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Johns-Manville

W ITH  Celite*—you can write your own clarifi
cation formula. 9 grades of Celite Filter Aids 

in varying degrees of fineness produce the exact 
combination of clarity and flow you require.

It is the great diversity in the shapes and sizes of 
the microscopically small Celite particles which 
largely determine their efficiency as a modern filtra
tion aid. These particles interlace and overlap to 
form a fine filter coating, with openings finer than 
the finest filter cloth. Teamed up with modern filter
ing equipment, they trap out suspended impurities,

allow only clear liquid to pass through.
Today, there is hardly an industry employing a 

filtering process that does not benefit through the 
use of Celite Filter Aids. By providing the clearest 
filtrates at the fastest flow rates, they help increase 
production and lower costs in the filtering of 
syrups, fruit juices, pharmaceuticals, beverages, 
water, fats and oils, lubricants, and many jOHHS-MAKVlLtt 
other products.

For further information, write Johns 
Manville, Box 290, New Y ork 16, N. Y. PR.0ou

*Reg. U.S.Pat.Off.

FLOW  RATES OF CELITE FILTER A ID S, ihow . 
tng the w ide rango of flow rates possible with 
various grades of this modern filter material
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W a n , a m i P o d iu m *

Water and G. I. Salads. When the Army puts into effect a 
plan it is cooking up for American troops in Japan, we predict 
that the average soldier will turn military tradition topsy
turvy by bragging of the newest raw deal he has had. And 
if he writes home about the luscious tomatoes he has seen on 
the “sacred isle”, probably he will be referring to the great im
provement in quality of the fresh vegetables and salads 
served him at G.I. messes. They will be grown on the Island 
of Honshu in Army-operated hydroponic farms, the largest 
in existence.

The Army first used hydroponics at Coral Gables, Fla., 
"here a small unit, patterned after commercial American in
stallations, was built as a diversion for patients of a con
valescent hospital. The potentialities of the unit for provid
ing fresh food in out-of-the-way places were recognized 
by the Army Air Forces. Larger installations were 
constructed later, first on Ascension Island (2 acres), 
then on Coconut Island of the Hawaiian group (1 
acre), Iwo Jima (2 acres), Georgetown, British Guiana 
(3.25 acres), etc. These projects now are not solely 
for the AAF, but are operations of the entire theater 
in which they are located.

Less than 14% of Japan is arable, and that area has 
been farmed to death; also, Japanese fertilizing prac
tices posed a serious sanitation problem for the foods 
that are eaten raw. Many of those foods do not ship 
well, and it seemed apparent that it was better to use water as 
a nutrient carrier in Japanese farms than to use it to float food 
ships from America.

The basic unit of the installation in Japan is a gently slop
ing, rectangular, shallow concrete bed, 9 to 11 inches deep 
and 4 feet wide, divided into sections 120, 100, and 80 feet 
long. The beds are filled within 2 inches of the top with 
/s-5/ 8 inch river pebbles. The plants are grown in these 
Pebbles by periodically moistening them with a water solu
tion of the following fertilizer-grade chemicals per thousand 
gallons of solution :

Potassium nitrate 
Calcium sulfate 
Magnesium sulfate 
Monocalcium phosphate 
Ammonium sulfate 

Total

9 lb. 3 oz. 
6 lb. 6 oz. 
4 lb. 6 oz. 
2 lb. 10 oz. 
1 lb. 3 oz. 

23 lb. 12 oz.

Crop yield is roughly 5 pounds of vegetables per pound of

fertilizer. The beds are moistened Wo or three times daily, 
usually in the morning, from a 150,000-gallon storage tank 
serving ninety beds. The first section of the bed is filled from 
the bottom, drained into the second and then the third sec
tions, and next into a sump, from which it is returned to the 
storage tank by a 550-gallon-per-minute centrifugal pump. 
Corrosion is no problem, but if iron pipes are used, enough 
iron goes into solution to satisfy the plant’s trace element 
requirement for this material. Chemical control of solution 
composition is extremely simple with colorimetric tests and 
calibrated charts.

T\\ o faims totaling 1440 beds will be set up—one of 55 acres 
at Chofu (14 miles from Tokyo) and one of 25 acres at Otsu 
(6 miles from Kyoto, the unbombed cultural center of Japan).

The entire cost of the project 
will be borne by the Japanese. 
Of approximately 1000 per
sons required to operate the 
farms, only about 70 will be 
Americans, the remainder 
Japanese. The farms are 
designed to satisfy all the raw 
food requirements of the oc
cupying American forces, and 
will provide 800,000 individ
ual servings per week. Half 

of all the crops grown the first year will be tomatoes, another 
15% lettuce, and the remainder evenly divided among rad
ishes, cucumbers, peppers, and onions. Carrots and spinach 
may be added next year. Transportation facilities are good 
enough so that time from loading point to discharge point 
anywhere in the American occupation zone is less than that 
normally allowed between icing points in this country.

When American military occupation of Japan ends, the 
farms will be returned to the Japanese. Lieutenant Colonel 
Ewing Elliott, in charge of the project for the Eighth Army, 
hopes that the results will indicate a way for Japan to produce 
more of its own food requirements. The water farms may be 
built on areas unsuitable for conventional agriculture, and 
75% of the cost of operation is labor, notoriously cheap in the 
Orient. In fact, this particular item of reparations could turn 
out to be a valuable investment in the future economic health 
of Japan. D.O.M. {Continued. on page 8) *

inie^pAetaiioe. manUthf. cL fe ii ¿0*. cAe+niitl, cJtemicxd ewfuvzenA, a*uL 
e^cecuiùMU. i+t the. chem ical pAaducinf and cUettucal oatviumiwf ¿ndu4J>Uci
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Patent N o. 
1,866,292

It has a bonnet fitted with a 
substantial forged steel yoke; a flanged 

forged steel packing gland (elimi
nating  exposed th read ing  on valve 

yoke, and affording protection 
against co rrosion  when placed in ex

posed locations); and swivel bolts 
fo r ho ld ing  the packing  gland. It has no 

gaskets to blow, as in  valves with 

flanged bonnet connections.

Stems, plugs and seat rings on all 
Chapm an List 960 Gate Valves 

are of heat treated stainless steel to 
insure m ore efficient working 

qualities.

The Chapman Valve 
Mfg. Company

Ind ia n  O rchard , M ass .
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Your Bulk Muteriul Cun Be Economically
Elevated By One Of These Units

•  Link-B elt engineers have had extensive experience in the design, 
m anufacture and application of bucket elevators for varied service 
requirem ents. If your conditions call for the  use of a bucket elevator, 
le t L ink-Belt show you the  most efficiently perform ing size and type 
for your needs. R efer to  pages 862-916 of our general catalog No. 800 
for com plete engineering data, specifications and inform ation on how 
to  select bucket elevators.

L I N K - B E L T  C O M P A N Y
Chicago 8, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, Minneapolis 5 
San Francisco 24, Los Angeles 33, Seattle 4, Toronto 8. Offices in Principal Cities!

The Bulk-Flo
is used where mass 
conveying is possible. 
I t  consists of malle
able iron or steel 
flights attached to a 
chain. The material 
is fed directly into 
the lower horizontal 
portion of the cas
ing, thereby elimi
nating a feeder and 
is discharged a t the 
opening in the upper 
portion of the casing, 
just before the flights 
reach the head wheel.

The Centrifugal Discharge  
Bucket - Elevator

is used for most prod
ucts. I t  consists of either 
malleable iron or steel 
b u ck e ts  m o u n ted  on 
either a chain or belt. 
The m aterial is fed ei
ther directly into the 
buckets a t the foot of 
the elevator or scooped 
up in the boot and is 
discharged over the head 
w heel by  c e n tr ifu g a l 
action.

l in k A b e l t
E L E V A T O R S

The Rotor Lift
|s a H e l ic o id  
(screw) e le v a to r  
*'hich h a n d le s  
nany products that 
formally can  be 
•onveyed by a hori- 
^ntal screw con
do r. It consists 
“ a vertical screw 
friven from either 

top or bottom, 
operating in a solid 
lr split casing. The 
jjaterial is fed to 
tne vertical screw 
J screw feed e r 

"«r the foot of 
lift and is dis-

, a t the top 
faead end.

The Perfect Discharge  
Bucket E levator

o p e ra te s  a t slow er 
sp eeds and  is used 
w h ere  m a te r ia ls  w ill 
not readily discharge 
a t centrifugal speeds. 
M alleable iron or steel 
buckets are mounted 
between two strands 
of chain. M aterial is 
fed directly into buck
ets at the foot of the 
elevator or scooped 
up in the boot and 
d i s c h a r g e d  o v e r  a 
sn u b b ed  head  w heel 
which inverts the posi
tion of the buckets 
ov er th e  d isc h a rg e  
chute.

The Continuous 
Bucket E levator

is used where higher 
capacity a t slower 
speed is desired or 
where the material 
is friable. I t  consists 
u s u a l ly  o f  s t e e l  
buckets mounted on 
either a  chain or belt. 
M aterial is fed di
rectly into the buck
ets a t the foot of the 
e l e v a t o r  a n d  d i s 
charged over a head 
wheel onto the pre
c e d in g  b u c k e t s ,  
whose front and pro
jecting sides form a 
chute, thereby direct
ing the m aterial into 
a fixed  d isc h arg e  
spout.



PALM ER Therm om eters
are used for

A ccurate Research

S t t  'U o U m im
Today

Operation Antimalarial. Malaria, the most extensive of all 
maladies in peacetime and a scourge to warm-climate troops, 
was largely removed from the field of tactical importance in 
the recent war. This advance was made possible through a 
program in chemotherapeutic research that was outstanding 
for its combination of intensity, organization, and cooperation.

Since 1930 a related research program in Germany had 
failed to improve upon the unsuitably toxic pamaquine 
(Plasmochin) as a curative, and quinacrine (Atabrine), 
with its problems of application (partially psychological be
cause of skin coloring) as a suppressive. Nevertheless, in 
1940 the National Research Council took action that led ulti
mately in 1944 to a full scale unified program under the 
Committee on Medical Research, of the Office of Scientific 
Research and Development. Universities, industrial and 
clinical laboratories, and research institutes were synchronized 
into a systematic program and organization.

About 14,000 compounds,, drugs, or reputed remedies 
(exclusive of duplications) were tested, of which one third to 
one half were synthesized specifically for the program. Pre
liminary testing on birds was complex. Not only were re
sults of activity tests on avian malaria not directly applicable 
to the human, but variations existed from one avian parasite 
to another and even from host to host. Any material with 
possible activity against malaria was tested, from “old wives' 
remedies” such as African bitter apple and good bourbon 
whisky, to known active drugs (such as pamaquine) and their • 
homologs.

Critical positive or negative characteristics were ob
served through stepwise testing on two different strains of 
avian parasites in each of two different hosts. With favor
able results, toxicity tests on mice and rats (and in some cases 
monkeys) followed. Active tolerable drugs were submitted 
to pharmacological tests in dogs, rabbits, and monkeys. la 
this program more than 25,000 avian tests were conducted, 
and over 2000 rats, mice, dogs, rabbits, and monkeys were 
used.

Chemical candidates surviving this screening were examined 
in precise and extensive chemical tests in humans. Of the 
14,000 compounds, approximately 100 have been found 
worthy of human test since 1942, as compared with about 25 
carried that far in the German program of the past twenty- 
five years.

The system yielded results. Well over sixty series of 
compounds of a wide variation of structures showed ac
tivity against avian malaria, and a t least ten have been 
found active for man. This was a scientific advance, as it 
had previously been the concensus th a t only quinoline type 
structures were effective (quinine, pamaquine, and qum- 
acrine are thus related). Practical results were gratifying» 
as there are now at least three curative drugs which 
appear superior to pamaquine: SN 13276 or 6-niethoxy- 
8-(5/-isopropylaminopentylamino)-quinoline; SN 13429
or 6-methoxy-8-(4/-isopropylamino-l-methylbutyIamino)-
quinoline; and SN 9972 or 4 ,8-isopropylamino-l-methjl- 
butylamino-5,6-dimethoxyquinoline. Three drugs ga 'e 
strong indications of being superior to quinacrine as sup
pressives: SN 7618 or (Continued on page ^

•  W ith the  Ethyl C orporation it's  ac cu 
racy  first in  their fam ed R esearch L abora
tories. Palm er Therm om eters m eet h ighest 
standards for accuracy , durability  and  
dependability .

P alm er's P aten ted  "Red-Reading-M ercury" 
feature perm its quick, easy read ings at 
g rea te r d istances —  even  through  smoke 
and  steam.

W hether research or m anufacturing  
processes, you get 
the sam e fine p re 
cision in  all Palm er 
Therm om eters . . . 
Industrial, Record
ing  and  Dial Styles. 
A nd w herever you 
look, you will a l
ways find Palm er 
H igh Q uality  is 
standard  the  n a 
tion over!

W rite for C atalog

T H E  P A L M E R  C O .
MFRS.; INDUSTRIAL. LABORATORY. RECORDING S  DIAL THERMOMETERS

2512 NORWOOD AVE.. CINCINNATI, NORWOOD, O.
CANADIAN BRANCH: KING AND CtORCSl STS,. TORONTO
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TH E  autom atic well-head gas dehy
dration un it shown a t the left is a 
typical example of how i t  pays to  get 

G i r d l e r  on the job. No operator is 
needed for this factory assem bled' 'pack
age” u n i t . .  . fifteen m inutes atten tion  
once each week keeps i t  in  running 
order. T he only u tility  required is a 
m inute fraction of the gas for fuel. No 
steam. No electric power. No solutions. 
There are practically no moving parts.

D ehydration plants of every s i z e -  
solid dessicant systems (like the one 
illustrated), diethylene glycol systems, 
refrigeration systems or combinations 
of these—have been designed for sim
ple operation and built for economical 
performance by Girdler specialists in 
gas processing. Girdler dehydration 
plants are being used for high pressure

natu ra l gas transm ission lines, liquid or 
solid carbon dioxide production, vari
ous chemical operations involving gases, 
metallurgical operations involving con
trolled atmospheres, and for the dehy
dration of special gases such as n itro
gen, hydrogen, and carbon monoxide.

For d irect evidence of w hat this 
wealth of experience means to  you, 
write today  giving a  brief outline of 
your specific dehydration problem.

G irdler offers processes fo r gas manufacture, 
purification, separation, and dehydration. C on
su lt G ird ler a b o u t your problem s concerning 
hydrogen sulphide, carbon monoxide, carbon d i
oxide, inert and controlled atmospheres, natural 
gas, refinery gases, liquid hydrocarbons, hydro
gen, nitrogen. O riginators o f th e  Girbotol Process.

For effective, economical

specify a GIRDLER plant

the G IR D LE R  C O R P O R A T IO N
Gas Processes D ivision, D ep t. IE -6 , Louisville 1, K y . 
D istrict Offices: 150 Broadway, N ew  York  7, N . Y .

2612 Russ Bldg., San Francisco 4, Calif. 
21 E . Second S t., Tulsa , Okla,

W e D O N ' T  G U E S S  A B O U T  G A S



Looking at a b righ t new stainless steel vessel, 
you get no idea whatever about how long it 
w ill endure under your production conditions.

And yet the way that vessel w ill "take it” 
need not be accepted on faith. Go into your 
fabricator’s plant. See if he has all the special 
equipm ent and the trained mechanics required 
to w ork stainless steel as it should, be worked; 
because i t’s during  fabrication that the corro
sion resistant qualities of stainless steel are 
either safeguarded or allowed to deteriorate.

We w ork exclusively as fabricators of stain
less steel. Experience has taught us how to 
overcome the difficulties that inevitably arise 
in  w orking w ith  this sensitive alloy. W e’ve 
equipped our p lan t and trained our men for 
this job. T he result is more enduring process
ing  equipm ent for you, bu ilt for greater effi
ciency in your application.

S. B llck m a n , In c ., 1206 Gregory A ve ., W eeh aw ke n , N. J ,

f e s s
Today

7-chloro-4-(4'-diethylamino-l-niethylbutylamino)-quino
line, a drug made by the Germans who, apparently, did 
not fully appreciate its efficacy; SN 8137 or 7-chloro-4- 
(3/-dietliylamino-2-hj'droxypropylamino)-qumoline; and 
SN 10751 or 4-(7-chloro-4-quinolylamino)-a-diethylamino- 
o-cresol. In addition, a t least one other drug in each class 
has been shown superior in avian activity tests to those 
listed, and they are now being tested pharmacologically 
and clinically.

Much has been achieved, but a great deal of additional 
work is needed before malaria finally can be brought under 
firm control. OSRD is disbanding, and no means of support 
is now in view for completing the program, particularly the 
costly but indispensable clinical tests. The benefits of this 
enterprise already are far-reaching: if it is-carried through 
to completion, the malaria menace may be banished entirely.

R.L.K.

Less Mercaptan, More Octane. In striving to rid gasoline 
of mercaptans, the refiner has leaned rather heavily on aque
ous caustic wash and the procedurc'known as doctor sweeten
ing. These methods have disadvantages. Caustic treatment 
alone does not eliminate all of the mercaptans, and those which 
remain in gasoline become a costly nuisance. Their most un
desirable characteristic (even when they are converted to 
odorous disulfides) is that they inhibit lead susceptibility. In 
the sweetening process, as a result, the octane number of 
gasoline may be lowered one or two points.

This will explain the growing interest of the oil industry in 
the caustic-methanol method of mercaptan removal. In all 
respects it is an extraction technique as contrasted to processes 
based upon conversion of the undesired constituents into 
other materials. In the caustic-methanol method the mer- 
captans are almost completely removed. They are not con
verted to disulfides. The use of caustic alone usually re
moves only the lower boiling mercaptans.

The caustic-methanol idea, as incorporated in the Unisol 
process, was originated and developed by the Atlantic Re
fining Company; according to Universal Oil Products Com
pany which licenses its use, eight extraction units of this type 
are in operation while three others are under construction.

The Unisol mercaptan removal process consists essentially 
of five steps: (1) preliminary caustic washing to remove hy
drogen sulfide, aliphatic acids, and (if desirable) phenols; 
(2) extraction of mercaptans and removal of methanol from 
the gasoline; (3) regeneration of caustic; (4) m e rc a p ta n  sepa
ration; (5) methanol recovery.

Mercaptan removal takes place in a packed column with a 
caustic solution of about 4S° Be., introduced at the top of the 
column. I t  flows downward, countercurrent to gasoline rising 
from the bottom of the column. Methanol, about 30 to 40% 
by .volume of the caustic solution, is introduced at the mid
point of the column and divides it in two sections.

Mercaptan extraction takes place in the lower half of the 
column while dissolved methanol is removed from gasoline m 
the upper half with fresh caustic. Gasoline leaves the top 0 
the column free of caustic, and the reagent shows no tendency 
to absorb the fuel. (Continued on page w



Still another. . .  Heat transfer job expedited 

by continuous, closed method
T ' H i s  v e rs io n  o f  th e  V o t a t o r  s lu s h  

freezes  f r u i t  p u re e s ; ju ic e s , c o n ce n - 
rates, a n d  p u lp s  in  se c o n d s , a s th ey  
'°w th r o u g h  th e  c o m p a c t ,  c o m p le te ly  
losed m a c h in e . C o n ta in e r s  a re  filled  
n a c o n tin u o u s  b a s is , a n d  go d o w n  th e  
onveyor l in e  a t  th e  r a te  o f  36 0 0  p o u n d s  
w  h o u r . O n e  u s e r  r e p o r ts  t h a t  h o ld - 

tim e  th e r e a f te r ,  fo r  a  so lid  freeze , 
fas c u t  f ro m  tw e lv e  h o u r s  a t  —10° to  
■20° P  to  o n ly  s ix  h o u r s  a t  + 8 °  P .
U niform  r e s u l ts  a r e  a s s u re d , fe rm e n -  

Jhon a n d  o ff-f la v o rs  a re  p r e v e n te d ,  a ll

th e  n a tu r a l  q u a li t ie s  o f  f re s h  f r u i t  a re
p re se rv e d . P ro d u c t io n  c o s t  is  c u t __
e sp e c ia lly  in  re g a rd  to  r e f r ig e ra t io n .

C a p a b le  o f  e x tr e m e ly  e ffe c tiv e  h e a t  
t r a n s fe r ,  c o n tin u o u s ,  c lo sed  V o t a t o r  

e q u ip m e n t  is  a c h ie v in g  s im ila r  su ccess  
in  th e  p ro c e ss in g  o f  la rd , p h o to g ra p h ic  
e m u ls io n s , m a rg a r in e ,  v e g e ta b le  s h o r t 
e n in g , s h a v in g  c re a m , p r in t in g  in k , te x 
tile  p r in t in g  g u m s , p o lish e s , p a ra ff in  
w ax . I f  y o u r  p ro c e s s in g  p ro b le m  fa lls  
in to  o n e  o f  th e s e  c a te g o r ie s , p la n s  a re  
re a d y  fo r  a  p la n t - t e s te d  V o t a t o r  ir.-

s ta l l a t io n  c e r ta in  to  p u t  p r o d u c tio n  o n  
a  m o re  p ro f i ta b le  b a s is .

T h e  G i r d le r  C o r p o r a t io n ,  V o ta to r  
D iv is io n , D e p t .  I E - 6 ,  L o u isv ille  1, K y . 
B ra n c h e s :  150 B ro a d w a y , N e w  Y o rk  7; 
6 1 7  J o h n s to n  B ld g .,  C h a r lo t t e  2, N .C .;  
261 2  R u s s  B ld g ., S a n  F ra n c is c o  4 ., C a l.

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



YOU GET ACCURATE WEIGHTS
¿Led>ucaiLii Gantialied w ith

E D T B A U E R - D U P L E X
A u to m a tic

NET WEIGHER
Series “ C ” Weighers, with electrically con
trolled discharges, are available in 4 sizes to  
provide weighed discharges of dry, powdered, 
granular or pellet m aterials from 3 ounces to  
75 pounds per discharge, a t  rates up  to  26 
discharges per m inute. Possible accuracies are 
from Vio to  Vs of 1%.

E ither disc or pin-type power feed can be 
furnished to  assure a continuous supply of dry 
m aterials to the weighing hopper. Efficiently 
handles a wide range of crystals, granulated, 
or powdered chemicals.

B . F . G u m p C o .
Engineers and Manufacturers Since 1872 

415 S O U T H  C L IN T O N  STREET, C H I C A G O  7, I L L IN O IS

¿ J a m
Today

Caustic is recovered in a regeneration column where open, 
superheated steam is employed to strip the solution of 
methanol, mercaptans, and some water. On its way from the 
bottom of the extractor the caustic-methanol solution passes 
through a heat exchanger where the solution is heated, and 
regenerated caustic returning to the extractor is cooled.

Mercaptan separation is achieved through condensation 
of the mercaptan-methanol-water vapors from the regenera
tion column, which produces a two-phase system—a lower 
aqueous methanol phase and an upper mercaptan oil phase. 
The two phases are separated by skimming off the mercaptan 
oil, which is run off into a disposal system in which it is 
burned or recovered for sale. The aqueous methanol phase 
is fractionated, and the recovered methanol is circulated back 
to the extraction column.

There are some undesirable features of the caustic-methanol 
method. Corrosion became a problem in the earlier plants; 
the deterioration in the bottom of the caustic recovery section 
was severe because of its carbon steel construction. Repairs 
had to be made frequently. However, C. D. Lowry, Jr., and 
F. C. Moriarty of Universal advise that experience has 
proved corrosion may be avoided by the use of proper alloys 
in the high temperature zones. The extraction column 
also is rather tall, and the installations made thus far contain 
as many as 40-54 vertical feet of carbon Raschig rings.

On the other hand, there are distinct advantages in utilizing 
the Unisol process for mercaptan removal. H. W. Field, of 
Atlantic Refining, says it conserves gasoline, tetraethyllead, 
and reagents, which would be lost through some of the other 
refining methods. Tetraethyllead today is under strict allo
cations because of the lead shortage. Among the chemicals 
saved are litharge, caustic for doctor sweetening, and copper 
salts for copper sweetening processes. The gasoline losses, 
according to Lowry, are so low that they approximate the 
volume of the mercaptans removed. Caustic consumption 
is low, extractor temperatures run between 80° and 100° F., 
and the total cost of chemicals and utilities in the process is 
within the'range of 1 to 1.5 cents per barrel. The methanol, 
being volatile, can be recovered if i t ' becomes necessary to 
discard the caustic because of contamination with sulfide or 
aliphatic acids in the feed. H.W.S.

Cats’ Eyes from Rat Poison. When the Allies’ wartime 
research on radar became too great to hide completely from 
the Germans, our counterespionage service obligingly 
“let slip” that the operating principle was based on infra
red radiation. This effectively diverted the enemy from 
radar research as we knew it, bu t boomeranged by spurring 
them on to the highly successful development of infrared 
methods of detection and observation. Much has been 
published recently on our similar d e v e lo p m e n t  of the 
“sniperscope” and “snooperscope” , based on a near- 
infrared searchlight and viewer assembly that proved so 
effective in the last stages of the war.

After the German surrender an investigator from Techni
cal Industrial Intelligence Committee ran across a re la te  
German development (Continued on page 4



m?tv/QUIMBY FLOATING LINK
P e r m its  H ig h e r  P re s s u re s  — H ig h e r  
Speeds— L ow er Viscosities. A revolu
tio n a ry  new fea tu re  th a t  will v a s tly  in
crease th e  efficiency, tem p era tu re  range, 
and  flexibility of th e  screw pum p. T he 
F L O A T IN G  L IN K  is an  exclusive fea
tu re  of Q U IM B Y  G ear-in-H ead Pum ps, 
and  is availab le  fo r th e  conversion of 
p resent pum ps. W rite  fo r com plete 
inform ation .
★ Patent Pending

wnen you buy a QU IM BY SCREW  PUMP you get something more 
than just a pump. You get the benefit of more than fifty years 

experience in pump designing. Quimby originated the screw 
pump in 1 894. For more than half a century, the QU IM BY Screw 

Pump has been progressively improved until today, with the 
introduction o f the revolutionary FLOATING LINK*, it is without 
an equal.

When you buy a screw pump, be sure it’s a QU IM BY— there 
is no substitute. Quimby has a completely adaptable line of 
screw pumps in a wide range of sizes and types, as well as a 
complete line of ROTEX and Centrifugal Pumps. If you have a 
pumping problem, ask QUIMBY about it.

The KN O W  HOW  of Pum ping since 1894

H. K . P O R T E R  COM PANY, Inc,
P I T T S B U R G H  2 2 ,  P E N N S Y L V A N I A

Quimby Pump Division
N E W A R K  5 ,  N .  J .

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
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utilizing infrared radiation. The collecting lens system 
for this instrument consists of elements ground from 
single crystals of a eutectic mixture of 42% thallium 
iodide and 58% thallium bromide. The result is a 
beautiful rose-colored crystal, soft enough to be cut 
with a sharp knife and sawed, yet capable of being 
ground and polished like glass. The refractive index is 

(about 2.2 to 2.5) both in the visible and infrared 
spectra. The Germans claim it is transparent to infra
red radiation up to 30-micron wave length. Scientists 
of the Engineer Board, Fort Belvoir, Va., have success
fully made single crystals up to 2 inches in diameter and 
hope to make them up to 8 inches. The method used is 
Massachusetts Tech’s Stockbarger process, which consists 
essentially of lowering a molten mixture of the material 
through a carefully controlled temperature gradient that 
encourages formation of a single crystal.

Research aimed a t uncovering other crystalline materials 
with similar properties is planned. In this work the em
phasis will be on water-soluble salts, which in general are 
easier to grow than the thallium compound crystals. So 
little is known about fundamental chemical-optical rela
tions that research now is in the pioneering stage.

The Engineer Board investigators had an unexpected 
windfall of thallium shortly before V-E day, when a 
German submarine bound for Japan was captured in 
the Atlantic off the North American coast. Among other 
items in a cargo that must have made our military scientists 
lick their chops in delight were 200 pounds of a 50-50 alloy 
of lead and thallium. But most of the thallium compounds 
used in our country’s studies of this intriguing new optical 
material was obtained from rat poison. D.O.M.

Synthetic Sun Tans. There will soon be no need 
travel to Florida or California to acquire that desirable 

nut-brown tone on your skin—that is, if the chemists have 
their way. Old Sol, or a reasonable facsimile thereof, will 
be as far as the nearest fluorescent light fixture.

For some years commercial sun lamps have been avail
able which utilize a high intensity mercury discharge to 
emit radiation that will tan the body. These lamps, 
however, consume 100 to 500 watts or more of power am! 
have a low efficiency in converting this into useful sun tan 
radiation. In addition, their operation requires special
ized equipment.

An extensive investigation of ultraviolet emission by 
means of fluorescent lamps was undertaken some years 
ago by the Sylvania Electric Products Company, and it 
was found possible to convert electrical power to a desired 
radiation with fluorescent powders or phosphors, ft "as 
also discovered tha t this conversion was more efficient than 
the conventional one, since it was capable of producing the 
same sun tan radiation with about half of the usual power 
consumption. The problem was essentially a phy-'*CJ 
chemical one of producing a stable powder that will enn 
radiation of the desired wave length and brightness ' 
maximum conversion efficiency. (Continued on jiage 1
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URFURAL . FURFURYL A LC O H O L
F U R O IC  A C ID  . TETRAHYDROFURFURYL A LC O H O L

June, 1946
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T o  the chemist of today Furfural 
and the other available Furans offer the same 
opportunity for chemical discovery as did ben
zene seventy years ago. For many years chem
ical industry has neglected Furfural and its de
rivatives, primarily because they frequently did 
not behave in the manner which would have 
been predicted from consideration of the ring 
substituent. Chemists are now beginning to 
realize that this unorthodox, behavior might 
open up interesting and valuable developments. 

In the meantime the physical properties of

Furfural, such as its preferential solvent action 
on unsaturated compounds, its effectiveness as 
a dispersant, as a wetting agent and bactericide 
have so extended its use and reduced the cost 
of manufacture that Furfural is the cheapest 
pure aldehyde available today.

Because of its low price and because of its 
chemical activity which is a function of both 
the unsaturated ring and the aldehyde group, 
chemists will find it w orth while to w ork w ith 
Furfural. Samples of Furfural will be furnished 
when requested on your business letterhead.

P R O P E R T I E S  OF Q U A K E R  F U R F U R A L
(Furfuraldehyde, C(H 30 -CHO)

Am ber-colored  liquid of h igh  « ab il ity  and  unu.uol purity

H C ------ C H
II* 1 II 

H C ’ , '  C -C H O
xo '

Molecular Weight..................94.08 leum hydrocarbon, end glycerol;
reejmg om ,> C - . . . ............  3 7  8 .1 3 %  by wt. In water at 20°C.

Boiling Range {9 9% )°C .. 157 to 1 67
Specific Gravity {20/20°C). . . .  1.161 A n a ly s l«
Flash Point (open cup)°C............56 Furfural, minimum % .............. *99.5
Refractive Index (20/D).......1.5261 Water, maximum % ...................Q 2
SurfoceTension at 20°C (dynes/cm) 49 Organic Acidity, Maximum
Viscosity at 38°C (centipoises).. 1.35 equ«v/l........................... 0.023

Ash, maximum % ...................0.006
Solubility: Completely miscibfe with Mineral Acidity....................... None
ethyl alcohol, ether, acetone, benzol. Sulfates.................................None
butyl acetate, china wood oil and Ketones.................................None

mast organic solvent, except petro- *As determined by A.O.A.C. method.

Standard Container«  9 .45,90, and 520 lb. Drums 
fCarload of Drums 80 to 88. .41,400 to45,740 lbs.
Tank cor 8,000 gal........................... 78,000 lbs
Tank car 10,000 gol...............  .......98,000 lbs.

tODT requires maximum loading 

Drums non-returnab le

in a series on the 
Durans arc also available to those in
terested. 1  hey contain interesting and 
informative data as indicated by  the
titles: _ „

Bulletin 201
General Information About 
Furfural.
Bu lle tin  2 0 2

Introduction to the Chem
istry of the Furans.
B u lle tin  2 0 3

Physical Data on Furfural.
B ulletin  201 is o f general 
in te rest to  all users of 
chem icals. B ulletins 202 and 
203 contain  in fo rm ation  o f 
in te res t p rim arily  to  the  
research  w o rk e r.
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IF YOU USE 
D IS T IL L E D

W ATER I t  was noticed that, when a phosphor was subjected to 
radiation of a given wave length, the fluorescent radiation 
emitted always had a longer wave length than the incident 
radiation. A common example is the irradiation of cer
tain phosphors by “black light” of 3400-3800 Â. wave 
length and the spontaneous emission by these phosphors 
of visible light with w’ave lengths anywhere from 4000 Â. 
(blue) to 7000 Â. (red).

The choice of the phosphor depends upon the desired 
application, since it is necessary to consider the effects of 
air, ozone, heat; and gaseous discharges upon the phos
phors during either utilization or manufacture. The 
adaptability of the powder to mechanical treatment such 
as milling and grinding for use in paints or other suspen
sions must also be taken into account.

In the main, the phosphors investigated consisted of 
metallic phosphates or silicates activated by thallium, 
lead, or cesium. A representative lot of optimum com
position of each of the types studied was prepared in a 
lacquer suspension and applied to glass bulbs in a con
ventional manner. Lime glass was used in the case of the 
black light phosphors, and germicidal glass passing all 
wave lengths down to approximately 2000 Â. (in the 
ultraviolet range) was employed for the sun tan phosphors.

20
H OURS L A M P  B U R N E D

These bulbs were then made into lamps and subjected  
to  a  series of tests, including spectral, energy distribution 
studies and lamp life observations. A phosphor of com
position Ca3(PCu)2 (thallium-activated) showed a reason
ably high output value of good maintenance c h arac te r
istics. With, a redesigned model of the two-lamp fixture 
using aluminum reflectors with an increased a m o u n t o 
current flow, it was possible to produce with 140 watts an 
erythema (sunburn) of a  pinkness comparable to that o 
tained by a 300-wTa tt mercury type lamp.

I t  is expected that installations of this lamp can e 
adapted to bathroom use to give automatic 5-minute ex 
posures during shaving or more general exposures durwn 
showering. Although no immediate tourist trade up 
heaval is foreseen, the American bathroom may become 
competition for the winter resort of the future.

W rite fo r a copy 
of this Cochrane 
Publication 4181

C O C H R A N E  C O R P O R A T IO N
3132 North Seventeenth St. PHILADELPHIA 32, PA.

The COCHRANE  
DEMINERALIZER  
will give you the 
equivalent of 
distilled water 
at a fraction 
of the cost... GET THE 

FACTS



emember 7 942? Aviation gasoline was critically 
needed and the muscles of the petroleum refining 
industry flexed. But, looming as a major menace to 
the program, was a shortage of iso-butane. Some
thing had to be done ... and fast.

A  new process to convert abundant normal butane to 
iso-butane was adopted. Then, Porocel Corporation 
was assigned the job of perfecting the manufacturing 
technique and producing the vital isomerization 
catalyst m large quantities. Within six months the 
technique was perfected, a special plant was built to 
produce the catalyst, and the first car-load was roll
ing to the refiners. Because of prompt action in an 
emergency, a gravely needed product was made 
available in ample quantities. Furthermore, high 
operating flexibility of the catalyst resulted in iso
butane production records of double the anticipated 
capacity in many plants. The way was paved for a 
substantial increase in the flow of aviation gasoline.

This is one example of the results obtained when 
"orocel Corporation's laboratory research, practical

P O R O C E L

experience and flexible plant facilities are applied 
to problems of catalyst manufacture. It is a typical 
example, too, of the superiority of Porocel as a 

catalyst carrier. Its natural ore ruggedness, high 

adsorptive activity, uniform dispersal qualities, free
dom from impurities, inertness and extremely low cost 
are the characteristics that insure economy and 
operating efficiency.

New applications for Porocel, either as catalyst car
rier or direct catalyst, are regularly being discovered. 
It is possible that we can perfect and manufacture the 

catalyst you need. Whatever your catalytic problem, 
our staff of experienced engineers will be glad to 
assist you.

Just address: Attapulgus Clay Company (Exclusive 

Sales Agent), Dept. C, 260 S. Broad St., Phila. 1, Pa.

'Anhydrous A id s  Impregnated on Porocel (Deironed, activated 

bauxite) and sold under the trademark ISQ CEL

C O R P O R A T IO N , BAUXITE CATALYSTS, CATALYST CARRIERS, ADSORBENTS and DESICCANTS

June, 1946
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
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The FA C T S  

Behind the Glycerine

S h o r t a g e
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A s  everybody knows, the war and the widespread dis
ruptions following it have caused a serious world-wide 
shortage of fats and oils, from which glycerine is derived.

This is the reason why enough glycerine cannot be 
produced at present to supply immediately all the heavy 
demands of the reconversion period.

Just as bread is short because of the world-wide short
age of wheat so, tem porarily, the fu ll demand for glycerine 
cannot be supplied because of the shortage of fats and oils.

As this situation gradually corrects itself, glycerine 
will be in  good supply again and fully at your service.

G L Y C E R I N E  P R O D U C E R S ’ A S S O C I A T I O N

295 Madison A  ve., N ew  York 17, N . Y . Research Headquarters, Chicago, III.
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Two Phenolic Resins 
Now Are Available for 
Immediate Shipment
100%  R osin-Free, T hey  P ro v id e  

D urab ility , C hem ical R esistance

Arofene 700 and Arofene 775, two well- 
known U.S.I. pure phenolic resins, are now 
available for imm ediate shipm ent. Both resins 
are entirely free from rosin and rosin deriva
tives. Used principally in spar varnishes, 
chemical-resistant finishes, ethyl cellulose fin
ishes, and in varnishes for fortifying alkyds, 
they im part excellent durability  and rem ark
able resistance to salt water, acids, strong 
alkali, and  o ther corrosive substances. P rod
ucts made with these resins exhibit good color 
and drying properties.

Arofene 700 
Arofene 700 is a heat-hardening, heat- 

reactive 100% phenolic resin which, in com
bination w ith drying oils, gives hard  durable 
finishes. I t  provides outstanding resistance to 
chemical reagents in  a  wide variety of form u
lations, and produces varnishes of maximum 
durability. V arnishes m ade with this resin 
are unusually pale and exhibit fa r less after- 
yellowing than is norm ally expected from a 
pure phenolic. They possess good gloss, and 
wth tung or oiticica oils, the inclusion of 
small am ounts of linseed oil produces h igh
est gloss.

To obtain the best results, Arofene 700 
should be processed with a  preponderance of 
hard oils,” such as tung or oiticica. Varnishes 

™h oil contents composed largely of “ soft 
oils, such as linseed or dehydrated castor, 
are practical, bu t are m uch slower drying.

The addition of A rotene 7UÜ to o ther resins 
m varnish form ulations, reduces the cooking 
cycle of the varnish, or enables the m anu
facturer to acquire high varnish viscosities 
which otherwise would be impossible. Its in 
corporation in this m anner, also adds to the 
durability and resistance of the varnish.

M anufacturers have found Arofene 700 
Weal for super spar varnishes, alkali-resistant

(Continued on next page)

Improved Thyroid  Product 
Prepared by New Pi-ocess

U. S .1. Opens New Laboratory To 
Evaluate Wide Range of Products
Installs Complete Facilities For Evaluation Of

Chemicals and Insecticides at Baltimore, Maryland

As one of the first steps in its broad program of expansion, U.S.I. has 
organized an unusually complete laboratory for the evaluation of a wide 
range of products. The new laboratory, located at Baltimore, Maryland, occupies

1 more than 9000 square feet of floor space and

THE MONTH IN INSECTICIDES
Coats for seeds, contain ing built-in insec
ticides, fungicides, fertilizers, an d  hor
mones m ay  have  far-reaching effects . . . 
Benzene hexachloride is reported to be 
seven times more effective a ga in st  flies 
than DDT . . . The effectiveness o f rotenone 
oil sprays in com bating Ca lifo rn ia  red 
scale is sa id  to be increased b y  the a d d i
tion o f butyl phthalate . . . M ethy l bro
m ide is used to control the p ineapple  
m ealybug . . . The A rm y’s smoke a p p a ra 
tus is n o w  be ing used to deliver super
heated oil yapors for treating vegetation  

. . .  A  rap id  field method for assessing the 
spread ing pow er of an tim a laria l o ils is 
developed . . . Cyclopentenylam ines are  
identified a s  a  new  group  of insecticides 
. . . Another effective insecticide for house 
flies is m ade  from Sab id illo  seeds . . .  A  
series o f new  insecticides are used for 
chicken louse control.

R ats’ Cancer K illed 
By Alcohol Extract

An alcoholic extract which destroys tumors 
and cancers and sets up im m unity against 
their growth in inbred albino ra ts has been 
announced in a technical paper published re 
cently. T he extract has been tested success
fully on rats, but is not ready for use on 
hum ans, the authors said. They stated fu r
ther that theirs were the first successful ex
perim ents of this type.

, --- ----  1 — “  * V V 1, v*. 1I V U *  o p a v o  a u u
is equipped with the last word in  chemical, 
physical, and entomological testing facilities.

Four m ajor fields of activity are now being 
investigated in the laboratory: the study of 
solvents and plasticizers; the testing of an ti
freeze compounds and other automotive prod
ucts; technical service for custom ers; and 
evaluation, compounding, and development 
work on insecticides and insectifuges.

Proceeding on the belief that the success 
of any new-product program  depends in large 
m easure on the accurate evaluation of the  
comm ercial perform ance of new products, 
U.S.I. has assem bled an exceptionally fine 
staff of chem ists, biologists, and entomologists 
to carry on this work. A ctivities of the new 
Technical Development Laboratory will be 
closely in tegrated  with those of the company's 
research groups at Stamford, Conn., Balti
more, Md., Newark, N. J., and with the Dodge 
and Olcott laboratory a t Bayonne, N. J.

This in gen iou s d istilla tion  set-up p rov ides accu* 
rate a n a ly se s  o f o rgan ic  so lvents quickly.

To minimize m any of the objectionable 
Physiological effects of thyroid preparations 

to combat excess weight, a new bromi- 
ated thyroid compound has recently been 
Invented. T his compound is reported to lessen 
“e increased pulse rate , palpitations, emo- 
°nal upsets, and m uscle trem ors which some- 

«mes follow thyroid injections.
According to the patent, the brom inated 

Ptoauct is prepared  by treating a comm ercial 
™a_ered thyroid with ethyl alcohol and 

MWile a t room tem peratures. A fter standing 
_ J | night, the m ixture is filtered, and the 
nr. Inater*a l *s allowed to dry at room tem- 
J fature. The final product is stated to be no 
, «rent from the original desiccated g landu
le material, except that it contains 0.2%  to 

^ ¿ a d d e d  brom ine.

The A d m in is tra t ive  G roup of U.S.I.'«  Technical D eve lopm ent Laborato ry  m aps out the tests 
w h ich  w ill determ m e the p e rfo rm ance -va lue  of a  n e w  product. Left to right- N  C Schultze 
A ss is tan t  Director o f the Laboratory, W . E. Dove, Director o f the En tom o logica l D ivision^ D, g ! 
Z in k  D irector o f the Technical Deve lopm ent Departm ent, N. C. M cA liste r, Jr., A s s is ia n t  to



Makes A lcohol Solutions 
O f H ydrogen Peroxide

A recently-issued patent describes a m ethod 
by which strong alcohol solutions of hydrogen 
peroxide can he prepared. These solutions 
are reported  to be useful in m any industrial 
organic processes in which the aqueous hy
drogen peroxide of commerce has been found 
unsuitable. Hydrogen peroxide is of particular 
value as a catalytic reagent in many poly
merization reactions, and as an oxidizing 
agent for use in oxidizing and decolorizing 
certain  types of compounds.

The process of preparing the solution con
sists, basically, of treating the boron ester of 
an alcohol with comm ercial aqueous hy
drogen peroxide. Boron hydroxide precip i
tates, leaving a nonaqueous solution of the 
peroxide. Ethyl, butyl, and amyl alcohol are 
stated  to produce satisfactory solutions.

