f i n i n g  A g e n t s  a n d  
C h e m i c a l s  o n  P e t r o l e u m  P r o d u c t s

b y  V L A D IM IR  A . K A L IC IIEV SK Y
R esea rch  anrl D e v e lo p m e n t L abora to ries , S o co n y-  
V acuurn  C orpn .; A u th o r  o f  “M o d ern  M e th o d s  o f  

R e fin in g  L u b r ic a tin g  O ils”

a n d  B E R T  A L L E N  ST A G N E R , P h .D .
C o n su ltin g  a n d  R esea rch  C h e m is t;  M e m b e r , A m e r i
can  I n s t i t u te  o f  C h em ica l E n g in eers ; F o rm erly :  
Su p erv iso r C h em ica l R esea rch , U n ion  O il C o m p a n y  
o f  C a liforn ia ; R esea rch  F ellow , M e llo n  I n s t i t u te  o f  

In d u s tr ia l  R esea rch

T h e  ra p id  d e v e lo p m e n t o f  p e tro le u m  tech n o lo g y  h a s  
n e c e ss ita te d  a  rev is io n  o f  th e  o r ig in a l v o lu m e  p u b 
lish e d  in  1933. T h e  n ew es t p ra c t ic e  in  re g a rd  to  t r e a t 
m e n t  w ith  su lfu r ic  ac id , te t r a e th y l  le a d , o c ta n e  r a t 
in g , e tc .,  is  d esc r ib ed  in  d e ta i l .  T h e  p re s e n t e m p h a s is  
o n  a ll  p h ases  o f  th i s  v ita lly  im p o r ta n t  s u b je c t  m a k e s  
th is  hook  a  p a r t ic u la r ly  tim e ly  o n e , e sp ec ia lly  s in ce  
th e  p e tro le u m  p ro b lem  to d ay  is r a th e r  o n e  o f  re f in in g  
c a p a c ity  th a n  o f  c ru d e  p ro d u c tio n . F o r  th is  re a so n  
te c h n ic a l im p ro v e m e n ts  a re  o f  th e  u tm o s t  im p o r
ta n c e  fo r th e  p re ss in g  p ro b le m s  o f  n a t io n a l  de fen se .

A.C.S. Monograph No. 63
S econd  E d itio n

550 P ages I llu str a te d  P rice  $7.50
M a n y  U, S . P a te n t R e fere n ces  o n  P e tro le u m  R e fin in g

I SOMERI ZATI ON
O F

PURE HYDROCARBONS
b y  G U STA V  E G L O F F , G E O R G E  H U L L A  

a n d  V . I . K O M A R EW SK Y
U niversa l O il P ro d u c ts  C o m p a n y , R esea rch  L a b o ra to 

ries a n d  I l lin o is  I n s t i t u te  o f  T ech n o lo g y

T o a ll p e tro le u m  c h e m is ts , e n g in e e rs  a n d  re se a rc h  
w o rk e rs  in  fields in vo lv ing  o rg a n ic  c h e m is try  th i s  lo n g - 
a w a ite d  tr e a tis e  w ill p rove to  b e  o n e  o f  th e  m o s t  v a lu 
a b le  sc ien tif ic  w orks p u b lish e d  in  1912. I t  covers in  
th e  g re a te s t  d e ta i l  th e  re s u l ts  o f  th o u s a n d s  o f  ex p e ri
m e n ts  in  is o m e riz a tio n  —  th e  p h e n o m e n o n  re s p o n s 
ib le  fo r th e  p re s e n t h ig h -o c ta n e  m o to r  fu e ls  a n d  o th e r  
m ira c le s  o f  p e tro le u m  re s e a rc h . N early  h a l f  th e  
v o lu m e  co n s is ts  o f  e x h a u s tiv e  ta b u la t io n s  o f  re a c t io n  
d a ta  w h ic h  c a n  b e  fo u n d  n o w h e re  else  in  c h e m ic a l 
l i te r a tu r e ,  a n d  w h ic h  w ill save u n to ld  h o u rs  o f  t im e  o n  
th e  p a r t  o f  th o s e  u s in g  th e m . T h e  te x t is  p ro fu se ly  
i l lu s tr a te d  w ith  s t r u c tu r a l  d ia g ra m s , a n d  th e  e n t i r e  
book  is  c h a ra c te r iz e d  b y  th e  th o ro u g h n e s s  a n d  c r itic a l 
ex ac tn ess  o f  i t s  a u th o r s .

A.C.S. Monograph. No. 88 
499 P ages I llu s tr a te d  P rice  $9.00

Reinhold Publishing Corporation
330 W. 42nd Street New York, U.S.A.