P heno lic  Resins
( Continued ¡rom preceding page)

varnishes, and ethyl cellulose finishes. I t  has 
also been used widely as a fortifying resin to 
increase the alkali and m oisture resistance of 
alkyds and other resins.

A ro fe n c  7 7 5
M anufactured to meet U. S. Navy Speci

fication 52R11, Arofene 775 is an oil-soluble, 
100% phenolic resin  of the type which is non
reactive with oils. As the sole resin com
ponent in  the m anufacture of varnishes, it 
insures excellent chem ical resistance and 
durability , as well as good color and drying 
properties. As a fortifier in modified resin 
varnishes, i t  improves the durability  and re
sistance of the original product.

Arofene 775 can be used with all the usual 
varnish oils, although it should not be used 
with straight tung oil. All tung oil varnishes 
should contain 20%  or more of an oil such 
as linseed. Since this resin is readily  soluble 
and “non-reactive” with oils, relatively simple 
cooking procedures can be employed with 
excellent results.

O utstanding spar varnishes and m arine 
paint vehicles are produced using Arofene 
775. T his phenolic has also been employed 
w idely in the m anufacture of finishes resis
tant to boiling w ater, salt-spray, alkali, organic 
solvents, and acids. In addition Arofene 775 
has been used advantageously in fortifying 
a wide variety of varnish form ulations.

Specifications and samples of both resins 
are available on request.

New L aborato ry
(Continued from preceding page)

Tw o of the m any  tests w h ich  are  necessary  for 
the proper eva luation  of an anti-freeze are 
b e ing  conducted here. O n  the left, the la b o ra 
tory w o rke r is determ in ing the effectiveness of 
anti-freeze corrosion inhibitors. The technician 
on the right is m easu rin g  the fo am ing  tendency 
o f an  experim ental anti-freeze b y  m eans of a 
set-up that s im u lates the w orst p o ssib le  foam 
ing  cond itions encountered in an  autom obile.

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

A l l  k n o w n  in se c t i
cides a n d  in sectifuges 
a n d  m a n y  e x p e r i 
m ental products run 
the gam ut of teèts in 
the  E n to m o lo g ic a l  
Laboratory. The jdrs 
sho w n  here contain 
a ll stage s o f the com 
m on species of cock
ro a c h e s .  R e su lt s  of 
te sts  p e r fo rm e d  on 
th e se  in se c t s  h e lp  
gu id e  researchers in 
the deve lopm ent of to
m orro w ’s insecticides.

O ne  section of U .S.I.’s Baltim ore Laborato ry  is 
devoted  to the p roduct-eva luation  of a ll types 
of plasticizers. The technician sho w n  here is 
testing a p lasticizer in the “ creep b ox .”

Further inform ation on these items 
may be obtained by luriting to U.S.I.

To cure troublesome foaming, a  new  compound 
is m arketed w hich is sa id  to be effective in con
centrations as low a s  1 part p e r million. It is 
described as a  viscous, tasteless, colorless, 
chem ically inert, and  non-volatile organic ma
terial. (No. 073)

USI
To im part crispness to fabrics, a  new  textile- 
treating resin is offered w hich is claimed to 
elim inate the necessity of starch . It is said  to 
perform satisfactorily on such cotton garments 
a s  shirts, children 's playclothes an d  women's 
house dresses, an d  to be perm anent. (No. 074)

USI
A new  multi-purpose plasticizer, which the 
m anufacturer claim s can  be used a s  a  softener, 
an d  a s  an  im prégnant for w aterproof an d  grease
proof pap er coating as w ell, is described as a 
viscous, clear-am ber, resinous oil. (No. 075)

USI
To remove pain t an d  enam els is the purpose of 
a  new  compound w hich is sta ted  to be non-in
flam m able. It is claim ed that this compound can 
penetrate, loosen, an d  remove 8 coats of paint 
in approxim ately 30 m inutes. (No. 076)

usr "" ‘
A new  wool dye is sa id  to be egually  fast to 
w ashing, se a  w ater, an d  se a  w ate r spotting. It 
is described a s  a  m etallized dye, recommended 
for m en's an d  w om en's w ear, tropical suitings, 
bath ing  an d  sw eating  yarns, and  upholstery 
fabrics. (No. 077)

USI
A self-curing neoprene putty for patching parts 
of goods molded from Neoprene, Buna S. Hycar, 
an d  rubber, and  for use a s  a  caulking and 
gasket cement, is now  availab le . It is stated to 
have  good w ater, oil, acid, alkali, and flame 
resistance. (No. 078)

USI
A w eatherproof and  w aterproof glue, claimed to 
be inexpensive and  to have  superior binding 
strength, is claim ed to last longer than the pieces 
of plyw ood w hich it bonds. It is stated to have 
p assed  the 3-hour boiling test with surplus 
strength. (No. 079)

USI

A resilient floor covering is claim ed to have the 
cushioning feel of an  expensive deep-pile rug, 
an d  yet be w ashab le  an d  tough enough to with
stand  the heavy  traffic of offices and lobbies. 
It is described a s  being composed of a  durable 
p lastic surface on an  8-inch lay er of sponge.

(No. 080)
USI

A new  textile preservative, claim ed to be the 
most versatile, efficient, an d  long-lasting textile 
p reservative thus far known, is said to afford 
du rab le  protection agains t fungi, soil-inhabiting 
organism s, and  jungle rot. It is described as 
being unaffected by w ater sprays, weather ex
posure, sunlight, and  laundering, and to be 
com patible w ith w ater-repellent and fire-re
tardan t finishes. (No. 081J

U C  I n d u s t r i a l  C h e m i c a l s ,  I n c
B mBtß B ■  ■ — _
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A LC O H O LS  -
Amyl Alcohol
Butanol (Norma! Butyl Alcohol) 
Fusel O il—-Refined

Ethanol (Ethyl Alcohol)
Specially Denatured— all regular 

and anhydrous formulas 
Completely Denatured— all regular 

ano’ anhydrous formulas 
Pure— 190 proof. C.P. 960r, 

Absolute 
•Super Pyro Anti-freere 

. *Solox Proprietary Solvent

*A N SO L S
Ansol M 
Ansoi PR

A C E T IC  ESTERS
Amyl Acetate 
Butyl Acetate 
Ethyl Acetate

O X A L IC  ESTERS
Dibutyl Oxalate 
Diethyl Oxalate

P H T H A L IC  ESTERS
Diamyl Phthalate 
Dibutyl Phthalate 
Diethyl Phthalate

OTHER ESTERS
•Diatol
Diethyl Carbonate 
Ethyl Choloroformate 
Ethyl Formate

INTERM ED IATES ,
Acetoacetanilide 
Acetoacet-ortho-anisidide 
Acetoacet-ortho-chloranilide 
Acetoacet-ortho-toluidide 
Acetoacet-para-chloranilide 
Alpha-acetylbutyrolactone 
S-Chloro-2-pentanone 
5-Diethylamino-2-pentanone 
Ethyl Acetoacetate 
Ethyl Benzoylacetate 
Ethyl Alpha-Oxalpropionate 
Ethyl Sodium Oxalacetate 
Methyl Cyclopropyl Ketone 

ETHERS 
Ethyl Ether
Ethyl Ether Absolute— A.C.S.

A D V E R T IS E M E N T — This entire page is a paid advertisement.

U.S.I. CHEMICAL NEWS

FEED CO N CEN TRA T ES
’ Curbay B-G 
*Curbay Special Liquid 
•Vacatone 40 

A CETO N E  
C he " :cally Pure 

RE S IN S
Este- G u ru  -a l l types 
Congo Gums— raw, fused & esterified 

•AropJaz— alkyds and allied materials 
•Arofene— pure phenolics 
•Arochem— modified types 
Natural Resins— all standard grades 

O THER PRODUCTS  
Collodions Ethylene
Ethylene Glycol Urethan
Nitrocellulose Solutions
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S U B S I D I A R Y  O F  A LU M I N U M  C O M P A N Y  O F  A M E R I C A

A L U M IN A S  FOR CATALYT IC  P U R P O SE S

A C T IV A T ED  A L U M IN A S  <F SERIES)

These aluminas produced from crystalline alumi
num tri-hydrate are  catalytically active. H ard  
granules are ava ilab le  in g ra d e d  mesh sizes up 
to one inch. Various g ra d e s  are distinguished 
by surface area, porosity and sod a  contents 
as low as .1 % .

A C T IV A T ED  A L U M IN A S  ( I I  SER IES)

These aluminas are la rge ly  amorphous. They 
have high surface a re a  and  sorptive capacity, 
high resistance to heat and  live steom. Expe ri
mental lots a re  now a va ila b le  in m inus-20 mesh 
particles or as spherical balls 'A "  to Z i "  in 
diameter.

TA BU LA R ' A LU M IN A S {T  SER IES }

-These aluminas are  a  form o f corundum, having 
high strength and  resistance to abrasion. They 
are unaffected b y  high temperatures. They are 
ava ilab le  in g ra d e d  mesh granules and  as 
spherical balls. Balled and  granu la r forms have 
porosity o f either less than 1 0 %  or ap p ro x i
m ate ly 3 0 % .

OTHER, A LU M IN A S

H ydrated  Aluminas, C -7 0 0  Series, have  particles 
less than .5 micron. They become active after 
being heated to approx im ate ly  300°C . M o n o 
hydrated  Aluminas, D  Series, have particles a p 
proxim ate ly one micron in diameter. They are 
substantially inactive catalytically but have 
considerable porosity.

(tot cCefiettcUtty, <ut LUCK when you 

employ chemically controlled Alorco Aluminas

JNatures a lo t like A unt Bessie— probably  averages 
out well as a com pounder, bu t likely  to vary enough 
to m ake individual results m ighty uncertain.

T here’s no such uncertain ty  when you’re  working 
with Alorco Alum inas in  your catalytic processes—as 
catalysts, carriers, and auxiliary catalysts. Each lot is 
exactly like the previous one, because of our accurate 
control of production.

R efer to the list of Alorco Alum inas shown in the 
table and decide w hat characteristics you need. We’ll 
send sam ples for tria l and then m ake certain  th a t you 
get identical p roperties tim e after time. ALUMINUM 
ORE COMPANY, Subsidiary of A l u m i n u m  C o m p a n y  

o f  A m e r i c a , 1911 Gulf Building, P ittsburgh  19, Pa.



FOR
HIGHER CLEANING 

STANDARDS-  

BE

SPECIFIC

“ M etso  Q ran  . . s o d iu m

5B ,o ) . ° ' ' e; 0“' s . p .«"*
m etasU icate- r a n u la r

H I * ’ b a g s  a n d  300 lb ‘ in  100 lb .  b a g
b a rre ls . .

s 9 "

5IWV S ' 5W,3„°;
cate . u - g r a n u ia r  a n

2 1 4 5 7 « . ^ %  i n  4 0 0  

free flow®8 ’
l b . s te e l drum s- ,

Upper: L e ft,  cleaner motors. R ight, whiter 
coveralls. Lower: De-inked paper stock. 
L eft, with Metso; right, with caustic.

M otors, paper pulp, floors, coveralls—no 
m atter w hat it is—it m ust come cleaner when 

given  a M etso  D e te rg en t bath . H e re ’s why. The 
balanced com ponents of M etso, one part o f sodium  oxide 

com bined and w ork ing  w ith one part soluble silica insure acce 
erated cleaning. T h is  alkaline pow er, plus the properly  proportione 
soluble silica speeds up w etting action, emulsification, deflocculation, 
and  then  soluble silica perform s the added unique function of pre
venting  the rem oved d irt from  redepositing  on the cleaned object.

Start now  to evaluate these benefits of M etso balanced soluble silica 
cleansers in  a detergent operation  in your plant. Specify Metso.

PHILADELPHIA QUARTZ COMPANY
Dept. C, 119 South T h ird  Street, Phila. 6, Pa.
Chicago Sales Office: 205 W est W acker Drive

B A L A N C E D  DETERG ENT S
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ALSO INSTALLED  
NOVEMBER 18,1929
2 ^ "  A l o y c o  S i  

Relief V a lv e  h a n d le s  

hot ca lc iu m  b isu lf ite  

s o lu t io n  c o n t a i n i n g  

about 3 %  t o t a l  S 0 2. 

ïh e  %  i n c h  a n g l e  

sam p ling  v a lv e  s h o w n  

is a lso  a n  A lo y c o .

HOT R E L IE F  
AND 

COLD ACID
T h is  8 "  A l o y c o  

" Y "  V a lv e  h a n 

d le s  r e l i e f  c o n 

t a in in g  u p t o  8 5 %  

S O j  a n d  co ld  a c id .

® Are you valve conscious? Do corrosion, contam ination 
ab ru p t tem peratu re  changes and other rigorous service 
conditions give you valve trouble? I f  so, it will pay you 
to  get in touch w ith us and find ou t how Aloyco Valves 
m the correct analysis of stainless steel can help you 

install them  and forget th em .’’
The photographs here show Aloyco Stainless Steel 

alves in operation in the paper mills of E astern  C or
poration since 1929— and still going strong. T hey  are 
used in the toughest spots in the sulfite mill for blowdown 
and relief line service.

Aloyco Valves are available in a wide range of stainless 
steels and corrosion resistant alloys. Large selection of 
types and sizes for 150 p.s.i. to  600 p.s.i. service. W rite 
today  for detailed inform ation.

June, 1946

ANDLING HOT S U L F IT E S  
SIN CE NOVEMBER 18, 1929
6 "  A lo y c o  C h e c k  V a lv e  a n d  6 "  

A lo y c o  " Y "  V a lv e  h a n d le  h o t  

ca lc iu m  b isu lf ite  so lu t io n  c o n 

t a in in g  6  to  7 %  to t a l  S 0 2, a n d

5 to  à°/0 f r e e  S O 2. A lso ,  n o te  

1 0 '  A lo y c o  B lo w  V a lv e  in  r e a r .
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when it grows up?

P - I .  I  .  , r ° m  P M 0 '  p l a i l t  ' °  c o m m e ' c i a l  o p e r a t io n  c a n  b e  c r i t i c a l ,
- p la n t  r e s u l t s  c a n  f a m i s h  a c c u r a t e  i n f a r m a t i a n  a n  r e a c t i a n s ,  y i e l d  a n d

q u a l i t y ;  b u t  t h e y  m a y  s t i l l  f a i l  t a  e s t a b l i s h  m a n y  o f  t h e  d e s ig n  f a c t o r s  r e q u i r e d  

f o r  e n g in e e r in g  f u l l - s c a l e  e q u ip m e n t .

l : ~ : Cal inSr anCe a9ainS' expensive pi,,a,ls ° " d tl6,°y s  *■> u t i l i z e  th e

”  a  °  s  ”  ‘ ° m.  ?  r 9 ' n e e r in g  a " d  1 - W W .  e x p e r ie n c e d
■n l a r g e - s c a le  u n .t  a n d  p l a n t  d e s ig n  f o r  w i d e l y  d i v e r s i f i e d  p r o c e s s  i n d u s t r ie s .

a n °d "re c o  dB f d 9 e r '  ' n  Ï  b ' ° a ' ‘ " '  * '  e X p e ' i e " ' e '  ^ g r a t e d  f a c i l i t i e s ,

o r a a r d z  t  P i ' 0 '  P r ° C e S S e S  in ' °  s ü c œ s s f u l  ' h i s  p r o g r e s s i v e
o r g a n iz a t io n  s h o u ld  c o m m e n d  i t s e l f  to  y o u .

1 “ Badger & SONS CO. E s t .  1841

BOSTON 14 • New York • San Francisco . London
P R O C ESS  E N G IN E ER S  AN D  C O N STR U C TO R S  FO R  THE 

CHEMICAL, PETRO-CHEMICAL AND PETROLEUM INDUSTRIES
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H A G A N  BUILDING  
PITTSBURGH 30 , PA.

A  SU B S ID IA R Y  OF 
H A G A N  C O R P O R A T IO N

for the m ost varied uses and in the processing of 
industrial products of the m ost varied types.

Our chemists will be glad to  give you any information 
which is available concerning the use of Calgon in 
processes in which you are interested.

Unlike the familiar orthophosphates and pyrophos
phates, Calgon* is a glassy ra ther than  a crystalline 
sodium phosphate.

Hidden in the unknown structure of this sodium 
phosphate glass are properties of great industrial utility. 
Calgon sequesters metallic ions in the form of soluble 
complexes; it aids in the dispersion of pigments; it is 
adsorbed on m etal surfaces, thus inhibiting corrosion.

These properties are developed in Calgon by the 
m ethod of preparation. Soda ash and phosphoric acid 
are fused together, and this red-hot m elt is cooled 
quickly, to  prevent crystallization. Let the melt cool 
slowly, so th a t crystallization does take place—and 
these useful properties are lost.

Fundam ental scientific knowledge concerning the 
"w hy” of Calgon’s exceptional properties is still far 
from complete, bu t sixteen years of experience have 
provided the "how” of effective and economical appli
cation of these properties in the conditioning of w ater

X -ray diffraction patterns—which ''finger' 
p rin t”  distinctively each crystalline sub
stance— show Calgon to  be devoid of crys- 
talline structure.

1  W A T E R -S O L U B L E  S O D IU M  M E T A P H O S P H A T E

2 W A T E R -IN S O L U B L E  S O D IU M  M E T A P H O S P H A T E

3 C A LG O N  G L A S S

* 7 .  M TRcg. U .S .  Pel-



H t e ?  EMIPMtKT-SnWIKHS I  tm O S O S  AHD
t tu m / X S  ’ 1,15 * w m k i q j  1m  row  wdimtors
« f i x  tjjes . m m  ■ i m » mtfius m  m m i m  ■ ee*ï pumps o

S C H U T T E  & K O E R T I N G  C O .
£*tÿcttee't&

Î760 Thompson Street P h i l a d e l p h i a  22,  Pa.
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You can  h av e  confidence in  SK CorrosionC ° h eo sio n  p ro b le m s  e n c o u n te re d  in  
han d lin g  ac id  vap o rs  a re  read ily  solved 
through the u se  of SK corrosion resistan t 
S team  Jet V acuum  Pum ps. Lined w ith 
K arbate, H aveg  or o ther corrosion resist
ing m ateria ls, destructive vapors never 
com e in  contact with the  m etal b racing  
w hich supplies s treng th  an d  shock-resist
an t qualities.

SK High V acuum  Ejectors for corrosive 
service a re  m ad e  in sing le an d  m ulti
s tag es  with stonew are, H aveg, rub b er 
lined or p lastic  lined in ter-condensers for 

v ac u a  a s  low a s  1 m /m  of mer-

R esistant Ejectors a s  they  a re  back ed  by  
m an y  y ea rs ' experience in  the design  an d  
m anufactu re  of jet equipm ent. The Schutte 
& Koerting C om pany  h av e  p ioneered  the 
developm ent of High V acuum  Ejectors 
an d  leadersh ip  in  this field* h as  been  
m ain ta ined  b y  constan t product im prove
ment.

SK eng ineers a re  re ad y  to help  in  solving 
your vacuum  problem s. W rite to d ay  for 
Bulletin 5-EH w hich illustra tes an d  de
scribes m an y  types of SK S team  Jet
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COOLING TOWER PERFORMANCE  
CAN BE MEASURED

T h e  C o o l in g  T o w e r  is one o f the most criti

cal pieces o f equipm ent affecting overall plant 

operation. Despite this fact, comparatively few 

users o f Cooling Towers have ever attem pted 

to determine w hether or not the towers pur

chased were doing the job specified. The most 

exacting specifications are useless if  the manufac

turer's performance guarantees are never tested.

After years o f field tests, under widely vary

ing conditions, we o f the F l u o r  Corporation 

have proved to our satisfaction and that o f many 

customers that the Power Test Code, 1929 Series, 

as adopted by the A.S.M.E., provides the meas

u rem en t standards necessary for te s tin g  any

F L U O R

Cooling Tow er—regardless o f design or make.

D on’t take our word for it. Test your Cooling 

Towers. Or, if  you prefer, F l u o r  Engineers are 

available to make an unbiased and unprejudiced 

test o f any Cooling Tower you operate.

All Fluor Cooling Towers Carry 
This Performance Guarantee

FLUOR Cooling Towers are guaranteed to perform in 
accordance with the design conditions set forth herein 
when tested as specified by the A.S.M .E. Power Test 
Code, 1929 Series, using the following procedure: the 
wick of the wet bulb w ill be wetted with water from  
the Cooling Tower basin; the wet bulb temperature for 
test purposes w ill be measured on the windward side 
of the tower at intervals not to exceed the width of each 
individual cell along the longitudinal axis of the tower 
at a distance not to exceed 50 feet from the various air 
intakes a n d , not over 6 feel above the basin curb. The 
average of the several wet bulb temperatures taken as 
described here will be used as the wet bulb for tower 
performance..........

BE SURE
with

F L U O R

?

A ER ATO R AND C O U N T E R F L O W  C O O L IN G  T O W E R S
THE FLUOR C O R PO R A TIO N , l t d . 2 5 0 0  S o u th  A t l a n t i c  B o u le v a r d ,  L os A n g e le s  2 2 ,  C a li f o r n ia  

N E W  Y O R K  • P I T T S B U R G H  • K A N S A S  C I T Y  • H O U S T O N  • T U L S A  • B O S T O N

£
SINCE 
1 8  9 0

E N G I N E E R S  • M A N U F A C T U R E R S  • C O N S T R U C T O R S



OR OMITE

ORONITE CHEMICAL COMPANY
Russ Building, San Francisco 4, Californie  

W hite-Henry-Stew art Bldg., Seattle 1, W ash.
30 Rockefeller Plaza, N ew  York 20, N. Y. 

Standard  O il Bldg., Los A nge le s 15, Calif.

ORONITE POLYBUTENES 
ARE AGAIN AVAILABLE

Again in am ple supply, O ronite  Polybutenes are offered 
in seven grades for application in many diversified indus
trial and m anufacturing fields.

A m ong the many special uses o f O ronite Polybutenes 
in volum e are these: for adhesive and non-drying gasket 
com pounds, in su lated  and im p reg n a ted  p a p e r  w ra p 
pings, rubber latex extenders, as a dust trapp ing  agent 
in air filters, in treatm ent o f leather, for paraffine wax 
plasticizers, in the fabrication o f electrical devices, and 
for m any o ther uses.

O ronite Polybutenes are carefully engineered to fill 
the needs o f up -to -the-m inu te  industrial and m anufac
turing processes. An inquiry on your business letterhead 

to  specific uses in your ow n business w ill b rin g  
p ro m p t reply.
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!n Phosphate 

Rock Processing 

THERE IS STILL 

NO SUBSTITUTE 

FOR EXPERIENCE

The D orr Com pany s th ree decades of in tim ate  and nation-w ide assistance 
w ith problem s o f the  phosphate  rock producers, and of producers in sim i
lar high tonnage, low profit m argin fields, gives the  D orr engineer an .ad 
van tage which you as an operator can thoroughly  appreciate.

To augm ent his. own knowledge, he has behind him  a corps of 
widely experienced engineers and  th e  accum ulated d a ta  from 
a wide varie ty  o f similar, jobs.

W hether you are considering Classifiers, Sizers, H ydrosepa- 
rators or Thickeners, you will do well to  call in the  D orr C om 
pany, and have one o f its engineers explain how some of the  
newer m achines m ay im prove recovery and  lower th e  “per ton  
operating cost” .

The D orr engineer is an “experienced h a n d ” in phosphate 
rock- processing and for th is  experience of his there  exists no 
substitu te .

RESEARCH H  ENGINEERING

T H E D O R R  C O M P A N Y , EN G IN EER S
N E W  YORK 22, N. Y. . , 570  LEXINGTON AVE. 
ATLAN TA  3, GA. . . W ILLIAM-OLIVER BLOG. 
TO RO N TO  I, ONT. . . . 80 R ICH M O N D  ST. W.
C H IC A G O  1, ILL.............. 221 NO. LA SALLE ST.
DEN VER  2, C O LO ...............COOTER BUILDING

I  LOS A N G ELES  U , CAL. . 811 WEST 7TH ST.

RESEARCH A N D  TESTING LABORATORIES 
WESTPORT, C O N N .

S U G A R  P R O C E SS IN G  

PETREE & DORR D IV IS IO N  
570 LEXIN GTON  AVE.. N EW  YORK 22. N.T.

I - -....
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A ll the money-saving advan
tages of Stainless Steel you can 
obtain at top perfection in 
U * S S  Stainless. O ur engineers 
are specialists in solving new 
and unusual problems in the use 
of Stainless Steel—their wide 
experience is backed by the lab
oratory and research facilities 
of the w orld’s largest producer 
of fine steel. Both are at your 
service to help you obtain op
timum results w ith U*S*S 
Stainless.

. s k  a n y b o d y —the m an on the street, 
the housewife, your p lant manager, chemi
cal engineer or maintenance man, especially 
ask the men who operate your equipm ent— 
w hat is the first thing th a t  comes to mind 
when Stainless Steel is mentioned. T he  
answer is always the same—'“I t ’s clean. I t ’s 
easy to keep clean.’’

T rue  enough. And this well-recognized a t 
tr ibute  of Stainless results in im portan t 
savings in time, money and labor.

Aless well-known property  th a t  goes hand- 
in-hand with “ cleanness” and which has sim
ilar highly desirable cost-cutting effects is 
Stainless Steel’s ability  to resist adherence.

I t ’s a fact th a t  m any materials which ad
here quite readily to common steel, or to 
coatings with which such steels are protected 
against corrosion, will not adhere to Stain
less Steel.

These materials include a num ber of food 
products, dyes, gums from rayon and other 
textile products, wood gums and resins, and 
various materials encountered in chemical 
processing.

Stainless Steel rejects corrosion or solu
tion by  these materials to the point where 
they  will not seize upon it.

As a result Stainless Steel equipm ent can 
be run for much longer periods w ithout 
cleaning—errors in control of process tem 
peratures cause less damage to equipment 
—spoiled materials can be cleaned and 
scoured away with less time and labor and 
with less dam age to equipment.

U-S-S STAINLESS STEEL
A M E R I C A N  S T E E L  & W IR E  C O M P A N Y ,  C leveland, Chicago and N e w  Y o rk  

C A R N E G I E - I L L I N O I S  S T E E L  C O R P O R A T IO N ,  P ittsburgh  and Chicago 
C O L U M B I A  S T E E L  C O M P A N Y ,  San Francisco  

N A T IO N A L  T U B E  C O M P A N Y ,  P ittsburgh  
T E N N E S S E E  C O A L ,  I R O N  & R A I L R O A D  C O M P A N Y ,  Birm ingham

United States Steel Supply Company, Chicago, Warehouse D istributors  
un ited  States Steel E xport Company, New York

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

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

TO CUT DOWN CLEANING TIME AND COSTS
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C lo se d -C irc u it u n it w ith  S tu rte- 
v an t R in g  R o ll  a n d  A ir  S e p a ra to r  
. . . in c re ase s  o u tp u t o f  accu ra te ly  
sized  fines.

S T U R T E V A N T  A I R  S E P A R A T O R S
Up Production of Fines . . . Provide More Uniform Fines . . . at Lower Cost per Ton

D o your requirem ents call for accurate sep
aration of fines . . .  at increased production 
rates . . .  at low er costs—then you should in 
vestigate the Sturtevant Centrifugal A ir Sepa
ra tors. These efficient separators-m ay be used 
fo r rem oving dust from  m aterials already 
m illed o r in  their natural state . . .  o r in  a 
“ closed-circuit” w ith a g rin d er w here they 
separate and remove the finished p roduct from  
the pulverizer.

Sturtevant A ir Separators are easy to  operate. 
Q uick, sim ple adjustm ents provide a range of 
fineness from  40 to  350 mesh. They increase 
finished product output up to  3 0 0 % . . . cut 
pow er costs as much as 50% . Sturtevant A ir

Separators are the only separators quickly 
adjustable to  m eet all requirem ents for accu
rate separation under all conditions. They are 
available in  capacities from  ton  to  50 ton 
per hour. W rite for com plete inform ation and 
bulletin 087, today.

S T U R T E V
M I L L  C O M P A N

55 Harrison Square, Boston 22 , Mass.
Designers an d  Manufacturers of 

CRUSHERS t GRINDERS t SEPARATORS • CO NVEYO RS 
M ECHAN ICAL DENS and EXCAVATORS • ELEVATORS • MIXERS



The p a ten ted  Foxboro Segm ent (A) produces straight-line calib ra 
tion. The vertical motion of the float is transm itted through a  
unique, pa ten ted  ladder-chain, giving positive transm ission of the 
linear to ro tary  motion variab les. Functions like a  rack-and-pinion, 
bu t without the friction an d  lost motion of g e a r teeth.

EXCLUSIVE FOXBORO METER REFINEMENTS

• Se gm e n ta l Lever Transm ission  g iv e s  

stra igh t-lin e  ca lib ration .

• E x tra - la rge  F loat w ith  lo n g  trave l fo r  
e x tra  pow er.

• Su re -Sea l Check V a lv e s  p o sit ive ly  p re 
vent m ercury losses.

• Pressur-Tlte B e ar ing  e lim in ate s stuffing 

b o x  an d  packing.

R E G .  U. S .  PA T . O F F .

D I F F E R E N T I A L- T Y P E

F L O W  M E T E R S

In an y  piece of critical equipm ent you  select, bet- 
: ter-engineered design an d  construction m ake an  impor- 
j tcmt difference in  the service it will g ive you. Flow 

meters a re  no  exception.
For exam ple, a n  im portant refinem ent found only  in 

Foxboro Differential M eters is the p aten ted  Segm ent 
Transmission that g ives straight-line calibration . It 
eliminates angu larity  errors of com m on levers an d  
avoids the excess friction an d  lost m otion of rack-and-

pinion m ovem ents. S lightest ch an g es in flow a re  re 
corded without error!

W hen y ou  b u y  a  Foxboro M eter, yo u  get the ex tra  
v a lu e  of m an y  such exclusive features. In m etering 
results, th is better eng ineering  g ives you  ad d ed  accu 
ra c y  an d  d e p e n d a b ility . . .  w ithout ad d ed  cost.

W rite for Bulletin 200-7 w hich contains detailed  in
form ation. The Foxboro C om pany, 40 N eponset Ave., 
Foxboro, M ass., U. S. A. B ranches in  principal cities.

June, 1946
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Y ears ago Powell pioneered in m aking C ast Steel 
Valves to  handle flow control requirem ents for 
which bronze and  iron valves were no t fully suited.

L ater, the developm ent of the chemical and  proc
ess industries im posed new dem ands; nam ely, for 
valves to  handle corrosive media. Again Powell 
blazed the tra il and  today, in add ition  to  Bronze, 
Iron  and Steel Valves of every required type, size 
and pressure, Powell offers n o t only the C ast Steel 
b u t also m any special designs in th e  w idest range 
of pure m etals and special alloys* ever used in 
m aking valves.

In  short, Powell is prepared  to  supply the r ig h t 
valve for every service in the  Chem ical and Process 
Industries. In  w riting  for catalogs, specify whether 
you are in terested  in Bronze and Iron ; C ast Steel; 
or Corrosion R esistan t Valves. I f  you have any 
flow control problem s, consult Powell Engineering.

The Wm. Powell Co., Cincinnati 22, Ohio

(A )  La rge  s ize  150-pound  M o n e l M eta l 
G a te ' V a lve  w ith  flanged  e nd s and 
bolted flanged  bonnet. T op -m ounted  
electric m otor operator p rov ide s quick, 
positive  open ing and  c lo sin g  by rem ote 
control.

(B )  Large  s ize  150-pound  Spec ia l A llo y  
F lu sh  Bottom  T a n k  V a lve  for attaching 
to metal tan k s  or autoclaves. A ir  C y l
ind e r operated. H a s  special qu ick 
open ing c leanout pocket, th rou gh  w hich 
d isc  w a she r m ay be ea sily  replaced as 
well a s all sed im en t rem oved  from  the 
valve.

( C )  150 -p ound  Am pco  M e ta l Sw in g  
C h e ck  Valve. F la n ge d  e nd s and bolted 
flanged cap. S iz e s  2 '  .to 1 2 ',  incl.

( D )  La rge  s ize  100-pound  A lu m in u m  
G ate  V a lve  w ith  flanged  ends, bolted 
flanged  bonnet, ou tside  screw  r is in g  
stem  and  taper w edge doub le  d isc C an  
be supp lied  w ith  18-8  d isc  and  stem .

( E )  150 -pound  H a ste llo y  A llo y  " Y "  
V a lve  w ith flanged  ends, bolted flanged 
bonnet, and  ou tside  screw  r is in g  stem . 
Equ ipped  w ith  Pow ell Patented Seat 
W iper, w h ich  c lea rs the faces of any 
co rro sion  p roducts or adhe rin g  m ate
ria ls, in su r in g  a tight metal to metal 
contact betw een seat and  disc. S ize s  
M '  to 2 r, inc lusive .

( F )  150-pound  N icke l G lobe  V alve  
w ith flanged  ends, bolted flanged  bon 
net and  outside  sc re w  ris in g  stem . 
S ize s  K '  to 3 ',  inc lusive.

*Send for booklet “ Powell Valves for Corrosion Resistance",
available in the following Pure Metals and Special Alloys.

Acid  Bronzes H aste lloy  A llo y s  " A ” , S ilv e r  (Pu re )
A ll Iron " B ” , " C ”  and  " D " 4 - 6 %  Ch. .5 M o. Steel
A lu m in u m H ercu lo y

18 -8S
A lu m in u m  Bronze In co n e l*

Am pco  M eta l lllium
18 -8 S  M o .

Ca rb on  Steel M is c o  " C " 1 1 .5 -13 .5%  Ch. Iron

M o n e l M e ta l* 1 8 %  Ch. Iron

D -1 0 N icke l (P u re ) 2 8 %  Ch. Iron
E ve rd u r N icke l Iron 2 5 %  Ch. 1 2 %  Ni.
H a rd  Lead N i-re s is t * A lloy  Steel

•Reg iste red  trade -nam es of the In ternational N icke l Co., Inc.
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Speed research...see things you ’ve never seen 
before...im prove product qualify

These RCA electron
microscopes will multiply 
your vision 100,000 times

Ekir.fnm  M i« « * « » ® ; trtognHii irtStm ' 
SO» X  SOWS X , u*efx* p h s la s ra p h k  • » !« « > . 
m an! î»

“ U niversal” Electron Microscope: adjustable m agnifications up to
20,000 X . Sharp  photographic enlargement to 100,000 diameters.

TF A DIME were magnified 100,000 times it would be more
*  than a mile in diameter; a human hair would be the size 
of a giant redwood tree; a blood corpuscle would resemble a 
sofa pillow.

This magnification power, made possible by these RCA 
electron microscopes, has opened up a wealth of new oppor
tunities for research, production, process control, and analysis.

During the few short years they have been available, these 
remarkable instruments have solved hundreds of vitally im
portant problem s relating to metals, chemicals, plastics, rub
ber, textiles, and petroleum products—to name just a few.

The RCA electron microscope comes in two models: the 
de luxe "Universal” type incorporating an electron diffraction 
camera and the compact, less expensive desk model. Both 
have approximately the same high resolving power.

We’ll be glad to help you appraise the possibilities of these 
instruments in connection with your work. W rite Dept. 39-F.

SCIENTIF/C INSTRUMENTS

«Vi

iöpö io  cf a  aiad Toiler b<fr«rina .{Inner ivfnicfi ôj 
/  the'mrter scnef.*;; :

-A «xla-sia ) 7<eic.?--ç?»w’«/w iç- prsdV''-* •
W* yiv Wyghsri'A

R A D tO  C O R P O R A T iO N  o f  A M E R IC A
E N G IN E E R IN G  P R O D U C T S  DEPARTM ENT. CAM DEN. N .J .
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Hooker CP-it, A Xew ani fmprorei
Chlorinated Paraffin

In  formulations for flame and water repellency 
where 40% Chlorinated Paraffin may be used, 
here is a new and improved Hooker product. I t  
is an exceptionally stable, light colored viscous 
liquid with an extremely low iron content.

Hooker specialized experience in chlorinating 
long chain aliphatics has resulted in the develop
ment of this improved product. CP-40 is com
patible with a number of film forming resins, 
and may be used as a plasticizer or extender 
with them. Technical D ata Sheet No. 731 which 
more completely describes CP-40 is available, 
when requested on your company letterhead.

Physical P r o p e r t i e s .................. CP-40
Chlorine C o n ten t............................ 42 ± 1%
Specific G ravity, 15.5°/15.o°C . .  1.185 ± .01
Viscosity., a t  210°F

(Saybolt U niversal)...................  160 to 180
Acidity as HC1................................  0.006% max.
^ro n ............. .......................................  10 ppm. max.
Color, Union Colorimeter ASTM  1.5 to 2.5 
Therm al Stability

(6 hours a t  300°F).....................  0.15% HC1 max.

Where the formulation calls for a 70% chlorin
ated paraffin, Hooker CP-70 is available for 
similar uses. This material is a brittle amber 
colored resin. I t  is crushed and shipped as a 
white powder which does not agglomerate on 
standing.

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

C O M  P A M ' 7

H O O K E R  R E S E A R C H  P r e s e n ts

BEN ZA M  I D E
o
I Ic -  nh2

Benzamide (Amide of Benzoic Acid) is a  white, 
free-flowing monoclinic crystalline m aterial.
I ts  physical and  chem ical properties suggest its 
application in the  fields of organic synthesis, in
cluding plastics, pharm aceuticals and dyestuffs. I t  
is com patible w ith a  lim ited num ber of resins in
cluding cellulose aceta te  and nitrocellulose with 
which it forms a  firm tran sp aren t film.
F or more com plete inform ation write on your letter
head for Technical D a ta  Sheet No. 3C1 which lists 
the physical properties and a num ber of the  re
actions which Benzam ide will undergo.

Because of its  re la tive  chemical inertness 
CP-70 is suggested also in formulations for fire
proof paints, adhesives, linoleum, etc. In pro
tective coatings and paints it does not adversely 
affect the rate of drying. Technical D ata Sheet 
-Vo. 763, describing more fully the properties of 
this chemical, is available when requested on 
your company letterhead.

Physical P r o p e r t i e s .................. CP-70
Analysis (typical)

C hlorine.....................................  69 to 73%
Free HC1...................................  0.05 max.
I ro n .............................................  0.01 max.

Softening R an g e .......................................  90°to 100°C
Acid Num ber, mg. K O H /g m .___. . .  0.50 max.

9 F o r ty -s e v e n th  S t. ,  N ia g a ra  F a lls , N . Y.

N ew  Y o rk , N . Y • W ilm in g to n , C alif. .  T a c o m a , W ash .

C a u s tic  S o d a  M u r ia tic  A cid S o d iu m  S u lfide
P a ra d ic h lo rh e n z e n e  C h lo rin e  S o d iu m  S u lfh y d ra te

hóoKER
chemicals



NORDSTROM LUBRICATED VALVES
k e e p  u p k e e p  d o w n

r ̂  ^  ÿÇ. ■Sv , 0 *&. :f : ,1 -

It cannot plead for help; it must stand alone; solitary 
sentry of the far-flung pipe line. It must not fail when 
emergency arises, nor deteriorate in the face of the ele
ments. Built for rough, out-in-the-open service, the 
Nordstrom Valve stands as a bulwark of safety; always 
ready for instant operation, with no fear of sticking.

The prime credential ot valve integrity is leakproof en
durance. There is nothing so certain of seating as a lubri
cated, tapered-plug valve. With pressure lubrication 
hydraulically directed, the Nordstrom Valve brings the 
tapered-plug principle of leakproof closure to its fullest 
scope of achievement. Nordstrom builds sizes up co 30".



Install Nordstroms on your tanks, flow 
lines, circulating lines, transmission lines—everywhere for 
safety. Made in all pressure classifications to ASA and 
API standards. Sizes V2" to 30". Adaptable for manual 
and automatic remote controls. May also be equipped 
with locking devices, extensions and water tight housings.

Unbeatable  
pipe line 
control
Often heard in plane and field is 
the expression, "They make it tough 
on Nordstroms.” On lines where no 
other valves will satisfactorily oper
ate, Nordstroms do the job. In op
erations where temperature, fluids, 
corrosion and erosion take heavy 
toll, count on Nordstrom to "do 
the trick." Everything is under con
trol with these unbeatable valves.

NORDSTROM VALVE  C O MP A N Y - o i v  i s  i o n  o f  J t o c h t c e l l  I S t u n u f u c t t i r i n i j  C o m p a n y
W O R L D ' S  L A R G E S T  M A N U F A C T U R E R S  O F  L U B R I C A T E D  P L U G  V A L V E S

M ain sg 3 lä \  O ff ic e :
4 0 0  North Lexington Ave. G j j í j f l  Pittsburgh 8, Pennsylvania



I
Stainless-CIad Steel c « ,  h e,p yoo « J

1  « i r t i  7 " h “  2° *  d *ddta*  o f » l i d  s» io I e „  sttxl, provides 100/o Stainless protection on the contact side.

2  IngAclad m / i  much less than the solid stainless metal.

^  IpgAclad with its permanently bonded backing of mild steel 
is easier to fabricate than solid stainless. ’

^hatever the application, if stainless protection is called for or desired 

ment r”  InsAclad offers substantial savings in equip
4 e f n s h e 7  r  a P « * » M e  improvement in  the quality of

finished p lant product. W hy not see w hat IngAclad can do for you?

1 N G E R S O L L s t e e l  d i v i s i o n
b o r g - w a r n e r  c o r p o r a t i o n

310 South M ich igan  Avenue .  Chicago 4, Illinois
Plants: Ch icago, Illinois . N t w r ^ i .  .. .

Kettles 

Processing Kettles 

Conveyor Troughs

and Ship
ping Containers 

Dehydrators

Laboratory Tables, 
Sinks

Condenser Bodies 

Evaporators 

Tanks 

Hoppers
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A .  THEY’RE 
BETTER

T H E Y ’RE FA STER
operate at the speed 
of light"*-*" no mechan
ical link between indi
cating and control 
sections high speed 
means greater accuracy 
and sensitivity.

THEY’RE MORE 
SERVICEABLE
interchangeable 
unit -construction 
permits replace
ment or servicing 
on location without 
dismounting the 
instrument flex
ibility of design 
assures uninter
rupted operation.

WHEELCO INSTRUMENTS  
C O M P A N Y  

373 W. Harrison St., Chicago 7, HI



A ce Rubber lined return type plating tank



d , o ' w  c o ^ r  n  I m :

S I L I C O N E S

SILASTIC 
FLUIDS

VARNISHES 
RESINS  

GREASES

withstand heat 
resist oxidation 

exclude moisture

S I L A S T I C *  G A S K E T S

Vol. 38, No. 6

"NOTHING BUT THE BEST!" That's the policy followed 
by Pratt & Whitney .in selecting materials for the powerful 
new 28-cylinder, 3650 h.p. Wasp Major.
That's why Silastic was chosen for these rocker box gaskets. 
Factors in the choice were Silastic's resiliency at the 450°F. 
operating temperature, resistance to the hot oil, and con
venience in handling.
Silastic will fly with the Wasp Major in such giant new 
airliners as the Boeing Stratocruiser, Douglas Globemaster, 
Martin Mars, and Republic Rainbow.
If you need a  rubber-like material that's resilient up to 
500°F. and flexible .down to —70°F.( call for "Silastic 
Facts” No. 1A—and TR Y SILASTIC!
♦Trade Mark, Dow Corning Corporation

D O W  C O R N IN G  C O R P O R A T IO N  • M ID LA N D, M IC H IG A N
Chicogo Office: Builder*’ Building C leveland Office: Terminal Tower

N ew  York Office: Empire Stale Build ing 
In  Canada: D o w  Corning Products Distributed by  Fiberglas Canada, Ltd., Toronto

chosen best among all gasket materials tested for service at 450°F.

F I R S T  I N  S I L I C O N E S

Silastic gaskets fabricated 
from Dow Corning silicone 
rubber by the Connecticut 
Hard Rubber Co. seal 56 
rocker boxes of the 28- 
cylinder Pratt <5r Whitney 
W asp Major.