OLDBURY

ELEC TR O -C H EM IC A L

C O M PA N Y

S O D IU M  C H L O R A T E  

•

P O T A S S IU M  C H L O R A T E  

•

P O T A S S IU M  P E R C H L O R A T E

HpH E sale and distribution 
■*- of the chemicals listed 

above are covered by General 
Preference Order M-171. Our 
N ew  York O ffice w ill be 
pleased to advise customers 
regarding the Preference  
Order, and furnish the neces
sary forms.

Plant and Main Office: 

N IA G A R A  FALLS, N E W  YORK

New Tor\ Office:

22 EAST 4 0 th  ST., NEW  YORK CITY
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HILLS-Me CANNA CO.
2345 NELSON S T R E E T , C H ICA G O

PROPORTIONING PUMPS *  AIR & WATER VALVES *  CHEMICAL VALVES 
MARINE VALVES «  FORCED-FEED LUBRICATORS *  DOWMETAL CASTINGS

Diaphragm Completely 
ISO LATES  

Valve Working 
from Fluid

i n  th e  D i s t i n c t i v e

COMPARABLE TO SINGLE-DISTILLED WATER . . . AND 
AT A FRACTION OF THE COST I — Without heat, w ith
out fuel, 1LLCO A V A Y Dc-ionizing Units are daily pro
ducing water containing less than 1 to 5 p.p.m. of dissolved 
solids (plus colloidal silica) . . . meeting exacting stand
ards in outstanding war plants, chemical, pharmaceutical, 
industrial, etc.

1 0 ,0 0 0  GALLONS FOR LESS THAN A D O L LA R !— on
average raw' water supply. When water supply is low in 
dissolved solids, cost may be considerably less! Units 
have permissible flow of from 100 gallons to 50,000 gallons 
per hour! Send for literature.

I LL INOIS  WATER TREATMENT CO.
8 5 2  C E D A R  S T R E E T  •  R O C K F O R D ,  I L L I N O I S

No Scoring-No Wear 
o r  C o r r o s i o n .  
P r a c t i c a l l y  No 
M a i n t e n a n c  
and No C o n t a m  
¡nation of Product.
If  you are handicapped by 
continual valve troubles that 
slow up or stop production, 
that waste time and money 
in  repairing and mainte
nance, you can easily relieve 
yourself of this costly bur
den by utilizing the services 
of Hills-McCanna engineers.

For instance, the HiLls- 
M cC anna S aunders D ia
phragm  Valve is a "natural" 
for your chemical processes 
to successfully handle acids, 
alkalis, alcohols, solvents 
and aqueous solutions, semi
solid substances, compressed 
air, hot and cold water, etc.

Eleven years of experience 
w ith this distinctive valve 
have added exclusive, far- 
reaching improvements— in 
design and construction, the 
development of body and 
diaphragm materials, in 
trouble-freeoperation, under 
all sortsof service conditions.

It will surely pay you to 
find out how Hills-McCanna 
can aid you in solving 95 % 
of your valve troubles — save 
money in maintenance and 
replacements. W rite today.

Descriptive Bulletin 
N o. V-41 gives you 
the interesting facts. 
N O  O B L IG A T IO N .

•  Separation  o f valve w o rk in g  
parts from  fluid prevents 
w ear—co rro s io n —contam ina
tio n  o f  fluid.

•  D iaph ragm  conform s to  valve 
seat — assures positive leak- 
tig h t opera tion . N o  s tick ing , 
c lo g g in g  o r  w ire-draw ing .

•  S tream lined flow—no  pockets 
o r  po rts  to  obstruc t flow — 
cuts fric tion  — m ain tains 
pressure.

•  Low  cost — no  p ack ing  re 
q u ired —no  m ach ined  surfaces 
— practically  no  m aintenance.

OPERATING'

In Brief. . . .
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PILOT

PUMPS Ł  
C O M P R E S S O R S

AMERICAN INSTRUMENT CO.
8 0 1 0  GEORGIA AVENUE * SILVER SPRING, MARYLAND

ROTARY A I R 
P U M P S

*  S U L P H U R  D E T E R M IN A T IO N

W A R  

I N D U S T R I E S

Varitemp Furnace with Carbon 
Determinator provides accurate de
terminations of carbon in ferrous 
and non-ferrous materials for either 
preliminary or final analysis within 
two minutes exclusive of weighing 
time.
Sulphur Determinator provides ac
curate determinations — within 
three minutes.

fo r
C atalog IE406

T e l l  U s  Y o u r  T r o u b l e s !

Comparator - Densitom
eter identifies spectral 
lines by comparison 
with a projected Master 
Plate. A densitometer 
for reading the trans
mission of the spectral 
lines is an integral part 
of the.unit.

For Heavy Duty Applications 
Requiring Large Air Volume

GAST VACUUM PUMP
Model 10 FF60VC

The ARL-DIETERT Spectrograph — being a grating instru
ment — has large dispersion and excellent resolution. It is 
admirably suited for either research or routine analysis. The 
optical simplicity, linear dispersion, and rugged construction 
simplify operation and assuie long, trouble-free service. 
Write for complete information.

SEND FOR NEW CATALOG 
FOR FULL DETAILS
Ulustraws com plete line lo  23 
c.f.m.; 12 sizes Cast Rotary Air 
Pumps, Vacuum to 28", Pressures 
up to 30 lha.
W rite for your Free Copy to 
Gast M fg. Corporation, 133 Hlnk- 
ley SL, Benton Har or, M ichigan.

For labo ra to ry  and  chem ical equ ipm ent re 
q u irin g  vacuum pum ps w hich  m ust opera te  
continuously a t full capacity, th is  G ast Heavy 
Duty Vacuum  P um p has been found excep
tionally  satisfactory. A m ong the  definite 
reasons fo r this pum p’s superio rity  a r e , / ! . /  
th e  G ast R otary D esign, w hich  provides 
sm ooth , n o n -pu lsa tingopera tion ; {2}  Forced 
-A ir-C ooling  w hich results in m ore  a ir 
volum e w ithou t com plicated  w a ter systems; 
( I )  D irec t D rive a t m o to r speed  w h ich  saves 
space and  w eight; and  (4 )  th e  m oney-saving 
A utom atic T ake-U p w h ich  com pensates fo r 
w ear.

a p p l i e d  r i s e  a r c h  l a b o r a t o r i e s  ♦ h a r r y  w .  D I E T E R T  C O ,  4336 S A N  F E R N A N D O  RD .. G L E N D A L E . C A L IF . 9330 ROSELAW N A V E.. DETROIT. MICH.

A .R .L .-D IETER T

M odesm  A N A L Y S IS
★  S P E C T R O  A N A L Y S IS

*  C A R B O N  D E T E R M IN A T IO N

If It’s a
SUPERPUESTO JOB

. . . .  W e  l i n v c  t h e  S o l u t i o n !

P ressu res U p  T o  100,000 lb . p .s . i .  
T em p era tu res U p T o  1000° F .



THE: U ^ W I U U W C I  C l  CORP. 

33-13 SKILLMAN A V E ., LONG ISLAND C ITY . N.Y.

G E O . D. R O P E R  C O R P .. R O C K F O R D . I L L

TANKS-HEAT EXCHANGERS—DISTILLATION COLUMNS
F O R

CHEMICAL and ALCOHOL PLANTS
BY

S . D. H icks &  S o n  C o., Inc.
Builders of Equipm ent S in ce  1841

Now, more than  ever, indus- 1 I
trialists realize the im portance of hav- ffiS' I
ing accurate  m easurem ents of their v i* r« r .—■»"- - ' r-V  
stored liquids availab le  a t all times. S V'v. (
LIQUIDOMETER Tank G auges insure ' V
true, convenient, hazard -free , 100%  w jjS te toT ' y
autom atic readings. No pum ps, valves, 
or auxiliary  units required  to read  
them. Models a re  av ailab le  so that 
readings can  be  taken  rem otely from
or directly a t the tank. Remote read ing  types utilize balanced 
hydraulic transm ission system  w hich completely com pensates for 

tem perature variations on communicating tub- 
ing. Accuracy unaffected by  speciiic gravity 

'  ‘ '  of tank  liquid.
’ vjqj A pproved for gauging  hazardous liquids by

u  M m i i  —gfl'l U nderw riters'Laboratories and  similar groups.
•■jiji M odels a v a i la b le  to a u to m a tic a l ly  con tro l 

S'. pum ps, motors, signals or other devices for
H f c n - m aintaining minimum or maximum liquid levels.HftkUMUHtfflSHfl W rite /or com plete  d e ta ils

O H O P S  in Hyde Park provide ample space 
for the largest pieces of Chem ical Process 
Equipment to be laid out and completely 
fabricated ready for installation in your plant.

P R O C E S S  D IV IS IO N
51 E. 42nd  S tree t 

N ew  York City
145 B order St. 

E. Boston, Mass.

HERE'S WHY

» * o p £ *  f
.» er f« 'm M

In  20  years, ou r laboratories 
have m ade 17,000 test runs 

covering the  g rind ing  o f m ore than  
1000 d ifferen t m ateria ls in  M ikro- 
Pulverizers. W e have amassed a fund  
of in fo rm ation  valuable  to  processors 
needing pu lveriz ing  m achinery .' Sub
m it your m ateria l fo r free test grind  
o r check w ith  o u r laborato ries fo r 
records of tests m ade on  m aterials 
sim ilar to your ow n.

CHECK THESE ADVANTAGES
D ustless—no fans, cyclones, separators. 
For D ry, W et M illing  o r G ranu lating . 
Saves in  pow er—saves floor s p ac e -  
w orked w ith  unskilled labor.
Low opera ting  cost — Fineness up  to 
99 .9 %  th rough 325 mesh.