•auiu S L U D G E  
B L O O D  

C A U S T IC  S O D A  
C H I C L E  

C I T R U S  J U I C E S  
C O O K I N G  F A T  

E S S E N T I A L  O I L S  
F I R E  E X T I N G U I S H E R  F L U I D  

F I S H  O I L  
F O R M A L D E H Y D E  

G L U E  L I Q U O R  
G L U T E N  

I R I S H  M O S S  
L A C Q U E R  

L A T E X  
L I V E R  O I L  
O L I V E  O I L  

P A I N T  & V A R N I S H  
P E N I C I L L I N  

P H A R M A C E U T I C A L S  
P R I N T I N G  I N K  

P R O T E I N S  
S E R U M  

S T A R C H  
S T R E P T O M Y C I N  
T O M A T O  J U I C E  

V E G E T A B L E  O I L  '
' W A X  

W O O L  G R E A S E  
Y E A S T

Q P P O R T U N I T I E S ^  for sim plify ing  processes by 
V - /  chan g in g  from  old fashioned g ra v ity  o r filtra tion  sys-

w itli D p T r ^ effic/enf' sep ara tio n
a t I  ? ’ cen trifu g a ls  com e up every day. T h e  lis t
4 e w ” —  W 1  Î ° m  Cî.m p  etu ’ n o r  a r e  a11 th e  a p p l i c a t io n s  ew bu t i t  does show  th e  w ide v a rie ty  of problem s
of separa tion , clarification, o r co ncen tra tion  th a t D e L av a l 
eng ineers have solved.

P e rh ap s you have alw ays reg a rd ed  y o u r problem  as
l in ? o fnh-0 h fSPeCla-1:̂ .di® c u lt  Y et from  D e L a v a l’s la rg e  

5 g 7  specialized m achines, w hich  includes m ore
n ïv fn Î  dozf ?  d ls t“ c t ^P es»  u sually  each problem  of aP-
e c o n n m S  Can be m et in  th e  m ost efficient,econom ical m anner.

_ _ * n add ltlon  to  speeding up opera tions by converting  

twpo

"  s r  s . ( 2 )  i f  n o t

w W i f  L aval, it  w ill be helpful if you specify
concenTrJt°U areAII?t f ested  in  separa tion , clarification o r 
concen tra tion . A sk  fo r B ulle tin  No. 225.

0 [ L A V A l

I S ,  LAVAL SEPARATOR COMPANY
165 Broadway, New Yotk 6 427 Randolph  St.,Chicago 6

DE L A V A L  PACIFIC  CO., 61 Beale St., San Francisco 19 

THE DE L A V A L  C O M P A N Y ,  Limited
M O N T R E A L  PETER BO R O U G H  W IN N IP E G  V A N C O U V E R

lun e , 1946
A N D  E N G I N E E R I N G  C H E M I S T R Y
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Gardner-Denver Two-Stage Vertical 
Water-cooled Compressor. Capacity 
11$ to lhi5 cubic feet per minute.

E Equipment has suffered during the war. Your 
compressor, for example, may have had to 
run extra long hours without adequate a t
tention and may need to be replaced to as
sure dependability and low operating costs.

The Gardner-Denver “WB” Vertical Wa
ter-cooled Compressor provides a depend
able, low-cost source of air power. Its rugged 
construction and advanced design have es
tablished long records of economical service. 
Cylinders and compression heads are com
pletely water-jacketed to assure continuous 
operation. Compact, the “WB” takes but 
little space and requires no outside piping— 
installation is simple.

I  1 | J * , Check your compressor—it may need re-
L I S  L placement. Replace with Gardner-Denver

and be assured of dependable, low-cost serv
ice. For complete information, write the 
Gardner-Denver Company, Quincy, Illinois.

fo r  P eacetim e O p e ra tio n

C j a r d n  i r - D  i w i u

S in ce  1859



McAlear No. M-1455 Diaphragm Valve
* Pressures, Vacuum to  150 lbs. *  Temperatures to  150° F. *  S izes Vi" to  6".

'Applicable for air and water lines 
d special services.

'Used in every industry that handles 
rosive or abrasive fluids.

'Diaphragm separates mechanism 
x>rnp!etely from fluids handled.
'Shut off p o s i t iv e — ev en  w ith  so lid s 
irapped on  se a t.

'Closui-e not dependent on metal-to- 
etal contact.

Cannot leak in any position.

■ R e q u ire s  n o  re -p a c k in g .

* R e q u ire s  n o  re -sea tin g .

■ D ia p h ra g m  re p la ce a b le  w ith  v a lv e  
in  line .

■ S p ec ia l p re ssu re  o p e ra te d  ty p e s  for 
a u to m a tic  o r p i lo t  co n tro l.

FO R  BULLETIN giv ing complete data, write M c A le a r  

M anufacturing Com pany, Automatic Control Divis

ion of C lim ax Industries, 1 9 2 5  S. Western Ave., 
C h icago  8, Illinois.

------------- ------------------ J N j H J 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

J  H  I T  i n s  g  

S  A D D  A B R A S I V E S

...and cannot LEAK, " FREEZE” or JAM!
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P E T R O L E U M  R E F I N I N G  P L A N T S

600 South M ich igan  A \ 
Chicago 5, III. 

M e llie  Esperson Bid 
Houston 2, Texas London, W,

for the production of Chemicals from Petroleum

P

For further inform ation on petroleum 
chemicals, send for a copy  of the latest 
e d it io n  o f  “ Pe tro le um  R e f in in g  P roc - 
« « e s ; "  56  page s o f data, flow sheets 

and  photographs.

io n e e r  in  t h e  d e v e lo p m e n t  o f  m a n y  
c h e m ic a l  a n d  p e tr o le u m  re fin in g  p ro c 
e sse s , in c lu d in g  th o s e  fo r  th e  m a n u fa c 
tu r e  o f  e th y le n e ,  p ro p y le n e ,  b u ta d ie n e ,  
s ty r e n e ,  p h e n o l,  e tc ., L u m m u s  o ffe rs  i ts  
w e a l th  o f  e x p e r ie n c e  to  th e  p e tr o le u m  
a n d  c h e m ic a l  in d u s tr ie s .  L u m m u s  e n g i
n e e r s  w il l  b e  g la d  to  m a k e  in d iv id u a l  
s tu d ie s  o f  p r o d u c ts  a n d  s e le c t io n  o f  p r o 
c esse s , a n d  o p e r a t in g  c o s ts  c a n  b e  d e te r 
m in e d  in  a  s tu d y  o f  th e  e c o n o m ic s  fo r  
e a c h  in d iv id u a l  p r o je c t .  P r o je c t s  a r e  fo l
lo w e d  th ro u g h  d e s ig n , f a b r ic a t io n ,  e r e c 
t io n  a n d  in i t i a l  o p e r a t io n  b y  th e  o rg a n i
z a t io n  w h ic h  h a s  b u i l t  n u m e r o u s  re f in e ry  
a n d  c h e m i c a l  p l a n t s ,  i n c l u d i n g  t h e  
w o r ld ’s  la rg e s t  b u ta d ie n e  p la n t .

T h e  d e v e lo p m e n t  o f  la rg e  sc a le , c o m 
m e rc ia l  o p e r a t io n  f ro m  p i lo t  p l a n t  o p 
e r a t io n  h a s  lo n g  b e e n  a  s p e c ia l ty  o f  T h e

L u m m u s  C o m p a n y . A m o n g  chem ical 
p ro c e s s e s  p r o je c te d  to  c o m m e rc ia l  op
e r a t io n  b y  L u m m u s  a re  th o se  fo r the 
p ro d u c tio n  o f  e th y le n e ,  s ty re n e ,  p ro p y 
le n e , p h e n o l ,  a lc o h o l, a n d  b u ta n o l .

I f  y o u  a r e  i n te r e s te d  in  th e  econom i
c a l — p ro f i ta b le  — p r o d u c tio n  of p e tro 
le u m  c h e m ic a ls , p u t  y o u r  p ro b le m  up to 
L u m m u s .

THE LUMMUS COM PANY
<20 Lexington Avenue, New York 17, N. Y .

Avenue 634 South Spring Street
Los Ange le s 14, Calif. 

78 M ount Street
1 . Ena land

5 0 ,000  ton per y e a r  styrene and  ethylene p!°n • 
d e s ign ed  and  built by Lummus.



A. R. WILFLEY & SONS inc D----  ---------_  <* » W 1 '  °*nver, Colorado, U.S.A. New York Office: ,775 Broadway, New York Ci,y

June, 1946
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

••■and dependability  are notable characteristics of the 

WILFLEY Acid Pump. Exclusive features of design and 

construction enable the WILFLEY to handle acids, corro

sives, hot liquids, m ild abrasives without attention on 

uninterrupted 24-hour-a-day production schedules. Indi

vidual engineering assures proper application on every 

job. Works on both interm ittent and continuous operations. 

10- to 2 ,0 0 0  G.P.M. capacities; 15- to 150-ft. heads and 

higher. It's the pum p to buy when you want low costs. 
Write or wire for further details.



the C. 0 .  B A R T L E T T  & S N O W  co.
6 2 0 7  H A R V A R D  A V E N U E  • C L E V E L A N D ,  O H I O
E n g i n e e r i n g  a n d  S a l e s  R e p r e s e n t a t i v e s  in P r i n c i p a l  C i t i e s

D R Y E R S C A L C I N E R S K I L N S P R E S S U R E  V ES S EL S

C O M P L E T E  M A T E R IA L  H A N D L IN G  F A C IL IT IE S  T O  M E E T  A N Y  R E Q U IR E M E N T  

O N E  C O N T R A C T  • O N E  G U A R A N T E E  O F  S A T IS F A C T O R Y  P E R F O R M A N C E  • U N IT  R E S P O N S I B I L I T Y
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•  Typical of Bartlett-Snow construction is an 
A u to clav e , p ic tu re d  above, for conducting a 
pressure reaction at 150 P. S. I. gauge on 5 tons 
o f material. This vessel, 8 ' 0" in  diam eter and 
18' 0"  long, is charged through a w orm  operated 
12" lubricated p lug  valve. Double screw-driven 
agitators stir the charge during  treatm ent, and 
■when completed, sweep the m aterial through 
16" lubricated p lug  type discharge valves. T he 
equipm ent, like all others of Bartlett-Snow con
struction, is bu ilt in  accordance w ith  A.S.M .E. 
Code for Unfired Pressure Vessels, and carries 
H artford  Steam Boiler Inspection & Insurance 
C om pany’s c e r tif ic a te , an d  N a tio n a l  B oard  
approval and number.

W hether yours is a problem  of catalyst crystal

lization, oxidation, o r re d u c tio n  . . . p ressu re  
reaction . . .  or merely a simple drying, calci
nation, or heat treatm ent, call the Bartlett-Snow 
H eat Engineers. T heir technical, mathematically 
exact approach to problems of surface evapora
tion or diffusion, corrosion, abrasion, dust con
dition, etc., and the skill of Bartlett-Snow welders 
who are qualified to  weld pressure vessels con
form ing to A.S.M.E. Code for Unfired pressure 
Vessels U-6S, U -69 and U-70, is your assurance 
that the equipm ent supplied w ill prove thor
oughly suited to all phases of your requirement. 

•

O ur B ulletin No. 89—more than 50 pages— 
and profusely illustrated—contains much tech
nical data on heat p ro cess in g  of in te re s t to 
development and operating men. Send for a copy.

TO MEET YOUR INDIVIDUAL REQUIREMENTS



S O A f E ß o u y .

No. 9 - 1 0 0  

thermostatic 
steam trap Float-therm ostatic

steam  trap

YOUR PRODUCT WILL BE IMPROVED
Whether it’s heating, cooking, drying, cooling or 

the quantity and the quality  of the product will be 

the temperature is always at its best.

The Sarco representative near you can tell vnt.

refrigeration, both 

improved because
TR-21

Temperature
Control

TR -52R

Tem perature
Control

W ate r
B lender

p0U R  s t a r s

° N  O U R  E P E N N A N T  

^ST IFY  T O  S A R C O

performance
lN THE W A R  EFFORT

June, 1946
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
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Slip-on renewable disc with insert. The 

regularly-supplied insert, made of an 

asbestos composition, is suitable for 

150 lb. steam— 300 lb. oil, water, gas 

or air. Other available inserts of rub

ber, leather or metal are renewable 

separately and are interchangeable.

i f

TRADE
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Dependable • • Long-lasting • 'Versatile
GLOBE and ANGLE Valves

This slip-on disc bronze valve was originated, 
developed and improved by Reading-Pratt & Cady. Essential 
to fullest performance are disc guides, cast in the bodies 
and machined, which extend down to the body seats. This is 
a versatile valve because a soft disc insert gives a tight 
closure in a globe type valve, basically a throttling type.

Reading-Pratt & Cady distributors are located in 
principal cities.

Read ing  Cast Steel V a lv e s  an d  Fittings • Pratt & C a d y  B ra ss and  Iron V a lv e s  

d'Este Au tom atic  Regu la tin g  V a lv e s

Reading, Po. ■ Atlanta • Chicago • Denver • Detroit • Houston • Los Angeles • Kew York • Philadelphia • Pittsburgh • Portland, Ore. • San Francisco • Bridgeport, Conn.

R E A D IN G -P R A T T  &  C A D Y  D IV IS IO N  
AMERICAN CHAIN & CABLE

¡ ¡ p S p i



awarded

from your idea to production— from process 

determination and assembling of basic data to 
operation of the completed plant— Blaw-Knox is 
prepared to carry projects for the chemical 
process industries through to completion.

SERVICES OFFERED:

1 Preliminary design study based on available data to 
establish the process requirements and economics.

2  Selection of processing methods.
<3

Fundamental engineering: preparation of flow sheets,

layouts, sizing of units, 

material and utility bal

ances, and cost estimates.

4 Detail engineering: design and specification of process 

vessels, mechanical equipment, piping, instruments, elec
trification, and structures.

5 Fabrication, procurement, expediting, and inspection of 
process equipment and materials.

6  Plan for execution of the project which includes schedules 

for completion of engineering, procurement, and construction.

7  Plant construction including preparation of the site, 

establishment of necessary construction facilities, erection of 
structures, installation of equipment, p ip in g ,  instruments, 
lighting and power.

8 Initial operation, test runs, and training of operating 
personnel.

Here is a unified responsibility, covering a full range of 

services, ready to work for you.

B L A W - K N O X  D I V I S I O N  o f  B l a w - K n o x  C o m p a n y  2081 Farmer» Bank Bldg.;

N EW  Y O R K  . C H IC A G O  . P H IL A D E L P H IA  • B IR M IN G H A M  .  W A SH IN G T O N  ^  P e n n S Y lv a n ' a

BLAW-KNOX IMPLEMENTS
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How to keep pH continuously OK
When you know pH is always right, regardless of 
variables affecting process liquid, you save your
self worry and can safely eliminate constant or 
periodic attention.

In the Bristol method of controlling pH auto
matically, the liquid is examined by an electrode 
of either enclosed-fiow type (for liquids under 
pressure) or immersion type (for liquids in tanks 
or vats). A temperature bulb mounted in the 
electrode assembly compensates for variations 
due to temperature changes of the solution.

The pH value is reported to the pH controller — 
a Bristol Pyromaster which operates a Bristol 
Synchro-valve — to vary input of the solution for 
adjusting pH value. Meanwhile, the value is 
recorded continuously on the round chart.

Bulletin pH 1302 gives further information on 
the complete system. Address The Bristol Com
pany, 110 Bristol Road, Waterbury 91, Conn.

/steers process cor?fro/ for ¿>e//erpro</(/cfs prof/fs

A U T O M A T I C  C O N T R O L L I N G  A N D  

R E C O R D I N G  I N S T R U M E N T S

Air-operated Continuous pH Controller 

has exclusive Free-Vane. the most 
accurate of all air-operated designs. 
Rugged, vibration-proof construction 
. . .  precision potentiometer m easuring 
system . . .  throttling range and auto
matic reset adjustment. (Available as 
recorder and a s  an indicator). Center: 

B e c k m a n  A m p l if ie r  u n it ;  r igh t: 

Beckman Electrode Assem bly.



ONLY G-R BUILDS 
THIS W IDE VARIETY 
OF HEAT TRANSFER 

APPARATUS

G R I S C O M - R U S S E L L

P iM te e fib  i n ,  c M e & i

WHY THE G-R G-FIN CONDENSER
GIVES UNEQUALLED SUB-COOLING . . .

Condensate  fa lling  
over vertical G -Fm  
tubes in constant 
contact with entire 

length of p ipe

SHELL a n d  B A R E  TUBE
Heaters, Coolers, Condensers, 

Heat Exchangers

G -F IN
Longitudinal-finned elements 
for greater heat conductivity

K -F IN
Helical-finned elements 
for vapors an d  ga se s

\_000p000000000000 s

B EN TU BE  E V A P O R A T O R
Sca le -shedd ing  Elements

285 M a d is o n  A v e

TUBEFLO SE C T IO N S
N o n -d o g g in g  design  for 

(residuum a n d  other dirty fluids
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New Lion unit will process wide-cut 

sour stocks over synthetic catalyst
Lion O il Com pany, of El Dorado, Arkansas, has contracted to con
struct the 70th Houdry-Iicensed cat-cracker, a T C C  unit of 4500 bbl. 
fresh-feed capacity, with additional capacity for recycling. It w ill 
process sour stocks of w ide boiling range, over synthetic catalyst.

Naturally, in p lann ing this major post-w ar improvement, Lion 
considered the merits of a ll catalytic cracking processes. W eighing  
heavily  in favor of T C C  were:

Q  its dem onstrated ab ility  to handle heaviest 
charging stocks;

0  the extrem ely sm all add itiona l capital required  
fo r corrosion protection, assu ring m axim um  
profit from  the processing of low-cost, high- 
sulfur crudes;

^  built-in recycling, perm itting varia tion  a t w ill 
of product distribution according to seasonal de
m and s— optim um  yie lds o f m otor gaso line  for 
the w arm er months, proportioned production of 
distillate heating oil fo r winter.

The sm all T C C  unit is not an engineering “guinea p ig,” but a 
w ell-p roved  design  w hich has been engineered from the ground 
up, with the sam e basic design  features of the larger commercial 
T C C  plants. Economics, not expediency, have guided its basic 
p lan n in g— have m ade T C C  the catalytic cracking process most 
favored by operators of sm all refineries. In cost per ton of steel 
used in construction, in cost per barrel of high-octane gasoline  
produced and by other equally  decisive standards, the small 
T C C  unit w ill compare favorab ly  with the catalytic cracking 
operations of major com panies. Details w ill be furnished gladly  
to interested refiners.

WILMINGTON, DEI»

New  Y ork  Office: 115 Broadw ay, New  York  6

Houdry Catalytic Processes and  the T C C  Process are availab le  
through the fo llow ing authorized firms:

E. B. BADGER 4  SONS CO. THE IU M M U S COMPANY
Boston, Matsachusetts New York City, New York

BECHTEl-McCONE CORP.
Los Angeles, Calif.

...another
s m a l l  T  (! ( !  u n i t
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DOWTHERM-. VAPORIZER

June, 1946

P r y / n < !  P r o c e s s e s

An exclusive Foster Wheeler service is 
design—then m anufacture-of special-serv- 
ice heating systems. The unit illustrated 
shows one application of Dowtherm heat
ing to drying rolls.

Dowtherm heating gives the unparal
leled advantages of high tem peratu re  
without high pressure. At 500 deg. F. these 
systems operate at atmospheric pressure, 
show only moderately increasing pressure 
up to 700 deg. F.

Construction and operation is simplified 
by the elimination of high pressure. Also, 
flexible Dowtherm heating permits a single 
vaporizer to maintain different tempera
tures in rolls arranged in series.

The Dowtherm story of liquid and vapor 
phase heating is told in Bulletin ID-46-3. 
Address any branch office, or

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

165 B r o a d w a y  • N e w  Y ork  6, N. Y.

DOW THERM
h i g h -t e m p e r a t u r e  

l o w -p r e s s u r e

HEATING

VENT
CONDENSER

WATER COOLED 
STUFFING BOXV E N T  P IP E

ROTATING DRUM VENT RECEIVER '

DOWTHERM STORAGE TANK
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For the second lim e in two years, the world's record has been broken for pig iron 

production from a single furnace served with De Laval turbine-driven blast furnace 

blowers.

During the month of July, 1945 the No. 2 Furnace of the Edgar Thompson W orks of 

the Carnegie-lllinois Steel Corp . produced a record-breaking 50,590 tons.

The De Laval blowers at the Edgar Thompson W orks, with a capacity  of 97,800 

c.f.m. against 30 p.s.i., were designed for the highest maximum steam pressure (700 

p.s.i) and temperature (825 F.) ever used for this service.

CO N SULT TH E DE LA VA L STEA M  TU RBIN E CO. FOR C EN TRIFU G A L BLO W ERS AND C O M PRESSO RS OF ADVANCED DESIGN.

-
SA LE S O fflC tS i A T LA N T A  • B O STO N  • CHAR

LOTTE • C H IC A G O . • C LE V E LA N D  • DENVER 

DETRO IT • H E L E N A  • H O N O LU LU  *  HOUSTON 

K A N S A S  C ITY  • IO S  AN G ELES * M AN ILA  

M O N T R E A L  • N E W  H A V E N  • N E W  ORLEANS 

N E W  Y O R K  *  P H ILA D E LP H IA  • PITTSBURGH 

R OCH ESTER  *  ST. P A U L  • SALT LAKE CITY • SAN  

F R A N C IS C O  • SEATTLE • TO RO NTO  *  TULS 
V A N C O U V E R  • W A S H IN G T O N . D .C . • W INN IPEG  

A n d  C it f t i in  Central e nd  South Am fnco

FURNACE EQUIPPED WITH 
DE LAVAL BLOWERS

CARNEGIE-IIUNOIS 
STEEL CORPORATION 

PITTSBURGH

TURBINES • HELICAL GEARS 

W O R M  GEAR SPEED REDUCERS 

CENTRIFUGAL PUMPS * CEN

TRIFUGAL BLOWERS and CO M 

PRESSORS • IM O  O IL PUMPS
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. . .  and forget the 
parts that take the punishment!

C O O P E R  V a lv e  Certification  a p p lie s  to a ll S ta in le ss  Steel p a rts  w hich

com e in contact w ith  the flu id  b e in g  h an d le d . Therefore, com p liance

to yo u r spec ifications is au tom atic . You  know you  w il l g e t  exactly  
w h a t yo u  need.

In  p ro d u c in g  “Certified” v a lv e s  C O O P E R  registers the a n a ly s is  o f  

each heat a n d  s ta m p s  each c a st in g  w ith  its heat num ber. Th is n e w  

a d v a n c e  m  fo u n d ry  practice  a ssu re s  you  o f top  q u a lity  a n d  fu lle st  

Protection, becau se  eve ry  “Certified” S ta in le ss  Steel v a lv e  is p o s i

t ive ly  .dentified. D u p lica t io n  o f  a n a ly s is  is  qu ick  a n d  sim p le . M ix -  

ups in s to ra g e  a re 'cu t to a  m in im um .

S ta n d a rd  types o f  “Certified” S ta in le ss  Steel v a lv e s  offered n o w

nc e. o e, G a te , Y, Check, N ee d le , Q u ick -o p e n in g . C O O P E R

va lv e  u sers m a y  o b ta in  certificates on  request w ith  each  unit 
specified.

A  com plete  line  o f  S ta in le ss  Steel p ip e  fittings  a n d  intricate  c a s i

ngs o f  S ta in le ss  Steel, m one l a n d  n ickel a re  a lso  a v a ila b le .

If  yo u  w a n t  to be  o b le  to  fo rge t a b o u t  the p arts th at tak e  the  

pom shm ent m  y o o r  S ta in le ss  Stee l va lve s, w rite  to d a y  fo r  com plete  

da ta  a b o u t the C O O P E R  Certification  m ethod. O r  if yo n  h a v e  a  p a r-  

V<,' Ve l,,o b lon ’'  °  C 0 ° P E «  e n g in e e r  w il l  be  g la d  to a ss ist  yon.

THE C O O P E R  A L L O Y  F O U N D R Y  CO.
135 B L O Y  S T R E E T -H IL L S ID E , N E W  JER SEY

OPER

COOPER 'S  2 5  YEAR*

Cooper’s quarter century in the spe
cialized study of Stainless Steel cast
ings is the foundation which main
tains the company’s unusual ability 
to produce sound castings. Today, 
the Cooper Stainless Steel foundry 
is the largest of its kind in the coun
try—with all services under one 
roof for full control of each pro
duction phase of your valve.

I N D U S T

L :'hough largest Stainless 
■■'distributors in the coun- 
■" f-heck with your local 
xibutor.

L

CA-107
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W ic k w ir e  b e lt s  h a n d le

Photograph

and

HEAVY LOADS
G re a te r  p ro d u c tio n —low er h an d lin g  costs— 
m ore  un ifo rm  q u a lity — are  a  few  o f many 
reasons w hy  W ickw ire  S pencer M e ta l Con
v ey o r B e lts  a re  used  b y  in d u s try  fo r a wide 
range  o f ap p lica tions.

O ne su ch  ap p lic a tio n — th e  b r ig h t anneal
in g  o f m e ta l p a r ts —is show n a t  le ft. This 
b e lt, designed fo r o p e ra tio n  a t  1700° F ., is of 
N o . 14 gauge, 3 m esh, rod  reinforced  every 
sp ira l. R o d  re in fo rcem en t p re v e n ts  contrac
tio n  in  w id th ; m inim izes s tre tc h  an d  perm its 
h an d lin g  o f heav ie r loads a t  h igh  tem peratures.

B ecause a ll W ickw ire B e lts  a re  custom- 
eng ineered , y o u  m a y  b e  assu red  o f  long, de
p en d ab le  service. T h e y  a re  th e  accepted 
s ta n d a rd  fo r h e a t  t re a tm e n t o f  m etals, glass 
a n d  ceram ic w are, a n d  fo r  th e  processing of 
foods, chem icals a n d  o th e r  m a te ria ls . Belts 
a re  fa b ric a ted  o f  a n y  m e ta l o r  alloy capable 
o f  be ing  d raw n  in to  w ire—in  a n y  len g th —in 
w id th s  from  1" to  192"— to  o p e ra te  a t  tem
p e ra tu re s  as low  a s  —40° F. o r as high as 
2100° F ., an d  to  re s is t corrosion , abrasion 
an d  o th e r  d e s tru c tiv e  forces.

Send  fo r o u r p ro fusely  illu s tra te d  catalog 
show ing ty p e s  a n d  ad v a n ta g e s  o f  numerous 
conveyor b e lt  co n stru c tio n s. A ddress Me
ch an ica l S pecia lties  D e p a rtm e n t, Wickwire 
S pencer S teel, S te rlin g  S t., C lin ton , Mass.

WI C K WI R E  S P E N C E R  METAL  C O N V E Y O R  BELTS A R E  B E IN G  USED IN

A nnealing  O vens C hem ical Processing C ann ing  F rozen  Foods
B ak in g  O vens D eco ra tin g  G lass D eh y d ra tin g  Fo o d  H ard en in g  Furnaces

B razing  F u rn aces  C eram ic P ro d u c ts  D egreasing  I n f r a - R e d  D rying

WICKWIRE SPENCE
A  DIVISION OF THE COLORADO FUEL AND  IRON CORPORATION  

EXECUT IVE O FF ICES— 500 FIFTH A V E N U E , N EW  Y O R K  18, N. Y.

Ab ilene  (Tex.) • Boston * Buffalo • Chattanooga  • Ch icago  • Clinton (M ass.)
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E X T R A  FREEDOM FROM VIRRATIOi
The rotor o f every M aste r M o to r is dynam ica lly balanced 

to elim inate noise and destructive wear due to vibration
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New* Easy-to-Use Stainless Tubing Data

Never before has this type of inform ation been available 
in such easy-to-use form. And it is yours for the asking. Just 
drop us a note on your company letterhead and ask for the 
Carpenter Stainless Tubing Slide Chart.

O ther side of the Carpenter Stainless Tubing 
Slide Chart gives inform ation on Physical 
Properties of Stainless Tubing, plus data on 
sizes and gauges available.

T H E  C A R P E N T E R  S T E E L  C O M P A N Y
W E L D E D  A L L O Y  T U B E  D I V I S I O N ,  K E N IL W O R T H ,  N . J.
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Air filtering, in m a n y  p roduc tion  processes, 
f requen tly  m akes the  difference betw een profit 
and  loss— between inspection approva ls  and 
rejects. T h e n  air filters are " w o r th  the ir  
w eight in go ld” . Y e t  by using  D U S T -S T O P S * , 
the  ad v an tag es  o f  filtered air can  be ob ta ined  
a t  b o th  low in itia l  a n d  low m ain ten an ce  cost.

T h e  D U S T -S T O P  is a rep laceable-type  air 
filter in which packs o f  adhesive-coated  
F IB E R G L A S  fibers p rovide  an efficient 
m ed ium  for ca tch ing  a n d  holding m ost  a tm o s
pheric a n d  m a n u fa c tu red  dusts .

D U S T -S T O P  Air F ilters  are readily  a d a p t 
able to the  sm allest or la rgest heating , ven

* T ,M . Reg. U .S . Pal. Off.

t i la ting  or a ir-conditioning system — m a y  be 
insta lled in cus tom -bu il t  or the  com plete  
ready-to-assem ble D U S T -S T O P  steel fram e 
cells t h a t  can be bu ilt  up  in to  filter banks to 
handle any c .f.m . o f a ir  required.

Once the  filter b an k  is installed, m a in te 
nance is easy and  economical— for replace
m e n t  D U S T -S T O P S  are readily  available 
from au thorized  suppliers in every  com m unity .

Com plete  in fo rm ation  on D U S T -S T O P  Air 
F ilters  will be sen t  on reques t— See Sw eet’s 
Files for typical in sta lla tion  details or w rite : 
Owens-Corning Fiberglas Corp., D ep t .  951, 
Toledo 1, Ohio. B ranches in principal cities.

In Canada, Fiberglas Canada L td ., Oshawa, Ontario.

AIR FILTERS
— a  F IB E R G L A S  p ro d u c t
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r e f e r  to th i s

“product l ist”
of  M o n s a n t o

i n t e r m e d i a t e s
h e l p f u l  in  c o n n e c t io n  w i t h  y o u r  

lo n g - r a n g e  d e v e lo p m e n t  p l a n s

For your convenient reference, there follows a 
partial list o f Monsanto intermediates, arranged 
in alphabetical sequence . . . Not all o f these 
intermediates are presently available. Some are 
still in critical supply. Experimental samples and 
prices m ay be had.

You will find this list of particular value in con
nection with your long-range development plans. 
Contact the nearest Monsanto Office, o r write: 
M O N S A N T O  C H EM IC A L  C O M P A N Y ,  O rgan ic  
Chemicals Division, 1700 South Second Street, 
St. Louis 4, Missouri. District O ffices: N ew  York, Ch icago, 

Boston, Detroit, Charlotte, Cincinnati, Birmingham, Los Angeles, 

S a n  Francisco, Seattle, Montreal, Toronto.

PARTIAL LIST O F M O N SA N T O  INTERMEDIATES O rthon i troch lo rbenzene

Benzenesulfonic Acid 7 0 - 7 1 % O rthophene t id in

Benzoic Acid Technical

Benzotrichloride

Ortho-Vanillin  (2 H yd rox y  3  M ethoxy  
B en za ld eh y d e ,  Technical)

O r th o - V e ra t r a ld e h y d e  (2, 3 Dimethoxy 
B en za ld eh y d e ,  Technical)

Benzyl C hloride

Cyclohexylamine

Paran isid ine

Parach loran i l ine

Dichloraniline P arach lo rp hen o l

Dichlorphenol

Dicyclohexylamine

2:4 Dinitroaniline

P aran i troch lo rbenzene

P aran i trop hen o l

P a ra p h en e t id in

2 :4  D initrochlorbenzene

M etach loran il ine

P ara to luenesu lfonam id

P ara to luenesulfonchloride

M etan i t roch lo rbenzene Phenol USP

N itrod ich lo rbenzene Phenolsulfonic Acid 6 5  an d  7 0 %

Ortho-Aminobicyclohexyl Refined Phosphorus O xychloride

O rtho-Am inobiphenyl Technical Phosphorus Trichloride

Orthoanisidine

Orthochloraniline

Phthalyl Chloride

O rthochlorphenol

Orthonitraniline

O rthonitrob iphenyl Technical

r
M o n sa n t o
C h e m ic a l s

STRY...WHICH SEI

Jk/ á
SIRYIHG INDUSTRY...WHICH SERVIS MANKIND

Salicylic Acid Technical

Sodium B enzoa te  Technical

Thiourea

Toluenesu lfon ic A c id  9 A %
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Filtration Theory and Practice. Our lead-off article this 
month is a significant paper dealing with the mechanism of the 
important unit operation of filtration. Its author is B. F. Ruth, 
formerly at the University of Minnesota, now at Iowa State 
College. He has done outstanding work in this field, and his 
previouslj7' published work has attracted widespread attention. 
In this latest contribution, Carman's application of the Kozeny 
equation to filtration is extended and correlated to experimental 
results through the development of a theory of unused void 
volume. By this theory Ruth accounts for the actual specific fil
tration resistance of finely divided solids, which is higher than 
can be reconciled with the Iiozeny equation. He de
scribes a, method for determining the unused-void factor, by 
permeability vs. mechanical compression tests on the solids to be 
filtered, for the practical man desiring to apply his theoretical de
velopment to actual filtration problems. The article is an un
expected dividend from our original plans for a section of fil
tration in the January, 1946, reviews on Unit Operations. The 
paper turned out to be more than just a review of a unit operation. 
We believe the literature has gained distinctly as a consequence, 
and feel quite proud of our indirect and modest part in stimulat^ 
ingits publication.

Deadly Compromise. The compounder of an antifouling paint 
or marine use who hopes to develop an effective formula that is 
permanent is apparently licked from the start. His paint will 
n°t_ be toxic unless the poisonous ingredient in it is released 
rapidly enough to prevent the undesired growth; if it is released, 
the toxic element ultimately will be all dissolved and must be re
plenished by another coat of paint. With such a handicap the 
best the paint man can hope for is a product in which the anti- 
ouling ingredient is utilized at optimum efficiency by being re

leased just rapidly enough to be effective. Ferry and Carritt, 
working at the Woods Hole Oceanographic Institution on re
search for the Navy, have broken this rather complex situation 
into its elements in an organized study of the solubilities of various 
toxic materials commonly used in marine paints. In this first 
Paper of a series, they record the results of that portion of their 
"ork dealing with the solubility and solution rates of cuprous 
oxide, a commonly used antifouling agent.

Pack-Horse Plant. The economics of transportation often 
Bakes or breaks an otherwise promising process. Many a raw 
Material that is of good grade but occurs in widely scattered loea- 
lons remains untouched because a prohibitive cost is required 

c°Uect it for treatment in a conventional large central process- 
plant. Low grade materials suffer the same handicap when 

lhe processing plant is some distance away. The rather unusual 
approach described, starting on page 576, in solving successfully 
a problem of this category may contain fruitful hints for the solu
tion of other similar ones.

Necessity was the demanding mother of the field unit, in
dented at the Engineer Board’s laboratory, Fort Belvoir, Va.,’and 
escribed by Applezweig and Ronzone for extraction of quinine 
'°m the low grade cinchona barks of South America. The proe
ms utilizes an ion exchange medium to capture and concentrate 

e alkaloid extract; the latter is recovered and the adsorbent is

W I S i E  I T

regenerated in  a  la ter stage of the cycle. E quipm ent developed 
or adapted for the p lan t is readily  portable; the pilot p lan t in
cluded such items as 25-gallon, collapsible, w aterproof fabric 
tanks. T he authors believe th a t economies of the method, which 
is practical for perm anent as well as portable installations, will 
perm it continued exploitation of South American resources to 
compete successfully w ith recently renewed activities in the F ar 
E ast.

Working under Pressure. In the contribution on page 572 
by W. F . Caldwell, of American Cyanamid, the reader will find 
his ability  to  read  blueprints m ore valuable than  his understand
ing of the  English language; the article consists principally of 
practical construction and assembly drawings for a  visible-ob- 
servation, high pressure, laboratory  autoclave. W orking volume 
is about 100 cc., and pressure capacity varies from 2000 to  3000 
pounds per square inch, depending on tem perature . T he un it is 
constructed alm ost entirely from readily available parts, a t  a  
cost of only a  few hundred dollars. Those w ith applicable high 
pressure problems to  investigate should find it  hard  to resist the 
tem ptation  to  bilild this well designed un it for their own studies.

Fodder from Fir. This brief laboratory  report (pages 617-619) 
by K urth  and Cheldelin, of Oregon Forest Products Laboratory, 
s ta tes th a t feeding yeasts, comparing favorably w ith th e  best 
strains of brew er’s yeast in respect to  protein, amino acid, and 
vitam in B content, m ay be grown in still w aste liquor from a wood 
hydrolysis p lan t operating on Douglas fir. M ycotorula, H an- 
senula, and Torula stra ins did equally well and, according to  our 
calculations, yielded the equivalent of between 3-and 4 pounds of 
d ry  yeast per 120 gallons (1000 pounds) of liquor in re turn  for an 
investm ent of 24 hours of tim e and a to ta l of 0.5 pound each of 
diammonium phosphate and urea. In  the process, reducing 
sugars in the liquor, on which the yeasts fed, were lowered from 
0.81 to  about 0.19%.'

With the Departments. Brown discusses equipm ent capaci
ties and encourages intelligent deviation from the m anufacturer’s 
rated  values as experience.is gained in a  given application; a 
word of caution about poorly designed equipm ent from inexperi
enced m anufacturers is throw n in for good m easure. M unch 
reviews fundam ental aspects of flow m easurem ent, briefly de
scribes a  useful handbook for practical applications, and tells 
about an instrum ent recently  p u t on the m arket for autom atically 
conti oiling a tim e vs. tem perature  rise or m aintenance cycle. 
M ui dock points ou t th e  m utual benefits to  be gained by plan t 
and comm unity through true  cooperation in the disposal of indus
tria l w astes; examples of good and bad ways in which th is prob
lem has been dealt w ith in the  past are recounted, and formulas 
are given th a t  have proved useful for determ ining equitable 
charges when the p lan t wastes add to  the cost of comm unity 
sewage disposal. Von Pechm ann explains the desirability of 
uniform ity and proper em phasis in  reporting for management, 
and lists suggestions for achieving th a t  end in w ritten  reports.
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Pharmaceuticals 
Stabilizers 
S u n - S c r e e n s  A

The highly reactive acetoacetic 
esters, long a favorite of organic 
chemistry professors, have assumed 
a new importance in modern indus
try. Two reactions which indicate the 
many possibilities of these com
pounds in organic synthesis are 
shown here.

Both methyl and ethyl acetoacetate are available in com
mercial quantities. Other esters, such as butyl and methyl- 
amyl can be supplied in research amounts. Write for further 
information.

Cft

C a r b id e  a n d  C a r b o n  C h e m ic a l s  Co r p o r a t io n
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30  East 42nd Street, New York 17, N. Y .
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INDUSTR IAL a n d  E N G IN E E R IN G  CHEM ISTRY
P U B L I S H E D  BY T H E  A M E R I C A N  C H E M I C A L  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

The Fallacy of Selfishness

FOR many an academic scientist, the personal satisfaction 
of knowing he is contributing to the world’s reservoir of 

fundamental knowledge is a major reward for years of brain- 
cracking effort. Indeed, some outstanding workers forego far 
greater returns, as conventionally viewed, to dedicate them
selves to the pursuit of truth in the shape of scientific fact.

Such a person usually measures the value of his work by the 
acclaim and interest that follow its publication in the scien
tific literature. Through the collective response of others in 
related fields, he'gains a perspective on his labors that he 
could never get unaided. Frequently, he is thus shown new 
avenues of investigation and is inspired to resume his volun
tary travail with freshened insight and renewed vigor.

Publication is an indispensable pivot-point in the spontane
ous cycle of accomplishment, recognition, and satisfaction 
that comprise the main lure of academic research. Fortu
nately, the research worker knows that for all permanent pur
poses his work is good only to the precise extent that his report 
of it is good. As a practical matter, therefore, he shapes his 
offering for the recordings of history with the same scrupu
lous care that characterized the work it describes.

The benefit of this system derives with the beautiful logic of 
a solution in elementary geometry. The distilled essence of 
the highest creative effort the world can claim is thus made 
common property, free to all who will equip themselves to 
understand. Such knowledge transcends barriers of time, 
language, race, and custom. Few acts have affected the des
tiny of human society as profoundly as the happy accident 
that led to the now time-honored system of universal publica
tion of academic research findings. None has contributed 
more to our ability to control the physical aspects of our en
vironment.

What of applied industrial research? An interesting com
parison may be drawn.

Most of the industrial research organizations in America 
encourage staff members to publish information of general 
scientific value, even though such information may be like
wise of substantial industrial interest. In fact, that addi
tional portion of applied knowledge with broadest industrial 
value also is rather systematically included in the material 

j published. Examples that come to mind are process flow- 
; sheets and fundamentals of engineering design.

We believe this state of affairs is no accident. Rather, it 
j must have come over the years, with the discoveiy that the 

Philanthropy involved in giving bona fide support to a free 
j >nterchange of scientific information through the surrender of

hard-won facts was outweighed many times by the value of 
the information published by others through the functioning 
of the system.’

Obviously, such an informal, voluntary arrangement per
mits of abuses, and we are sorry there are organizations that 
have not thought deeply enough to understand why they 
should support the system from which they benefit so greatly. 
I t  must be peculiarly exasperating to some companies who are 
generous in their publication policies to know they have a 
competitor who is not publishing his research results, and who 
is literally riding on their backs, like the old man of the sea, 
in utilizing the information they present. I t  is a tribute to 
the farsightedness of the companies caught in such circum
stances and to the merits of the system that they publish at 
all in the face of such a deterrent. That they do is account
able in part because of the other direct benefits they derive. 
The respect and goodwill arising from publication of signifi
cant research are enormous and are not underrated by alert 
executives of the top-flight organizations. One of the most 
fruitful dividends of an enlightened publication policy is the 
effect it has in attracting good research men for employment. 
They are drawn because well-presented research papers com
mand their respect and arouse their interest, and because of 
the inherent promise that they, in turn, will receive legitimate 
professional recognition for achievements they may make. 
The corresponding negative impressions earned by organiza
tions conspicuous in their lack of cooperation are, we suspect, 
far more injurious to them in the long run than any small 
temporary advantage they may gain by withholding informa
tion from their competitors.

Freedom of scientific interchange, flourishing in an America 
whose very essence might best be epitomized by the word 
“freedom”, deserves the fundamental credit for bringing the 
Nation to its present preeminent position in mastery of the 
physical sciences. We hope this philosophy of freedom will 
spread, both within our own country, where much is yet to be 
gained, and abroad.

We feel, too, that other fields of knowledge and of human 
intercourse, such as politics, both here and abroad, stand to 
gain immeasurably from the wellsprings of strength inherent 
in similar free exchanges. Basically, our civilization itself is 
a prime example of the enlightened self-interest that we ad
vocate. It, too, stems from the discoveiy that man gets more 
by sharing the fruits of his highest skills than by keeping 
them to himself a t the cost of being deprived of the greater 
total skills of others.
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I
N  R E C E N T  years the understanding of th e  basic mechanism 

of separation by filtration  and sedim entation operations 
has been considerably advanced and unified. T he essential 

sim ilarity  of th e  two processes is well illu stra ted  by comparing 
th e  K ozeny equation  (7),

p i Pg
5(1 -  p)S* ,L (  1 -  v) (1)

for linear velocity of fluid flow through a  s ta tionary  bed of 
granular solids, w ith th e  equation  of Powers {10),

V3 (3 - p)g
5(1 -  p )S 2 v (2)

for th e  velocity w ith which a sim ilar bed of solids will fall through 
a sta tionary  column of fluid. C arm an (5) discussed the applica
tion  of E quation  1 to  filtration, and  Steinour (15) showed th a t  a 
modified form of E quation  2 is applicable to  sedim entation.

T he application of E quation  1 to  filtration  is m ore apparen t 
when w ritten  in the form,

dV
d0

I-  p 3 "I A*5Pg A*P'
L(1 -  p )A ''SJJ  VW  aTr,W (3)

where the term  in b rackets is the specific perm eability of un it 
volume of solids, and ap is a  specific filtration  resistance per un it 
weight. If  i t  is assum ed th a t  th e  porosity, p, is a  function of 
pressure stress only, i t  follows th a t  th e  average resistance, a, of a 
filter cake is determ ined solely by th e  upper lim it of pressure 
stress— th a t is, th e  filtration  pressure. T his provides a  theo
retical basis for the  experim entally observed fact th a t  th e  tim e- 
volume discharge curve of a constan t pressure filtra tion  is a  
portion  of a more or less perfect parabola, regardless of the nature 
of th e  substance filtered. Actually, a  sho rt in terval of tim e is 
required for a  bed of solids in compression to  a tta in  a new equilib
rium  void volum e each tim e th e  pressure is increased. As a re
su lt, the  average values of specific filtration  resistance in  various 
m ethods of testing  diverge to  some ex ten t as filtra tion  pressure 
increases. T his is fairly un im portan t, however, since te s ts  a t  
constan t g radients of volum e-tim e, pressure-tim e, or pressure- 
volume are easily carried ou t if m ore com plete d a ta  are desired.

T he failure of filtra tion  equations and theory  to  be more useful 
in industria l p ractice arises, no t so m uch from inab ility  to  corre
la te  resistances in  various m ethods of tes ting  m ore precisely, as 
from inability  of industry  to  control the properties th a t  determ ine 
specific filtra tion  resistance to  a  degree sufficient to  m ake the ap
plication of m athem atical analysis w orth  while. W ithout such 
control th e  design and  selection of filters are necessarily based 
largely upon rule-of-thum b estim ates in tended  to  provide for 
the least favorable conditions likely to  be encountered.

Of th e  num erous reasons th a t  m ight be advanced for the 
failure of industry  to  exercise a  b e tte r  control over variable fil
tra tio n  behavior, perhaps th e  m ost im p o rtan t has been the lack 
of su itable m ethods of detec ting  and  m easuring variations in 
prefilt properties as these are influenced by  changes in  processing 
conditions. I f  adequate  m ethods were m ade available, i t  is pos
sible th a t  a day-to-day correlation of prefilt properties with 
prefilt h isto ry  m ight furnish inform ation th a t  would eventually 
lead to  b e tte r  control, and  w ith  i t  a  narrowing of th e  present gap 
betw een theory  and  practice.

This paper briefly reviews research and ideas th a t  appear to 
offer a  clue to  th e  in te rp re ta tion  of variable filtration  behavior; 
i t  also discusses m eans of quan tita tive ly  evaluating the factors 
responsible. The m aterial presented has been gathering dust in 
the au th o r’s files for nearly a  decade; during th a t  tim e any claim 
to th e  im portance which m ight have accom panied earlier publi
cation has been lost. N evertheless, i t  is felt th a t  certain  phases 
are still capable of contributing  to  th e  rapprochem ent of science 
and practice, and are w orthy  of being placed on record.

SPECIFIC F ILTRATIO N  RESISTANCE

A t an  early da te  (13) a tten tio n  was draw n to  th e  possibility of 
predicting filtration  resistance from a  knowledge of cake porosity 
and  of average partic le  size and  shape. T his observation was 
based upon experim ents in which th e  perm eabilities of beds of 
glass spheres and  screened minerals were correlated by means of:

d V
de

vH piV  A -Pg  
K " ’ v W (4)

where /  was a shape or surface factor defined as th e  ratio  of the 
surface area of u n it volum e of spheres passed and retained by a 
given pair of standard  screens, to  th e  surface area of un it volume 
of irregularly  shaped particles passed and  retained by the same 
pair of screens. Average partic le  d iam eter was taken  as the 
square roo t of th e  harm onic m ean of th e  apertu re  areas of any 
two screens used to  prepare a given sam ple. T o r  two successive 
perfect screens of th e  stan d ard  screen scale series, th is is a di
am eter 1.155 tim es the opening w idth of th e  screen on which the 
sam ple is retained. •

E quation  4 is a simplified and  approxim ate form of the more 
accurate expression

d V  vWPR* A 2Pg
dB (v +  1/5)* (18c) v W

(5)

obtained (8, IS) by expressing capillary radius and length in the 
Poiseuille equation  in term s of th e  properties of a b e d  of uniformly 
sized spheres, in  a  m anner sim ilar to  th a t  employed by Fair and 
H atch  (6). In  th is derivation  t  occurs as th e  ra tio  of the average 
to  th e  effective cross section of th e  pores, a  quan tity  to be deter-
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The specific filtration resistance of finely divided solids 
and chemical precipitates is generally greater than can be 
accounted for on the basis of the Kozeny equation. A modi
fication is proposed in which abnormal resistance to passage 
of liquids is explained by the assumption that a portion of the 
measured void volume is unused or "d e a d " . A method is 
described for experimentally distinguishing the resistance con
tribution of "d e ad ’ ' void volume from that of particle size and 
shape by means of permeability tests on solids subjected to 
increasing degrees of mechanical compression. Affording a 
separate quantitative measure of each factor, permeability- 
compression testing appears to provide a means of correlating 
day-to-day and batch-to-batch variations in filtration resist

ance with prefilt history. It is thought that.such data might 
lead to a better control o f optimum filtering properties 
in industrial practice. Evidence is presented for believing 
that electrokinetic phenomena play an important role in de
termining filtration behavior. The hypothesis of dead void 
volume is shown to have physical basis as a region adjoining 
the capillary wall in which electro-osmosis, induced by stream
ing potential generation, opposes the flow caused by hydro
static pressure difference. The phenomenon is somewhat 
analogous to the electromotive force of polarization en
countered in the operation of electrolytic ce lls .~ ~ T h e  picture 
shows a Kelly filter press used by Aluminum Company of 
America for separating red mud from sodium atuminate liquor.
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m ined by experim ental tests. T he essential sim ilarity  of E qua
tion  5 and  the  K ozeny equation is easily shown by replacing the 
group, vzo/(v  +  1/&Y-, w ith  th e  equivalent group, p3/ 1 — p, no t
ing th a t the definition of surface factor perm its 3/<S to  be substi
tu te d  fo r//? , where S  is th e  surface of un it volume of solids.

E quation  4 results from observing th a t the square of specific 
void volume is an  approxim ately linear function of v36/(v +  
1 / S ) 2 over a considerable range of porosity, a substitu tion  equiva
len t to  replacing p 3/ K ' (  1 —  p ) in th e  K ozeny equation  w ith 
p 2/ K " (  1 —  p )- . Using a  value of K "  =  4K '  (exact a t  a  porosity 
of 50% ), the simplified expression is in error by less th an  10% 
betw een porosities of 35 and  65%.

T he au th o r and C. L. M eyette  subjected E quation  5 to  an ex
haustive series of tes ts  in  which th e  factor lSe was determ ined, 
using Vs-inch ball bearings and screened glass spheres between 
the sizes of 2S and 65 mesh (8). T he m ean value of a  large num 
ber of such tes ts  was 41.9 ±  0.75, an  average deviation  of 1.8%.

Utilizing th e  average value of 18e found in  tes ts  on spheres, 
surface factors were determ ined for ten  different crushed minerals 
over th e  size range 28 to 200 mesh and betw een th e  maximum and  
m inim um  porosity lim its obtainable w ithout th e  application of 
m echanical pressure. W hile surface factor generally decreased 
several per cent as porosity decreased from m aximum to mini
m um  values (thereby appearing to  confirm a  belief th a t  18e was 
a  variable depending upon porosity), the average values were ex
trem ely  constan t and characteristic of the m ineral tested , ranging 
from 0.86 for galena to  0.47 for magnesite.

Considerable in te rest was aroused by th e  fac t th a t  41 .9 /IS  
gives a value for e corresponding closely to  th e  ratio  of average 
to  m inim um  pore area, a  resu lt in agreem ent w ith the  findings of 
Sm ith (14) in his exam ination of the  d a ta  of Green and  Ampt. 
The hypothesis th a t  effective pore area m ay be identified w ith 
m inim um  pore area perm its th e  prediction of e as a  function of 
porosity. T hus 18c should have a  value of 39.9 a t  a  porosity of 
47.6%  (corresponding to  spheres arranged in  cubic packing), in
creasing to  a value of 50 for spheres in  rhonibohedral packing 
(porosity 26% ). For the porosity values which can be a tta ined  
in the random  packing of spheres (42 down to  38% ), the pre
dicted values of 18e are 41.2 and 42.7, respectively. Although no 
regular variation  of this factor w ith porosity was detec table in  
tests  on spheres, the agreem ent betw een the experim ental aver
age and  the com puted value was considered notew orthy.

In  order to  tes t the hypothesis and a t  th e  sam e tim e verify the 
valid ity  of E quation  5 a t  extrem e ranges of porosity, perm eability 
tes ts  were carried ou t w ith some 8000 Vs-inch steel ball bearings 
in both  cubic and  rhom bohedral packing arrangem ents (9). Two 
carefully m achined cells were employed; one provided a channel 
1.25 inches square and  8.00 inches long, and  the o ther was 6.00 
inches long w ith a parallelogram -shaped cross section forming 
angles of 60° and 120° betw een sides 1.43 inches in  length. Each 
cell was tested  in an  em pty  and  a  fully packcd condition, a fter 
which corrections for flow through the side-wall channels and 
corners were determ ined by tes ts  carried ou t upon single rows, 
single layers, and  m ultiple layers of spheres. The cell designed 
for cubic packing was also tested  in  rhom bohedral packing after 
blocking off the exceptionally large passages formed a t the two 
vertical side walls by alternate  layers of balls. I t  was because 
of some doubt as to th e  valid ity  of th e  correction for wall flow in 
th is  case th a t  rhom bohedral packing was la ter tested  in the 60° 
cell. T he results obtained were:

Packing

Cubic
Rhombohedral in 90° ceil 
Rhombohedral in 60° cell

0.476
0.20
0.26

18«
39.65
42.2
44.4

A lthough the accuracy of th e  experim ental w ork leading to 
these results was unquestioned, some doubt existed as to  w hether 
th e  relatively simple m ethod employed in correcting for side-\yall 
flow was adequate. F or th is reason the results were considered 
inconclusive, neither verifying nor disproving the hypothesis.

T hey  did, however, furnish reason to believe th a t  Equation 5 
w ith a K  constant of 41.9 in place of the variable quan tity  18e 
was sufficiently valid over wide ranges of porosity.

To compare the preceding value of K  w ith  the constant in the 
K ozeny equation, (3 /S )2 m ay be su b stitu ted  for f 2R 2 in  Equation
5. T his yields a value for K '  of (41.9/9) or 4.65, some 7% 
sm aller th an  th e  commonly accepted  value of 5.

A P P L IC A T IO N  TO  C H E M IC A L  PRECIPITATES A N D  PARTICLES IN 
SUBSIEVE SIZE R A N G E

W hen Equations 4 and 5 were applied to chemical precipitates 
and finely ground m ineral particles sized by sedim entation, the 
correlation of perm eability w ith particle size as determ ined by 
microscopic m easurem ent presented difficulties in th a t  the value 
obtained for shape factor was no t only sm aller than  expected, 
b u t in the ease of ground minerals became sm aller as particle 
size decreased. Suspicion was aroused, moreover, by the fact 
th a t, when perm eability to  the passage of air was compared 
w ith  perm eability to  passage of liquid, th e  value obtained with 
air was always considerably greater. T hus, a certain  calcium 
carbonate precip itate employed in te s t filtrations was observed 
to  be two to three times more perm eable to  air th an  to water. 
Samples of silica and m agnesite ground for more than  200 hours 
in a  ball mill were found to  be six or seven tim es more permeable 
to passage of air th an  to  w ater. Some doubt existed as to 
w hether average particle size as com puted from microscopic 
m easurem ents corresponded very closely to  the size which 
m ight have been ascribed to  particle beds had i t  been possible 
to  subject them  to  a  standard  screen analysis. Nevertheless, 
values of /  computed from air perm eabilities were usually in 
sufficiently good agreem ent w ith values of /  obtained from liquid 
flow perm eabilities in the screen size range of particle size to 
indicate th a t flow7 of liquids through sm all capillaries m ust be 
subject to  a retard ing  force no t encountered w ith gases, a  factor 
for which Equations 4 and 5 m ake no allowance.

Equations 4 and 5 can be m ade applicable to  flow of liquids as 
well as gases if i t  is assumed th a t for liquids a portion of the void 
volume is no t available for flow. E quation  4 then  becomes

dV  (v -  voY&PR* A*Pg 
de K '"  V W

(6)

where vq represents th e  useless or “dead” volume. Such a 
hypothesis was regarded as likely since it  was corroborated 
by th e  behavior of precipitates tes ted  under increasing pressure 
heads and by filter cakes analyzed for their m oisture contents. 
T he porosity varia tion  from fron t to  back of a single filter cake, 
as well as the  varia tion  of average porosity of entire cakcs de
posited a t  a  series of constan t pressures, wras far too small to ex
plain th e  variation  in specific resistance w ith filtration pressure 
on th e  basis of E quations 4 or 5. On th e  o ther hand, it  wras pos
sible to  explain the observed varia tion  by assuming th a t 1 /a r 
was proportional to  (v — po) 2 ra th er than  v2 alone.

M E A SU R E M E N T  O F  UNU SED  V O ID  V O L U M E

T he problem as to  w hether th e  v0 q u an tity  constituted a real or 
apparen t correction was investigated by observing the perme
ability  of a  constan t w eight of filter solids while varying the void 
volume. This, was done by  subjecting th e  solids to pressure 
stresses mechanically applied in a small filter, one septum of 
which wras a  piston ac tua ted  by a  load table resembling a large 
dead-w eight gage tester. C lear fluid th a t  had long been in con
tac t w ith the solids to  be tested  was conducted to  the face of the 
movable head or piston under a constant head of a few feet o 
fluid; a t  th e  same tim e the solids were su b jec ted jo  uniform com
pression a t  pressures increasing from 0.25 to  70 pounds per squai c 
inch. T he perm eability of th e  compressed solids wTas determine 
by tim ing th e  discharge of fluid from the bottom  septum into a 
m icroburet over short periods. A dial gage reading to 0.001 me i



June, 1946 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 567

perm itted m easurem ent of the descent of the piston and subse
quent com putation  of th e  volum e of the  cell a t  each pressure load 
station. The w eight and density  of the solids were determ ined 
by weighing the compressed cake before and  a fte r  drying.

The d a ta  were custom arily trea ted  by p lo tting  th e  square root 
of th e  ra te  of flow against specific void volume. Such plots were 
straigh t lines which, when extrapolated  to  zero ra te  of flow, cu t 
the void volume axis a t  values of vo varying w ith the natu re  and 
condition of the solids tested . Values of f i t  a n d /  computed from 
Equation 6 by  utilizing the va correction obtained in  th is  m anner 
gave much more reasonable surface factors when correlated w ith 
average particle size determ ined by  microscopic m easurem ents.

P E R M EA B IL IT Y -C O M P RESS IO N  TESTING

A p p l ic a t io n  to  P r e f i l t  C o n t r o l . W hatever th e  cause of 
the dead void volume correction, i t  is clearly a  factor capable of 
producing wide fluctuations in specific filtration  resistance 
among prcfilts identical as to  average particle size and sh ap e .. 
.The simple expedient of decreasing void volume during per
meability m easurem ents provides a means of distinguishing the 
effect of dead volume from th a t  of particle size and a t the same 
time provides a  quan tita tive- m easure of each. By w riting 
Equation 4 in  the form,

d V  (x -  v0)* A*5 Pg 
do K " S 2 v W (7)

where K "  has a  value of about (4 X 41.9/9) or 18.6, it  provides 
a measure of the physical properties of prefilt solids in term s of 
specific surface. If  it is assumed th a t va depends upon some 
property of the prefilt fluid proportional to  specific surface, v0 m ay 
be replaced by d 'S , which affords a m easure of th is p roperty  in 
terms of an  apparen t film thickness, d'.

M e t h o d  o p  S e c u r in g  T e s t  F il t r a t io n  D a t a . From  a 
theoretical poin t of view a t  least, perm eability tests under me
chanical compression provide an  ideal means of obtaining te s t 
filtration data . This is because a single te s t carried ou t under 
easily controlled conditions supplies the complete equilibrium 
differential relation  between specific filtration resistance, ap, and 
pressure stress, from which the relation between average resist
ance, a, and filtration pressure can be obtained by integration. 
To ob tain  the same inform ation by ordinary testing  m ethods 
would require a  m ultiple num ber of tests  and  th e  expenditure of 
much more tim e and labor. To secure i t  w ith th e  sam e accuracy 
would require a  com bination of technique, skill, and good fortune 
that is practically impossible to  a tta in .

The same d a ta  m ight also be used to  predict the time-volume- 
pressure relations to  be expected in o ther m ethods of testing 
(constant gradients of volume-time, pressure-tim e, and pressure- 
volumc) if equilibrium void volume were a tta in ed  instan tane
ously. A ctually, increasing pressure during a filtration causes 
it to proceed as if som ewhat less than  th e  predicted resistance 
"'ere being offered to  flow of fluid. T he reason becomes obvious 
"hen th e  behavior of irregular-shaped granular solids in com
pression is studied. W hether th e  solids are w et or dry, a  con
siderable tim e is required before sufficient resistance to  crushing 
develops to  ha lt th e  downward m ovem ent of th e  piston. In  the 
case of a  w et chemical precip ita te  th e  viscous resistance offered by 
a fluid while being forced ou t of a cake by a  large pressure load 
suddenly applied develops a  hydrostatic  pressure, th e  initial 
value of which approaches closely th a t  of th e  load intensity . 
Since the sum of hydrostatic pressure and the m echanical stress 
r,n the solids m ust a t  all tim es be equal to  th e  load in tensity , i t  is 
spparent th a t  some tim e m ust elapse before the mechanical 
stress on th e  solids can rise to  full value.

Hie difficulties usually encountered when a ttem p ts  are made
10 perform constant-weight-of-solids testing  in  ordinary filter 
Presses are absen t in  th is m ethod. The cake cannot develop 
tracks or pull aw ay from the side walls. T he fluid used m ay be

filtrate, and thus any changes in ionic equilibria are avoided. 
The to ta l volume of fluid passed through th e  cake m ay bo kept 
quite small, which avoids th e  increase in resistance th a t  often 
occurs when clear fluid is passed through a mem brane.

T he following da ta  were obtained in a te s t carried ou t on 
N ovem ber 14,1933:

M a t e r ia l . Calcium carbonate slurry was taken  from a largo 
stock supply used over a  period of years in te s t filtrations; it w as 
originally prepared by ho t reaction of lime and soda ash, followed 
by leaching un til free of sodium hydroxide: approxim ate age a t  
tim e of test, four years; ayerage density of solids, 2.85 g ram s/cc .; 
particle form, m ixture of aragonite and ealci’te; average size of 
m ost numerous particle, about 2.6 X 1 0 cm. In  four years th e  
specific filtration resistance of this m aterial had decreased to  
about 75%  of the original. This decrease was believed due to  th e  
practice of returning accum ulations of dried filter cake and slurry 
samples to  the original supply a t  the end of a  series of tests.

A d d it io n a l  D a t a . D iam eter of permeability-compression 
■cell, 5.21 cm.; area, 21.30sq. cm.

Tem perature of fluid passing through compressed solids, 
24.2° C.; density  assumed to  be 1.00 gram /cc.; viscosity as
sumed to be th a t of water, 0.915 centipoise.

W eight of wet cake removed from cell, 81.600 grams.
W eight of dried cake 45.003 gram s; com puted volume of 

solids, 15.79 cc.
Compressed volume of w et cake com puted from density  of 

w ater and calcium carbonate, 52.39 cc.
Volume decrease during tes t: 21.30 X 0.3078 X 2.54 =  16.65 cc.
In itial volume of cake a t  s ta r t  of te s t: 52.39 +  16.65 =  69.04cc.
Void volume per cc. of solid as a function of piston descent:

(69.04 -  15.79) -  21.30 X 2.54D 
15.79

where D = descent of the piston, inches

3.376 -  3.428D

T he fluid head producing flow decreased several centim eters 
during each te s t as a  result of the rise of liquid level in the micro- 
buret. T he arithm etic mean head effective during each tes t 
period is reported in Table I.

T r e a t m e n t  o f  D a t a . T he square root of the flow rate, in 
(cc./sec.) per cm. of fluid head, is plotted against specific void vol
ume in Figure 1. T he slope of th e  plot is 0.00486, and the dead 
void volume intercept a t  zero ra te  of flow is 0.92 cc./cc. of solid.

A pparent specific surface is given by rearrangem ent of E qua
tion 7 :

(f — vq) A I Sgp 21.30 I 2. 
r \  K " VW  f  0.00486 \  18.1

85 X 980.6 X 1.00
V d y /d O A H  \  K ’W  0.00486 \  18.6 X 0.00915 X 45.00 

=  83,800 sq. cm ./cc. of solid 

A pparent thickness of film corresponding to  dead void volume is: 

d ' =  vo/S =  0.92/83,800 =  1.098 X 10~5 cm.

Figure 1. Method of Determining Dead Void Volume in a 
PermeabMity-Compression Test
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T h e  shape factor is:

3̂  
S Rf  =

3 X 2
83,800 X 0.00026 0.275

S p e c if ic  R e s is t a n c e . The specific filtration resistance of a 
m ass of granular solids is defined by the equation:

=  P ‘ y d V W  
A  do A (8)

T he resistance of either a differential am ount of solids or of a 
larger am ount in uniform compression is distinguished from 
average resistance by writing ap instead of a.

The nature of a p as a function of void volume and particle size 
o r  specific surface becomes evident upon rearrangem ent of E qua
tions 6 and 7:

K " S 2ap = (v — v^ipR^gc (v — vo ySgc (9)

If tim e is expressed in hours, conveniently small numerical 
values of a  and ap result, either w ith m etric or English units. 
If consistent English units are employed, the dimensions of spe
cific resistance are h r.2 X lb. force/(lb. m ass)2, or if the distinc
tio n  between mass pounds and force pounds is ignored, simply
h r .2/ib .

Values of ap in English units m ay be obtained from the da ta  
o f Table I  by introducing the proper conversion factors. Utilizing 
flow rates,

« t
(21.30)2 X 1.00 0.0386

a„ (  83,800 Y  
V* -  0 .92 /

1635 
.92)2

Using void volumes, ap is given by

18.6 /  453.6 X ffN 163!
2.85 X 980.6 V36002 X g j  (,» -  0.

Values of' ap computed from flow rates are listed in the  last 
colum n of Table I ; as curve A  of Figure 2, they  are shown plotted 
against the mechanical pressure stress in pounds per square inch.

P r e d ic t io n  o f  A v e r a g e  F il t r a t io n  R e s is t a n c e . D uring 
th e  separation of a finely divided solid from a fluid by filtration, 
th e  pressure stress P, responsible for void volume reduction arises 
fronvjthe cum ulative drag of the fluid on th e  capillary walls. 
Since th is stress increases in the direction of filtrate flow, ap also 
increases in the same direction. The over-all or average value 
of a  can be obtained by w riting E quation 8 for a differential 
am ount of solids and integrating between the pressure stress 
lim its a t  the faces of th e  cake. In  the absence of any appre
ciable resistance to  fluid flow through filtrate and slurry conduits, 
th e  sum of hydrostatic pressure of the fluid and mechanical pres
sure stress on the solids is equal to  the filtration pressure. For 
th is reason dP, m ay be substitu ted  for —dP ', giving for the 'ex
pression to  be integrated:

r p‘ ¿p. = vdv r  
J o  AHo J o

dW
vW dV
A*d8 (10)

Average specific filtration  resistance is then  given b y :

- n :
d P ./a p (ID

T he left-hand side of E quation 10 was in tegrated  numerically 
in the present instance, employing Simpson’s rule and values of 
ap read from curve A  of Figure 2. Values of a  as given by Equa
tion 11 are shown as curve B  in Figure 2, where they  are plotted 
against a  filtration pressure equal to the upper lim it of pressure 
stress on th e  solids.

R e l a t i o n  b e t w e e n  S p e c i f i c  R e s i s t a n c e  a n d  F i l t r a t i o n  
P r e s s u r e .  A complete and accurate relation between void 
volume and pressure stress cannot, in general, be secured in any 
single equation  simple enough to perm it formal integration of 
E quation 10. However, the relation between \ / { v  — v0)2 and 
the square root of pressure stress is so nearly linear above some 
small critical pressure (usually less th an  5 pounds/square inch) 
th a t no great error results from assuming th a t  the relation is 
linear over the entire pressure range. This perm its the express 
sion of a p as

ap K " S 2
{v —  Vo y s g c <*o(l +  ß ’s /P t) (12)

for a wide range of m aterials of low and medium compressibility.
In tegration of E quation 10 w ith expressed in th is form yields 

for average filtration resistance

0.5 ß2P '
Z453.6 X 0 \

(d V /d O A H )  X 0.00915 X 45.00 V36002 X g j  (d V /dB  A l l )
ßV P ' -  ln (l +  ßV P)

(13)

If (3 is no t too large, th is ra th er cumbersome expression can be 
approxim ated w ith very good accuracy by ano ther equation 
sim ilar to  12 b u t w ith different coefficients.

Application of the  foregoing generalization to  th e  data  of 
T able I  results in

ap =  230(1 +  0.02935 V P .) (14)

for the  relation betw een specific resistance and uniform pressure 
stress. The integrated expression for average a  as a function of 
filtration pressure becomes:

3.377V P ’
1 -  (7 8 .4 /V P ')  log (1 +  0.02935v/P ')

(15)

Values of a  computed from E quation 15 yield a  very slightly 
curved line when plo tted  against th e  square root of pressure. A 
stra igh t fine having the equation

a  =  233 (1 +  0 .01736V P ') (16)

T a b l e  I. T y p ic a l  P e r m e a b il it y -C o m p r e s s io n  T e s t

Piston Piston
Av. Fluid 

Heail, Flow Time of
Flow Rate 

(Cc./Sec.) per
Sp. Void 
Volume,

Pressure“ , Descent, Cm. of Volume, Flow,
Seconds

Cm. Head Cc./Cc. ap,
Ilr.V Lb.Lb./Sq. In. Inch W ater Ce. X 10* Solid

0.41 0.0052 25.66 0.700 191.1 14.27 3.358 271
1.13 0.0470 25.58 0.700 224.2 12.20 3.214 317
1.51 0.0658 25.53 0.700 235.3 11.65 3.150 331
1.89 t).0818 25.41 0.700 248.8 11.06 3.096 354
2.27 0.0860 26.58 0.320 10S.4 11.10 3.081 352
3.01 ' 0.1160 26.10 0.400 149.6 10.24 2.977 377
4.92 0.1453 25.85 0.450 192.2 9.06 2.877 426
6.81 0.1610 25.90 0.400 179.8 8.59 2.823 450
S .71 0.1752 25.83 0.400 190.0 8.15 2.773 474

10.00 0.1910 25.78 0.400 202.4 7.665 2.720 504
12.49 0.1988 25.73 0.400 208.7 7.45 2.693 518
16.38 0.2174 25.58 0.400 225.5 6.94 2.630 556
20.17 0.2320 25.53 0.400 242.0 6.47 2.580 597
23.90 0.2443 25.48 0.400 250.7 6.26 2.537 617
27.75 0.2555 25.43 0.400 265.7 5.92 2.500 652
31.53 0.2647 25.35 0.400 278.5 5.665 2.468 682
35.32 0.2750 25.25 0.400 294.2 5.38 2.432 718
39.11 0.2813 25.16 0.400 303.1 5.245 2.410 736
44.79 0.2938 25.11 0.400 319.8 4.98 2.368 776
52.36 0.3078 25.03 0.400 344.8 4.635 2.320 833

pressure
the hydrostatic pressure drop through the cake (0.18 pound/square inch) has been added to the i 
computed from tne sum of the known weights of the piston, load table, and gage testing weights.

gives values agreeing w ith those of E quation 15, w ith a  maximum 
error of about 1%.

C o m p a r is o n  o f  P r e d ic t e d  F il t r a t io n  R e s is t a n c e  w it h  
T e s t  F il t r a t io n  D a t a . Values of a, as found in a typical 
series of constant pressure filtrations upon the same material

a t  an earlier date, are plotted 
as curve C of Figure 2. Inas- 

----------------------------------------  m uch as th e  time-volume dis
charge d a ta  utilized are easily 
accessible (#), they need not be 
given here. I t  will be noted 
th a t, although the tes t filtration 
results are well fitted by an 
equation of the same form, they 
are 10 to  15% higher. Since
o ther permeability-compression
tests made upon this same cal
cium carbonate slurry yielded 
results agreeing well w ith those 
of T able I, the  w riter is in
clined to  believe th a t th e  differ
ence is prim arily the result of a 
continued decrease in compressi
bility accompanying the aging 
of the precipitate between the 
tim e of the filtration tests  and
th e  perm eab ility -com pression

C o m p a r a t iv e  P e r m e a b il it y  
t o  F lo w  o f  L iq u id  a n d  G as. 
A dry  powdered sample of 
th e  same carbonate precipitate
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(we i gh t ,  9.254 
grams) was tam ped 
tigh tly  into a glass 
t u b e  t o  f o r m  a 
■column 6.6 cm. in  
l e n g th  a n d  1 .63  
sq .cm . in area. The 
perm eability w a s  
d e te r m in e d  a t  a 
c o n s t a n t  v o i d  
v o l u m e  o f  2 . 3 1  
cc./cc. of solid w ith 
both  air and  water. 
The s p e c i f ic  p e r 
m eability was com
pu ted  in  each case, 
using E quation  4. 
The perm eability 
obtained w ith air 
w a s  3 . 0 7  t i m e s  
l a r g e r  t h a n  the 
value found w ith 
w ater, a  ra tio  which 
can be explained if 
the perm eability to  

(low of w ater is com puted using E quation  6 and a “dead” void 
volume of 0.993 cc./cc. of solid.

D E A D  V O ID  V O L U M E  C O N S ID E R E D  A S  ELECTRO K IN ET IC  
P H E N O M E N O N

I t is possible to  advance a  num ber of explanations for the ap
pearance of the va q u an tity  in the expression for specific perm e
ability when particle size becomes sm all: Among these are th e  
possibilities (1) it  m ight represent void volume occluded in 
crystal agglomerates, and thus be physically incapable of sharing 
in the passage of fluid; (2) it  m ight be due to  decrease in particle 
size by crushing, followed by plugging of the  voids w ith debris; 
(3) it m ight represent the volum e of a  strongly adsorbed layer 
of fluid; or (4) it  m ight be a  phenomenon of electrokinetic origin.

Although it  is possible th a t  all four of these factors contribute 
to some extent, it  seems unlikely th a t  the first three can be re
sponsible for more th an  a minor share. Thus, although adsorp
tion undoubtedly plays a part, it  is difficult to  believe th a t  ad
sorption forces can ac t through the relatively g reat distances (up 
to several hundred molecular diam eters) sometimes needed to  
explain the m agnitude of va. On the  o ther hand, i t  is quite easy 
to explain both  the m agnitude and variable nature  of the v0 
quantity from an electrokinetic point of view.

The idea th a t  a considerable p a r t of the resistance to  fluid flow 
in filtration m ay  be electrokinetic in origin is no t new, having 
been suggested by th e  au thor a  num ber of years ago (11). Ac
cording to  well established principles, th e  interface between a 
solid and a liquid is the sea t of a double electrical layer in which 
ions of one kind (usually th e  negative) are adsorbed and tightly  
held a t the solid surface. T he rem oval of one kind of ion leaves 
an excess of the o ther kind in solution. These arrange them 
selves in a diffuse layer in which th e  excess of concentration of 
the second kind over the first diminishes from a  maximum a t 
the wall to  zero a t  an ou ter boundary extending to  an  indefinite 
distance, 'to, from the surface. T heory provides no m easure of 
n, but it.does afford a  good idea of th e  distance d betw een the 
'enter of g rav ity  of the charges in th e  diffuse layer and th a t  of 
those adsorbed on the surface. T his is given by the Debye- 
Hiickel equation

11000 D R T  
d =  (17)

to terms of fundam ental constants, tem perature, and ionic 
strength M. F or any particu lar solvent and tem perature  the 
distance d depends only upon ionic streng th . T hus for w ater 
at25° C., d is given by 3.05 X 10-8/ v V  F ° r a 10~s molar con- 
Centration of a univalent electrolyte, i t  is a length of nearly 10“ 5 
c®-> decreasing to  10-7 cm. for a 0.1 M  solution (4). Since ionic

streng th  increases as th e  square of ion valence, th e  value of d is 
m uch less for equim olar solutions of m ultivalen t ions.

In  the discussion to  follow i t  will be convenient to  regard to as 
a distance perhaps th ree or four times larger th an  d. In  a  capil
lary  tube of radius r (large in comparison to  d), r  — to is the 
radius of an  electrically neu tral cylinder containing equal num 
bers of positive and negative ions. I t  is surrounded by an  annular 
sheath  of thickness to, composed of two concentric cylinders of 
thicknesses d and m  — d, each containing equal num bers of the 
excess kind of ion. Because th e  expression “ thickness of the 
double clectrical layer” is ordinarily understood to  refer to  dis
tance d only, th a t portion of the double electrical layer lying be
tween d and  m  will be referred to  as the inner or diffuse region.

M E C H A N IS M  O F  E L E C T R O -O S M O S IS

T he electric potential betw een the charges adsorbed a t  a  sur
face and the double electrical layer (the zeta potential) gives rise 
to  the well known electrokinetic phenomena of electro-osmosis 
and  stream ing potential when the surface encloses the fluid (as 
does a capillary tube), and to  cataphoresis and sedim entation 
potential when the surface is th a t of discrete particles free to 
move in a surrounding fluid.

If an  electric poten tia l is applied to fluid a t  th e  ends of a  system  
of capillary tubes, ionic m igration will take place as in  an  electro
ly tic  cell, each ion dragging w ith  i t  an  atm osphere of associated 
fluid molecules. In  th e  central core of th e  tube the frictional 
effect of equal num bers of counterm igrating ions is largely neu
tralized, bu t in th e  diffuse double layer the excess of positive over 
negative ions (assuming it  is th e  negative ion th a t  is adsorbed) 
will result in an  unbalanced force on the fluid. T his m ay be re
garded as equivalent to  a  hydrostatic pressure of variable in
tensity , decreasing from a maximum a t  th e  wall to  zero a t  the 
inner boundary of the double layer. In  the absence of any ordi
nary  hydrostatic  pressure, difference, the fluid m ovem ent ini
tia ted  by th is electrically generated pressure will be resisted by  the 
forces of viscous shear in the  same m anner as if the pressure were 
applied mechanically. If  a  pressure d istribution betw een the 
wall and  th e  inner boundary m is assumed, the velocity profile of 
the resulting flow m ay be secured by a  simple graphical in tegra
tion  of the basic equation relating  pressure, viscosity, and ra te  of 
fluid shear. W hen this is done, velocity increases from zero 
through the double layer to  reach a  flat maximum extending from 
to to  the axis of the tube. This m akes apparen t how the entire 
body of fluid can be pulled along by  a force exerted w ith in  the 
confines of a  narrow sheath  or skin to  produce the fam iliar phe
nomenon of electro-osmotic flow.

If  electro-osmosis is opposed by hydrostatic  pressure, the flat 
central portion of th e  velocity profile is depressed to  form a parab
ola. This im parts to  th e  profile a  characteristic sine-wavelike 
appearance, in which velocity in  th e  direction of electro-osmosis 
passes through m axima a t  points near, th e  walls, where electro- 
osmotic and hydrostatic pressure intensities are equal. In tegra
tion  of such a profile yields for the annular region near the wall a 
volume of electro-osmotic flow to  which is opposed a hydrostati- 
cally created flow in th e  core region. W hether discharge of fluid 
from the capillary will take  place in  one direction or the other 
is seen to  depend upon the relative volumes of th e  opposing flows.

E L E C T R O -O S M O S IS  A N D  S T R E A M IN G  P O T E N T IA L

W hen a  fluid is m echanically forced through a capillary, a 
small electrom otive force known as th e  stream ing potential can 
usually be detected. U nder the influence of th is self-generated 
potential, a  small electro-osmotically transported  flow of liquid 
will take place in the same m anner as if the  e.m.f. were externally 
applied. Although th e  retardation  of flow is sm all until a certain 
critical size is reached, its  effect can nevertheless be detected. 
Abramson (1) showed th a t in a  certain case it  am ounted to  10%

Figure 2. Comparison of Specific Filtra
tion Resistance as Found in a Series of 
Constant Pressure Filtrations with the Be
havior Predicted from a Perm eabiiity- 

Com pression Test
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Figure 3. Effect of Streaming Potential Generation in Retarding 
Flow of Liquids through Small Capillaries

Top Left. Capillary wall with ions of one kind (assumed to be the nega
tive) adsorbed in a sta tionary layer, leaving excess positive ions arranged 
in a diffuse mobile layer extending to distance m from the wall; d, distance 
to center of gravity of double electrical layer. Annular shells of thickness d 
and m —d thus contain equal numbers of exce** positive ions.

Top Right, abb”, initially uniform hydrostatic pressure gradient P n  
producing downward flow of fluid; in the absence of streaming potential, 
velocity distribution would assume the parabolic profile oho. Curve cc', 
assumed equilibrium distribution of electro-osmotic pressure"intensity, Pj?, 
opposing hydrostatic pressure; caused by upward stream ing of fluid under 
the influence of potential generated by ejecting excess ions from the capillary 
outlet. Curve abb', distribution of net pressure gradient acting after the 
ratio E /P  has become constant.

Bottom, oefgo, velocitj' profile obtained by numerical integration of 
equation,

(P lI  4* P  E)rdr 
au  =  --------- ----------2 77 1

taking values of P h  +? P e  from curve abb'. The ratio  of P e  to P h  has been 
adjusted by trial and error to yield a profile in which absolute velocity 
passes through zero a t  distance d from the wall. Upward stream ing of fluid 
in shell d then carries positive ions back toward the inlet a t  the same rate 
th a t ions in shell m — d are swept to the outlet; thus, electric neutrality of the 
system and a constant ratio of E /P  are preserved. Volume rate of flow 
corresponding to profile ocfgo is 37% of th a t given by profile oho. Since 
the initial rate of flow will correspond closely to distribution oho, a reduction 
in flow rate upward of 60% may be expected to take place during the time 
E /P  builds up to a maximum value.

in a  capillary 1 X 10-4 cm. in radius, increasing rapidly for 
capillaries of sm aller size.

A qualitative explanation of the phenomenon follows: W hen 
fluid s ta rts  to  flow through a  capillary, the velocity distribution 
profile near the wall is a t  first substan tia lly  parabolic in  the di
rection of flow. Since no potential difference exists to  cause 
m igration of ions, fluid m ovem ent in  th e  double electrical layer 
is w ithout restra in t. This results, however, in discharging a por
tion  of the double layer from th e  end of the capillary, whereupon 
a  sm all poten tial difference between the ends of the  capillary 
im m ediately appears. U nder the  influence of this sm all e.m.f. 
positive ions ad jacent to  th e  wall a t  once begin to  move tow ard the 
in le t end of th e  capillary. As th e  excess of positive ions in  the 
effluent continues to  increase, th e  potential becomes larger and 
the electro-osmotic flow greater. W ith an  increasing electro- 
osmotic pressure opposing the m echanically applied pressure, 
fluid m otion in  the ou ter p a rt of the double electrical layer ad
joining the wall is first halted and then  reversed in direction. The

sine-wavelike profile characteristic of electro-osmotic flow against 
hydrostatic  pressure increases in am plitude; a t  the same time the 
null point a t  which velocity again re tu rns to  zero moves ou t from 
th e  wall. Equilibrium  is finally a tta in ed  when sufficient poten
tia l difference is bu ilt up to  tran spo rt ions electro-osmotically 
back to  the inlet a t  th e  same ra te  they are sw ept from the inner 
portion of th e  electrical double layer by hydrostatic flow.

If  th e  average speeds of electro-osmotic and mechanical ion 
tran spo rt are considered equal, equilibrium should occur when the 
null point of absolute velocity a tta in s  th e  distance d from the wall. 
T his follows from the  fact th a t  a  cylinder a t  distance d  from the 
wall divides th e  double electrical layer in to  concentric shells 
containing equal num bers of the excess ions (Figure 3).

There is no reason to  suppose th a t  the two speeds arc equal. 
Nevertheless, i t  seems reasonable to  assume th a t the actual 
distance a t  which absolute velocity of flow changes direction 
m ust bear a close and constant proportionality  to  d  as given by 
th e  Debye-Hückel equation, provided to ta l thickness m  of double 
electrical layer is less th an  the radius of the capillary.

A P P L IC A T IO N  T O  E X P E R IM E N T A L  O B S E R V A T IO N S

The foregoing mechanism provides a  simple qualitative ex
planation for a num ber of well known phenomena. Thus geolo
gists have long been aware th a t seepage of w ater through mineral 
cleavage planes takes place much more slowly th an  would be ex
pected on the basis of Poiseuille’s law. Terzaghi (16) found that 
th e  apparen t viscosity of w ater increased ab rup tly  to many 
tim es its  norm al value when m ade to  flow between parallel planes 
spaced less th an  10" ‘ cm. apart.

T he fact th a t continued passage of clear w ater through almost 
any type of fine-pored m em brane is accom panied by a gradual 
increase in resistance is a m a tte r .o f common experience and has 
been reported m any tim es in  th e  literature. In  m aking streaming 
potential m easurem ents, i t  is som etimes necessary to wait for 
periods of 15 to 24 hours before the ratio  E /P  (developed poten
tia l to  hydrostatic pressure head) becomes constant. Both of 
these phenom ena appear to have a reasonable explanation in the 
fact th a t growth of the electro-osmotic flow region proceeds from 
a  thickness of zero to  an  equilibrium value, a t a  ra te  depending 
upon the ex ten t to  which th e  ra te  of m echanical transport exceeds 
th a t of electro-osmotic transport. If  these rates are nearly equal, 
i t  is conceivable th a t  fairly long periods of tim e m ight elapse be
fore an  equilibrium poten tial would be reached. The gradual in
crease in  resistance th a t  sim ultaneously takes place is explained 
by the fact th a t , as electro-osmotic velocity increases, the absolute 
velocity of flow throughout the central region of the capillary is 
correspondingly decreased.

I f  th e  foregoing hypothesis is correct, i t  would be expected that, 
upon in terrup ting  flow of fluid through a  capillary, the difference 
in  ion concentration a t  the two ends would cause electro-osmosis 
to  continue un til the  poten tial disappeared; or if flow were started 
again, th a t  the resistance upon resuming flow would be less than 
i t  had been when flow was stopped. Such behavior was actually 
observed by Bishop, U rban, and  W hite (3) who found tha t, when 
the pressure producing flow of a  d ilu te potassium  chloride solu
tion through a  cellophane m em brane was reduced to zero, a 
backw ard flow of fluid took place for a  short time.

If  the  ionic streng th  of the fluid flowing through a blocked 
m em brane were suddenly increased, the flow would be expected 
to  increase because of a  collapse of the double electrical layer fiom 
its  original thickness to  the  sm aller value corresponding to  a 
greater ionic streng th . Such a  phenomenon was actually ob
served (3) when thorium  ions were added to  a  solution which ha 
passed through a cellophane m em brane until th e  resistance ha 
increased to  some ten  tim es the in itial value. When a thorium 
sa lt was added, the flow increased alm ost to  the original rate.