G E A R S  T H A T  
IN O P E R A T IO N !

The pumping gears in ROPER "hy- 
draulically balanced” PUMPS have 
hollow shafts so that internal pres
sure is equalized at all points. These 
gears, entirely separate from the 
drive shaft, are connected only by a 
sliding joint which permits them to 
actually "float” in operation. This 
sliding joint plus a special collar on 
shaft absorbs shock or end thrust. 
Big savings in time and money be
cause "h y d rau lica lly  ba lanced” 
pumps are more efficient, last longer 
and permit periodic inspection of 
internal parts without disturbing 
piping or power unit.

A ir g y
R e p la c e a b le  Bearings
T h e  4  large bearings (tw o on 
each side) in ROPER PUM PS 
are designed and constructed to 
w ithstand  severe operating abuses 
and adequately handle peak 
loads. These flanged high lead 
Bronze bearings also act as wear- 
plates to protect face and back- 
p late from wear. Can be re
placed easily and inexpensively.

Write For Catalog No. 734

S e n d  to d a y  fo r  
32  p a g e  catalog.

P U L V E R I Z I N G  M A C H I N E R Y  C O M P A N Y  
63 C h a th a m  R o a d  •  5 u m m lt ,  N e w  J e r s e y
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WIRE CWOTH

INMM «MMM »IHM; 1 « 11 » 1 ïm m

The WALLACE PIPE JOINT 
by TRI-CLOVER

W I C K W I R E  S P E N C E R
W I R E  C L O T H

When you think
W EIG H IN G — 

Think POIDOMETER
T h e  n a m e  “ S c h a f fe r  P o i d o m e t e r ”  f o r m a n c e ,  r e l i a b i l i t y ,  a c c u r a c y  

h a s  b e c o m e  t h e  s t a n d a r d  f o r  a n d  s t u r d in e s s .

w e ig h in g  a n d  p r o p o r t io n i n g  r a w  I t  i s  t h e  m o s t  a c c u r a t e  a n d  d u r -  

a n d  f in i s h e d  m a t e r i a l s .  F o r  w e i g h i n g  a n d  f e e d i n g  m a -
. r  ,  c h i n e  o n  t h e  m a r k e t .  B u y  P o i -t w e n t y - l i v e  y e a r s  P o i d o m e t e r s

d o m c t e r  a n d  y o u  b u y  a s s u r e d  
h a v e  a t o o d  a t  t h o  t o p  fo r  p e r -  p r o d u c t io n .

G O O D  E Q U I P M E N T  Sxuewe*  G O O D  C A R E
T o  t h e  v a s t  n u m b e r  o f  P o i d o m e t e r  y o u r  S c h a f f e r  P o i d o m e t e r .  A n y
u s e r s  w e  b r i n g  t h i s  m e s s a g e :  I t  p a r t  t h a t  s h o w s  w e a r  o r  n e e d s  r e -
w i l l  m o r e  t h a n  p a y  y o u  t o  k e e p  p l a c in g  s h o u l d  b e  o r d e r e d  n o w .
y o u r  m a c h i n e s  u p  t o  t h e  p i n k  o f  Y o u r P o i d o m e t e r w i l l s e r v e y o u h e s t
c o n d i t i o n .  C h e c k  e v e r y  p a r t  o f  i f  y o u  k e e p  i t  i n  t o p  c o n d i t i o n .

W rite  f o r  C atalog  A'o. 3

S C H A F F E R  P O I D O M E T E R  CO.
2828 S M A L L M A N  ST. P ITTSBU R G H , P A .

The W allace Pipe Joint permits the use of light 
gauge tubing w here pipe of standard gauge would 

otherwise be required. Critically needed stainless steel 
and black steel is saved (about 65%). A specially threaded 

enlarging ferrule is inseparably joined to the tubing 
through expansion. No soldering or welding. Average 
installing time per joint — two minutes.
W rite today for folder giving full details. Exclusive 

licensee —
T R I - C L O V E R  M A C H I N E  C O .  .  K E N O S H A , W I S .

M a n u fa c tu re rs  o f  p u m p s a n d  fit t in g s

"The best 
pump buy we j 

ever m ade!”
L  II  III... J

WR/TE FOR NEW BULLET IN  V - 8 3 7

TABER PUMP CO. (Est. 1859) 
294 ELM ST. «os BUFFALO, N. Y.

Above statement was made recently by a chemical 
process plant executive, referring to a Taber Ver
tical Pump. W hy? Because, he says, we first made 
recommendations to suit the job instead of "just 
selling” a pump . . .  AND because of the following 
Taber design features:

IV  Deeper stuffing box that seals better against 
■f vapors or gases of Chemical Solutions.

EY Stuffing box kept out of liquid. Repacking in- 
" f  terruptions are reduced to a minimum.