For the  same reason it  would be expected th a t the extent to 
which mem branes arc blocked by the passage of fluid shou 1
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T a b l e  I I .  E f f e c t ' o n  F il t r a t io n  R e s is t a n c e  o f  I n c r e a s in g  
I o n ic  S t r e n g t h  o p  F il t r a t e “

Mole NaCl per Ionic
Thickness 
of Double F iltration

1000 Grams Strength, Layer d, Resistance,
D istd. W ater M Cm. X 10® Hr.VLb.

0 .0000 . 507
0 .0020 0*. 0020 0.678 398
0.0040 0.0040 0.480 363
0.0080 0.0080 0.339 370
0.0320 0.0320 0.169 309
0.1280 0.1280 0.0848 227
0.5120 0.5120 0.0424 215

a Testa made Dec. 23, 1936.

vary w ith’the ionic streng th  of the solution passed through. The 
same workers cite tes ts  in  which th e  resistance of a m em brane to 
the passage of a univalent sa lt solution was observed to increase 
many fold, whereas little  or no resistance increase was observed 
when an equal volume of a thorium  sa lt of th e  same m olar con
cen tration  wns passed through a sim ilar membrane.

E V ID E N C E  O F  ELECTRO K IN ET IC  P H E N O M E N A  IN  F IL T R A T IO N  
PRO CESSES

T he gradual increase in  resistance exhibited by filter cakes 
when being washed would seem to  be an  obvious example of 
electrokinetics. A nother phenomenon, the  electrokinetic origin 
of which is -perhaps n o t so apparent, is the increase in specific 
resistance observed when increasingly dilute suspensions of an 
inert m aterial are filtered a t  the same constant pressure. The 
author a t  one tim e ascribed th is effect to the alm ost universal 
presence of unsuspected resistance-offering im purities in the 
liquids used to  m ake up te s t filtration suspensions (11); how
ever, th is hypothesis has since been discarded in favor of an 
electrokinetic explanation. If the same hydrostatic  pressure 
difference is employed to  force liquid through lopg and short 
capillary tubes of th e  sam e diam eter ( th a t is, th ick and th in  filter 
cakes), the greater volume ra te  of flow through th e  shorter capil
laries will generate a correspondingly larger stream ing potential 
gradient and  diaphragm  current. Since an  increase in  current 
flow corresponds to a  higher electro-cndosmotic pressure intensity 
opposing the applied hydrostatic pressure difference, th e  ratio  of 
volume ra te  of flow through th e  two lengths of capillaries will in 
general be less th an  th e  expected ratio— th a t is, the  inverse ratio  
of their lengths. Hence, when th e  da ta  are in terpre ted  on the 
basis of resistance to  fluid flow per un it length (or w eight of solids), 
the specific resistance appears to  increase w ith decreasing capillary 
length (or prefilt concentration).

The effect of changing th e  ionic strength  is easily demon
strated by  laboratory  experiment. T hus th e  au thor observed 
that the  specific resistance of a F ilter-C el suspension m ade up 
with distilled w ater decreased rapidly w ith successive additions 
of increasing am ounts of sodium chloride, until a t a  0.5 M  con
centration the resistance was only 40%  of the original value. 
Such an experim ent affords an explanation of fa ilu res'to  secure 
exact checks when testing newly prepared batches of F ilter-C el 
over a  period of tim e; even th e  sm all am oun t of solute present 
in ordinary tap  w ater will lower the resistance to  a value con
siderably less th an  th a t  in distilled water.

A series of identical suspensions were m ade of 41.4 grams 
of F ilter-C el per 1000 gram s of distilled w ater. Reserving 
one batch as a control, weighed quantities of sodium chlo
ride were added to  the rem ainder to  secure th e  solution 
molalities shown in Table II . C onstan t pressure filtrations a t 
pressures betw een 24.6 and 25.0 pounds/square inch were 
carried ou t a t  23° C. in  a plate-and-fram e filter press to  a  cake 
thickness of 2.0 cm. on a  filtering area of 440 sq. cm. T he tim e- 
"olume discharge data  were recorded autom atically  by means 
of an electrical tim e-m arking clock. F iltra tion  resistance de
creased w ith increasing sa lt concentration, as T able I I  shows, 
fn computing ionic streng th  and  thickness of the double layer, 
■t has been assumed (w ithout proof) th a t  th e  d ry  Filter-Cel 
contributed no solute ions to  th e  prefilts.

C O N C L U S IO N S

I t  is difficult to  avoid th e  conclusion th a t electrokinetic phe
nom ena play a large p a rt in the success or failure of filtration 
as a m ethod of separation. T hus the question as to  how particles 
so much smaller th an  the openings of a filter septum  manage to  
become entangled in such a  way as to  block i t  early in the initial 
stages of filtration m ay well have an  electrokinetic answer. On 
th e  o ther hand, the difficulty of securing a clear filtrate, or even of 
in itiating  the a rrest of colloidal particles when prepared w ith a 
large excess of one of the reagents m ay also have a  similar ex- 

* planation. In  filtration tests carried ou t for long periods on a 
m aterial such as ferric hydroxide, th e  time-volume discharge 
curves depart from parabolic form in  bo th  the early and la te  stages 
of the filtration in a characteristic m anner. T his behavior, unin
telligible from any  o ther point of view, appears to have a reasona
ble explanation when regarded as an electrokinetic phenomenon.

N O M E N C L A T U R E

A  =  area of particle bed, sq. cm.
a — av. specific filtration resistance (weight basis) of a filter

cake subjected to  nonuniform pressure stress, h r.2 X 
lb. force./(lb. m ass)2 

tup — specific resistance (weight basis) of a  particle bed sub
jected to uniform pressure stress, h r .2 X lb. force/(lb. 
m ass)2

d ' = apparent film thickness, cm.
5 =  density of granular solids, gram s/cc. of solid
6 =  ratio  of average to effective cross section of pore formed

by  a un it cell of eight contacting spheres 
/  =  surface or shape factor, no units
7j =  fluid viscosity in poises, grams m ass/cm . X sec.
g =  local value of gravitational acceleration, cm ./sec.2 or 

ft./sec .2
gc =  dimensional constant in N ewton’s law, 980.665 (gram 

mass X cm .)/(gram  force X sec.2) or 32.1740 (lb. 
mass X ft.)/( lb . force X sec.2)

AH  =  fluid head, cm.
K ,  K ' ,  K " ,  K " '  =  constants (41.9, 4.65, 18.6, a n d - 168, re

spectively)
L  =  depth  of particle bed, cm.
P  =  hydrostatic pressure difference, grams m ass/sq. cm.
P ’ = hydrostatic  pressure difference, lb. force/sq. ft.
p — packing porosity, cc. of void volum e/cc. of to ta l volume
p = fluid density, gram s/cc.
R  =  average radius of spheres or particles, cm.
S  =  specific surface, sq .cm ./cc . of solid
u  =  linear velocity of fluid flow, cm./sec.
dV/dff =  volume rate  of flow, cc./sec. 
v =  specific void volume, cc./cc. of solid
vo =  dead void volume, cc./cc. of solid
v =  void volume per unit weight of solids, cc./gram
W  =  weight of particle bed, grams
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Autoclave for Visual Observation 
of High Pressure Reactions

T h e  t r e n d  to w a rd  h ig h  p re s s u re  a n d  h ig h  te m p e ra tu  
c h e m ic a l re a c t io n s  h a s  n e c e s s ita te d  th e  d e v e lo p m e n t 
e x p e r im e n ta l a p p a ra tu s  w h ic h  w ill p e rm it  v isu a l observ  
lio n  o f  c o n d it io n s  d u r in g  th e  e n t i r e  o p e ra t io n . T] 
e q u ip m e n t  d e sc rib ed  in d ic a te s  how  th i s  r e s u l t  is achievi 
by  m e a n s  o f  a  r o ta t in g  J e rg u s o n  gage  w ith  c le a r  g lass c 
tw o  sid es th r o u g h  w h ic h  l ig h t  m a y  p a ss . I t  is  h o u se d  
a n  in s u la te d  ca s in g , p ro v id ed  w ith  s t r ip  h e a te r s  fo r  ra is ii 
th e  te m p e ra tu re  a n d  w ith  g lass  w indow s fo r  v iew ing  tl 
te m p e ra tu re  a n d  p re s su re  gag e . B esides se rv in g  as 
m in ia tu r e  a u to c la v e , i t  m a y  b e  u se d  fo r d e te rm in in g  soli 
b il it ie s  in  so lv e n ts  w h ic h  a re  v o la tile  a t  a tm o s p h e r ic  pre  
su re  a n d  th e  te m p e ra tu re s  o b ta in e d . I t  a lso  p e rm its  tl 
d e te r m in a t io n  o f  s o lu tio n  d e n s i tie s  u n d e r  v a ry in g  com! 
tio n s  o f  te m p e ra tu re  a n d  p re s su re .

I N  R E C E N T  years research on chemical reactions involvii 
higher pressures and  tem peratures has created a demai 

on the chemical engineer to  produce a vessel in  which these rea 
tions can be observed by the eyes as they  progress to completio 
A search of th e  literatu re  on th e  subject brought to  light sever 
ingenious arrangem ents of sight glasses which seemed practic 
for viewing portions of the operations. N one of them , howeve 
m et the drastic requirem ents of mem bers of our H igh Pressui 
Division who dem anded sight through all of the liquid content 
as well as a view of the top of the liquid w ith any solid matti 
contained in  it.

In  the petroleum  industry  m any liquid level gages have bee 
used for pressures running to  105 kg. per sq. cm. (1500 pounc 
per square inch) and  tem peratures of several hundred degre( 
Fahrenheit. The Jerguson Gage and Valve Com pany helped i 
working out a gage which th e  au tho r could ad ap t to  the requin 

m ents.
Figure 1 shows the experim ental high pressure gage, having a 

over-all length of 16 inches. T he cham ber is m ade of type 31 
stainless steel, w ith  tem pered glass sight glasses on both  sides t 
perm it the passage of light w ith an  unobstructed  view of prat 
tically the entire contents. T his stainless steel cham ber is tappe 
a t  each end for 1.27 cm. (0.5 inch) N .P .T . (national pipe thread, 
and one end takes a 1.27-cm. X H  pipe nipple connected to a gat 
valve a t  the discharge end (Figure 2), specially machined fo 
quick connection and  disconnection of th e  charging boml: 
Figure 3 shows the bomb, which is also used for receiving th 
contents of the autoclave when th e  reaction is completed.

In  the opposite end of the cham ber is screwed a W es to: 
therm om eter having a  6-inch stem  and  a  range of 0° to  300° C 
T he long stem  assures am ple contac t w ith the liquid c o n te n ts  and 
therefore, accurate immersion tem peratures. On th e  sides of th 
cham ber a t  the center are two 6.4-mm. (0.25-inch) N.P-1 
taps. One is for a pressure gage, and the opposite one is for ai 
explosion disk. A lthough this disk rup tures a t  a  pressure appre 
ciably higher th an  the maximum operating pressure, i t  is con 
sidered more reliable than  a safety valve which m ight fail t< 
function if solids blocked the operating mechanism. There wen 
also space lim itations which led to  th e  selection of the explosioi 
disk for this operation.

W. F. CALDWELL
A m erican  C yanam id  C om pany, S ta m fo rd , Conn.

P h o to g ra p h  o f  V isu a l A u to c lav e



I2THDS./INCH N.FS,

DETAIL OF SE A T  IN VALVE

IR S. TH DS,

ENDS T A P P E D  FO R  1/2" P IP E  DRA IN

/  B O L T -B A R  S T E E L

/ C O V E R -F O R G E D  
x  S T E E L

CUSH ION  - 
" "A S B E S T O S  
G L A S S -T E M P E R E D

/ C H A M B E R -1 8 -8  ST. 
<  B A R  S T E E L  
^ - G A S K E T - C O M 
P R E S S E D  A S B E S T O S

573

SE C T IO N  X -X A SSEM BLY  O F PARTS

F ig u re  1. A u to c lav e  (D im e n s io n s  in  In c h e s )
F ig u re  2. C h a rg in g  B om b 

C o n n e c tio n
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18-8 CHROME NICKEL STEEL 

I REQ'D.

F ig u re  3. D e ta ils  o f 
th e  C h a rg in g  B o m b

DRILL A S S E M B L Y

C alibration of the vessel indicated  a gross volume of 135 ee., 
and  a working capacity  of approxim ately 100 cc. Incidentally , 
during tlie process of calibrating the vessel, a  m etal scale was 
m arked off in  cubic centim eters which furnishes an  excellent 
m eans of determ ining th e  density  of solutions under widely 
varying conditions of tem perature  and  pressure. I t  is, of course, 
also possible to  use th e  autoclave to  determ ine solubilities of 
solids in  liquids under the sam e varying conditions.

T he u n it operates a t  a maximum of 200° C. and, a t  th is tem 
perature, a  maxim um  pressure of 140 kg. per sq. cm. (2000 
pounds per square inch), w ith increasing pressure as the tem pera
tu re  dim inishes un til 210 kg. (3000 pounds) is reached a t  20° C.

. N orm ally these gages are assembled w ith a  sheet of mica under 
the glass to  prevent tem perature shock. B u t since we expect 
to  work a t  some tim e w ith chemicals th a t  m ay react with mica 
to  obscure vision, it  was om itted. A t first the usual high tem
perature asbestos composition gaskets were used under the 
glasses, b u t i t  was soon found th a t the binder in this gasket 
m ight react w ith or dissolve in  the  contents of the autoclave an 
thus upset the results. A num ber of gaskets were tried with more 
or less poor results until th e  Goetze G asket & Packing Company, 
Inc., furnished their F rench type, two-piece gasket made of so 
silver w ith an  asbestos fiber filler which has proved the mos 
satisfactory  so far.
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F ig u re  4. F r o n t  View 
(above) a n d  C ross S ec tio n  
(belotv) o f  H o u s in g  a n d  

A u to c lav e
1. Autoclave
2. Valve for charging and dis

charging autoclave (Chapman 
Valve & Manufacturing Co., List 
990) with specially machined end 
(Figure 2)

3. Thermometer (Weston 
Electrical Instrum ent Company)

4. Pressure gage of range se
lected for operation in hand so 
as to secure most accurate pressure 
indication _,

5. Safety head with explosion 
disk (Black, Sivalls & Bryson)

6 . Sight glasses on both sides 
of autoclave, totaling s/s inch X 
] 1 x/ i  inches on each side

7. Clamp operated by thum b
screw to perm it easy insertion and 
removal of autoclave 1

8 . Arrow indicating direction 
of rotation which serves to agitate 
contents of 1

9. Shaft attached to clamp 7, 
imparting rotary motion to auto
clave 1 a t  rate of 8  r.p.m.

10. Roller chain sprocket 
driven from gear-head motor

11. Knurled n u t to loosen 10 
so th a t autoclave 1 may be set 
in exact position for attaching 
charging bomb (Figure 3) to 
charge or discharge 1

12. Light bulbs providing illu
mination through two double wire 
glass windows, 13

14. Charging hole cover re
moved when attaching charging 
bomb to autoclave 1

15. Discharge hole cover
16. Heater housing of No. 16 

gage black iron inside, No. 24 gage 
galvanized iron outside, insulated 
with 2 inches of granulated rock 
wool

17. Door for closing heater 
housing 16, hung on spring 
counterbalances and provided with 
double wire glass window, 19, for 
viewing operations within auto
clave 1, as well as pressure gage 4, 
while it  rotates

18. Spring balance for door 17
20. Eight strip heaters (E. L. 

Wiegand Chromalox, No. S.E. 
1202) rated a t  250 watts each; 
heaters are controlled by three- • 
heat rotary snap switch which has 
proved fairly satisfactory, b u t a 
Pow erstat or Variac would provide 
more accurate heat control over 
the full range

21. Double wire glass window 
for viewing therm om eter 3 as 
1 is rotated

The u n it as a whole (Figure 4) was set up on a  pipe stand , 32 
inches high; the m otor was m ounted a t  th e  rear, and  the light 
switch, three-heat control switch, and m otor sw itch were placed 
a t  a  convenient point on the front. Provision was m ade for in
stalling a fan to  circulate the  heated  air, b u t trial runs dem on
stra ted  th a t the fan was unnecessary, and  i t  was no t installed.

T he actual cost of the stainless steel gage, less the a ttachm en ts 
described, was S115.00; the sheet m etal heater housing w ith base, 
door, windows, and shaft support to taled  $116.00. T he fittings 
m entioned are standard  equipm ent, and their costs will not. be 
enum erated here.
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ION EXCHANGE

N orm an  A ppleziveig1 

and

Silvio  E. R onsone1

T H E  ENGINEER HOARD, 

U. S. ARMY, 

FT . BELVOIR, VA.

T h e  io n  e x ch an g e  adsorp
tio n  sy s te m  a t  th e  le f t is 
p a r t  o f  a  p o r ta b le  u n i t  for 
e x tra c tin g  u sa b le  an ti- 
m a la r ia l  f ro m fre sh ly  stripped  
c in c h o n a  b a rk , in  th e  field.

FOLLOW ING the toss of the F a r E astern  sources of quinine 
and its raw m aterials, critical a tten tion  was focused on the 
utilization of South American and o ther sources of cinchona bark. 

U nfortunately, the m aterial available in this hemisphere is for 
th e  m ost p a rt m uch lower in quality  and alkaloid content than  

, the  E ast Ind ian  bark. T he cost of extracting such tow grade 
bark  consequently became a factor of prime im portance.

T he leaching of cinchona by dilute acid is a  simple and inex
pensive m ethod of extraction which can be applied to  tow grade 
bark (8). R ecovery of the  alkaloids from the  aqueous m enstruum  
by  alkali precipitation is, however, tim e consuming and requires 
relatively large quantities of acid and alkali which are no t re
coverable. As a  possible means for improving th e  recovery of 
alkaloids from acid solution, adsorption was investigated.

T he use of adsorbents for the rem oval and recovery of valuable 
ingredients from dilute solutions is a tim e-honored technique. 
I t  has th e  advantage th a t it  perm its th e  handling of large volumes 
of m aterial economically and is often the only w ay in which con
centration of easily destroyed substances can be accomplished.

M any adsorbents have been found useful in rem oving alkaloids 
from solution in organic solvents and several have lent them 
selves to  use in aqueous media. Of th e  la tte r, activated  carbon 
and th e  activated  clays have been used m ost successfully. While 
activated  carbon will readily rem ove alkaloids from aqueous solu
tions under alm ost any conditions (4), elution of the adsórbate 
has no t proved efficient enough to w arran t its general use in 
alkaloid recovery.

ION EXCHANGE IN ALKALOID RECOVERY

M yers (9) suggested th a t  in studying adsorption “it  is neces
sary  to  analyze for all of the constituents originally present as 
well as those th a t m ay  be formed by  ion exchange, to  determine 
w hether the process is ‘physical’ adsorption or an ion exchange 
reaction” . The adsorption of alkaloids by  clays capable of base 
exchange m ight be a ttribu ted  to  a  chemical reaction between 
the “cationic” alkaloid and th e  insoluble macromolecular acid clay.

Lloyd’s reagent has been used to  remove alkaloids from neutral 
or acid solutions. The alkaloids were then  extracted from the 
precipitate by means of an alkali and an organic solvent (7, 12).

Folin (6) in 1917 introduced th e  use of Perm utit, a  synthetic 
siliceous zeolite, for th e  determ ination of amm onia in urine by 
ion exchange. The use of P erm utit as a  reagent for amines was 
suggested by W hitehorn (13) in 1923. T his investigator found 
th a t relatively strong nitrogenous bases having a dissociation 
constant of 5 X 10~9 or greater could be separated from weaker 
bases and nonbasic substances by  exchange w ith sodium on the 
zeolite. Oberst used P erm utit for the determ ination of morphine 
in the urine of m orphine addicts (11).

W hile th e  siliceous zeolites capable of base .exchange have 
enjoyed wide application in commercial w ater softening for many 
years, th e  use of these adsorbents for o ther purposes has been 
limited by  their instability  in acid media. The introduction of 
sulfonated coals (2) and specially trea ted  resins (1) which were 
capable of cation exchange under any conditions of pH and 
which would effectively exchange w ith hydrogen opened vast 
new fields for the application of ion exchange. Thus, while the 
zeolite clays could be used only a t  conditions of pH  suited to their 
stability , th e  hydrogen exchange m aterials could be used in 
strongly acid m edia and under rugged conditions (10).

T he use of a  hydrogen exchange adsorbent to  recover quinine 
from acid solution, th e  breakthrough capacity of the exchanger for 
this alkaloid, and th e  use of ion exchange to  concentrate the alka
loids in a  to taquine preparation were reported by Applezweig (3).

T he elutriation of the alkaloids from the exchanger was ac
complished by m eans of alkali regeneration and an organic sol
ven t in a m anner similar to  th a t  reported by W aldbott (12).

T he reactions involved m ay be portrayed in the following 
manner. Assuming th e  cation exchanger to  be-an organic aci

1 Present addres9, J . B. Sliohan Laboratories, 78 Wheeler P t. Rd., New 
ark 5, N. J. .

* Present address, United Nations Relief and Rehabilitation Admims ra 
tion, "Washington, D. C.
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PROCESS FOR EXTRACTING 
CINCHONA ALKALOIDS

A cyclic sy s te m  fo r  th e  e x tra c tio n  o f  a lk a lo id s  f ro m  Qrudc
drugs hy  m e a n s  o f  io n  ex ch an g e  h a s  b een  dev ised . A lka- __ 24
loids o f  c in c h o n a  w ere  e x tra c te d  by  d i lu te  a c id  a n d  recov
ered by  io n  e x ch an g e  w ith  a n  o vcr-a ll average  y ie ld  o f  
81.2% w ith in  a n  average  p e rio d  o f  f52 h o u rs . D ried  b a rk  
from  o rd in a ry  c o m m e rc ia l so u rc e s  w as u se d . E ven  g re a te r  
efficiency m a y  b e  a n t ic ip a te d  w h en  u n d r ie d  b a rk  is  u t i 
lized. T h is  sy s te m  th u s  p e rm its  th e  u se  o f  e i th e r  d ry  o r  
und ricd  raw  m a te r ia l .  T h e  p rocess  le n d s  i t s e l f  eq u a lly  
well to  e i th e r  sm a ll o r  la rg e  sca le  o p e ra tio n s . T h e  u se  o f  
po rtab le  e q u ip m e n t  m a k e s  po ss ib le  th e  e x p lo ita tio n  o f  
form erly  in acc e ss ib le  c in c h o n a  s ta n d s  by  d ra s tic a lly  r e 
ducing th e  h a u la g e  re q u ire m e n ts .  T h e  eco n o m y  a n d  s im 
plicity o f  th i s  m e th o d  o f  e x tra c tio n  w o u ld  seem  to  forecast, 
its w ide  a p p lic a tio n  to  in d u s tr ia l  a lk a lo id  recovery .

with an insoluble nucleus, ZnCOOH, whose acid hydrogen is 
capable of exchange,

H O O C /n +  A lk -H 'X  ^  A lk -H '00C 7?t +  H X

A lk-II'O O C /n  +  N aO H  ^  Aik +  NaOOC/w +  IiO H  (2)

The alkaloid which is now in th e  form of an insoluble base is dis
solved ou t by m eans of an organic solvent.

This comm unication also suggested application of this tech
nique to  cinchona extraction by means of a  cyclic system. Such 
a system would perm it th e  acid percolate to pass through a 
column of exchanger and re tu rn  to  the percolator in a continuous 
fashion. In  th is w ay the drug would be constantly  exposed to 
an extraction fluid free from the alkaloids b u t sa tu ra ted  with 
respect to  noncationic ingredients.

ACID EXTRACTION O F ALKALOIDS

The acid extraction of alkaloids from vegetable m aterial func
tions through converting the  alkaloids from the relatively in
soluble form in which they exist as cellular inclusions to the 
More readily soluble form of their acid salts. Obviously, the 
fate a t which such extraction can tak e  place will depend largely 
upon the ease w ith which fresh acid solution can be brought into 
contact w ith th e  substance to be dissolved.

The trad itional m ethod of securing thorough and rapid contact 
between extraction m edia and such substances is to grind th e  dry 
'’egetable m aterial to  subcellular sizes. However, w ith a view 
toward elim inating the tedious and costly process of grinding, 
the possibility of utilizing the natu ra l vascular structure  of p lan t 

; niaterial was explored. In  th e  dried s ta te  i t  was found th a t this 
structure had been considerably altered. Cell walls had lost 
'heir perm eability, as a result both  of alteration in th e  character 
°t the wall itself and the fact th a t the cellular contents, gums, 
^in, etc., had been deposited on th e  walls in the form of a 
varnishlike coating. An a ttem p t to  tre a t chips of d ry  bark by 
d e ra t io n  w ith repeated changes of dilute acid produced an

Dry bark chips. Ac id changed at 
24-hour Interva ls.
Fresh bark ch ips. Ac id  ch anged  
at 24-hour In te rva ls .
Dry bark c h ip s . C o n t in u o u s  cyclic  
sy s te m .

4  - Hypothet le a l  curve.  Fresh bark 
cyclic extract ion.

F ig u re  1. In f lu e n c e  o f  B ark  C o n d itio n  a n d  K a te  o f  
. S o lv en t I icn ew a l o n  R a te  o f  E x tra c tio n  o f  A lk a lo id s

extraction of only 50%  of the available alkaloids in 8 days 
(curve 1, Figure 1).

On the o ther hand, th e  vascular structure of fresh or even badly 
wilted p lan t m aterial is found to be no t seriously impaired. This 
is dem onstrated.by the fact th a t  the tu rg id ity  of the cell structure 
of wilted p lan ts can be restored by a  period of soaking in water. 
Experim ents conducted in South America on cinchona bark, 
harvested 2 days before m aceration was started , yielded an 
average of over 60%  of their to ta l alkaloids in 4 days of m acera
tion w ith repeated application of dilute acid (curve 2, Figure 1).

Ideal conditions of extraction would be obtained if a  constant 
flow of fresh acid could be brought in contact w ith th e  p lan t ma
terial. To accomplish th is purpose by  repeated applications of 
new lots of acid as described above would no t be feasible because 
of the large quantities of chemicals involved. T he application of 
a continuous cyclic system  in which the  acid concentration is
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C = >
F ig u re  2. F low  S h e e t o f  P i lo t  P la n t  E x tra c tio n

■.........h - ACID LIQUOR WITH ALKALOIDS
1̂  IN  SOLUTION

I-\  ACID LIQUOR W ITH ALKALOIDS
1----------------^  REMOVED

A -  MACERATION TANK a  PERCOLATOR 
B -  PUMPING UNIT  
C -  ION EXCHANGE COLUMN -

E x h a u s t e d

D -  ION EXCHANGE COLUMN - 
PARTIALLY EXHAUSTED

■¿S. E -  ION EXCHANGE COLUM N-FRESH

continuously renewed by rem oving th e  dissolved substances 
from solution is of obvious value. T he ion exchange system  in 
which the exchange of hydrogen ions for the alkaloid ions con
tained in the m enstruum  takes place should accomplish this pur
pose. Prelim inary experiments conducted a t R utgers Univer
s ity  in April, 1944, largely confirmed th is prediction (curve 3, 
Figure 1).

PILO T PLANT OPERATION

In  order to obtain sufficient d a ta  to perm it the design of a field 
extraction p lan t based upon these principles, a  pilot p lan t project 
was set up. T he apparatus (Figure 2) consisted of a  25-gallon 
m aceration tank  containing a  percolator bag of canvas w ith a 
perforated bottom . The exchange columns consisted of 8-liter 
stainless steel cylinders which were filled to  a height of 8.5 inches 
w ith ZeoKarb (Pdrinut.it Company), a  su lfonated ' coal cation 
exchanger. T he exchange columns were first converted to the 
acid condition by passing 0.5 N  sulfuric acid through the ex
changer bed a t  a  flow ra te  of 300 cc. per m inute. Previous to  
the starting  of each new cycle th is operation was repeated.

T he bark was ihacerated w ith 0.1 Ar sulfuric acid which Was 
then  cycled by being drawn off a t the top  and circulated “ upflow” 
through th e  exchanger beds and back into the bottom  of the 
m aceration tan k  by means of a  pum p. “If downflow operation is 
used, small particles of bark continuously pass over to  the ex
changer beds so th a t an increasingly impervious layer is formed 
on top  of the exchange m aterial and back pressure is produced. 
If a  line filter is used to  prevent particles from passing into the 
exchange columns, pressure soon builds up in the filter. To 
avoid th e  added weight in power p lan t and o ther equipm ent 
necessary for operation under pressure, upflow circulation was 
employed throughout the  system. Pieces of bark draw n from 
the m aceration tank  passed harmlessly through th e  entire system 
and returned to  the tank .

Sufficient bed capacity was provided to perm it effective ex
change in spite of any channeling which m ight result from upflow 
operation. C irculation was s ta rted  w ith  three columns in  the 
line, th e  first being removed when sa tu ra ted  and a  fourth added 
when necessary.

W hen th e  cycles were completed, or a  column was filled to 
capacity as determ ined by a M ayers test of the  influent and efflu
ent, regeneration of the exchanger was undertaken. This was 
accomplished by  treating  each column w ith 12 liters of 0.5 N  so
dium  hydroxide. T he hydroxide was passed through the columns 
very slowly (less th an  300 cc. per m inute). T his regeneration 
was followed by a fast rinse for a  few m inutes w ith w ater for the 
purpose of removing excess alkali which otherwise would be con
centrated in th e  subsequent distillation. T he w ater rinse also

performed the function of rem oving a  great deal of coloring mat
te r which is released by the alkali regeneration. This coloring 
m a tte r consists alm ost wholly of m aterials extracted  from the 
cinchona bark, and assay showed th a t  it  contained only a small 
am ount of alkaloid. Such alkaloid as was found in samples of 
colored" solids recovered from rinse w ater would easily be ac
counted for by  the w ater solubility of th e  basic alkaloids. In 
this connection, it  is desirable to  continue the w ater rinse no 
longer th a n  is necessary to  prevent any harm ful accumulation of 
alkali in the end product. Prolonged washing could remove a 
significant portion of the basic alkaloids.

Following the alkali regeneration, the exchanger was stripped 
of its  alkaloid content by  displacing the aqueous contents of.the 
bed w ith 3 liters of alcohol, cycling 8 liters of alcohol for 2 hours, 
and finally displacing w ith 3 liters o f alcohol which was, in turn, 
displaced by water. The first 2 liters of w ater were collected for 
the purpose of salvaging th e  alcohol content.

A fter the alkali regeneration and w ater rinse no trace of the 
freed alkaloids could be detected w ithin the bed or upon the sur
face of the granules of ion exchanger. I t  is apparent that the 
alkaloid is very finely dispersed and still in  close contact with the 
ion exchanger. T he aqueous alcoholic solution of alkaloids was 
then  trea ted  further by  distillation to remove the alcohol and the 
resulting heavy concentrate evaporated to  dryness. The residue 
was weighed and assayed for to ta l alkaloid content.

As T able I shows, over-all average yield of alkaloids was 
81.2%  in an average m aceration period of 82 hours. Ion ex
change functioned as a  recovery system  w ith an average effi
ciency of 98.6%. T he solid m aterial thus produced varied in 
alkaloid content from 40 to  over 80%  and in color from light pink 
to  very dark red, depending upon the natu re  and quantity  of the 
nonalkaloidal constituents. Since one of the principal objectives 
of the research program was to  develop a usable antimalarial, 
totaquine, further rectification seemed necessary.

T a b l e  I .  A l k a l o id  Y ie l d  fr o m  I o n  E x c h a n g e  P rocess

Expt.
No.
1 . 2 
3
4<<
Av.

Total Time, Hr. 
M aceration Circulation

76
76
76

100
82

2020
2020
20

Total 
Alkaloid 

Extd., %«

64
90
93
82.3

Efficiency 
of Recovery, 

%b 
1ÓÓ 
96 
96
98.6

Over-aU
Recovery,

%c
63
76
86100-
81.2

a Computed on basis of to tal alkaloid content of spent bark.
6 Percentage of extracted alkaloids recovered. 
c Computed on basis of to tal alkaloid content of original bark. 
d The nigh recovery in expt. 4 is explained by the fact th a t complete r 

covery is not achieved within each cycle and residues accumulate on tne - 
changer which appear in subsequent cycles.
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For this purpose the crude alkaloid concentrate was dissolved, 
to saturation , in 1 Ar hydrochloric acid. The saturated  solution 

| was carefully adjusted by the addition of alkali to  a pH of 
I C.5. A t'th is  point much of the coloring m atte r and other ex- 
| Iruneous m aterial was precipitated and removed on a filter.

The pIT was further, adjusted  by the same m eans to  the point 
| where a  heavy w hite floe appeared. T his precipitate was re

moved on a  filter and constitu ted  the rectified to taqu ine (Table II).
Even under close laboratory control, approxim ately 20%  of the 

alkaloids rem ained in solution in spite of adjustm ent of pH 
I (Table I). C om putations involving th e  solubilities of the 
I natural basic alkaloids indicate th a t losses of th is m agnitude are to 
I be expected. To recover th is valuable m aterial, th e  ion exchange 
j unit was again brought into use. The alkaloid-bearing liquor 
I was m erely reacidified by  th e  addition of a small quan tity  of con- 
I ccntrated acid and then  circulated through the ion exchange 
I columns; the residual liquor, stripped of its alkaloids, was run to 

waste.
By this m eans to taquine can be produced which conforms to  

specifications for the product in so far as purity  is concerned. The 
proportions of the various crystallizable alkaloids will naturally  
depend upon their proportions in  the original bark.

DISCUSSION

T hat acid extraction is an economical m ethod for cinchona 
alkaloid production was dem onstrated by  M araiion and co- 
workers (S). T he adapta tion  of acid extraction to field produc
tion units by the Engineer Board research group of the A rm y has 
further extended the usefulness and economy of th is method by 
pormitting the  utilization of fresh bark  and thus avoiding the 
losses and much of the expense due to  drying, grinding, and 
shipping.

The application of ion exchange to the acid extraction system 
brings its  over-all efficiency and economy to  a point where it can 
compare favorably w ith any of the commercial m ethods now in 
use. T he quan tity  of chemicals and th e  bulk of equipm ent are 
considerably lower than  the original acid extraction-alkali pre
cipitation system  (5 ). T he process therefore lends itself as well 
to small scale field production as to  use in large scale perm anent 
installations. . *

Since field production will permit the exploitation of formerly 
inaccessible stands of cinchona, it should be possible by this

1“ 2 * 3C
50.0115 50.0447 50.0028
39.1038 38.0986 38.0971
31.0396 32.1166 26.5680
29.3635 29.6468 24.5435

8.7403 8.4518 13.5536
77.00 78.71 64.42

76.19 76.19 76.19
94.60 92.31 92.38

5.38 4.15 8.25

T a b l e  II . R e c t i f i c a t i o n  o p  C r u d e  A l k a l o i d  C o n c e n t r a t e
Process No. ’
Wt. crude material, g.
W t. alkaloid in crude material, g.
Total solids recovered, g.
W t. of alkaloid recovered, g.
Wt. of alkaloid remaining in soln., g.
Recovery, °/q 
Total alkaloids in:

Crude totaquine, %.
Rectified totaquine, %

Ash from rectified totaquine, %
a Cold process, precipitated from H:SO« a t  pH  9 by NaOII, total volume 

3000 cc.
b Cold process, precipitated from HC1 a t pH 9 by NH<OH, total volume 

3000 cc.
c Hot process, precipitated from hot (80° to 90° C.) HC1 a tp H  9 by NaOII, 

total volume 3000 cc.

m eans to  continue profitable exploitation of South America’s 
sources of cinchona alkaloids, despite postw ar competition from 
cinchona planters in the D utch  E ast Indies.

T he economy, simplicity, and efficiency of the ion exchange 
acid extraction system  seems to open m any possible applications 
for the process. Ion  exchange has. already been found useful in 
the recovery of atropine, scopolamine, and m orphine (S).
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A. m e th o d  h a s  b e e n  developed  fo r  b re a k in g  d o w n  ra y o n  
f i la m e n ts  in to  fib rils  w h ic h  m a y  h e  seen  w i th  th e  o p tic a l 
m ic ro sco p e . P h o to m ic ro g ra p h s  a n d  x -ray  d if f ra c tio n  p a t 
te r n s  i l lu s t r a te  th e  d iffe ren ces in  th e  s t r u c tu r e  o f  ra y o n  
f i la m e n ts  h a v in g  v a rio u s  d eg rees  o f  c ry s ta l l i te  o r ie n ta t io n .  
T h e  f ib r il la r  s t r u c tu r e s  o f  h ig h ly  o r ie n te d  ra y o n s  a re  c o m 
p a re d  to  th o s e  o f  c o t to n  l in te r s  a n d  ra m ie .

F IB E R S of natu ral cellulose are known to break down into 
fibrils under the action of chemical agents or by mechanical 

disintegration (3, 6, 7). In  studying the action of swelling agents 
on rayon w ith th e  optical microscope, it  was found th a t certain 
types of rayon filaments break down into fibrils similar in appear
ance to  those of the natu ra l fibers, except for the spiral arrange
m ent found in the la tte r. Similar fibrillar structures in Lilien- 
feld and o ther high-tenacity cellulose yarn  have been described 
(3, 10). Form erly, fibrillar structures were believed to exist only 
in natu ra l fibers (8). A m ethod of fibrillation and its  application 
to  various cellulosic fibers are described in this paper.

Several swelling agents—cupram monium, sodium hydroxide, 
and sulfuric acid—which have been used (2, 6) in studying the 
fibrillar structures of na tu ra l cellulose fibers, m ay be used in 
breaking down rayon filaments; however, the tendency for com
plete solution w ith these reagents led to  the tria l of o ther swelling 
agents. Seventy per cent nitric acid was found to  be very satis
factory. This solution does no t n itra te  a t room tem perature  bu t 
forms an addition compound (5) w ith cellulose and has an ad
vantage in th a t it  dissolves the cellulose less readily.

T he technique involved in breaking down single filaments 
under the  optical microscope is  simple. T he specimen is 
m ounted on a  glass slide and covered w ith a th in  cover glass. A 
small am ount of nitric acid is placed a t  the edge of the cover 
glass in contact w ith the specimen, which swells as the nitric acid 
penetrates the structure. T he application of a slight pressure on 
the cover glass causes the swollen filam ent or fiber to  disintegrate 
into fibrils. T he arrangem ent of these fibrils w ith respect to  the 
original fiber or filament axis is easy to  see if excess mechanical 
action is avoided. If  it is desired to preserve the fibrils for a 
period of tim e, the nitric acid m ay be washed aw ay by  applying 
drops of w ater to  one side of the cover glass and blotting up the 
liquid a t  th e  o ther side.

FIB R ILLA R STRUCTURES

T he use of th is technique on rayon fibers has shown differences 
in th e  structu re  o f th e  following rayons having varying orienta
tions: very highly oriented viscose and saponified acetate yarns, 
highly oriented viscose tire yarn , viscose textile yarn, and un
oriented viscose yarn, having tenacities about 5, 5, 3.7, 1.8, and
1.0 gram  per denier, respectively.

Figure 1A  is a single filament of a highly oriented viscose rayon

swollen in 7 0 % .nitric acid. This filam ent shows a longitudinal 
split w ith  fibrils crossing from one side to  the o ther before receiv
ing any m echanical treatm ent. The application of pressure dis
integrates the filam ent fu rther and reveals clearly the fibrillar 
structure, as shown in Figure IB . In  this fiber the fibrils arc 
oriented approxim ately parallel to  th e  filam ent axis.

Filam ents of high-tenacity saponified cellulose acetate yarns, 
as well as those of highly oriented viscose rayons, are character
ized by spontaneous splitting when swollen in 70%  nitric acid. 
In  the initial stages of disintegration under th e  application of low 
pressures, the fibrils appear to  be oriented parallel to  the fiber 
axis. T he principal difference between these two types is the 
fewer crossovers of th e  fibrils in the saponified cellulose acetate 
filaments, indicating a  higher orientation of fibrils in the latter 
case. Figure 1C shows a  single filam ent of a  high-tenacity saponi
fied cellulose acetate yarn  broken down into fibrils.

Figure ID  shows the fibrillar struc tu re  of a  viscose yarn for 
tire cords (1) having a  degree of orientation som ewhat lower than 
th a t for the two samples m entioned previously. Filaments of 
th e  tire yarn  do no t split spontaneously on swelling, bu t rather 
the fibrils tend to  stick together. W ith th e  application of pres
sure the swollen filament first separates into comparatively large 
filamentlike structures, which can be divided further into fibrils. 
On the other hand, filaments of the  more highly oriented 
viscose and the saponified cellulose acetate  yarns break down into 
fibrils of fairly uniform size, in the first stage of mechanical disin
tegration.

T he crystallite orientations of the above-mentioned viscose 
yarns differ considerably and are m uch higher than  th a t of a 
typical viscose textile yarn. Comparison of the x-ray patterns 
of Figures IF , F, and I  shows this for highly oriented yarn, tire 
yarn, and textile yarn, respectively. F ilam ents of normal vis
cose textile yarn  do no t separate into distinct fibril? under the 
swelling and transverse-pressure trea tm en ts described previously, 
as shown by the disintegrated textile filament in Figure 1II- 
Longitudinal disintegration and the beginning of fibril form ation  
are apparent. D ifferent samples of textile yarns show more or less 
distinct fibril formation, depending upon the degree of orientation.

Filam ents having no crystallite orientation (Figure 10) do not 
break down in to  fibrils. In  th e  first stage of d is in te g ra tio n  the 
unoriented filam ent cleaves approxim ately to the s a m e  extent 
in d if fe re n t  directions (Figure IK ). F u rther m e c h a n ic a l-treat
m ent gives only irregularly shaped pieces of cellulose. W h en  this 
regenerated yarn is highly stretched and then treated  with nitric 
acid, the filament tends to  break longitudinally, and the begin
ning of fibril form ation is apparen t (Figure 1J).

T he same viscose and spinning b a th  conditions were used in 
spinning the filaments shown in Figures IB  and K . Therefore, 
the  differences in  breakdow n structures of these filaments are at
tribu ted  to the different stretching treatm ents of the extrude 
filaments. A comparison of the x-ray diffraction patterns an
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A . F i la m e n t  o f  very h ig h ly  or i
en te d  v iscose  rayon  in  70^  
n itr ic  acid

It. D is in teg ra te d  fila m e n t 'o f  very  
h ig h ly  or ien ted  v iscose  rayon

G. (D is in te g r a te d  fila m e n t o f  very  
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m e n t  o f  u n o r ie n ted  v iscose  
rayon
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the corresponding photom icrographs shows th a t fibrillar forma
tion parallels crystallite orientation, which is known to be de
pendent upon spinning conditions (4).

Figures 2A  and B  are photom icrographs of cotton linters and 
ram ie broken down into fibrils by th e  use of 70%  nitric acid. 
T hey are given to  compare the fibrillation of rayon fibers with 
th a t of na tu ra l fibers under the same conditions. T he natural 
fibers show the  well known spiral arrangem ent of the fibrils around 
the fiber axis; ram ie has a smaller angle between the fibrils and 
the filam ent axis. Figures 2C and D show the fibrils of ram ie more 
completely separated by further mechanical treatm ent. The 
larger fibrils obtained in the first stage of disintegration have been 
broken down into smaller fibrils on further mechanical treatm ent. 
There seems to be little  difference in appearance between the 
fibrils of natu ral fibers and those of highly oriented rayon, w ith 
the exception of orientation (Figures IB  and 2D).