PW Longer bearings to compensate for non-lubri- 
■f eating properties of liquids or other Chemical 

Solutions pumped.

rW Larger shaft diameters that prevent damag- 
" f  ing vibration.



•  Predetermine, in labora
tory, effects of sun, launder
ing, and  w eathering.

•  Reduce y ears of actual use 
to just a  few days testing.

Recognized by  m anufacturers and 
consum ers as the standard  acceler
a ted  test equipm ent for more than a  
quarter-century.

•  Used in 36 countries all over

A T L A S  FA D E-O M ETER

The a c c e p te d  s ta n d a rd  for de te rm in 
in g  the  fa s tn e ss  to lig h t of dyestu ff 
a n d  d y e d  fa b ric s—o rig in a ted  a n d  m ad e  
so le ly  b y  A tlas, a n d  now  u sed  a ll 
o ver the  w orld . A tla s  enclo sed  Violet 
C arbon  A rc re p re s e n ts  c losest a p p ro a ch  
to n a tu ra l  su n lig h t. T em p e ra tu re  a u 
to m atica lly  con tro lled .

A T L A S  W EA TH ER -O M ET ER

R eproduces fa ith fu lly  th e  d e 
struc tive  action  of su n , ra in ,  th e r
m al shock w ith  a ll  th e  a tte n d a n t 
p h en o m en a  of ex p an sio n  a n d  con
trac tion . Show s n a tu ra l  w e a th e r
ing  effect from a n y  g iv en  cond i
tions a t  a n y  tim e, a n y  location . 
L atest m odel h a s  tw in  a rc s , full 
au to m a tic  w ith  te m p e ra tu re  control.

A T L A S  
LA U N D ER -O M ETER

S ta n d a rd  la b o ra to ry  w a s h 
in g  m ach in e  of A.A.T.C.C. 
T ests w a sh in g  ac tio n , tex tile  
sh rin k in g , s ta in in g , a n d  color 

fa s tn e ss  to d ry  c le an in g  so lven ts, 
s o a p s  a q d  d e te rg en ts . All fac to rs , 
in c lu d in g  w a sh in g  ac tio n , c a re fu lly  
co n tro lled —can  b e  re p ro d u c e d  id e n 
tic a lly  a t  a n y  tim e.

ATLAS ELECTRIC DEVICES CO .
361 West Superior Street, Chicago, Illinois

July, 1943 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

The Materials 
that will overcome the

RUBBER
SHORTAGE

are being developed 
in laboratories where

ALBERENE
STONE

is standard equipment 
for table tops, fume 
hoods, sinks, tanks, 

and shelving. 
Prompt deliveries 

can still be made.

ALBERENE STONE CORPORATION 
OF VIRGINIA

419 FOURTH AVENUE, NEW YORK
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P R O F E S S I O N A L  D I R E C T O R Y  “

$48.00 a Year n i c  ■ r \  i $96.00 a Year
Personal berv ices v jn ly

B O R N  E N G IN E E R IN G  C O .

Petroleum and Natural Gas

Analyses and Tests 
Appraisals

Design & Construction 
Inspection Service 

Engineering Reports

Tulsa, Oklahoma

E. W . D. H U F F M A N , Ph.D.

Microanalytical Laboratories

Organic, Inorganic — Quantitative, Qualitative 
Precision Analyses — Special Analytical Problems

Majestic BIdg. Denver, Colorado

FO ST ER  D. S N E L L , IN C.
Our staff of chemists, engineers and 
bacteriologists with laboratories for I 
analysis, research, physical testing and 
bacteriology are prepared to render you 

Every Form o f Chemical Service 
305 Washington Street Brooklyn, N. Y.

Patent Law Offices
L A N C A S T E R , A L L W IN E  & R O M M E L

Booklet — "GeneraMnformatlon Concerning 
Inventions 9t Patents" and "Fee Schedule" 

sent without obligation.
Established 1915 

Patents —  Copyrights —  Trade-Marks 
Suite 446, 815 — 15th N. W., Washington, D. C

E D W A R D  T H O M A S
Attorney-At-Law

Registered Patent Attorney

Chemical Patent Problems

Woolworth BIdg., N«w York, N. Y.

TH E B IRD -A RCH ER  C O .

Engineers and Consultants 
on Water Conditioning Problems

Survey* Plant Studies Analyse*
400 Madison A v e ., New York, N . Y .

L A  W A L L  & H A R R ISS O N
Biological Assays — Clinical Test*

Chemical — Bacteriological — Problems 
Organic Synthesis 

Pharmaceutical and Food Problems 
Research

214 So. 12th St. Philadelphia, Pa.

UN IFIED  L A B O R A T O R IE S , IN C .
W. M. Mallsoff, Ch.E., Ph.D., Pres.

Process Development, Research and Umpire 
Biological Assays. Staff specialists on Hormones, 
Vitamins, Synthetic Drugs; the Alcohol Industry, 
the Sugar Industry, and the Petroleum Industry; f 

Chemical Warfare.
1775 Broadway New York

TH E
C O M M O N W E A L T H  EN G IN EER IN G  

C O M P A N Y  O F  O H IO

Dayton, O h io  London, England 

Research and Development 

Offers

K O M E L  C O R P O R A T IO N 'S

New Approved M o ld  and M ildewproof 
Agent for Fabrics and Other Materials

L O U IS  E . L O V E T T

Consulting Engineer
Rayon and Cellophane Process, Plant Design, Reports. 

Commercial Applications of Osmosis

Madison, Ohio

H ERBERT W A T E R M A N , Ch .E ., Ph.D .
Consulting Engineer

Production Problems 
Equipment and Plant Design 

Research and Process Development
2100 Rosclln Place, Los Angeles, Calif. 

Telephone Olympia 3780

C. L . M A N T E L L
Consulting Engineer

Electrochemical Processes and 
Plant Design

601 W . 26th St., New York, N . Y .

T R U M A N  B. W A Y N E
Consulting Chemical Engineer
Emulsion Processes and Problems.
Organic Polymers & Resins.
Chemical Synthesis and Production.
Patent Matters; Surveys & Reports.

Bankers Mortgage BIdg. Houston, Texas 
Telephone Fairfax 7708

G U S T A V U S  J. E S S E LE N , IN C.

Chemical Research 

and Development

8 5 7  Boylston Street Boston, Mass. j

"Today** Research I* Tomorrow's Industry"

M E T C A L F  & E D D Y
Engineers

Airfields
Investigations Reports Design 
Supervision of Construction and Operation 
Management Valuations Laboratory

Statler Building Boston, Mass.

T H E  W ESTP O R T  M IL L

Westport, Conn.

Laboratories and Testing Plant of 

The D O RR  C O M P A N Y , IN C .

Chemical, Industrial, Metallurgical and Sanitary 
Engineers

Consultation — Testing — Research — Plant Design

Descriptive brochure, "Testing that Pays Dividends" | 
upon request

Established 1891 

S A M U E L  P. S A D TLE R  & S O N , IN C .

Consulting and Analytical Chemists 
Chemical Engineers

Special and Umpire Analysis 
Small and Large Research Projects 

Changing times require the Chemists' Help

210 S. 13th St., Philadelphia, Pa. 

"Nothing Pays Like Research”

F. B. Porter R. H. Fash 
B.S. Ch.E., Pre*. B.S. Vice-Pres.
TH E  FO R T W O R TH  L A B O R A T O R IE S

Consulting  ̂ Analytical Chemists and 
Chemical Engineers

When you have propositions In the Southwest 
consider using our staff and equipment to save 
time and money.
Fort Worth, Dallas, Houston and San Antonio

1-inch Card, $4.40 per Insertion

$48.00 a Year

•

2-inch Card, $8.80 per Insertion

$96.00 a Year

F R O E H L IN G  & R O B ERTSO N , IN C .
Established 1881 

Consulting and Analytical Chemists 
and Inspection Engineers

Richmond Virginia

Harvey A. Sell, Ph.D. Earl B. Putt, B.Sc.
S E IL , PUTT & RUSBY

Incorporated
Consulting Chemists

Specialists In the analysis of 
Foods, Drugs and Organic Products 
16 E. 34th Street, New York, N. Y. 
Telephone — MUrray Hill 3-6368



Bausch & Lomb Contour Measuring Projector

Today Precision Must Be Commonplace

AN A M ER IC A N  S C IE N T IF IC  IN S T IT U T IO N  P R O D U C IN G  O P T IC A L  G L A SS  A N D  IN S T R U M E N T S  F O R  M IL IT A R Y  U SE , E D U C A T IO N , R E S E A R C H , IN D U S T R Y  A N D  E Y E S IG H T  C O R R E C T IO N

A m erican  f ig h tin g  
men on  our fighting  
fronts depend upon  
production line ac
curacy . . . for ten- 

thousandths o f  an inch variation on  
the production line can mean the dif
ference betw een a hit or a m iss on  the 
battleline.

The Bausch & Lomb Contour M eas
uring Projector makes such accuracy 
possible on  the fastest m oving produc
tion lines, because it takes many vital

inspection jobs “off the surface plate” 
and elim inates the tedious, tim e-con
sum ing computations o f  the “sine bar.” 
Inspections for accuracy becom e rou
tine jobs.

T hrow ing an accurate, sharply de
fined shadow  im age o f  the object under 
examination on  a translucent screen, 
the B&L Contour Projector permits 
exact measurements or com parison  
w ith an enlarged template drawing at 
magnifications great enough for easy 
and accurate dim ensioning.