T he orientation observed by means of x-rays in the highly 
oriented viscose fibers is comparable w ith th a t observed in ramie 
fibers. T he crystallite orientation within a  fibril of na tu ra l cellu
lose is thought to  be alm ost completely parallel to  the axis of the 
fibril, so th a t  th e  over-all crystallite orientation of natu ral fibers is 
determ ined by the fibrillar orientation (9). On the other hand 
the over-all orientation of th e  crystallites in these synthetic

CONCLUSION

T he m anner in which rayon filaments break down by mechani
cal or chemical trea tm en ts depends principally upon the crystal
lite orientation. R ayons having high crystallite orientation sepa
ra te  into fibrils, whereas unoriented rayons show no evidence of a 
fibrillar structure. T he fibrils from viscose and saponified cellu
lose acetate yarns appear similar to  the fibrils from cotton and 
ram ie except for the spiral arrangem ent in the latter. In con
tra s t to natu ral fibers, the over-all orientation of t h e s e  .synthetic 
fibers, as shown by x-rays, is determ ined largely by the crystallite 
orientation within the fibrils.
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fibers is largely a 
m easure of the crys
ta llite  orientation 
w ithin the fibril be
cause the spread in 
orientation as deter
mined by x-rays is 
much greater than 
the spread in orienta
tion of the fibrils. 
In  na tu ra l fibers 
fibrils exist before any 
b r e a k d o w n  t r e a t 
m ent, b u t there is no 
direct evidence that 
fibrils exist in the 
rayon fibers before 
swelling. However, 
the new surfaces pro
duced by fibrillation 
of th e  rayon fibers 
m ust come from 
regions of the fila
m ents having less 
than  average cohe
sion. These regions 
m ay have above- 
average amounts of 
holes, strains, and 
amorphous cellulose 
which is more readily 
dissolved and weaker 
than  the more crys
talline portions. The 
fibrils break up into 
smaller and smaller 
ones as th e  mechani
cal treatm en t is in
creased, b u t their ap
pearance w ith a given 
am ount of mechani- 
c a l  a c t i o n  i s
c h a r a c t e r i s t i c  of 
t h e  t y p e  o f
rayon.

F ig u re  2
A. P a rtia lly  diH integrated fiber o f  c o tto n  linter*«
B . P a rtia lly  d is in te g r a te d  fiber o f  ra m ie
C. In te r m e d ia te ly  d is in teg r a te d  fiber o f  ra m ie  
I) . D is in teg ra ted  fiber o f  ram ie



Lower Flammability Limits 
of Methylchlorosilanes

E . W . B A L IS  AND H . A . L IE B IIA F S K Y

G eneral E lectric C om pany, Schenectady , IW. Y.

T h e  in c re a s in g  p ro m in e n c e  o f  th e  c h lo ro s ila n e s  in  th e  
s ilicone  in d u s try  m a k e s  i t  a d v isab le  to  m e a s u re  th e i r  lo w er 
f la m m a b ility  l im i ts  in  a ir . T h e  p ro p e r tie s  o f  th e se  m a te r i 
a ls c o m p lic a te  s u c h  m e a s u re m e n ts .  T h e  v a lu es  3.4 =*= 
0.1%  a n d  7.6 =*= 0 .3%  w ere  o b ta in e d  o n  a  m o d ified  B u re a u  
o f M in es  a p p a ra tu s  fo r  th e  low er l im i ts  o f, re sp ec tiv e ly , 
d im c th y ld ic h lo ro -  a n d  m e th y ltr ic h lo ro s ila n e  in  a ir .

T h e  low er l im i t  m e a s u re d  fo r o n e  m ix tu re  o f  th e se  s ila n e s  
ag reed  w ith  th e  va lu e  c a lc u la te d  by th e  rec ip ro ca l a d d it iv 
i ty  ru le  o f  Le C h a le l ic r . T h e  p re sen ce  o f  silico n  t e t r a 
c h lo r id e  a p p e a rs  to  ra is e  th e  lo w er lim iL o f  d im e th y l-  
d ic h lo ro s ila n e ; n o  effec t o f  h y d ro g e n  ch lo r id e  w as o b 
served  in  tw o te s ts .  V ery fine ly  d iv ided  silica  seem s to  be  
p ro d u c e d  in  th e  c o m b u s tio n  o f  th e  c h lo ro s ila n e s .

TH E  mcthylchlorosilanes are im portan t interm ediates in 
the silicone industry. Since these volatile compounds con

tain oxidizable carbon, hydrogen, and silicon, their vapors 
might be expected to  form explosive m ixtures w ith air. In  order 
to establish the maximum safe concentration in certain of these 
mixtures, lower flamm ability lim its (more precisely, lower lim its 
of self-propagatioft of flames, 3) have been determined. T he cor
responding upper lim its probably exceed the vapor pressures of 
the chlorosilanes a t  room tem perature, which makes these 
limits of less im m ediate practical interest.

The precise determ ination of flamm ability lim its is no t simple, 
as extensive work done a t  the U. S. Bureau of Mines (2) and else
where will testify. The only conservative course is to  seek the 
lowest possible lower lim it, which the apparatus evolved a t  tho 
bureau is designed to yield. Because of difficulties peculiar to 
the chlorosilanes, this apparatus had to  be modified to  give sa t
isfactory results. D eterm inations on the modified apparatus 
were tim e consuming, and it  proved advisable to  design a simpler 
setup for exploratory work.

The dimethyldichlorosilane (DDS) and m ethyltrichlorosilane 
(MTS) were of good quality. T he silicon tetrachloride was 
the middle fraction obtained by distilling th e  c .p . m aterial when 
needed.

The stoichiom etry of the reactions between the chlorosilanes 
and oxygen was no t studied. In  all experiment^ the walls of the 
reaction cham ber were covered w ith a  w hite deposit. The ab
sence of discolorations in these deposits indicates th a t combus
tion to  silica always occurred. T he following reactions, though 
not proved, are reasonable:

For D D S: (C H ^ S iC l, +  <10, =
S i0 2 +  2 C 0 2 +  2HC1 +  2H 20  (1)

For M TS: C H 3SiCl3 +  2 0 , =  SiO-> +  C0-. +  3HC1

In all except one or two prelim inary experiments, 
enough oxygen was initially  present for the complete 
combustion of the chlorosilanes according to  these 
equations.

The following properties of the chlorosilanes m ake 
it unusually difficult to  m easure the lower, flamma
bility lim its of the ir m ixtures w ith  air:

R e a c t iv it y . T he chlorosilanes react readily w ith 
water; o ther m aterials, such as paper and  rubber, 
deteriorate in their presence. Stopcocks, lubricated 
or not, are liable to freeze if their bearing surfaces 
are exposed to  chlorosilane vapors.

(2)

C o n d e n s a b il it y . D D S boils near 70° C .;  M TS, near 06°. 
W hen air is adm itted  to  vertical tubes containing their vapors, 
condensation by compression is likely to  occur, especially if the 
tube is narrow or contains only chlorosilanes near their sa tu ra 
tion pressures, and  if a ir is adm itted  suddenly from the top  in a  
stream  directed down the axis of the tube.

Low D if f u s iv it y . A precise determ ination of flam m ability 
lim its presupposes thorough mixing; for example, the M TS con
centration in an S%  m ixture of th a t substance m ust no t differ a t  
any po in t from this over-all value by m ore th an  0.1% . T he 
molecular w eight of M TS is 149.5, and  its  diffusivity is conse
quently  low. Condensation of M TS is therefore particularly  
serious; experim ents have shown th a t uniform composition is 
no t a tta ined  for m any hours, once condensation has occurred.

S o l id  R e a c t io n  P r o d u c t s . T he w hite deposit formed on the 
walls of a  tube  in which chlorosilanes are burned m ust be re
moved after each experiment. (Scrubbing w ith a  toluene-satu- 
rated  cloth is effective.) E ven under the best conditions, a  
w hite film eventually forms in the vacuum  system  to  which the 
explosion tube is connected; satisfactory glass blowing is then  
difficult or impossible.

EXPLO RATO RY w o r k

Experim ents on D D S-air m ixtures in  liter bulbs w ith a 0.3-cm. 
spark gap between tungsten electrodes showed th a t flame propa
gation occurred w ith 3.2%  D D S but. no t with 3.0% . Two vio
lent explosions d ictated  a  change of apparatus.

Exploratory work was continued w ith portable explosion ves
sels (Figure 1); they were disconnected from the vacuum 
system  after filling, w rapped in a towel, and rem oved to  a  place 
where ignition could be safely attem pted . None of these vessels
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MANOMETER

SEE DETAILOF 
BOTTOM OF TUSE

tus as changed gave good results w ith hydrogen b u t not with the 
ehlorosilancs. Some of the difficulties were: (a) condensation 
invariably occurred when air was adm itted , (6) the presence of 
hydrolysis products around the m outh of the tube showed that 
chlorosilanes began to  pour ou t as the plate was removed prior 
to  a ttem pts a t  ignition, and (c) chlorosilanes were probably lost- 
to  the m ercury in the pum p. F u rth e r changes in  the apparatus 
and m ethod of ignition were m ade to  m eet these difficulties.

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. 38, No. 6

DETAIL. OF BOTTOM OF TUBE

broke, the rubber stopper being ejected when ignition did occur; 
only m ixtures near the flam m ability lim it were tried.

T he first portable vessels were short-necked glass bulbs. Ig
nition  occurred in these bulbs for 4.0%  D D S a t  diam eters of 2, 3, 
and 5 inches, which indicates th a t the lower lim it for D D S cannot 
be very sensitive to  the diam eter above 2 inches.

A fter tes ts w ith longer tubes, th e  apparatus of Figure 1 was 
finally adopted. The longer tubes gave erratic  results. If  igni
tion was attem pted  im m ediately upon rem oval from t he vacuum 
system , mixing was incom plete; during a  w ait for complete mix
ing, the chlorosilane reacted w ith the stopper. (Protecting the 
la tte r w ith m etal foil was ineffective.) The tube was accordingly 
shortened to  expedite mixing; a t  a  length of 5 inches, tests  on 
D D S showed the mixing w ith a ir to  be complete during the charg
ing of the tube. T he lower lim its obtained on th e  final apparatus 
were: D D S 3.4%  and M TS 10%. The former value is satis
factory, b u t the la tte r is too high, which is no t surprising since 
M TS makes the greater dem ands upon the apparatus.

M O D IF IE D  BU R EA U  O F M IN E S APPARATUS

A ttem pts were m ade to  use a  setup devised by  th e  B ureau of 
Mines (£); since th e  m ethod of ignition proved unsuitable for 
the chlorosilanes, electrical ignition was provided. T he appara-

F ig u re  3. E le c tro n  M ic ro g ra p h  o f  S iliceous 
C o m b u s tio n  P ro d u c t

T a b l e  I. C h a r g i n g  o f  T u b e  ( F i g u r e  2) w i t h  K n o w n  DDS- 
M T S -A ir M i x t u r e  •

Operation
Pump out 
Pump out 
Pump out
Finisn pumping down 
Determine leak rate over 5 

min.
Pump down again; read 

manometer (equals baro
metric pressure)

Remove cooling mixture from 
DDS and M TS reservoirs; 
warm MTS reservoir to de
sired pressure; apply leak 
correction from operation 
5; MTS now in tube

6 Pump down
7 W arm DDS reservoir to a 

pressure greater than MTS 
pressure in tube

Admit DDS to tube to de
sired pressure; apply leak 
correction from operation 5 

Pum p down 
Admit dry air to system 
Adjust stopcock 1 so th a t mer

cury in manometer rises 1 
cm.; readjust to maintain 
this pressure difference un
til total pressure in explo
sion tube approaches at
mospheric; open stopcock 

. wide to obtain atmospheric
pressure in tube

14 Close stopcock 1 and admit
dry air to DDS and MTS 
reservoirs in turn

a Liquids in reservoirs are perm itted to boil for purging; they are then 
cooled to solid COr-acetone temperatures as evacuation is continued.

Highest leak rate observed was 0.04 cm. of Hg per minute (Table II, 
No. 7B); in the other tests of Tables II  and I I I  the leaks were negligible.

Opera Open Closed
tion No. Stopcocks Stopcocks

1 1,7 2 ,3 ,4 , 5 ,6
2 ° 2 ,7 1,3, 4, 5, G
3a 3, 7 1,2, 4, 5, 6
4 1, 2 ,3 ,7 4, 5, 6
5& 1, 2, 3 4 ,5 ,6 , 7

6 1,2, 3, 7 4 ,5 ,6

7& 1,3 2, 4, 5, 6 , 7

8 7 1,2, 3, 4, 5, (
9 2 1,3, 4, 5, 6 , '

10 1 ,2 3 ,4 , 5 ,6 ,7

11 7 1, 2, 3, 4, 5, (
12 5 1,2, 3, 4, 6 , '
13 1, 5 2,3,.4, 6 ,7

I MIL ALUMINUM FOIL

JOINT

F ig u re  2. D ia g ra m  o f  M odified  B u re a u  o f  
M in es  A p p a ra tu s

'TO
PUMP

GLASS WOOL

GLASS WOOL 

DRIERITE

GLASSWOOL
STOPPER

SCALE 6"

-GROUND GLASS PLATE
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T a b l e  II. L o w e r  F l a m m a b il it y  L im it s  f o r  C h l o r o s il a n e s  
in  A ir

Chlorosilane
Dimetlivldichloro-

(D D S)U

Methyltrichloro- 
(MTS) h

% by • Hr. of Flame Propa
No. Vol. Standing gation
1A 3.72 40 Yes
2A 3.45 6 Yes
3 A 3.1G 16 No
4 A 3.31 G No
5 A 3.46 IG Yes
6 A 3.32 G No
IB 9.3 16 Yes
2B 8 .G G Yes
3B 7.3 16 No
4B 8 .0 5 Yes
5B 7 .G 16 No
6 B 7.9 5 Yes
7B C 7.8 40 No
8 B 7.8 5 No
9B d 7.9 16 No

10B 8.7 5 Yes
11B 7 .8 6 Yes

1C 4.15 16 Yes
2C 3.86 6 No
3C 3.99 16 Yes
4C 3.97 6 Yes
5C 3.84 22 No

Mixt, of DDS- 
MTS«

a Lower flammability limit, 3.4 ±  0.1% DDS, the mean of 3.40%  (No. 5A) 
and 3.31% (No. 4A).

l> Lower flammability limit, 7.6 *  0.3% MTS (arbitrary choice). 
c Loss of MTS probable; mercury added to give 5 cm. head near mouth 

of tube.
d Leak observed; plate reground after experiment. 
e Chlorine, G0% by weight. Mole fractions, DDS 0.719 and MTS 0.281; 

lower flammability lim it, 3.9% mixture.

T he modified apparatus finally developed (Figure 2) differs 
as follows from the original: Air is adm itted  from the side a t  the 
bottom, instead of from the center a t  th e  top ; th is change elim
inated condensation. Complete mixing is obtained by waiting 
a m inim um  of 5 hours instead of w ith a m ercury pump. A
1-mil alum inum  foil held between phosphor bronze sp lit rings is 
added to  eliminate the loss of chlorosilanes from  the tube prior 
to ignition (Figure 2). T he ignition source is a  fine oxyhydrogen 
flame th a t  cuts in stan tly  through the foil, a wooden support, the 
vessel of mercury, and the glass p late having been removed.

The steps required to fill the  tube for a  run  are given in T able I. 
Pure m aterials were used in all tests, and concentrations were 
calculated directly from the pressures m easured after the ad
mission of each component to  the tube. A fter 5 hours or longer, 
ignition of the m ixture was attem pted  in  a  darkened room to  see 
whether flame propagation occurs. T he tube was then  dis
mounted, swabbed ou t w ith toluene, and set up for th e  next run.

The substances added to  D D S (Table I I I )  were introduced as 
follows: Silicon tetrachloride from a reservoir, as though a  D DS- 
MTS m ixture were being made, and hydrogen chloride from a gas 
cylinder through stopcock 6.

R E SU L T S AND D ISC U SSIO N

D ata for various ehlorosilane-air m ixtures are given in Table
II. W hen flame propagation occurs in a  darkened room, a  daz
zling w hite hemisphere, equator downward, moves up  the tube 
and reaches the top  in several seconds. Incandescent silicalike 
particles appear to  be responsible for the dazzling whiteness. As 
the flame progresses, the walls in  the burned zone become covered 
with a w hite deposit. Large white floes of silicalike m aterial 
float downward for about a  m inute after the flame has traveled 
the full length of the tube.

The flocculent m aterial produced by the combustion of D DS 
"'as examined in the electron microscope (Figure 3). T he m a
terial appears to be a  loose three-dimensional netw ork of very 
fine, adhering particles. T he average diam eter of these particles, 
less than  100 Â., is m any times sm aller than  th a t a tta ined  by 
grinding silica.

In m ixtures ju s t below the flam m ability lim it, combustion 
without flame propagation m ay occur. W hen th is happens, 
°nly the lower portion of the tube  is whitened, a  reliable indica
tion th a t the lower lim it is near.

The value in  T able I I  (3.4%) for the lower flam m ability lim it 
of D D S is identical w ith th a t previously chosen from tests in  the 
portable apparatus, and slightly higher than  th a t (3.1%) obtained 
w ith  th e  1-liter bulb. I t  appears to be reliable.

The lower lim it for M TS is som ewhat less certain, partly  be
cause leaks occurred even after precautions had been taken. In  
this work a  w hite ring formed a t  the periphery of the  contact 
area between tube and glass plate  (Figure 2), and  th is ring be
came progressively heavier until the plate had to  be reground 
after run  9B (Table II )  because there had been a leak. T he 
ring contained a  chlorosilane hydrolysis p roduct; calomel was 
absent. (W ith D DS, presum ably because the concentrations 
were lower, the ring was very  fain t and leakage negligible.) 
Nevertheless, the value 7.6 =*= 0.3%  seems to  be sufficiently reli
able for practical purposes; the higher result (10%) from the 
portable apparatus is untrustw orthy.

According to  the reciprocal add itiv ity  relationship first as
sum ed for flamm ability lim its by Le Ch&telier (1), the  value for 
the mcthylchlorosilane m ixture of Table I I  should be

1
(0.719/3.4% ) +  (0.281/7.6% ) =  4.0% (3)

where the denom inator contains the mole fraction of each silane 
divided by the corresponding lower lim it; these mole fractions 
characterize the m ixture containing 60%  chlorine by weight. 
T he actual result (3.9%) from T able I I  proves th a t  this relation
ship holds for the present case. Also, the last four runs in the 
table show th a t i t  was possible to  a tta in  considerable precision 
in  working w ith these reactive m aterials.

I t  seemed plausible th a t  silicon tetrachloride would react w ith 
th e  reactive interm ediates involved in  the propagation of chloro
silane flames, which suggested th a t  a small am ount of this 
substance m ight significantly raise the lower flam m ability limit. 
Accordingly, five runs were carried ou t w ith silicon tetrachloride 
as added substance (Table I I I ) .  T he results do indicate a de
activating  effect of the kind sought, b u t a t  silicon tetrachloride 
concentrations too high to  be of much practical in terest. The 
two experiments w ith hydrogen chloride serve as a. blank, for this 
substance is less likely th an  silicon tetrachloride to  react w ith  the 
interm ediates in question.

T a b l e  II I . E f f e c t  o f  A d d e d  S u b s t a n c e s  o n  F l a m m a b il it y  
L im it s  o f  D im e t h y l d ic h l o r o s il a n e

%  by Volume Time of Flame
Added Run Added Standing, Propa

Substance No. DDS Substance Hours gation
SiCl< 1 3.61 4.01 16 No

2 3.59 1.29 16 No
3 3.61 0.71 16 No
4 3.59 0.19 16 Yes
5 3.60 0.39 16 Yes

HC1 1 3.59 0 .6 8 5 Yes
2 3.58 3.90 16 Yes
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Nomograph for Formulas 
Containing Fractional Exponents

W . H E R B E R T  B U R R O W S

S ta te  E ngineering E xp erim en t S ta tio n , Georgia School o f  Technology, A tla n ta , Ga.

T h e  u se  o f  f r a c t io n a l  e x p o n e n ts  in  th e  d e r iv a tio n  o f  e m 
p ir ic a l fo rm u la s  is  w id esp read  in  e n g in e e rin g  fie lds, e s
p ec ia lly  c h e m ic a l e n g in e e rin g , h y d ra u lic s , a i r  c o n d it io n 
in g , e tc . F re q u e n t ly  e m p ir ic a l fo rm u la s  a re  e n c o u n te re d  
w h ic h  re q u ire  th e  s im u l ta n e o u s  in v o lu tio n  o f  te r m s  to  
f r a c tio n a l pow ers a n d  m u l t ip l ic a t io n  o r  d iv is io n  o f  several 
s u c h  te r m s .  T h e se  te r m s  a re  c u m b e rso m e  to  h a n d le  by  
o rd in a ry  m e a n s , s u c h  as  th e  Iog-log  s lid e  ru le .  A g e n e ra l 
n o m o g ra p h , derived  b y  M cM illen , g ives a  m e th o d  o f  s im u l
ta n e o u s  in v o lu tio n  a n d  m u l t ip l ic a t io n  o f  s u c h  te rm s . A 
new  n o m o g ra p h  h a s  b e e n  derived  w h ic h  a c c o m p lish e s  th e  
s a m e  r e s u l ts  a n d  w h ic h  g e n e ra lly  re q u ire s  few er o p e ra 
t io n s ;  h e n c e  m a n ip u la t io n  o f  th e  c h a r t  is  s im p le r . A t th e  
s a m e  t im e  b a s ic  c h a n g e s  h av e  b e e n  m a d e  w h ic h  le ad  to  
g re a te r  a c c u ra c y  o f  re a d in g  a n d  in te rp o la t io n  o f  th e  sca les 
a n d  to  a  w id e r r a n g e  o f  p ro d u c ts . T h e  m e th o d  is il lu s 
t r a te d  by  th e  s o lu tio n  o f  ty p ic a l p ro b le m s .

A  C H A R T  for the evaluation of fractional powers of term s and 
for the direct accum ulation of a  product of odd-power 

term s was previously prepared by M cM illen1. The usefulness 
of such a  chart in  chemical engineering calculations, where the 
log-log slide rule is som ewhat m ore cumbersome, was well pre
sented in  the article accom panying th a t chart.

The present chart differs from the original in  two respects: 
F irst, the ra tio  of the moduli of the T- and P-scales, r = 2, is 
used as compared to  r =  1 in  th e  original chart. T his provides 
for greater accuracy in  the reading of the  individual term s, wider 
range for the products, and a m ore even spread of th e  vertical 
lines of the exponent scale. Second, the revised mode of opera
tion described provides additional range for th e  product scale by 
projection of the P-scale, extended, onto horizontal lines along 
th e  top and bottom  of the chart. A range from  10~"' to  104 is 
shown, although the same principle could be applied to extend 
the range from 10“ 12 to  1012 if i t  were advisable.

The principal deviation from the original is in the mode of op
eration, which will be described in detail later. In  th e  original 
m ethod the sim ultaneous involution and m ultiplication of power 
term s required two stra igh t edges or two operations for each 
term  (in certain special cases, three operations for each two terms), 
and  th e  p roduct was accum ulated term  by term  on the P-scale. 
In  the present m ethod one position or operation of the stra igh t 
edge is required for each term , and no product need be shown on 
th e  P-scale un til the  final reading.

The m aster chart, from which th e  reduction shown in  Figure 1 
was made, is 16 X 20 inches, exclusive of scorings and numerals. 
Consequently, each cycle of the T-scale is 10 inches in  length, and 
each cycle of the P-scale is 5 inches in  length. I t  does no t follow 
th a t th e  scales have the accuracy of slide rule scales of corre
sponding length, since the la tte r  are machine-engraved whereas 
the chart is entirely hand-ruled. Moreover, the chart is subject

1 McMillen, E. L., Ind . E ng. Chem., 30, 71 (1938).

to  the sam e possible errors of m anipulation which afBict all 
nomographs. High accuracy of readings will be of more credit 
to  the m anipulator th an  to  the chart.

A t best the readings m ay be considered satisfactory for engi
neering calculations, where errors of 2 to 5%  arc allowable. The 
m ethod is to  be considered, in short, prim arily as.a tim e saver.

CONSTRUCTIO N O F CHART

V e r t ic a l  L in e s  f o r  E x p o n e n t s . T he positions of the verti
cal lines for exponents are determ ined as shown in  Figure 2. 
L inear scales are laid off on the parallel extrem e scales, using 
moduli in  the sam e ra tio  as th a t to  be used in laying off the log
arithm ic scales la ter; in the examples shown, this ratio  is 2 to 1. 
A line is draw n between the  zero points on the two scales and a 
stra igh t edge (dotted lines) is laid from — 1 on the T-seale to suc
cessive points on the P-scale. The points of interesection of the 
s tra igh t edge w ith the 0-0 line m ark the abscissas of the hori
zontal scale, the values of these points having th e  same numerical 
value as the corresponding points on the P-scale.

This construction, as shown, gives rise to  a  scale which reads 
from righ t to  left, a  factor which facilitates the use of the chart by 
right-handed persons; such persons will generally operate the 
p ivot w ith their righ t hands and thus leave the T-scale unob
structed. Left-handed persons will doubtless find a  reversed 
chart easier to  use for the sam e reason.

L o g a r it h m ic  S c a l e s . T he T- and P-scales are logarithmic. 
T he moduli of these scales m ust be in the  same ratio  as the linear 
scales used to  m ark off th e  vertical lines for exponents.

Those portions of th e  P-scale (10* to  101 and 10-2 to 10-1) 
lying along the top  and bottom  edges of the chart are laid off by 
extending the P-scale two cycles beyond the upper and lower 
extremes of th e  chart and projecting these cycles onto the hori
zontal position by a stra igh t edge laid through point 1 on the T- 
scale. E xcept for evolution, this portion of the scale may be 
used only in the reading of final products, no t for initial terms. 
In  o ther words, since i t  is formed by projection through the point 
T  — 1, i t  is valid only when the stra igh t edge lies through that 
point.

U S E  O F CHART

I n v o l u t io n  a n d  E v o l u t io n . T he m ethod of c o n s tru c tio n  of 
the scale of exponents shows th a t the segments of the T- and P- 
scale intersected by two transversals crossing a t  point e of the 
exponent scale are in  the relationship, A  = eB, where A  and B  are 
linear segments of the  P - and  T-scales, respectively. If A  and B 
are logarithm ic segments, then  log A  =  e log B, or A  -  B  .

Rule 1. T o  raise the number, n, to  the eth power, co n n ec t 1 
on the P-scale w ith  n  on the T-scale. Place a  pivot a t  the inter
section of the stra ig h t edge w ith  the vertical line for e, pivot the 
stra igh t edge to  1 on the T-scale and read the answer, ne, on the 
P-scale. ,

T he example given (Figure 3) shows th a t 2.6I-7i’ = 5.30- 
E volution proceeds in  an  exactly reverse fashion, as in the same
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F ig u re  1. C h a r t  fo r F o rm u la s  Inv o lv in g  F ra c t io n a l P ow ers



F ig u re  3. In v o lu tio n  a n d  E v o lu tio n , S h o w in g  a  M e th o d  
o f  O b ta in in g  O dd P ow ers o r  R o o ts  o f  An y  Nu m b e r

F ig u re  4. T w o M e th o d s  o f  M u ltip lic a tio n
P a th  1 shown th e  m eth o d  o f  M cM iU en, in  w h ich  a  product is 

m u ta ted  by a d d in g  th e  logarithm !* o f  th e  term s on  th e  P - s c a l e .  1 a 
2 . sh ow s th a t  th e  sa m e  p rod u ct is ob ta in ed  by accu m u Vn^ fnaj 
pro d u ct in  th e  “ field”  o f  exp on en ts  and  p rojectin g  from  the  
p o s it io n  back o n to  th e  P -sca le . O in d ica te s  p o sitio n  o f  p*v
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F ig u re  2. C o n s tru c tio n  o f  S ca le  fo r E x p o n en ts  
M oduli o f  T -  a n d  P -sca les  are in  a ra tio  o f  2 to  1.

example, \ /5 .3 5  =  2.6. In  both cases, as in 
the cases to  follow, term s are located on the T- 
scale, except initial terms in m ultiplication; their 
powers and products are located on the P-scale.

M u l t ip l ic a t io n  a n d  D iv is io n . The 
m ethod of McM illen for simple multiplication is 
shown' in Figure 4, p a th  1. The num ber 2-5 
is raised to  the first power, as in  ordinary in
volution giving the point 2.5 on the P-scale. 
The num ber 4.2 is then raised to the first 
power, b u t the initial point for this operation 
is taken  as the final po in t of the previous opera
tion (P  =  2.5), so th a t the resulting reading 
on the P-scale is the product 2.5 X 4.2 =  10.5. 
Taking this as the initial point, a  th ird  member, 
8.6, is then raised to  the first power, giving the 
product 2.5 X 4.2 X 8.6 =  90.3. This could 
be repeated for any num ber of term s, the re
su lt being like th a t shown by path  1 of Figure
4 except th a t  it  eould no t extend beyond the 
limits of th e  vertical portion of the P-scale. 
Division is accomplished by pivoting in the 
reverse direction. T his is, of course, a simple 
application of the addition and subtraction of 
logarithms to  obtain a product; hence, no proof 
seems necessary beyond the example given.

A simpler and more direct m ethod is that 
shown by path  2. Instead  of projecting each 
term  back onto the P-scale and measuring all 
units from th a t  scale, th e  p ivo t is merely moved 
one additional un it to  the left for each addi- 
'tional term , and the final product is obtained 
by projecting onto the P-scale from the final
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.position of the pivot. The product so obtained m ay fall anywhere 
011 the P-scale. Division is accomplished by moving the pivot 
to the right instead of to  the left, for each term  in th e  divisor, as 
this am ounts to  m ultiplying by th a t term  raised to  the — 1 powor.

Figure 4 is graphic proof of the iden tity  of the products ob
tained by the two methods, and proof of the valid ity  of the second 
method will be based on th a t. I t  is obvious from Figure 4 th a t 
the in itial setting  on th e  P-scale need no t be 1, b u t m ay be the 
first term  of the product ( th a t is, th e  first step  in p a th  1 m ight be 
om itted). T his reduces by  one the num ber of settings on the T- 
scalo, and leaves to  the m ethod one setting  for each term and one 
for the product.
. Rule 2. To find the product of a  series of term s, X n 2 X 

»3 X . . . ,  connect ni on the P-scale w ith n 2 on the T-scale and 
place the p ivot a t  vertical lino 1. P ivo t to  n 3 on the T-scale and 
move the p ivot to  vertical line 2. Proceed in this fashion for 
subsequent term s, moving the p ivot one u n it to the left w ith each 
term. F or division, move th e  p ivo t one u n it to  the righ t for each 
divisor. W hen the pivot has been located for the las t term , pivot 
to 1 on th e  T-scale and read the product on the P-scale.

For example (Figure 5), to  obtain  the product,

17.5 X 0.22 X 0.655 X 4.30 
0.34 =  31.8

start w ith 17.5 on the P-scale and 0.22 on the T-scale. P ivot a t  
vertical line 1 to 0.655 on th e  T-scalc. P ivo t a t  vertical line 2 to 
4.3 on ’the (T-scale. P ivo t a t  vertical line 3 to  0.34 on the  T- 
scale and, since this term  is in  the denom inator, move the pivot 
back one space to  vertical line 2. P ivo t on th is point to  1 on the 
T’-scalc and read the product on the P-scale.

S im u l t a n e o u s . M u l t ip l ic a t io n  a n d  I n v o l u t io n . T he mo
tion of th e  p ivot by  units to the left or right was for term s whose 
powers were + 1  or —1, respectively.

Rule S. For term s w ith powers o ther than  one, move the pivot 
a  num ber of spaces to  the left or right corresponding to  the power 
to  which the term  is to be raised. The product is obtained as be
fore.

For example (Figure 6), to evaluate the product,

2.35 X 0.0180-15 X 7.6f-32 
1.725

=  545

starting  w ith 2.35 on the P-scale and 0.1 on the T-scale, move the 
pivot 0.15 to  the left. P ivo t to 0.18 and again move the p ivo t
0.15 to the left (i.e., to  0.3). P ivo t to  7.6 and move the p ivot an 
additional 3.32 to  the left (i.e., to  3.62). P ivo t to 1.725 and move 
the pivot 1.25 to  the right (i.e., to 2.37). P ivot to  1 and read the 
product on the P-scale.

F ig u re  6. S im u lta n e o u s  M u lt ip ! ic a t io n  ancl In v o lu tio n

N o t e s . If, during the course of an operation, the pivot moves 
too far to  the righ t or loft, i t  m ay be brought back into range by 
m ultiplication by any power of one. T his means th a t, w ith the 
stra igh t edge laid through point 1 on the T-scale, the p ivot m ay 
be moved into any desired position w ithout affecting the previous 
term s or the final product.

To evaluate n where n  lies outside the range of the 7'-scale, 
factor n  in to  two term s by sim ultaneous m ultiplication and divi
sion by a convenient power of 10. For example, to  evaluate 
1680°-8°, w rite this term  as l.e SO 0-8» X (1 0 3)0-80 =  l.OSO0-80 X 
102-40 and obtain the product of these two term s, as previously 
shown.

If several such term s occur in  the sam e expression, it  is advis
able for the sake of tim e and accuracy to  combine the several 
factors of 10 before m ultiplication. F or example,

7190° 65 X 5 6 0 2 10 X 3 6 0 0 - 1 -10 

=  (7 .1900-65 X lO '- ^ K S .e O 2-10 X 1 0 (-2) (3 .6 0 0 “ 110 X lO “ 3-30)

=  7 .1900-65 X 5.602-10 X 3.600“ 1-10 X 102-86



HIGH SPEED RAIN ABRASION

ßod ius • /. 45

R . M c G . R O B E R T S O N , R . J .  L O B IS S E R , AND R . E . S T E IN

R adia tion  Laboratory, -M assachusetts I n s t i tu te  o f  T echnology, Cam bridge, M ass.

TH E  A N /A PQ -7 (Eagle) radar bombing system  developed a t 
this laboratory employed as a  housing (radome) for its scan
ning an tenna a  stream lined vane w ith a lam inated glass cloth 

leading edge. The cross section of this vane is shown as follows:

The plastic nose, ABCD, has an outer skin, 0.050 inch thick, con
sisting of seven layers of Owens Corning Fiberglas ECC-11-Î28 
lam inated w ith Lam inae X4000 resin (American Cyanamid

Company). T he principal requirem ents on the lam inate were 
for maximum stiffness and good hea t resistance (to 125° C.). 
T he la tte r  requirem ent was necessary because provision 
was made in the vane design for de-icing by circulation of hot air 
between the  double walls of the leading edge.

A fter long operational flights in the sum m er of 1945 in the 
Pacific area, during which rain storm s Were encountered, con
siderable wear was observed in nose section BC. A few hours’ 
flight in rain  was sufficient to  w ear through several layers of 
glass cloth and resin. The w ear was som ewhat similar in ap
pearance to  erosion caused by sandblasting, took place in an un
even m anner along the leading edge, and was m ost severe 
along the tip  of the nose.

A study was m ade a t  th is laboratory during th e  summer of 
1945 in an effort to determ ine the cause of the wear, to find a tem
porary preventive m easure which could be applied in the field 
and to  find w hat production changes should be m ade to eliminate 
this wear. The work was in terrup ted  by th e  end of the war, but 
the prelim inary results obtained were sufficiently im portant to 
w arrant their presentation for discussion and to  encourage further 
work.

F ig u re  1. H ig h  V elocity  R a in -D ro p  E ro sio n  T e s te r . L ow er'le f t, 
C lo se -u p  o f  S a m p le  H o ld e r. R ig h t, C lo se -u p  o f  S p ray  N ozzles
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OF GLASS CLOTH LAMINATES

IN  O R D E R  to tes t w hether high speed rain alone could cause 
the wear, a  machine was built (Figure 1) in which a  stream 
lined arm  28 inches long was ro tated  a t  3400 r.p.m . by a
10-horsepower m otor. Two samples, one m ounted a t  each 
end of the arm  as shown, were thus moved a t  260 m.p.h. 
in a horizontal circle: The exposed sample area was one inch 
square. A w ater spray was directed downward in the path  
of the samples. In  m ost of the tests two spray nozzles were used, 
one Spraco 4B and one Spraco 5B (Spray Engineering Company), 
backed by 10 pounds of w ater pressure (Figure 1).

In  the first tests, m ade w ith th e  standard  production m aterial, 
w ear occurred a t a ra te  of, roughly, one layer of cloth every 5 
m inutes (Figure 2). T his proved conclusively th a t w ater alone 
was sufficient to  produce the effect. Furtherm ore, w ear was so 
rapid th a t th e  cause appeared to  be simple im pact erosion rather 
than  erosion accelerated by hydrolysis of the resin. T he fact 
th a t  high speed rain alone caused wear was confirmed in tests, 
sponsored by W right Field, in the wind tunnel of the N ational 
Advisory Com m ittee for Aeronautics a t  Cleveland. These tests 
were m ade by blowing a  w ater spray against a  sta tionary  leading 
edge, and showed th a t wear can occur even when there is no vibra
tion of the sample.

To find ou t w hether the observed wear was characteristic only 
of the resin used in production, a num ber of sample leading edges, 
m ade by General Electric Company, of the following resins, were 
tested: Plaskon 911-11 (Libby-Owens-Ford Glass Co.), Bake- 
lite XRS-74 and 74A (Bakelite Corporation), Solectron 5015 
(P ittsburgh P late  Glass Company); Vibron X-1302 (N augatuck 
Chemical Division, U. S. R ubber Company). All showed wear. 
The rates of wear differed somewhat, bu t none could be consid
ered satisfactory for use a t  high speed in rain. Samples, made 
under nonstandard conditions, of Bakelite resins X R S 16631 and 
BV 17085 (phenolic) also showed wear. As a check to deter
mine w hether conditions were too severe, a  piece of Plexiglas 
was tested. No wear occurred.

Tem porary protective m easures were studied, arid i t  was 
found th a t a  l/ 3;i-mch sheet of rubber cemented to  the  lam inate 
gave complete protection. However, such a  cemented covering 
was no t considered practical for field application. Various rub
ber coatings which could be painted, sprayed, or spread on the 
leading edge were tested, b u t only those which could be built up 
to a  thickness of a t  least 0.010 inch gave protection. T he best 
of these found was a Thiakol compound, 3M-EC801 (M innesota 
Mining and M anufacturing Company). T hinner coatings ap
parently did not sufficiently absorb the shock of the impinging 
drops.

In  attem pting  to  find a  lam inate which is no t subject to this 
type of wear, a tes t was made w ith cotton duck lam inate instead 
of glass cloth. A distinct im provem ent was observed; the cloth 
itself never wore through although sometimes the resin chipped 
out around the weave. Several samples, in which only the 
outside layer of glass cloth was replaced by cotton duck, 
proved equally as good as the all-cotton samples. A num ber 
of samples m ade in this m anner w ith Solectron 5015 resin 
showed no wear.

TWO definite conclusions can be drawn from this preliminary 
work. First, all materials to be used in exposed positions on 
high speed aircraft should be tested for resistance to rain abrasion.

P r e l im in a r y  e x p e r im e n ts  to  d e te rm in e  th e  c a u se  o f  w ear, 
observed  o n  a ir -b o rn e  ra d a r  a n te n n a  h o u s in g s  flown a t  h ig h  
speed  th ro u g h  r a in ,  w ere  m a d e  w ith  a te s tin g  m a c h in e  
w h ic h  c a rr ic d  s a m p le s  th ro u g h  a w a te r  sp ray  a t  260 m ile s  
p e r h o u r .  T h e  m a te r ia l  w as a  g la ss  c lo th  la m in a te  d e 
s ig n ed  fo r h ig h  s tiffn e ss  a n d  h e a t  re s is ta n c e . L a m in a te d  
sa m p le s  o f  a n u m b e r  o f  d if fe re n t re s in s  w ere te s te d  a n d  
show ed w ea r. V a rio u s  p ro te c tiv e  c o a tin g s  w ere  s tu d ie d , 
a s  w ell a s  la m in a te s  o f  c o t to n  c lo th . A '/»1' i ' i c h  ru b b e r  
s h e e t c e m e n te d  to  th e  la m in a te  gave c o m p le te  p ro te c tio n  
a s  d id  v a rio u s  ru b b e ry  c o a lin g s  w h ic h  c o u ld  b e  b u i l t  u p  to  
a  th ic k n e s s  o f  0.010 in c h  o r  m o re . F u r th e r  w ork  o n  th is  
p h e n o m e n o n  is s tro n g ly  re c o m m e n d e d .

F ig u re  2. S a m p le  o f  P la s tic  L a m in a te  
W o rn  by  H ig h  S peed  W a te r  A b ras io n

Second, further study, both  theoretical and experimental, should 
be carried ou t on this problem. Now th a t this condition has 
been recognized, it  can be expected th a t lam inates of glass and 
other types of cloth can be developed which will have a  satisfac
to ry  resistance to high speed rain.

F urther studies m ight determ ine 'w hether the observed abra
sion effect is associated w ith th e  heterogeneous structure of the 
lam inate, which is composed of two b rittle  elements, glass and 
resin, having different elastic properties. Theoretical analysis 
m ight shed some light on the behavior of such m aterials under 
im pact. E xperim ental studies should be made to  determ ine the 
effect of speed, drop size, and o ther relevant factors.

T his paper is based on work done for the Office of Scientific Research and 
Development under contract OEMsr-262 with the Radiation Laboratory of 
M .I.T .
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Modified Chromic Acid Anodizing 
Process fo r Aluminum

C . J .  S L U N D E R  AND H . A . P R A Y

B a tte lle  M em oria l In s t i tu te ,  C o lum bus 1, O hio

A w a r t im e  s h o r ta g e  o f  c h ro m ic  ac id  m a d e  n e c e ssa ry  a  
s tu d y  o f  c h ro m ic  ac id  a n o d iz in g  b y  a p ro cess  in  w h ic h  b a th  
m a in te n a n c e  is  ach iev ed  by  su lfu r ic  a c id  a d d it io n s .  T h e  
s u lfa te  c o n te n t  o f  s u c h  b a th s  in t ro d u c e s  co rro s io n  d ifficu l
tie s  w h e n  s te e l ta n k s  a re  u se d . H ow ever, w i th  p ro te c te d  
ta n k s  a n d  c a rb o n  c a th o d e s  a n d  b y  c o n tro ll in g  th e  o p e ra 
t io n  o n  th e  b a s is  o f  a n o d e  c u r r e n t  d e n s i ty ,  th e  p ro cess  a p 
p e a rs  f ro m  th e  la b o ra to ry  te s t  to  offer p ro m ise  o f  a  c o n s id 
e ra b le  sav ing  in  c h ro m ic  ac id  c o n s u m p tio n . T h e  re la tio n s  
b e tw een  c u r r e n t  d e n s i ty ,  v o ltag e , s u l fa te  c o n te n t ,  a n d  
c o a tin g  w e ig h t a re  d e sc rib ed .

A N O D IZ IN G  alum inum by th e  chromic acid process is well 
known and has been fully described in the literatu re  (3, 8, 

Ji, 8, 9). Briefly, i t  is accomplished by electrolysis a t  40 volts in a
5 to  10% chromic acid solution a t  95° F . (35° C.), th e  aluminum 
being the anode w ith the' steel tan k  acting as cathode. Chromic 
acid is consumed in th e  process by reaction w ith p a rt of the alumi
num  oxide th a t  forms on th e  alum inum anode. Edwards and 
Keller (7) showed th a t only about half the aluminum oxide formed 
by electrolysis rem ains on the alum inum surface as the  oxide 
film. T he rem ainder dissolves in  the b a th  and neutralizes chromic 
acid. I t  is generally agreed th a t this accounts for the greater p art 
of the  chromic acid loss.

Some chromic acid is also reduced electrolytically to  trivalen t 
chromium a t th e  cathode (5), accounting for an  additional bu t 
relatively small loss in free chromic acid. Spray and drag-out 
losses are considerable, and methods for minimizing them  were 
suggested in Conservation Bulletin 16, issued by the O perating 
Com m ittee on A ircraft M aterials Conservation (1), in which it 
was also reported th a t  over 90% of the  chromic acid consumed 
in anodizing baths is used to  neutralize the dissolved alum ina 
and to  m aintain  proper pH.