Here again is a Bausch & Lomb 
peacetim e developm ent that serves 
America at War. T he B&L Contour 
M easuring Projector is help ing  speed  
production o f  fighting too ls for our 
fighting men.

For Bausch & Lomb Instruments essential to 
Victory—priorities govern delivery schedules.

BAUSCH & LOMB
O P T IC A L  C O . • R O C H E S T E R , N .Y . 

E S T A B L I S H E D  1 8 5 3
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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

A«hown Colloids Corp.,  ...............   57
Aerne Coppfcwrdthirjg & Much. Co................ 109
Alboreno Hiono Corp. of Va. , , . . . . . . . . . . . .  105
A!I/>y (¿tool Products Co., In c ................... . .  • 73
Aluminum Co. of America  ...........  70
Aluminum Ore Co., .............  23
American Car Ac Foundry Co,......................    88
Ametican Instrument Co .,   ...............   102
American Optical Co. , . 8 0
American Hmelting Ac Refining C o ,,,............ 68
American Tool Ac Machine Co  .............. 20
Atlas KJeotrio Devices Co ..   ......................... 105

Babcock Ac Wlloox Co.............................   ,74-76
Badger Ac Bona Co., E , I I ............................  02
Barnstcad Still At Sterilizer Co......................... 71
Bartlett Ac Snow Co., O. O . . . , , ......................  39
Bausoh Ac bomb Optical Co .., , .............  107
Bird-Archer Co ................  100
Blaw-Knox Co ., .............   51
Hliekman, Inc., S . . . .  ...............................   8
Horn Engineering Co. . . . . . . . . . . . . . . . . . . . .  106
Brighton Copper Worka.. . . . . . . . . . . . . . . . .  97
Brown Fin tube Co, ................... 04
Brown luatruinent Co ., .................................... 32
Buffalo Pumps, Inc...................    82

Caigon, I nc. . , 9 0  
Carbide Ac Carbon Chemical» Corp. , . . . . . .  52
Chapman Valve Mfg. Co. . , . . . . . . . . . . . . . .  30
Chicago Bridge As. Iron Co. , . . . . . . . . . . . . . .  27
Cleavor-Brooka Co, ...................................... 15
Combustion Engineering Company, In c .... 34
Commonwealth Engineering; Company of

O h io , , , , , . , , , ...........      106
Oorhav t Uefraotoriea C o , 22 
Corning Gla»a W o r k » . 79 
Crane C o , , , , , , , ,     .............    16

Despatch Oven C o , 55 
Piwdite C o , , , , , , , 2
Pietert Co,. Harry W   _____   102
Pow Chemical C o . 49 
Praoeo C o r p , , 93 
Pu Pout de Nemours & Co., Inc.. E . I . . . .  78
Pur iron Co-, Iu<.\. 91

Kagle-lHcher Sales C o . , , , , , , , 25 
Kaatm&u Kodak C o , , , , , , , . , . , , , , , , , , . . , ,  97
Katou-dHkeman Co, . , 9 8  
Elliott C o m p a n y , 78 
Kweleu, Inc., Gu»tavus J . , , 108

F'enwal. I n c . , 98 
Fort Worth L a b o r a t o r i e e . 108 
Foster W heeler C o r p * . . , , , , , . , . . .  ,59:94^95 
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. . .  p l a n  f o r  t h e  f u t u r e !

Increased c a p a c ity ... high quality  

products . . .  m axim um  efficiency  

...u n in terru p ted  production, and  

im p roved  processes to m eet the 

unprecedented dem ands o f to

d a y ’ s total w a r !  Those are the 

ends to w ard  w h ich  w e are all 

striving to the utm ost o f our ab il

ity) th at V I C T O R Y  m ay he w on  

speedily and com pletely!

T h e  sa m e  im p ro v e m e n ts  a n d  

c o n v e rs io n s  o f  e x istin g  e q u ip 

m ent, w h ich  w ill gear yo u r plant 

to its m axim u m  w artim e drive, 

can b e planned so as to prep are fo r  

the unlim ited needs o f the future.

H a ve  A cm e  engineers form ulate  

a  w o rk in g plan w hereby, without 

m a jo r  p la n t  c h a n g e s , y o u  c a n  

D esign F o r  V ic to ry  and at the 

sam e tim e P la n  F o r The F u tu re!

ACME COPPERSMITHING S MACHINE CO 
ORELAND, PENNSYLVANIA

D I S T I L L A T I O N  

★  E V A P O R A T I O N  ★  ★  

E X T R A C T I O N



T R E E T - O - C O N T R O L  M E T E R
Disc, Piston, Turbine, Propellor. Orifice 
or Venturi capacities from 5 to 5000 GPM. 

V O L - U - M E T E R
Sizes 5 x l 0 t o l 6 x l 6  capacities from 16 
to 250 GPM.