Decrease in anodizing activ ity  of the b a th  is evidenced by  an 
increase in pH  and a decrease in current flow a t  40 volts. Ac
cording to  one m aintenance procedure, periodic additions of 
chromic acid are m ade to  replace the losses. T his results in 
building up th e  to ta l chromium content of the bath , and the en
tire b a th  m ust be discarded when satisfactory oxide coatings are 
no longer produced. Another common m aintenance procedure 
consists of periodically drawing off a  portion of the used solution 
and replacing it  w ith fresh chromic acid solution. T his tends 
to keep the to ta l chromium content constant and th e  pH  in the 
desired range. In  either case, considerable am ounts of chromic 
acid are consumed. ■

A W ar Production Board survey indicated th a t supplies of 
chromic acid were limited and th a t, whenever possible, conserva
tion measures should be taken  to  extend the supply for essential 
uses. T he anodizing of alum inum alloy aircraft parts  is an im
po rtan t application accounting for the consumption of large 
quantities of chromic acid.

A modification of the conventional procedure, involving the 
use of sulfuric acid instead of chromic acid for rejuvenation of 
the bath , has been used a t  the N aval Air S tation  a t  San Diego, 
Calif. T he sta tion  reported to  the Project Com m ittee th a t  the 
m ethod was successful in m arkedly reducing chromic acid con

sum ption w ith improved control of the  coating quality. Rela
tively sm all additions of sulfuric acid were required to  keep the 
anode current density w ithin a specified range. Oxide coatings 
having substan tia lly  the same characteristics as those produced 
in a  stra igh t chromic acid bath  were obtained.

W hen the process was used in trial runs a t two aircraft plants, 
corrosion of the steel tanks and heating coils was encountered. 
I t  was felt th a t additional information was needed on the corro
sion characteristics and o ther phases of the modified process. A 
laboratory investigation, therefore, was conducted for the Office 
of Production Research and D evelopm ent, W ar Production 
Board, under the supervision of the W ar M etallurgy Committee 
of the N ational Research Council. Some of the m ore significant 
results th a t  were obtained in th a t  “restric ted” investigation are 
reported here.

A stock solution was m ade up to  contain approximately the 
sam e proportions of chromic acid and alum inum th a t might be 
present in  a used commercial ba th . Sufficient freshly prepared 
alum inum hydroxide was dissolved in a  solution containing 100 
grams per liter of chromic acid to increase the pH  to about 1.0. 
Chemical analysis showed th e  composition of th is solution (in 
grams per liter) to be: to ta l C r+6 50.3, C r+3 0.3, A12Oj 14.8, 
S 0 4 4.7. The presence of 4.7 grams per liter of sulfate is an
indication th a t  the gelatinous alum inum  hydroxide was not 
washed completely free of sulfate. T est ba ths were prepared by 
adding different quantities o f alum inum  sulfate to portions of the 
stock solution; th is procedure approxim ates the composition of 
baths th a t  have been operated for various intervals and main
tained by sulfuric acid additions.

Experim ents designed to  obtain inform ation on th e  corrosion of 
steel cathodes, control of the  solutions, and anodizing charac
teristics of alum inum alloys were conducted in 3.5-liter glass 
b a tte ry  jars, immersed in a  w ater b a th  controlled to m aintain the 
tem perature in the jars a t  95° =*= 1° F . (35° =*= 0.6° C.). The 
pH  m easurem ents were m ade w ith a  Leeds & N orthrup glass- 
electrode meter, calibrated against solutions of known free chro
mic acid content. The weights of th e  anodic coatings were de
term ined by  differente in specimen weights, before and after 
stripping, in a b a th  containing 20 gram s of chromic acid and 35 
ml. of 85%  phosphoric acid in 1 liter of w ater as described in the 
literature (6, 9).

CORROSION O F ST E EL  CATH ODES

E xploratory tests verified th a t  corrosion of steel cathodes was 
likely to occur in chromic acid anodizing baths containing sulfuric 
acid. T he results were erratic and indicated th a t  various types 
of behavior m ight be expected, depending on the cathode current 
density, ba th  sulfate content, agitation, and possibly other factors.

To show the effect of cathode current density, four baths hav
ing the following composition were prepared:

Bath No. 1 2  3 ^
/--------------- Grams per Liter—------ - '

Cr+* 5 0 .3  5 0 .0  4 8 .7  48.5
Cr+> 0 .3  0 .1  0 .3  0 .3
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F ig u re  1. R a te  o f  A d d in g  S u lfu r ic  A cid  to  M a in ta in  
C h ro m ic -S u lfu r ic  A cid B a th  w ith  C arb o n  C a th o d e s  fo r 
A n o d iz in g  24S -T  A lu m in u m  A lloy a t  40 V o lts  a n d  95° F .

Several sizes of steel cathodes were electrolysed in these baths; 
the anodes were 24S-T or 2S alum inum alloy.to give a  range of 
current densities a t  40 volts, which is tlie voltage norm ally used 
in commercial work. T he tests were carried out a t cathode cur
rent densities ranging from 0.8 to  186 amperes per square foot in 
10% to ta l chromic acid baths containing from about 7.5 to  112.5 
grams per liter of sulfate. T he baths were adjusted to  pH  1.0 
\vith sulfuric acid a t  tlie s ta r t of each run. The pH  increased so 
rapidly during these runs because of tlie large quantities of iron 
dissolved by the acid, th a t tlie sulfate content of the baths was 
doubled or trebled before tlie tests were completed. Therefore, 
direct comparisons a t  constant sulfate content were no t always 
possible. However, it  was possible through exam ination of the 
surface appearance of tlie steel specimens and weiglit loss deter
m inations to  divide the specimens into three groups, each repre
senting a characteristic type of behavior. The results m ay  be 
summarized as follows:

G r o u p  1. C athode current density  below 1.0 am pere per 
square foot. No a ttack  observed a t  sulfate contents up to about 
60 gram s per liter. Above th a t, mild etching occurred a t  the solu
tion line.

G r o u p  2 . C athode current densities between 1 .5  and 7 .0  
amperes per square foot. R esults erratic, bu t severe surface p it
ting and large weight losses, increasing w ith sulfate content.

G r o u p  3 . C athode current densities between 13  and  186  
amperes per square foot. Surface of the cathodes no t corroded 
but more or less covered w ith a dull chromium electrodeposit; 
different degrees of solution line corrosion observed, accounting 
for considerable w eight loss especially a t  th e  higher sulfate con
tents.

These results show th a t freedom from serious a ttack  can be 
expected only a t  very low cathode current densities and in  baths 
containing -relatively small quantities of sulfuric acid. Such 
limitations would defeat th e  purpose of the modified procedure.

A particularly  severe p itting  a ttack  sometimes occurred on 
steel specimens immersed in th e  baths w ithout current. This 
type of corrosion could not be duplicated a t  will or be related to 
any known variable. I t  usually occurred on cathodes th a t  had 
been electrolyzed and then  left in the baths overnight. I t  is 
possible th a t several factors, such as deposition of im purities on 
the steel surface, activation of th e  steel during electrolysis, con
centration of sulfate in the bath , etc., m ight combine to  produce 
the corrosive conditions.

Air agitation of the baths was shown to be an im portan t vari
able affecting the corrosion of steel immersed w ithout current 
in chromic acid solutions containing more th an  about 40 grams 
per liter of sulfate. I t  was also observed in these tests  th a t steel 
specimens, which were allowed to  stand  in chromic acid before 
being tested, did no t corrode so readily as those w ith a freshly 
cleaned and pickled, active surface. T his factor was investigated 
further by testing  the effect of air agitation  on bo th  activated  and 
Passivated steel specimens in baths containing up to  90 grams per 
liter of sulfate. In  these tes ts  no a ttack  occurred on the speci

I . . .

I

mens, either w ith or w ithout air agitation a t a  sulfate content of 
34-37 gram s per liter. A t 70 gram s per liter, however, air ag ita
tion caused solution line a ttack  on the active surfaces, b u t not 
on th e  passive surfaces; a t  90 grains per liter, air agitation caused 
corrosion of the  entire immersed active surfaces and solution 
line a ttack  of th e  passive surfaces. No corrosion was observed in 
any of these tests in the absence of air agitation.

The results indicate th a t corrosion difficulties m ay be expected 
when the modified process is carried ou t in unprotected steel 
tanks. C athode current density, sulfate concentration, aic agita
tion, and condition of the steel surface all influence the exten t of 
corrosion.

CORROSION PREVENTIO N M ETH O D S

Supplem entary cathodes of several m etals and alloys were 
hung in front of the steel and  tested  for efficiency in protecting 
the steel against the corrosive attack . The distribution of current 
between the steel and th e  supplem entary’cathodes was m easured 
and the surfaces were examined for corrosion. Considerable 
variation in current distribution resulted, depending on the m etal 
being tested, b u t no significant decrease in corrosive a ttack  on the 
steel was detected. In  some instances corrosion was actually  ac
celerated. M ore promising results were obtained through the 
use of carbon cathodes. A few tests indicated th a t carbon cath
odes connected to  th e  steel cathodes drew practically all of the 
current and prevented corrosion of the steel during electrolysis. 
However, the steel was still subject to  the solution line a ttack  
caused by air agitation as described earlier. These results indi
cate th a t steel tanks should be protected w ith an acid-resisting 
paint, and inert cathodes should be used to carry the current.

v  POINT5 DETERMINED AT pH C f APPROXIMATELY
I.03.BATH  OPERATED WITH CARBON CATHODES, 

z t  30 -M IN . COATINGS AT 4 0  VOLTS AND 95 * F

3 10 15 ZO

SULFATE C O N T E N T -G R A M S  PER LITER

F ig u re  2. E ffect o f  S u lf a te  C o n c e n tra tio n  o n  C u r re n t  
D e n s ity  a n d  C o a tin g  W e ig h t o f  24S -T

Pickling inhibitors added to  the baths failed to  preven t corro
sion of the steel, and experim ents along th is line did no t appear 
promising.

CARBON CATH O DES

Inform ation on th e  behavior of carbon cathodes, w ithout tlie 
interfering effect of iron corrosion products, was obtained by op
erating a b a th  contained in a glass jar, using cathodes m ade from 
N ational Carbon Company.’s furnace electrode stock, grade AGR. 
Specimens of 24S-T alloy were anodized a t  40 volts and 95° ^  
1° F . to  age th e  ba th , and 30-m inute coatings were prepared 
periodically for coating weight determ ination. S tarting  w ith the 
stock solution a t pH  1.05, electrolysis was continued until the pH  
had increased to  betw een ,1.15 and 1.20, and then  sulfuric acid 
was added to  reduce th e  pH  to  1.00-1.05. T his procedure wras 
repeated throughout the two-week tes t period. T he carbon elec-
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trodes were left immersed in the bath  during idle periods. No 
appreciable change in appearance or evidence of disintegration of 
the carbon cathodes was visible a t  the end of the test. The oper
ating  relationships and results of the tes t are shown by graphs. 
Figure 1 gives the ra te  a t  which sulfuric acid was added to m ain
ta in  the b a th  when used exclusively for anodizing 24S-T. I t  is 
expected th a t the ra te  m ight be different for o ther aluminum al
loys. The straight-line relationship indicates th a t a  schedule for

i.o
100 gm./lCrOj Vi 
UP TO 18 gm./% 
BATH OPERATED 
pH VARIED FROM 
30-MIN. COATING

ITH INCREASING SULFATE 
>04~
WITH CARBON CATHODES 
1.00 TO 1.20

S AT 40 VOLTS AND 95* F.

<
1.5 2 .0

CURRENT DENSITY-AMPS./S0.FT.

F ig u re  3. E ffec t o f  A node C u r re n t  D en sity  on  
W e ig h t o f  A nod ic  C o a lin g s  o n  24S -T

sulfuric acid additions based on the hours of electrolysis could be 
developed. Figure 2/1 shows the effect of increasing sulfate con
ten t on the current density  a t constant pH . Evidently, as the 
sulfate content increases, an increase in anode current density also 
results. The graph shows" this to  be a  fairly consistent gradual 
increase, bu t it  should be remembered th a t th is relationship ap
plies oiily in the low-sulfate range. O ther experiments (Figure 
5B) indicate th a t very little  additional increase in current density 
on 24S-T takes place when the sulfate content is above about 30 
grams per liter. Since the weight of coating formed is propor
tional to  the current density, the graph of sulfate content against 
coating weight (Figure 2B) indicates the expected straight-line 
relationship. The points for Figure 3 were obtained while making 
the carbon cathode te s t run, during which both  th e  pH  and sulfate 
were varied. The straight-line relationship indicates th a t the 
coating weight is affected directly  only by th e  current density. 
Since th e  thickness and those properties which are dependent 
upon coating thickness are proportional to  the coating weight, 
it is apparen t th a t current density  control would result in more 
uniform coatings than  pH  control for the modified bath .

AN O D IZ IN G  CH A R A C TER ISTIC S O F ALUM INUM  ALLOYS

Prelim inary work indicated th a t certain  alum inum alloys drew 
abnorm ally high current a t  40 volts in chromic-sulfuric acid 
baths. This is an  im portan t poin t to  consider when different 
alloys are being anodized sim ultaneously in the same tank. 
Therefore, further tes ts were made to  establish the voltage-current 
relationships for several alum inum  alloys in the various baths 
used in this investigation.

The voltage was applied to  the alloy being tested  and raised in 
5-volt steps up to 50 volts. T he current was recorded a t each 
voltage after allowing a few m inutes to  reach equilibrium. In  
several cases a t  the higher sulfate content, the  breakdown voltage 
of the film was exceeded; excessive current flow resulted, and the 
tests were stepped before 50 volts was reached.

Results of these tests verified the fact th a t th e  addition of sul
furic acid causes relatively large increases in current flow on m ost 
alum inum alloys. Figure 4 is a  representative graph showing the 
widespread variation ii\ current density w ith increasing voltage 
on five alum inum alloys in a 10%  chromic acid solution contain
ing 56.8 grams per liter of sulfate. T he difference betw een the 
alloys is striking, b u t it  is also interesting to  note the relatively 
small increase in  current on alloy 24S-T. E arlier experiments had 
indicated th a t  the  current density  on 24S-T a t  40 volts increases

from an original value of 1.0 to  about 2.5 amperes per square foot, 
as th e  sulfate is increased to about 20-30 gram s per liter. Addi
tional increases in sulfate content caused only m oderate increases 
in current density. This is the only alloy tested  which shows 
such behavior.’ In  view of these results it  is obvious th a t as
semblies of different alloys could not be uniformly anodized by the 
modified procedure a t 40 volts. However, it is possible th a t bet
te r  current distribution niight be obtained a t some low.er voltage. 
For example, Figure 4 shows th a t a t  15 to  20 volts current densi
ties were nearly  equal for all five alloys. The current densities 
a t  15 and 40 volts for these alloys in the  entire range of sulfate 
investigated were plotted as shown in Figure 5 to indicate the wide 
differences existing betw'ecn these twro extremes. One straight 
line sufficed to cover all the points for the  five alloys a t 15 volts. 
This is a  desirable condition, making it possible to  anodize assem
blies composed of several different alum inum alloys a t  a  relatively 
constant current density in baths containing various quantities 
of sulfate. In  contrast, the  curves a t  40 volts show not only that 
the current flow' to the different alloys varies widely, b u t also that 
increasing the sulfate content of the b a th  results in large increases 
in current density  on all bu t alloy 24S-T. Obviously, those prop
erties of th e  coatings th a t are influenced by their thickness are 
also subject to  the same w'ide variations because the weight of the 
oxide film has been shown to be alm ost directly proportional to the 
current density.

BATH CONTROL

The question of b a th  control was m entioned briefly in the dis
cussion of th e  carbon-cathode tes t results, and it was indicated 
th a t  th e  process should be controlled by regulating the anode cur
ren t density  ra ther th an  the pH  of the bath . Control of anodiz
ing activ ity  by adjustm ent of pH, however, has been widely used 
in  commercial anodizing installations. Since current density at

F ig u re  4. C u rre n t-V o lta g c  R e la t io n s h ip  fo r  A lu m in u m  
A lloys in  10% C h ro m ic  A cid  P lu s  56.8 G ra m s  p e r  L iter 

o f  S u lfa te

40 volts varies so m arkedly w ith sulfate content a t  constant pH 
in the chromic-sulfuric acid baths, it  is obvious th a t  for general 
all-round work pH  control would result in variations in coating 
thickness w ith varying sulfate content and alloy composition. It 
is possible, however, th a t  pH  control m ay be useful under certain 
conditions. For example, the points for th e  curve of current 

density  against sulfate a t  15 volts in Figure 5A were determined 
a t  constant pH  of 1.01-1.04. T he current density  on all five al
loys rem ained practically constant over the  entire sulfate range. 
Therefore, a t  15 volts, pH  control should be feasible and should 
perm it the  m aintenance of relatively constant current densities
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on the various alloys. The protective value of films formed in 
this way was no t determ ined.

Another possibility for pH  control of the modified ba th  a t 40 
volts, applicable only to  alloy 24S-T, would be to determ ine the 
pH  a t which the desired current is draw n. Inform ation on this 
point was obtained by operating four baths of different sulfate 
content, allowing the pH  to rise norm ally through continued use 
from a starting  value of 1.0 to a final value of about 2.0. C urrent 
densities a t 40 volts were m easured and plotted against the pH ; 
Figure 6 shows th a t  increasing the pH  resulted in lower current 
densities in all four baths. The increase in  current density with 
increasing sulfate a t a  norm al operating pH  of 1.0 is appreciable 
a t  lower sulfate concentrations, bu t tends to  be considerably less 
in the upper range of 35 to  117 grams per liter of sulfate. Con
trol of anodizing by pH  m aintenance in the upper range m ay be 
possible if th e  allowable tolerance in current density  variation is 
within th a t  shown by the upper three curves in Figure 6. T he 
following tabulation  taken  from the curves indicates how much 
variation in current density m ay be expected on 24S-T a t  several
pH values:

Av. Anode C urrent 
pH  Density, Am p./Sq. F t. . pH

Av. Anode Current 
Density, Am p./Sq. F t.

1 .0 3 .0  *  0 .2 1.3 1.9 *  0.25
1.1 2 .6  =*= 0 .2 1.4 1 .6  0 .2
1.2 2 .2  *  0 .2 1.5 1.4 =* 0 .2

If the variation in properties of the coatings obtained with 
these tolerances is acceptable, it  should be possible to select the 
desired pH  and m aintain  it by sulfuric acid additions as required. 
The foregoing inform ation was obtained w ith steel cathodes and 
m ay have been influenced by the irregular effects due to  the iron 
corrosion products. However, it  is undoubtedly accurate enough 
to indicate the trend.

W ith these exceptions it  appears th a t more consistent results 
would be obtained by current-density  control than  by pH  control.

F ig u re  5. V a r ia t io n  in  C u r re n t  D en s ity  o n  A lu m in u m  
Alloys a t  15 a n d  40 V o lts  in  10% C h ro m ic  A cid C o n 
ta in in g  V a rio u s  A m o u n ts  o f  S u lf a te  a t  pH  1.01—1.64 

a n d  95° F .

CORROSION O F ALUM INUM

T he corrosion of alum inum in chromic-sulfuric acid m ixtures 
was investigated briefly to  determ ine the effect of acid retained in 
crevices and joints of assembled structures. Specimens of several 
alloys were immersed in portions of a  used commercial chromic 
acid anodizing bath  containing various quantities of aluminum 
sulfate. One set of specimens was immersed in a 15% sulfuric 
acid soli'ttion containing 54 grams per liter of additional sulfate 
for comparison. W eight loss determ ations were made to  indicate 
the severity of the corrosion.

pH

F ig u re  6. p H  vs . C u r r e n t  D en s ity  a t  40 V o lts in  10% 
C h ro m ic  A cid B a th s  C o n ta in in g  V a rio u s  Q u a n ti t ie s  o f  

S u lfa te  a n d  A nodes o f  24S-T

T he results of the tests (Table I) show th a t, in general, the 
corrosion was more severe in the baths of higher sulfate content . 
The specimens immersed in the sulfuric acid bath  lost consider
ably more weight than  those immersed in the chromic acid mix
tures. These results were obtained under accelerated corrosive 
conditions, b u t they  m ay serve as an indication of the am ount 
of a ttack  th a t might be caused by acid left in crevices under nor
mal conditions.

T a b l e  I. C o r r o s iv e  E f f e c t  o f  A n o d iz in g  A c id  M ix t u r e s  
o n  A l u m in u m  A l l o t s

(Specimens immersed in corroding solutions for 72 hours a t  120° F.)

_______ Weight Loss, M g./Sq. In.

Solution, G ram s/L iter 24S-T 52S-VjH 3S-y*H
Alclad
24S-T

130“ CrOa +  0 .3 SO« 4 .2 1.2 0.9 2 .8
130° CrOa +  20.0 SO« 13.4 11.4 11.2 12.5
130a CrOa +  80.0 SO« 15.8 13.2 12.5 11.9
165 HaSO« +  54.0 SO« 173.0 70.9 70.8 90.7

a A used, commercial anodizing solution was used as the base for these 
baths and the sulfate ion was added as aluminum sulfate.

CO NCLUSIO NS

1. Operation of the modified chromic acid anodizing bath 
using sulfuric acid for m aintenance, introduces a severe corrosion 
hazard to the steel tanks tha!t are commonly used for the stra igh t 
chromic acid process. The corrosion of steel is affected by several 
factors—sulfate content, a ir agitation, and cathode current den
sity. Protective coatings should be applied to  all steel surfaces 
exposed to  the action of the chromic-sulfuric acid electrolyte.

2. From  the laboratory tests  described, carbon appears to  be 
a satisfactory cathode m aterial for use in protected steel tanks.

3. The w eight of coating produced is determ ined by the anode 
current density  and tim e of trea tm en t, and is independent of the 
sulfate content, a t  least in the lower sulfate range.
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4.. T he sulfuric acid maintenance procedure causes radical 
changes in the current density-voltage relationships as the sul
fate content increases a t  constant pH. Coating thickness, 
therefore, cannot usually be controlled by m aintaining a constant 
pH , voltage, and  trea tm en t time.

5. The thickness of the oxide film is effectively controlled by 
m aintaining operating conditions to  give a constant anode cur
ren t density. T his can be accomplished by changing the pH 
of the solution as the sulfate content increases or by changing the 
voltage.

6. In  the special ease of the 24S-T alloy, anodized in chromic 
acid containing more th an  about 35 grams per liter of sulfate, 
operation a t constant pH  and voltage results in a current density 
th a t is essentially independent of sulfate content.

7. W ith the modified process, operated a t  40 volts, segrega
tion of the various alum inum  alloys is necessary a t  any appreci
able sulfate content. A t 15-20 volts such segregation should not 
be necessary since the current density on all of th e  alloys investi
gated was essentially the same.

8. W ithin the lim itations indicated from laboratory tests, the 
chromic-sulfuric acid process appears to offer an a ttrac tive  saving 
in  chromic acid.
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Free Evaporation into Air of Water 
from a Free Horizontal Quiet Surface

L . M . K . B O E L T E R 1, H . S . G O R D O N 2, AND J .  R . G R I F F I N 3
U n ive rs ity  o f  C a lifo rn ia , B erke ley , C alif.

lo

-o PSYCHROMETER ^  FAN

F ig u re  1. E lev a tio n  a n d  P la n  o f  Q u ie tin g  C h a m b e r

" ■ 'H E  results of experim ental studies m ade prior to  June, 1938, 
J L  a t the U niversity of California on the evaporation of w ater 

under conditions of free convection were published previously 
(12). D a te  were presented for the evaporation of distilled 
w ater, w ithin the tem perature lim its of 63° and 93° F., from a 
one-foot-diameter surface placed flush w ith the surrounding 
floor in to  quiet a ir a t  71° =*= 1° F . and 50 to  54%  relative humid
ity . Since th a t tim e data  have been obtained and results com
puted which justify  the extension of the range of application of 
the analogy between therm al free convection and diffusional 
free convection to  wider limits. Hence, the data  presented here 
supplem ent those in the earlier paper; the curves and equations 
cover the evaporation of distilled w ater from a one-foot-diameter 
surface, w ithin the tem perature lim it 63° and 200° F., into quiet 
a ir a t  65° to  80° F. and 54 to  98%  relative hum idity.

The appara tus was essentially the same as th a t previously de-

1 Present address, University of California, Lcs Angeles 24, Calif.
* Present address, Radiation Laboratory, University of California, Berkeley

4, Calif.
* Present address. Transcontinental A Western Air Line. Inc., Kansas 

City, Mo.

scribed (12) w ith the exception of the quieting chamber and 
evaporim eter. Ten thermocouples were employed to  measure 
the w ater surface tem perature and were placed a t  the centroids 
of equal circumferential areas, radially spaced a t  120° intervals. 
The quieting cham ber was placed within a double-walled en
closure of paper which minimized the tem perature and humidity 
fluctuations in the large room where the entire equipm ent was 
located. A fan placed between th e  two paper enclosures re
duced the surface tem perature variations of the inner paper wall 
and thus reduced cross a ir flow in the quieting chamber a t the 
pan level. T he relative hum idity far away was determined by 
thermocouple psychrom eters (10). Figure 1 shows the arrange
m ent of the quieting cham ber enclosure and the location of the 
psychrometers. The evaporim eter consisted of a spherical 
glass float, a ttached  to  the end of an arm  pivoted on jeweled 
bearings and carrying a mirror. Figure 2 shows the float as-

F ig u re  2. W a te r  Level 
d ie te r  A ssem b ly
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T a b l e  I .  D a ta  a n d  R e s u l t s

Run
No.

tw, 
o p too 1 o F rh os,

%

Barom
eter, 

In. Hg.
Cvw — C'v CO 

X 103 PvtD — Pv 00 e N u '
Gr'

X i o - ’ Prf
Gr' X Pr 

x  io-’
3 75.2 71.9 64 29.84 0.58 0.0168 29.3 0.89 0.618 0.554 78.0 72.9 66 29.85 0.65 0.0261 40.5 1.10 0.618 0 .6 85 84.1 71.0 69 29.90 0.96 0.0409 42.8 2.26. 0.619 1.400 87.9 75.4 64 29.73 1.13 0.0467 40.7 2.26 0.619 1.407 8 8 .2 75.3 65 29.73 1 .10 0.0482 43.2 2.26 0.621 1.408 91.2 72.5 73 29.73 1.28 0.0637 49.0 3.03 0.622 1 .889 91.3 73.2 72 29.73 1.28 0.0615 47.2 2.92 0.623 1.8210 93.1 74.5 73 29.73 1.37 0.0675 48.2 3.07 0.621 1.91

11 103.3 75.2 73 29.76 2.11 0.1294 56.3 4.49 0.624 2.8012 103.2 75.2 73 29.76 2 .1 0 0.1168 53.6 4.49 0.624 2.8013 103.6 75.1 74 29.76 2 .12 0.1157 52.5 4.52 0.624 2.8214 103.2 73.5 79 29.80 . 2.03 0.1077 51.2 4.73 0.625 2.9610 125.2 77.6 84 29.80 4.33 0.2670 57.2 7.86 0.631 4.9817 125.4 76.5 88 29.79 4.30 0.2748 59.3 8 .0 0 0.630 5.0418 129.0 73.2 90 29.77 5.04 0.3404 62.7 9.18 0.631 5.7919 131.6 77.8 90 29.76 5.27 0.3400 59.1 9.00 0.632 5.69
20 136.2 77.1 86 29.76 6.15 0.3980 57.0 10.20 0.633 6.4321 142.1 79.3 83 29.66 7.25 0.4845 60.0 11.15 0.633 7.0623 144.9 80.2 83 29.67 7.80 0.5210 59.6 11.37 0.636 7.3624 151.3 76.4 85 29.68 9.42 0.6925 65.5 13.88 0.637 8.8525 151.2 76.6 87 29.61 9.35 0.6995 66 .2 14.06 0.636 8.9326 154.4 72.8 88  • 29.63 10.32 0.7870 67.8 15.35 0.637 9.7827 153.9 72.9 88 29.63 10.16 0.8110 70.9 15.11 0.638 9.6428 85.5 66.7 68 ' 30.05 1.14 ĆL782 0.057 50.8 5.54 0.606 3.3629 103.8 64.6 79 29.93 2.39 1.67 0.153 62.4 10.6 0.608 6.41
30 132.3 71.1 85 29.82 5.69 3.81 0.283 45.8 15.6 0.615 9.56
31 131.0 67.3 87 30.03 5.56 3.76 0.338 56.3 16.9 0.609 10.332 130.0 65.0 89 29.70 5.49 3.67 0.354 60.2 16.4 0.616 10.1
33 144.0 67.5 95 29.79 7.59 5.73 0.682 77.8 21.5 0.616 13.2
34 143.7 67.1 93 29.81 7:92 5.73 0.672 77.1 21 .8 0.616 13.435 155.9 67.7 95 29.92 10.78 7.81 0.873 72.0 24.0 0.617 14.836 155.1 66 .8 96 29,92 10.80 7.67 0.876 72.3 23.7 0.616 14.6 .37 162.5 66.5 95 29.70 12.69 9.61 1.503 104.5 29.5 0.622 18.342 169.7 70.2 98 29.78 14.89 11.36 1.311 76.3 29.1 0.624 18.143 169.7 70.2 98 29.79 14.89 11.36 1.336 77.8 29.1 0.624 18.1*44 169.7 70.2 98 29.80 14.89 11.36 1.401 81.6 29.1 0.624 18.146 181.1 69.2 97 29.95 19.27 15.00 1.812 80.3 38.5 0.628 24.2
47 148.7 65.6 91 30.05 9.01 6.74 0.715 71.6 22.3 0.615 13.7
48 149.7 65.6 92 30.06 9.33 6.92 0.730 70.5 24.3 0.616 15.049 149.8 65.6 92 30.06 9.33 6.91 0.740 71.5 24.3 0.616 15.0
50 • 163.7 73 ; 3 88 30.13 12.92 9.78 1.083 73.1 27.6 0.621 17.151 164.0 73.2 90 30.21 13.01 9.88 1.067 71.6 27.7 0.621 17.252 164.3 71.8 91 30.22 13.14 9.98 1.126 • 74.7 28.2 0.622 17.6
53 182.5 75.8 59 30.11 20.11 15.65 1.784 74.7 37.6 0.623 23.554 182.5 76.0 59 30.12 20.12 15.65 1.716 71.9 37.6 0.623 23.5
55 182.9 76.5 59 30.13 20.46 15.76 1.765 72.7 37.9 0.623 23.6
56 173.1 77.7 68 30.00 16.25 12.26 1.339 70.2 31.1 0.622 19.3
57 176.5 79.3 59 29.88 17.55 13.60 1.699 82.0 32.7 0.623 20.3
58 174.7 73.3 68 29.81 16.72 12.86 1.776 91.0 33.6 0.622 20.959 190.1 71.3 91 29.93 23.37 18.40 2.375 85.2 43.7 0.632 27.6
60 193.1 70.7 77 29.89 25.03 19.72 2.650 88.4 47.3 0.630 29.861 193.4 70.4 75 29.89 25.22 19.87 2.755 91.3 49.4 0.630 31.162 179.8 70.4 84 29.91 18.78 14.54 1.684 76.3 39.1 0.625 23.4
63 180.3 72.1 84 29.91 18.94 14.73 1.712 76.5 36.5 0.626 2 2 .864 198.9 73.0 95 29.99 28.03 22 .20 3.228 95.5 50.2 0.627 31.4
65 199.0 69.4 96 29.99 28.10 22.25 3.320 98.0 54.1 0.625 33.8
66 173.7 72.6 86 29.91 16.40 12.42 1.456 76.2 32.7 0.625 20.4
67 173.8 73.3 86 29.89 16.41 12.41 1.334 69.6 32.5 0.625 20.3
68 187.3 69.8 86 29.90 22.13 17.37 2.352 89.8 42.9 0.629 26.569 186.7 69.3 80 29.88 21.94 17.17 2.101 81.0 42.9 0.626 26.570 187.2 69.6 82 29.87 22.14 17.35 2.329 89.0 43.2 0.625 27.071 163 .3 ' 69.7 81 29.76 13.01 9.86 0.911 * 61.5 28.5 0.620 17.7
72 201 .6 66 .1 95 29.77 29.68 23.59 4.320 120.9 57.1 0.636 36.3
73 200.9 65.7 95 29.76 29.28 23.19 4.060 115.4 56.6 0.635 35.974 153.1 66 .0 85 29.65 10.21 7.60 0.824 69.8 26.0 0.616 16.0
75 153.2 65.7 86 29.65 10.24 7.61 0.834 70.4 26.0 0.616 16.0
76 192.9 63.7 98 29.64 24.93 19.66 3.060 113.8 50.1 0.631 31.677 192.5 62.9 98 29.64 24.73 19.68 3.020 113.4 50.6 0.631 31.9
78 140.3 64.4 95 29.69 7.25 5.35 0.501 63.3 2 1 .0 0.613 12 .879 198.9 67.5 98 29.69 28.06 22.23 3.142 93.3 55.4 0.625 34.6
80 199.7 67.2 98 29.70 28.64 22.59 3.272 94.8 56.3 0.625 35.181 199.7 66.7 95 29.70 28.64 22.59 3.279 95.0 55.8 0.625 34.9

the empirical relation

sembly and the m eter body. 
The reflection of a  scale was 
read w ith a telescope provided 
with cross hairs. The appar
en t change in the position of 
the cross hairs upon the scale 
and the distance from the pivot 
point to  the scale and to the 
effective center of the float 
were interpreted in term s of 
the change of level of the 
w ater surface. For runs 3 to 
46 the evaporim eter was a t
tached directly to  the evapo
ration pan, and the am ount 
evaporated replaced a t  inter
vals. Also, the vents illus
tra ted  in Figure 1 were no t em
ployed. For runs 47 to 81 the 
system illustrated  in Figure 3 
was used. T his change was 
necessitated by the rapid 
change of w ater level and the 
desirability of m aintaining the 
level in the evaporation pan a t  
a  constant value. F urther
more, the change in w ater level 
in the sump, as m easured by 
the evaporimeter, for a  given 
quantity  evaporated could be 
governed by changing the sur
face area of the sump.

The experim ental technique 
(3, 4) differed from th a t pre
viously described (IS) only 
when required by the instru
m entation. The results of the 
measurements are given in 
Table I and plotted in Figures 
4, 5, and 6.

UN IT EVAPORATION R ATES

Figure 4 shows the un it 
evaporation ra te  as a function 
of concentration difference. 
Between the lim its of concen
tration  difference,

0.001 £  (Cr, Ceoo) ^
0.025 lb ./cu . ft.

e =  251 (Cvv, -  C ,«,)1-“  lb ./(h r.)  (sq. ft.) (1)

IS.
X ¥APO RATION

£*!L

motor

best expresses the experim ental da ta . T his equation represents 
the range of w ater surface tem perature from approxim ately 80° 
to  190° F . For lower values of surface tem perature— th a t is, 
concentration difference— the equations given by Sharpley and 
Boelter (IS) express th e  experim ental results more exactly:

3UMP DASHPOT

-HZÎ1—o
LEVEL
METER

F ig u re  3. W a te r  S u p p ly  P ip in g  fo r R u n s  47 to  81

e =  18.75(C„„ -  C, „ )  lb ./(h r.)  (sq. ft.) (2) 

forO £  (C,w -  Cca,)<. 5 X 10“ 4 lb ./cu . ft.

e =  -0 .0 2 4  +  65 (C,w -  C„„) lb ./(h r.)  (sq. ft.) (3) 

for 5 X 10-< <; (C,„ -  Cva) 0.001 lb ./cu . ft.
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F ig u re  4. U n it  E v a p o ra tio n  R a le  e a s  a  F u n c tio n  o f 
C o n e e n lra tio n  D ifférence , Cvte — Cr°>

D eparture of the data  from the curve representing the em- ■ 
pirical relation (Figure 4) a t  m agnitudes of concentration differ
ence greater than  0.025 "lb./cu. ft. m ay be attribu ted  to  phe
nom ena associated w ith boiling. O bservation indicated th a t the 
w ater in the pan, a t  tem peratures above 190° F ., was in  a sta te  
of ebullition due to  the form ation of small bubbles a t  several 
points on the bottom  of the pan.

The curve in Figure 4 represents the un it evaporation ra te  for 
ta =  70° F. and rh„ — 50%. A t high evaporation rates the 
relative hum idity far away does not contribute an appreciable 
“back” potential so th a t the curve m ay also be. used for higher 
hum idities. O ther conditions far away will cause evaporation 
rates which differ from those represented by this curve and, for 
w ant of more extensive experim ental data , m ay be predicted 
from the generalized-equation (7).

T he experim ental results of th is paper were also replotted (as 
suggested by A. P . Colburn) on Figure 5 in which u n it evaporation 
ra te  e is plotted against the  vapor pressure difference (a t the 
interface and far away) divided by the log m ean dry  air vapor 
pressure. T he scattering of points above th e  extrapolated line 
evidenced a t high concentration differences in  Figure 4 is reduced 
when the partia l pressure difference is corrected for the change 
in inert gas pressure.

U N IT  CONDUCTANCE

The unit conductance for mass transfer, / ' ,  defined by means 
of the equation

c = / ' ( C „ „ - C m ) (4)

is p lo tted  against the concentration difference in Figure 6. The
u n it evaporation ra te  in  the range 0.001 ^  (Cm, — Cva) £  0.025
lb ./cu . ft. is given by

e = 251 (C,„ -  e l l 1-25 (1)

Calculating ] '  from E quations 1 and 4,

/ '  =  251 (C«„ -  C»«)0-“  lb ./(h r.) (sq. ft.) (lb ./cu. ft.) (5) 

for the same range of concentration differences.

ANALOGY BETW EEN HEAT T R A N SFE R  AND D IFFU SIO N

Figure 7 is a p lo t of the N usselt modulus (Nu) and modulus1 
prime (Nu ') as functions of the Grashof prime tim es the Prandtl 
(Gr'Pr) and Grashof prime times P rand tl prime (Gr'Pr1), re
spectively. The value for the therm al free-convection boundary 
modulus, Nu, was obtained by m ultiplying the experimental re
sults given by  ten  Bosch (2) for a  vertical plate  by 1 .2 ;  correc
tions due to  tiie difference in the methods of evaluating the fluid 
properties as used here and th a t employed by  ten  Bosch, were 
applied (2). For a range of

1 0 7 £  (Gr'Pr) < f l 0 3

the  da ta  m ay be satisfactorily expressed by  the relation 

Nu =  0.75 (G r'P r)0-“ (6)

for a horizontal p late in free convection losing heat upward.
The evaporation data  presented by Sharpley and Boelter (12), 

together w ith th a t contributed subsequently (3, 4), are also 
p lo tted  in Figure 7. W ithin the lim its of

th e  expression

107 <: (Gr'Pr') 5  2 X 10»

Nu' =  0.643 (G r 'P r ')0-“ (7)
is found to  represent the combined da ta  best. From  the fore
going equations the following ratio  is com puted:

Nu =  1.17 Nu' (8)

T his result indicates th a t the “ equivalent film thickness” for 
nonisotherm al m ass transfer is 1.17 times the thickness of the 
"equivalent film thickness” for heat transfer for the system 
under consideration, in the range of experim ental variables, and 
w ithin the accuracy of measurement.
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F ig u re  5. U n it  E v a p o ra tio n  R a te  e a s  a  F u n c t i o n  of 
V apo r P re s su re  D ifference , Pvw — Pv°=, C orrected  >or 

V a r ia tio n  o f  I n e r t  G as (A ir) P re ssu re
A  G ordon , Q  G riffin
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F ig u re  6. U n it  C o n d u c ta n c e  fo r ¡Mass T r a n s f e r , / ' ,  a s  a  F u n c tio n  o f 
C o n c e n tra tio n  D ifference, C viv  — C v co

C ertain errors have been found, in the results 
published by Sharpley and Boelter (3). These errors 
were corrected prior to the inclusion of their results 
in the curves and equations presented here. An 
error had been m ade in the value for the viscosity 
of air which had been taken from tables a t  the in
correct tem perature; i.e., the  tem perature in degrees 
Fahrenheit was employed in a  table in  which the 
viscosity was listed in term s of degrees centigrade. 
Also, the values of P r ' given in Table I of the 
previous paper (IS) are in reality those for S tan ton’s 
modulus prime, which is the reciprocal of P ran d tl’s 
modulus prime. The values given for G r'Pr' were, 
however, correctly com puted w ith the exception of 
the incorrect choice of the viscosity. Finally  the 
equations given for u n it evaporation rate  e and 
N usselt modulus prime N u ' are no t numerically 
compatible.

LITERATURE SURVEY

F igu re  7. N u sse lt M o d u lu s  P r im e  P lo t te d  a s  a  F u n c tio n  
o f  G ra s h o f  M o d u lu s  P r im e  X P ra n d t l  M o d u lu s  P r im e

For com p arison  th e  h e a t tran sfer  m o d u lu s  (IVu) is  a lso  p lo tted  as a 
fu n c t io n  o f  G rash of m o d u lu s  p r im e  X  P ran d tl m o d u lu s

------JVu 0.75 (Gr'Pr) 0.25 iVit' «  0.645 (G 'P r 'y .u

D ESC R IPTIO N  O F PH ENOM ENON

The vapor stream  issuing from the liquid serves as a je t for 
concentration differences above the critical. A ir is induced into 
the je t by v irtue of its m om entum . In  the  lam inar region the 
unit conductance for mass transfer should vary  as the one quarter 
power of the concentration difference (1), b u t as G r'P r’ is in
creased and the flow becomes turbulent, the exponent approaches 
one th ird . As the evaporation ra te  decreases due to  a reduced 
concentration difference, a point is reached where the density of 
the m ixture far away equals the density of the m ixture on the 
gaseous side of the liquid-gas interface. The corresponding mix
ture flow system  is indifferent, and the surface tem perature is a t 
its critical value. For still lower concentration differences the 
mixture will be denser a t  the w ater surface, and if the pan were 
large in extent, a  stable atm osphere would result and the vapor 
would en ter the a ir by pure diffusion. B u t the pan is finite in 
diameter, and the floor which is a t  the level of the w ater (and the 
pan rim) is m aintained a t  the dry-bulb tem perature far away. 
Thus the air sideslips outward, and the corresponding ra te  of 
evaporation is m any times th a t of pure diffusion (6). In  this 
fange the evaporation ra te  is a linear function of the concentra
tion difference. Finally, if the surface tem perature of the liquid 
is still fu rther reduced, the dew point is reached, and for lower 
surface tem peratures condensation begins. Prediction of rates 
of condensation in  term s of the ra te  of evaporation is an in
triguing problem. The flow patterns corresponding to  these 
cases are shown in Figure 8.

F ig u re  8. M ix tu re  F low  D ia g ra m s 
above th e  P a n

t vio 83 su rface  tem p era tu re  o f  th e  liq u id  
t m =  dry h u lh  te m p era tu re  far  aw ay , and  

also  th a t  o f  th e  floor
— — — — air flow; —— vapor flow
A  = p aralle l flow  ev ap oration , <  y  m

^vie ^ v̂<x>
It  . ** contraflow  evap oration , y ic >  y a

-'Vic  ̂ V CO
c o n d en sa tio n , C,r

Evaporation d a ta  are sometimes cited 
w ith no specification of the wet-bulb tem 
perature far away. T his procedure is obvi
ously no t greatly in error for low hum idi
ties and when the vapor pressure on the 
gaseous side of the liquid-gas interface 
is high compared to  the vapor pressure 
far away. F or instance, w ater a t  150° F. 
evaporating into air a t  70° F . and 50%  
rh will exert a vapor pressure of 3.72 
pounds per square inch while the vapor 
pressure of the m oisture in the air is 0.18 

pound per square 
inch. N eg lect of 
the la tte r  will cause 
an error of about 
5%  in the predic
tion of the evapora
tion rate.