V O L - U - M E T E R
Sizes 1 x 3 to 4>/j x 6 capacities from 0.5 
to 15 GPM.

T R E E T - O - U N I T  
Sizes 2% x 1/4 x 3 to 6 x 4V2 x 6 capacities 
from 0.0014 to 10 GPM.

0  27 CODDING ST ., PROVIDENCE, R. I. ¡ 0
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Treet-O-Control com bines one or m ore  
% Proportioneers, Inc. % Vol-U-Meters 
and Treet-O-Units to form a com plete  
How responsive proportioning system .

The composite diagram  shows how a group of 
Fluids 1. 2. 3 and 4 may be proportioned in any 
percentage relationship and at varying rates of 
flow under pressure and in the line.

Treet-O-Control Meter (A). Vol-U-Meters (B, C) 
and Treet-O-Unit pum p (D) are m ade in a wide 
range of sizes and materials for handling all 
commercial chemicals. Ratio control adjustment 
handw heel on Units B, C and D are geared  to 
straight reading counters reading from 0 .to 
100% capacity and Treet-O-Control Meters are 
equipped with totalizing registers. Calibration 
curves are furnished for each unit of a complete 
system. Controlling fluid may be either air, 
steam, oil or water.



'U L C A N

devoted exclusively to theKmglily
specia lized  fields of Distillation,

M B P #  /> \m  $  I
Evaporation and Extraction, serves'
the Process Industries with sound
experience and ra^nines undivided
responsibility for tlieldevclopinent

ppn^designiSâ^^C ^e^s involving
the|e operations. i|/.

FÀBR

R Ç H  - -  - - B A S I C  E C O N O  

A N T  O P ER A T IO N  - PLA N T  an<kO P ER A T IO N  - PLANT a n d ^ T IIP M E N T  

N - I N S T A L L A T I O N  - I N I T I A L  O P E
k; I '

PILOT

VULCAN
•  D I S T I L L A T I O N  

•  E V A P O R A T I O N  
‘ E X T R A C T I O N

TA* KeijQonii&Uity fiot all
of these phases o f project development can 
be placed in the Vulcan organization with the 
knowledge that its long experience, highly 
trained personnel, and c o m p le te  facilities, 
will not only red u ce  th e  tim e  lag  from  
research to production, but also provide a 
guarantee of successful operation.

::
THE VULCAN COPPER & SUPPLY CO. .  C INCINNATI .  OHIO



HOT gaSES q u ic k l y
- a n d  COOL IT « « ___

I CAN HEAT TH 
DIRECT STEAM

cal strength, and corrosion-resistance (: 
a resu lt o f increased absorp tion  charai 
teristics).
This new ceramic body, developed in  U. I 
Stoneware's Ceramic Research Laborator; 
actually shows an increase in  mechanic; 
strength (note chart at the left) when heate 
to  400 ° F. and quenched— m ore than 100 
beyond the point w here ordinary chemic; 
stoneware bodies begin to lose strength! 
H igher mechanical strength and ability t 
resist severe thermal stress o f this ne' 
body means ( 1 ) longer life for stonewai 
equipment operated at elevated temper; 
tures; (2 ) reduced losses in time and m: 
terials from unexpected and sudden failuri 
and (3) makes possible the use of chemic: 
s to n e w are  in  a p p lic a tio n s  h e re to fo r  
impossible.
More than ever, fo r  corrosion-resistant equil 
meat, it pays to consider U. S. Stoneware firs

IN  C A N A D A :  C H A M B E R L A I N  E N G I N E E R I N G ,  L T D . ,  M O N T R E A L ,  Q U E .

T est sam ples o f  th is  new , low -porosity , heat-shock 
resistan t body w ere  heated to  1850 ° F. and  im m e
diately quenched  in  co ld  w ater, w ith o u t no ticeab le  
effect. C hart show s loss in  s treng th  o f  s tandard  
chem ical stonew are (of approxim ately  equal p o r
osity) com pared  w ith U . S. S tonew are’s new  body, 
a t no rm al opera ting  tem peratures.

FORGET slow, costly heating by steam 
jacketing, o r by hot oil or sand baths. 

You can heat this new chemical stoneware 
body by direct steam or hot gases, and you 
can cool it quickly!
Here, for the first time, is an inexpensive 
ceramic body that combines low porosity 
and high mechanical strength with a re
markable ability to resist violent tempera
ture changes. And — a body that can be 
fabricated into equipment of large size 
(capacities up to 1000 gallons) at but a 
negligible cost differential per pound over 
ordinary chemical stoneware.
Heat-shock resistant bodies are not new. 
O ur “Ceratherm” and “Acitherm” bodies 
have been two of the best. But, until now, 
“heat-shock resistance” has been available 
in only a few comparatively small-sized 
units, and then at a stiff price premium, and 
at a sacrifice of maximum density, mechani-