B ox  (13 )  s u g 
gested th a t “ the 
rate of evaporation 
of w ater, alcohol, 
b e n z o l i n e ,  a n d  
e t h e r ”  w h e n  e x 
posed to  “perfectly 
calm air a t  natural 
tem peratures could 
be calculated by 
m e a n s  o f  t h e  
equation:

R = 378 (F -  / )
(9)

where R  =  ra te  of 
e v a p o r a t i o n ,  
g r a i n s / (sq. ft.)  

' (hrO
F  — /  =  difference 

between “ force 
of vapor of given 
liquid a t  tem 
p e r a t u r e  o f  
am bient a ir” and 
“ force of vapor 
actually  present 
in  th e  air”< c„
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F ig u re  9. U n it E v a p o ra tio n  R a te  e a s  a  F u n c tio n  o f  
V apor P re s su re  D ifference, Pvw  —

A . I lin ch ley  an d  I lim u a , E q u ation  11
I t. E q u ation  13: O  G riffin; -j- G ordon; A  Sh arp ley
C. R oliw er, E q u ation  12 D. B ox, E q u ation  10

This equation becomes

e =  0.0.54 (P .u -  P ,„ )  (10)

in the un its of this paper.
H inchley and Him us (7) presented the following empirical 

equation for the evaporation of w ater into still air:

e =  0.20 (P ,„ -  P ,„ ) '- M (11)

Rohwer (11) developed an empirical equation of the form:

e = 0.0173 (P,u> -  P v a )  (tw -  t +  Z ) 0-’ (12)

where (tw — 0  > —3

This equation was form ulated from results of evaporation of 
w ater a t  normal room tem peratures from an uninsulated m etal 
square pan located in a largo unroofed chamber.

K ratz  (5, 8) measured evaporation rates from pans placed on 
radiators and furnaces and presented his results in curve form. 
The evaporation rates will be slightly augm ented by th e  con
vection stream  from the radiator or furnace, especially a t  the 
lower evaporation rates (w ater surface tem perature below 
180° F.).

The results of the investigations by the authors, cited in  th is 
paper, can be fairly well represented by means of the equation:

e =  0.067 ( P xa -  P r o , ) 1-22 (13)

The numerical evaluation of E quation 10 of Box, 11 of Hincliley 
and Himus, 12 of Rohwer, and E quation  13 above are presented 
in Figure 9 for comparison. The results of Rohwer and Hinchley 
and H im us are high, probably as a result of extraneous a ir cur
rents; those of Box should no t be extrapolated to  high vapor 
pressure differences.

T he generalized equations presented here have been employed 
successfully to  predict ra tes of evaporation and cooling tim es of 
vessels of w ater and of alcohol in to  a ir a t  room tem peratures 
under conditions of transient cooling. F or instance, the tem 

perature  of w ater initially a t  180° F. lias been predicted within 
a few degrees throughout a cooling tim e of 3 hours.
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pressure.

F.)
ft.) (hr.)

NO M ENCLATURE

C  — concentration of w ater vapor, lb ./cu . ft.
C p =  u n it heat capacity of m ixture a t  constant

B .t.u ./(lb .) (° F.)
D  =  pan diam eter, ft. 
e =  un it evaporation rate, lb ./(sq . ft.) (hr.)
/  =  u n it therm al conductance, B .t.u ./(h r.)(sq . f t .) ('
/ '  =  un it conductance for mass transfer, lb ./(sq,

(lb ./cu . ft.)
F  = vapor force a t  liquid tem perature, in. Hg
/  =  vapor force of vapor in air, in. H g 
g =  gravitational force per u n it mass 

(hr.) (hr.)
k  — therm al conductivity, B .t.u ./(h r.)(sq . ft.)(°  F ./f t.)
M  = molecular weight 
P  =  vapor pressure of w ater, in. H g 
Patm = log m ean dry  air pressure 
rh =  relative hum idity 
I =  dry bulb tem perature, 0 F.
T  =  tem perature, ° R.
a = mass diffusivity, w ater vapor into air, sq. f t ./h r .
(3 =  coefficient of expansion of mixture, 1 /° F .
7  =  weight density  of m ixture, lb ./cu . ft. 
fi =  coefficient of viscosity of m ixture, lb ./(h r.)(ft.)  =  (lb. 

sec./sq. ft.) (32.2) (3600)

32.2 X 36002 ft./

Subscripts
■■ =  w ater vapor

=  gaseous side of liquid-gas interface 
far away

v
w
OO

Dimensionless moduli
A V  
N u

Gr' =

f ’D / a ',  N usselt modulus prime 
= J D / k ,  N usselt modulus

7 ( j f Y ^  ~  Grashof modulus prime

Gr = ß (tv, — t a ) ,  G rashof modulus

Pr'
P r

= n /c t'y , P rand tl modulus prime 
= i iC p / k , P ran d tl modulus
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RUST PREVENTIVE OILS
Use o f Contact Angles to Study the A ction  

o f M ineral Oil Film s

. G . P . P IL Z  AND F . F . F A R L E Y
Shell Oil C om pany, Inc., flo o d  Iiivcr. III.

R u s t  p rev en tiv e  o ils , co m p o sed  o f  p o la r  o rg a n ic  c o m 
pounds in  m in e ra l  o il, h av e  b een  em p lo y ed  ex tensively  in  
film a p p lic a tio n s  fo r th e  te m p o ra ry  p ro te c tio n  a g a in s t  
ru s tin g  o f  iro n  a n d  s te e l p a r t s  d u r in g  m a n u f a c tu r in g  o p e r
a tio n s , s to ra g e , s h ip m e n t ,  a n d  u se . T h e  c o n d e n sa t io n  o f 
m o is tu re  in  d ro p le ts  o n  s u c h  o il-c o a te d  s te e l p a r t s  p ro 
duces a d y n a m ic  sy s te m  co m p o sed  o f  w a te r , oil film , a n d  
m eta l. A s tu d y  o f  th e  c o n ta c t  an g le s  fo rm e d  by s u c h  a  
system  w h e re  a  d ro p  o f  w a te r  r e s ts  o n  a h o r iz o n ta l  o il-  
coated s te e l p a n e l h a s  e s ta b lish e d  a  r e la t io n s h ip  b e tw een  
c o n tac t an g le s  a n d  r u s t  p rev en tiv e  a b il ity . A m a th e m a t i 
cal a n a ly s is  o f  th e  fo rces involved in  th e  sp re a d in g  o f  a  
w ater d ro p  on  a r u s t  p rev en tiv e  oil film  h a s  sh o w n  t h a t  th e

TH E  economic loss due to rusting of iron and steol in service 
and storage is extensive. For the prevention of rusting, pro
tective coatings, both  perm anent and tem porary, have been em

ployed for some tim e ; th e  type  of coating depends upon the needs 
of the particu lar application. E arly  practice m ade use of grease 
and petro latum  when a  rem ovable coating was required. Oil 
type coatings, more desirable from the standpoint of ease of re
moval, were no t widely accepted as satisfactory protective coat
ings until i t  was dem onstrated th a t  the rust preventive capacity 
of an oil could be increased more than  tenfold by the incorpora
tion of certain types of polar organic compounds. These polar 
organic additives, such ¡is petroleum sulfonates, are now being 
employed in a  wide variety  of oils used no t only as protective 
coatings bu t also as lubricants.

The necessity for rust preventive lubricating oils and for easily 
removable coatings was emphasized early in W orld W ar I I  by 
the problem of inordinate rusting in the extreme hum idity  of such 
localities as the South Pacific. Acceleration was therefore given 
to the developm ent of rust preventive gun, instrum ent, turbine, 
hydraulic, gear, engine preservative, package, and o ther oils for 
protection of iron and steel parts  during m anufacturing opera
tions, storage, shipm ent, and use.

This developm ent produced two fairly distinct types of rust pre
ventive oils, one for use in bulk applications such as in the lu
brication of turbines (5) and hydraulic systems, th e  other for film 
type applications as a protective coating. T he first requires 
only a small concentration of polar organic compound because 
any local depletion of additive is replenished by the remaining 
hulk of th e  oil. T he oil film type of rust preventive has no 
means for replenishm ent of depleted additive and requires, in 
general, a  much higher concentration of additive. This paper 
deals w ith the la tte r  type— namely, oil film rust preventives.

As tem porary protective coatings on exposed steel surfaces, 
oil film rust preventives are effective for a period of several months 
to a few years, depending on the severity of exposure conditions, 
for a rapid evaluation of protective ability, hum idity  cabinets 
*re commonly used. T heir function is to  accelerate rusting of oil- 
coated steel specimens by m eans of elevated tem perature and 
humidity. Comparisons of rust preventive effectiveness are 
“lade by noting the  tim e which elapses before rusting occurs.

e q u il ib r iu m  su r fa c e  te n s io n s  o f  th e  w a te r  a n d  o il a n d  Ih e ir  
in te rfa c ia l te n s io n  a rc  th e  m a jo r  fa c to rs  d e te rm in in g  th e  
m a g n i tu d e  o f  th e  c o n ta c t  an g le . T h ese  fin d in g s a re  in  
a g re e m e n t w ith  th e  th e o ry  o f  r u s t  p re v e n tio n  w h ich  p o s tu 
la te s  o r ie n ta t io n  o f  th e  p o la r  o rg a n ic  a d d it iv e  a t  th e  o ii-  
m c ta l  in te rfa c e  a n d  e s ta b l is h m e n t  th e re b y  o f  a b a r r ie r  to  
n o rm a l m o d e  o f  e n try  o f  th e  c a u sa tiv e  a g e n ts  o f  r u s t in g — 
oxygen  a n d  w a te r . C o n ta c t an g le s  w ere  m e a s u re d  by  a 
m ic ro sco p e  f i t te d  w ith  a g o n io m e te r  eyep iece ; th e y  h av e  
b een  em p lo y ed  in  d e te rm in in g  t h a t  s o lu b il ity  in  w a te r  is  o f  
p r im e  im p o r ta n c e  a m o n g  th e  p h y s ica l p ro p e r tie s  o f  r u s t  
p rev en tiv e  a d d itiv e s  a n d  h av e  fo u n d  a p p lic a tio n  in  c o n 
tro ll in g  p la n t  p ro d u c tio n  o f  r u s t  p rev en tiv e  o ils .

M ineral oils containing no additive (undoped) allow rusting in a 
few hours, whereas effective rust preventive oils pro tect the steel 
specimens for several hundred hours in a hum idity cabinet.

In the hum idity cabinet the oil-coated steel panels collect 
droplets of m oisture by condensation from the hpmid atm osphere 
and thus produce a  dynam ic system  composed of water, oil film, 
and m etal. A study  of the contact angles formed by such a  sys
tem where a drop of w ater rests on a horizontal oil-coated steel 
panel has established a relationship between contact angles and 
rust preventive ability. These findings are in agreem ent with 
the theory of rust prevention which postulates orientation of the 
polar organic additive a t  the oil-m etal interface and establish
m ent thereby of a barrier to the norm al mode of en try  of the caus
ative agents of rusting—namely, oxygen and water.

A standardized procedure using a microscope fitted  w ith a goni
om eter eyepiece has been developed for m easuring contact angles 
and has been applied in predicting the effectiveness of ru s t pre
ventive oil films. These predictions are based on d a ta  correlating 
contact angles w ith degree of protection in a  hum idity cabinet. 
Undoped mineral oils yield contact angles of 70° to 85° and offer 
protection to  a steel panel for only a few hours in the hum idity 
cabinet. W hen a rust preventive additive is dissolved in increas
ing am ounts in a m ineral oil, a  decrease in contact angle resu lts 
such th a t  an angle of about 55 ° corresponds to a hum idity  cabinet 
life of 100 hours, an angle of 30-35° to  200 hours, etc. T he pre
diction of rust preventive capacity from contact angles is valid 
for m ost of the different types of rust preventive oils examined. 
These represented a  g reat variety  of oil and additive types. The 
validity of the m ethod is no t influenced by the presence of non- 
[jolar additives such as the common pour-point depressants, an ti
oxidants, and viscosity-index improvers.

Since contact angles are influenced by such variables as oil 
and additive composition and oil viscosity, the m ost reliable 
predictions of ru s t preventive ability  are m ade where these vari
ables are minimized—-for example, in the use of a given oil and a 
given additive where concentration of additive is the only vari
able. The contact angle m ethod is therefore well suited as a con
trol tes t in p lan t production of rust preventive oils.

A m athem atical analysis of the forces involved in the spreading 
of a w ater drop on a rust preventive oil film has shown th a t the
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equilibrium surface tensions of the w ater and oil and their in ter
facial tension are the m ajor factors determ ining th e  m agnitude 
of the contact angle.

Among the physical properties of the polar organic compounds 
used as ru s t preventive additives, solubility in w ater is of prime 
im portance since it  determ ines to  a  large extent th e  ra te  a t  which 
these compounds are leached from the oil film under hum id con
ditions producing condensation of m oisture. T he contact angle 
m ethod has been employed for determ ining the ra te  a t  which 
polar additives are leached from rust preventive oils.

cabinet is as follows: A continuous stream  of air is humidified 
by bubbling through a column of warm w ater and is then passed 
through the cabinet a t  such a  ra te  th a t a  complete change of air 
w ithin the cabinet is provided approxim ately 1.5 times per hour. 
Immersion heaters control the tem perature of the w ater in the 
humidifier so th a t th e  stream  of air which enters th e  cabinet is 
satu rated  w ith w ater vapor and is a t a tem perature  slightly above 
100° F . By means of a  therm oregulator and immersion heaters, 
a  w ater b a th  in th e  bottom  of the cabiiiet serves to m aintain the 
cabinet tem perature a t  100° F . A dequate insulation of the cab
inet is instrum ental in  rendering constant th e  ra te  of conden
sation of w ater vapor on the steel test panels and interior of the 
cabinet. H um idity  cabinets of constan t and uniform exposure 
conditions have recently been described by Todd (5) and by an 
A rm y-N avy specification (2).

In  the norm al operation of the hum idity cabinet in these labora
tories, the oil-coated steel panels collect droplets of moisture by 
condensation from the humid atm osphere and thus produce a 
dynam ic system  composed of water, oil film, and metal. A study 
of this system  by physical-chemical means, using interfacial ten
sion and contact angles, has led to  the establishm ent of a  rela
tionship between contact angles and ru s t preventive capacity; 
i t  has given support to th e  theory th a t  rust prevention is obtained 
by the orientation of polar organic molecules on th e  m etal surface 
to form a  multim olecular layer, partially  or completely imperme
able to water.

T he contact angle m ethod does no t apply when additive con
centrations are high (above 10%) and also fails to  indicate pro
tection against rusting which is a tta ined  by  m echanical means, 
such as is achieved by  nonpolar suspended m aterial in  an oil 
blend. In  such cases the actual protection is greater th an  th a t 
predicted by  th e  »contact angle.

EVALUATION O F R U S T  PR EV E NTIV E  CO ATINGS

T he evaluation of tem porary protective coatings is accom
plished by means of artificial weathering devices in which stand
ardized conditions are m aintained. T heir function is to  create 
severe w eathering conditions which will accelerate rusting and 
the breakdown of protective films, and thus allow' in a  short tim e 
a  prediction of the protection which can be expected in outdoor 
service. T he three m ost common devices employed for acceler
ated  w eathering are th e  ultraviolet w eathering unit, the salt fog 
cabinet, and th e  hum idity  cabinet. These consist essentially of 
system s in  which clean steel panels covered w ith the  protective 
coating are exposed a t  an elevated tem perature, respectively, to 
ultraviolet light, to  a  fog of sa lt wrater, or to an atm osphere of 
high hum idity. The steel panels are examined periodically and 
the rust preventive capacity of a  coating is determ ined by noting 
.the tim e which elapses before rusting occurs. The heavier types 
of tem porary protective coatings, such as resins, greases, and 
petrolatum , are evaluated more readily in the ultraviolet and salt 
fog cabinets; b u t for the evaluation of oil film types which, in 
general, have a  shorter life of protection, the hum idity  cabinet 
has been the chief tool.

M any different types of hum idity  cabinets are now in use, m ost 
of which operate a t a  relative hum idity  of 100% an4 a  tem pera
tu re  of 100° or 120° F . Because of varied design and operation, 
these cabinets do no t agree in evaluating a  given protective oil 
coating. Several laboratories, however, are now cooperating in 
the developm ent of a standardized cabinet which will aid in mini
mizing these differences. T he study  described here is sufficiently 
fundam ental in  nature  to  yield inform ation which is largely inde
pendent of th e  variables affecting results from hum idity  cabinet 
tests. W ithout entering the argum ent over optim um  operating 
conditions of a hum idity  cabinet, we believe th a t th e  reasonably 
precise results obtained in the cabinet used for the present study  
can form a basis for valid conclusions. The operation of this

A T H E O R Y  O F R U ST  PREVENTIO N

W hen a homogeneous oil solution of a polar compound, such as 
oleic acid dissolved in  a  m ineral oil, is brought in contact with 
iron or steel, orientation of the polar compound on the metal sur
face occurs (7, 10). This orientation consists in a concentration 
of th e  polar compound a t  the oil-metal interface and the deposi
tion of orderly aligned layers of molecules; th e  polar group of 
each molecule of th e  first layer (e.g., th e  carboxyl group) is 
aligned a t  the m etal surface by  adsorptive forces, and the non
polar residue (e:g., the alkenyl group of oleic acid) extends out
ward from the m etal surface. The existence of such an adsorbed 
layer was postulated by Bulkley and Snyder (S) from experiments 
using oleic acid. According to  K arplus (7) and T rillat (10), the 
forces of orientation of the random  polar molecules ou t of solution 
extend over a  distance of 9000 k .  and lead to  the deposition of 
m ultimolecular oriented layers sim ilar to  those described by Lang- 
m uir (8) and by Clark, S terrett, and L eppla (4). H ardy and 
co-workers (6) also showed th a t a ttrac tiv e  forces which possess 
an unexpectedly large sphere of activ ity  (2—6/x) emanate from 
boundary surfaces—ranges which closely approximate the aver
age film thickness of an  oil layer. These forces of attraction 
which em anate from a  boundary surface are thus not limited in 
their influence to  a  monomolecular layer’b u t extend far into the 
layer of oil. T he discovery by  T rilla t (10). th a t such polar com
pounds, tow ard w'hich m etals exert an  especially strong attractive 
influence, form lam ellar structures of 400-500 molecular layers 
w ithout th e  assistance of any external forces is in excellent agree
m ent w ith  results obtained by H ardy. There are, however, 
reasons to  question th e  m ultimolecular layer theory; for example,

T a b l e  I. E f f e c t  o f  S e v e r a l  V a r ia b l e s  o n  C o n ta c t  A n g le s

(Distilled water drop deposited on sandblasted steel panel coated with a rust 
preventive oil)

Drainage Conditions for 
Oil-Coated Panel

Time, hr. Temp., ° F. Drop, Ml.
2 Room 0.05
0.5 130 0.05
1 130 0.05
2 130 0.05
2 130 0 .1 0
2 130 0 .2 0

16 130 0.05

Size of W ater Contact Angle 
after 3 Minutes

12°2°
5°

1.7°
17"
18°
18°
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it is difficult to conceive th a t the oleophilic surface of the first 
oriented layer should a ttra c t the polar additive in preference to 
oil. On the other hand, it is possible th a t the free energy of for
mation for a m ultimolecular layer, corresponding to  a crystal .of 
the polar additive, is more favorable than  for a mixed layer and 
that the existence of the. m ultilayer of additive would conse
quently be favored.

I t  is conceivable th a t  between these oriented layers and the 
polar molecules in solution, there is established an adsorption- 
desorption equilibrium. These oriented layers serve to  prevent 
rusting of the m etal by in terrupting  the norm al mode of en try  of 
water and oxygen. Such an equilibrium would offer an explana
tion as to  w hy the am ount of additive actually  required in  service 
for adequate rust prevention is greatly in excess of th a t  required 
to form an oriented layer on the m etal surface. Although such 
a layer m ay be sufficient to prevent rusting, it  is theorized th a t 
further increm ents of an tirust agent arc instrum ental in shifting 
this equilibrium strongly in favor of further adsorption and 
maintaining it until the  additive has been depleted to the extent 
that the adsorption-desorption equilibrium is reversed. When 
desorption becomes extensive, th e  oil film no longer rem ains im
pervious to  w ater and oxygen, and rusting results. The effec
tiveness of polar organic compounds as rust preventive agents in 
mineral oil would then  depend on th e  polarity  of the organic com
pounds tow ard iron and steel; other factors which change the 
adsorption-desorption equilibrium, such as tem perature, molar 
concentration of additive, and chemical structure of hydrocarbon 
radical, would be held constant.

When a  drop of w ater forms on an oil-coated horizontal steel 
surface by  condensation of moisture, the extent of spreading of 
the w ater drop is influenced, among other factors, by the a ttrac
tion of oil-soluble polar substances to  th e  water-oil interface. 
With certain exceptions these oil-soluble polar substances are ef
fective as rust preventive additives and orient also a t  the oil-metal 
interface. I t  is probably fortuitous th a t the  types of polar- com
pounds now used as ru s t preventives possess structures and solu
bilities which relate their orientations a t  water-oil and oil-steel 
interfaces1. The extent to  which a drop of w ater spreads on oil- 
coated steel surfaces is, therefore, an indirect m easure of the 
strength and exten t of orientation a t the oil-metal interface and 
is likewise an  indirect m easure of the ru s t preventive capacity of 
the oil film. Spreading of a drop of w ater in such a  system  is 
easily followed by measuring the angle of contact a t the air-water- 
oil interface. C ontact angles of such a  system, therefore, offer a  
convenient and valuable tool for studying rust preventive oils.

CONTACT A N G L ES

In the hum idity  cabinet used for testing  rust preventive oils, 
the oil-coated tes t panels collect drops of m oisture by condensa
tion from the hum id atm osphere so th a t the system  composed of 
"'ater, oil film, and m etal prevails wherever a  w ater drop has 
formed on the  panel. This system  is illustrated in Figure 1. 
Contact angles have therefore been m easured for such a  system 
by using the sessile drop method. Various other m ethods such 
as the ro tating  cylinder, tilting  plate, etc., could be used.

The observation was m ade th a t a  drop of distilled w ater on a 
steel panel coated w ith a  th in  film of oil formed a definite and re
producible contact angle a t  the water-air-oil film interface. 
Rough m easurem ents revealed th a t  contact angles varied to some 
extent w ith different base s to ck s .' Cursory experiments in which 
fust preventive oils were used indicated th a t  smaller angles were 
formed w ith these oils as a group than  w ith th e  base stocks. 
However, when it  was noted th a t the contact angle varied with

1 Structural types of rust preventive additives are conceivable for which 
toe present relation between orientations a t  the water-oil and oil-steel inter- 
feces would be considerably altered—namely, compounds whose polarity 
*°*ard steel was considerably stronger and whose hydrophilic tendency was 
'onsiderably weaker than  those of existing compounds.

T IM E  A F T E R  D E P O S I T I O N  OF W A T E R  DRO P  

( M I N U T E S )

F ig u re  2. E ffec t o f  T im e  o n  C o n ta c t  A ngle fo r S everal 
B ase S to ck s  a n d  R u s t  P rev en tiv e  O ils

the experim ental conditions, it was deemed advisable to  establish 
a standard  procedure for measuring contact angles. Some tim e 
was devoted, therefore, to  the control oT variables which m ight af
fect the reproducibility of these m easurem ents. Among these 
variables are drainage time, drainage tem perature, th e  size of the 
w ater drop, and th e  length of tim e between deposition and obser
vation of the drop. T he tem perature a t  which the oil was 
drained from th e  p late as well as the drainage tim e were found to 
have g rea t influence on th e  exten t to  which a w ater drop would 
spread on th e  resu ltan t oil film and, consequently, on th e  size of 
th e  contact angle. The introduction of a specific drainage period 
and tem perature was therefore a necessary prerequisite for dis
tinguishing between a good and a mediocre rust preventive oil.

T hroughout the entire work the dipping tim e of the panel in 
the blend was m aintained a t  one m inute, as recommended in a 
num ber of governm ent specifications for rust preventive"oils. 
Theoretically, th e  volume of the w ater drop deposited on a  panel 
should have no effect on the contact angle. Table I illustrates 
th a t such is th e  case in the  range of drop size used, for a  fourfold 
variation in the volume of the drop deposited did no t affect the 
m agnitude of the contact angle. An increase in drainage tem per
ature, from room tem perature (about 75° F .) to  130° F. brought 
about a significant increase in the size of the angle. This increase 
can, in part, be a ttribu ted  to  the lens effect created by the w ater 
drop on the less dense m ineral oil when a th ick  oil film is used.

On the basis of these and similar experiments w ith oils of o ther 
viscosity, a  drainage tim e of 2 hours a t 130° F . was adopted. 
Since a  decrease of contact angle w ith tim e was observed in every 
case, angles were determ ined for a num ber of blends a t  3-m inute 
intervals for a 24-minute period after deposition of a w ater drop 
on the panels. T he observed decrease in contact angle is be
lieved to  represent the  tendency for the  system  to  re-establish 
equilibrium after creation of the water-oil interface. Figure 2 
illustrates these results for four base stocks and five rust preven
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F ig u re  3 (A bove). A p p a
r a t u s  fo r  M e a s u r in g  C o n 
t a c t  A ng les (L ig h t S o u rce , 
M icro scope , a n d  G o n io m 

e te r  E yep iece)

F ig u re  4 (R ig h t) .  C lo se -u p  
View o f  S essile  D rop  o f  
W a te r  o n  O il-C o a ted  S tee l 

P an e l

tive oils. The values in parentheses represent the hours protec
tion against rust afforded by  these oils in th e  hum idity  cabinet 
described here. H um idity  cabinet tests on a  large num ber of oils 
revealed th e  fact th a t there was no appreciable difference between 
the significance of 3-m inute or 15-minute angles in so far as their 
correlation w ith rust prevention was concerned. F or the  m atte r 
of expediency, the m easurem ents after 3 m inutes were therefore 
adopted in the standard  procedure.

M EA SU R E M EN T  O F  CONTACT A NG LE

In  the s tan d a rd ' procedure adopted for m easuring contact 
angles, an SAE 1020 steel panel, approxim ately 3 X 7  cm., is 
sandblasted thoroughly w ith flint-shot w hite sand of the size 
specified by  th e  Army (11). T he panel size is half the  specified 
size in w idth; no change is made in thickness or length of panel. 
The w idth had to  be decreased in order to  facilitate placing the 
panel on th e  stage of th e  microscope. A fter thorough sand
blasting, the dust is rem oved from the panel w ith a  camel’s hair 
brush. T he panel is im m ediately dipped w ithout agitation in the 
oil under investigation for one m inute a t  room tem perature. I t  
is removed, inserted vertically into the slot of a painted wood 
block, and placed in  an oven where th e  excess oil is drained from 
the  panel for 2 hours a t  130° F . T he oil-coated panel is then 
placed in th e  hum idity  cabinet for 2 hours, a fter which it  is se t in 
a horizontal position «n th e  stage of a horizontal microscope 
equipped with a mechanical stage. The position of the panel is

adjusted  so th a t  its upper surface is in the field of view (Figures 3 
and 4). A drop of distilled w ater from an eye dropper is placed 
on th e  steel panel near the front edge, and the contact angle at 
th e  air-water-oil film interface is m easured after 3 minutes by 
m eans of a goniometer eyepiece as illustrated  in Figure 5. The 
reproducibility of m easurem ents is about ± 1 ° .

A PPLICATIO NS O F T H E  M ETHOD

W hen th e  3-m inute contact angles were m easured on a series of 
base stocks, the values ranged from 70° to  85°. Severe rusting 
occurred w ithin 24 hours in th e  hum idity  cabinet when any one 
of these base stocks was tested. However, as the  am ount of rust 
prevention given by an oil increases as a result of the incorpora
tion of specific polar additives, a  decrease in contac t angle takes 
place which can be a ttrib u ted  to the concentration or polarity of 
th e  additives or to  both.

The correlation between contact angle and rust prevention is 
iEustrated in Figure 6 by plotting the hum idity  cabinet life 
against th e  contact angles of an oil containing increasing amounts 
of an effective rust preventive additive. In  Figure 7 a  wide vari
e ty  of additive and nonadditive oils is correlated according to con
ta c t angle and hum idity  cabinet life. T he additive oils range 
from nonrust preventive to  strongly ru s t preventive blends. A 
numerical designation has been used for convenience.

The difference noted in the angles of the various undoped oils 
m ay be due prim arily to their degree of refinem ent or the extent 
to w hich polar im purities were removed in the refining process. 
These polar im purities are not of the correct molecular structure 
to ac t in preventing rust. An 85° angle was obtained when a 
steel panel was coated w ith Nujol, a  highly refined oil from which 

polar compounds had been alm ost completely 
removed. T his represents the largest angle 
found fo r a  m ineral oil. However, a drop of 
water on paraffin wax yielded an angle of 105 
which is in good agreem ent w ith results of 
other observers. In  addition to the values for 
the base stocks, d a ta  are tabu lated  for a num
ber of oils containing organic additives which 
serve purposes o ther than  for rust prevention, 
namely, antifoam  agents, antiwear agents,
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F ig u re  5. Im a g e  o f  W a te r  D rop  as  V iew ed th ro u g h  
G o n io m e te r  E yep iece , S h o w in g  A lig n m e n t o f  E yepiece 
Cross I l a i r  w ith  Edge o f  D rop  W h en  M e a su rin g  C o n ta c t  

A ngle

antiring-sticking agents, antioxidants, detergents, pour-point de
pressants, and viscosity-index improvers. None of these com
pounds is polar enough to  exhibit a  significant depression of con
tact angles. Some detergents, which are weakly polar, exhibit a 
slight effect on the contac t angle. R ust preventive oils as' a  class, 
however, exert an effect on contact angle which increases w ith the 
degree of rust prevention. T he increase in rust prevention shown 
in Figure 2 was achieved prim arily by increasing the concentration 
of the common types of an tirust agents, such as sodium petro
leum sulfonates. Oils which yield a  3-m inute angle of about 
50-55° afford protection for 100 hours in th e  hum idity  cabinet; 
likewise, an angle of 15 to  35° corresponds to  a  hum idity  cabinet 
life of 200 to  300 hours, and an angle of about 5 to  10° corresponds 
to a life of 400 hours. Since the values of Figure 7 represent a 
large varie ty  of oils of different viscosities and degrees of refine
ment and containing different types of polar compounds as addi-

H U N IO IT Y  C A B IN E T  TES T L IF E  (H O U R S ]

F ig u re  6. E ffec t o f  H u m id i ty  
C a b in e t L ife o n  C o n ta c t  A ngle fo r 
a n  O il C o n ta in in g  In c re a s in g  

A m o u n ts  o f  A dd itive

lives, it is no t expected th a t all points will fall on the curve. When 
the variables of oil and additive type  and oil viscosity are mini- 
■nized (e.g., w ith a  given oil and a  given additive where concen
tration of additive is the only variable) excellent correlation is 
obtained, as shown by  Figure 6. T he contact angle m ethod is, 
therefore, well suited as a  control te s t in p lan t production of rust 
Preventive oils. Figure 8 gives examples of such an application.

Some used engine preservative oils are represented in Figure 7; 
oils 14, 15, and 18 produced large angles and gave no protection

HUMIDITY CABINET TEST LIFE (HOURS)

F ig u re  7. E ffec t o f  H u m id i ty  C a b in e t L ife  o n  C o n ta c t  
A ng le  fo r  a  V a rie ty  o f  A dd itive  a n d  N o n a d d itiv e  O ils

against rusting. I t  is obvious, therefore, th a t the polar ru s t pre
ventive compounds originally present in the oil have been de
stroyed. Oils .28 and 38 had small angles and gave good rust 
prevention. Pertinen t d a ta  for these oils are given in Table I I .

The contact angle d a ta  for these used oils were obtained prior 
to  the adoption in the procedure of th e  2-hour leaching period in 
the hum idity  cabinet. This m ay account for the reversal in th e  
contac t angle-hum idity  cabinet correlation of samples 28 and 38, 
since i t  is possible th a t water-soluble oxidation products m ay have 
been formed in the deterioration of oil 38 which would influence 
the size of the contact angles b u t no t th e  ru s t preventive capacity  
of th e  oil. This effect m ight, consequently, have been avoided 
if th e  leaching procedure adopted la te r had been employed. A 
more comprehensive discussion of the mechanism and applica
tion of this procedure is given in a  la ter section of th is paper.

A series of oils of varying viscosity in which the identity  and 
concentration of additive were m aintained constant is included 
in the da ta  of Figure 7. T his is illustrated by  39, 41, 43, 44, and 
45 which correspond, respectively, to  oils having 65, 100, 200, 
500, 750, and 2000 seconds Saybolt U niversal viscosity a t  100” F . 
T he conclusion could be draw n on the  basis of these results th a t 
increasing viscosity causes a  corresponding increase in rust pre
vention and decrease in contact angle, b u t i t  is believed th a t 
solubility and o ther factors are equally if no t more im portant.

CLA SSIFIC A T IO N  O F  O IL  T Y P E S

Since the contact angle as m easured in th is study  is undoubtedly 
influenced by  orientation  a t  th e  water-oil interface, it  seemed 
logical to  compare contact angles and interfacial tensions (IF T )  
for different types of oils. On the basis of these two measure-
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m ents oils can be classified in m ajor groups (Table I I I ) .  I t  
is evident th a t in the case where bo th  the contact angle and in
terfacial tension are high (type I), little  resistance to  rusting  is 
offered. T he rust prevention afforded is likewise negligible for 
blends showing a low interfacial tension and a large contact 
angle (type I I I ) .  This is in good 
agreem ent w ith previous observa
tions th a t a  low interfacial tension 
does no t establish an oil as being a  
good ru s t preventive. R u st pre
ventive oils (type IV) are charac
terized by a low IF T  and small 
contac t angle.

When a rust preventive com
p o u n d  i s  a d d e d  in in c r e a s in g  
am ounts to  a  m ineral oil, the 
changes which tak e  place in contact 
angle and interfacial tension illus
tra te  th a t oils of type  I I I  can be 
interm ediate betw een types I and 
IV. F or example, in Figure 9 oils 
of zero additive content (type I) are 
represented by  th e  ordinate and 
show' high I  F T  and large contact 
angles on steel panels. W hen a 
polar rust preventive is added in 
sm all quan tity  to  a  m ineral oil, a 
rapid decrease-in I  F T  occurs, but 
th e  contact angle is only slightly 
decreased. These are the charac
teristics of oils of type  I I I .  W here
as only small am ounts of polar ad
ditive are sufficient to  decrease I  F T  
by orientation a t  th e  water-oil inter
face, com paratively larger am ounts

T a b l e  II .  D a ta  o n  U s e d  E n g in e  P r e s e r v a t iv e  O il s

OU
No. Engine

Duration 
of Engine 
Test, Hr.

Contact
Angle

Humidity 
Cabinet Test 

Life, Hr.
14 Lauson 80 64° <24
15 Chevrolet 0 60° <24
18 Chevrolet 36 60° <24
28 Chevrolet 36 35° 240
38 Chevrolet 36 20° 215

T a b l e  I I I .  C l a s s if ic a t io n  o f  O il  T y p e s  A c c o r d in g  to 
' C o n t a c t  A n g l e  a n d  I n t e r f a c ia l  T e n s io n

Contact 1-Min.
In ter Con Angle IFT , Humidity

Oil facial tac t Representative after D ynes/ Cabinet
Type Tension Angle Example 3 Min. Cm. Life, Hours
I High Large Base stocks 60-85° 20-50 <24
II High Small None known
III Low Large Soluble oils 60-85° i - i o ’<24
IV Low Small R ust preven

tive oils
0-50° 1-10 100 and 

over

of additive are necessary before sufficient orientation a t the oil- 
w ater interface occurs to affcct th e  contact angle significantly. 
Oils of type I I I  would thus be expected to  be inferior or ineffective 
rust preventives.

The further addition of ru s t preventive additive to  a mineral
oil causes a  fu rther slight decrease of I  F T  beyond the already 
very small value2, whereas a  significant decrease in contact angle 
occurs and continues until a  definite concentration, characteristic 
of each additive (about 5-25% ), is reached where no further ap
preciable decrease of contact angle is noted. R ust preventive 
oils (type IV) show these characteristics of low IF T  and small 
contact angles. F or oils of type IV  apparently  enough addi
tive has been incorporated to  shift th e  adsorption-desorption 
equilibrium strongly in favor of oriented layers of polar molecules 
on the m etal surface.

To date  no blend has been discovered to  have a high interfacial 
tension and small contact angle (type II ) , and the possibilities

* For studying oil film type ru st preventives, measurements of IF T  have 
little use since they are insensitive in the range of additive concentrations 
customarily employed.

¿ —IN TER FAC IA L TEN SION  

O -C O N T A C T  AN GLES M EASURED ON 
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------O LE IC  A C ID

- 4 0

3 4 5 6  7
PERCENT RUST PREVENTIVE ADOITIVE IN O IL

F ig u re  9. C h a n g e  o f  C o n ta c t  A ngle  a n d  In te r fa c ia l  T en sio n  w ith  Increase 
in  C o n c e n tra tio n  o f  R u s t  P rev e n tiv e  A dditive
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( 1 0 0  HRS.)

( 4 0 0  MRS)O l t  I +■ MORE AD D ITIVE

of finding such an  oil arc rem ote, as dem onstrated by the follow
ing analysis of the forces involved in a  system  composed of a  drop 
of w ater on an oil-eoated panel: W hen a drop of any liquid is 
placed on  the  surface of a solid, the spreading of the drop is 
governed chiefly by th e  m agnitude of three forces—namely, S >» 
the surface tension of th e  solid, So, the  surface tension of the 
liquid, and  ¿ w , the interfacial tension between the solid and 
liquid, according to the following equation ( /)  and diagram :

S mo =  So  cos 0,„

where 0  =  contact angle

Subscripts m, o, w  =  solid (m etal), organic liquid (oil), and w ater
phases, respectively

In all cases the values are those of phases in equilibrium and no t 
of pure substances; for example, pure w ater has an  S w value of 
"2, bu t w ater in equilibrium  w ith oil containing a  trace of sodium 
oleate would have a much lower Sw value.

The type  of system  shown by E quation  1 would be representa- 
:ive of th e  case where a  liquid such as oil is placed on a  steel sur
face. However, since m ost mineral oils and additive oils spread 
to a th in  layer on a  steel surface, the contact angle is zero, so th a t  
measurements are impossible.

The preceding diagram  can be applied to  th e  case a t  hand al
though the system  prevailing here is som ewhat modified, for the 
water drop on which the angle is m easured is situated  on the oil 
film on th e  m etal. T he forces acting in such a system  m ay be 
illustrated as follows:

WATER

This system differs from the first in th a t  S m has been replaced by 
the surface tension of th e  oil on th e  m etal. Furtherm ore, 

So has been replaced by Sv>, and the  m etal-oil interfacial tension, 
Smo, by the w ater-oil interfacial tension, Sm . E quation 1 thus 
becomes

S o  —  S v o  =  S „ cos © 
or cos 9  = (So — S«o)/S„

Recent experim ental work, no t y e t completed, indicates th a t 
mder equilibrium conditions E quation  2 m ay be applicable as a 
close approxim ation to  th e  first system.

Since each of th e  th ree forces is independent of th e  other, nu
merous possible relations m ay exist. Thus, when interfacial ten
don Su ro is low, cos 9  will depend prim arily on the values of S o  and 

and will vary  betw een 1 and 0, corresponding to  a  variation 
® contact angle of 0 to  90°. However, when interfacial tension 
®w is high, th e  surface tension of th e  w ater drop will be high;

0 will tend  to be sm all and th e  contact angle will be large.

Consequently, the case of a  high I FT combined w ith a sm all con
ta c t angle seems im probable.

IN STA N T A N EO US CONTACT A N G LES

C ontact angles can be m easured a t  a  tim e in terval of less than  
3 m inutes, b u t as the in terval becomes shorter, i t  becomes in
creasingly difficult to  obtain  reliable da ta . Angles have been 
measured m anually 10 seconds a fter depositing a  drop on the 
panel, b u t considerable difficulty has been encountered. The 
rapid change of th e  angle for three different oils during the first 
10 seconds was recorded, however, by using a  m otion picture 
camera exposing sixty-four frames of film per second. T he frames 
depicting instantaneous angles and those corresponding to  defi
nite tim e intervals were selected for m easurem ent of contact 
angles. M easurem ent indicated th a t the in itial angle« were 
identical in all three cases and, therefore, give no indication Of the 
am ount of rust prevention to  be expected from an oil. T he ra te  
of decrease of the angle, however, was found to  vary  appreciably; 
as Figure 10 shows, i t  became progressively greater w ith increas
ing ru s t prevention. These curves furnish evidence th a t condi
tions approaching equilibrium are established quite rapidly after 
a  w ater drop is deposited on an  oil-coated steel surface.

APPLICATION TO SO LID PK OTECTIVE COATINGS

R ecently it  was found th a t contact angle m easurem ents can 
also be applied to  the study  of petro latum  type coatings. For 
th is type of tem porary protective coating, the usual degree of 
protection obtained by purely mechanical means can be enhanced 
by incorporation of rust preventive additives. C ontact angles 
appear to  be useful in measuring this enhancem ent b u t offer no 
indication of the extent of m echanical protection.

O I 2 3 4 5 6 7 8 9  10 I I  12

T IM E  AFTER 0 E P 0 S IT I0 N  OF  WATER DROP (SECO N DS)

F ig u re  10. R a te  o f  C h a n g e  o f  C o n ta c t  A ngle 
d u r in g  F ir s t  10 S eco n d s (H u m id ity  C a b in e t Life, 

in  P a re n th e s e s )
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Because of th e  w ater-soluble natu re  of certain polar additives 
employed in ru s t preventive oils, very small contact angles may 
be obtained which are misleading since they  predict a greater de
gree of protection than  is actually obtained. However, when a
2-hour leaching period in  th e  hum idity  cabinet is employed prior 
to contact angle m easurem ent, a  more accurate evaluation of the 
rust preventive capacity  of such oils can be made. D uring this 
period in the hum idity  cabinet, water-soluble additives and easily 
emulsified additives (which form oil-in-water emulsions) are 
leached from th e  oil. T he contac t angle then  reverts to  a larger 
value which more accurately characterizes the ru s t prevention of 
such a  blend. Curves showing the  ra te  of leaching for a  number 
of common additives are given in Figure 11. These additives 
represent three general types of compounds: Additives A , B, C, 
and D m ay be considered as comprising type  I ;  E  and F, type 
I I ;  and G, type I I I .  There is a  striking difference between 
blends containing additives E  and F  and those containing addi
tives of type I. Additive E  compares favorably w ith additive F 
in possessing a slow ra te  of leaching and in im parting a small con
ta c t angle to  an oil blend. A dditive D, on the other hand, is 
leached a t  a  medium ra te  from th e  oil coating and constitutes an 
example of an  additive possessing appreciable w ater solubility. 
Because of th e  po larity  of this compound, the  contact angle after.
2-hour leaching is still indicative of an oil affording considerable 
rust prevention. However, a fter 4-hour leaching, this angle re
verts to a value of 60 ° which is more tru ly  representative of the 
mediocre ru s t prevention given by  th is blend. A , B , and C are 
characterized by  an in itial rapid ra te  of leaching followed by a 
m uch slower ra te . T he initial rapid leaching probably repre
sents th e  rem oval of constituents which are appreciably more 
soluble in w ater than  the bulk of the additive. The change of 
contact angle during th is initial period is roughly twice as large 
for additive C as for A  and B.

5 0  100 150 2 0 0  250  30 0  350
HOURS SUBJECTED TO HUMIDITY CABINET CONDITIONS

F ig u re  11. L e a c h in g  R a te s  o f  R u s t  P rev en tiv e  
A d d itiv es (3%  A d d itiv e  in  a n  O il o f  100 S a y b o lt 

U n iv e rsa l S eco n d s  V iscosity  a t  100° F .)

30 60 . 90

L E A C H IN G  T IM E  M IN U TES IN H U M ID IT Y  C A B IN E T  

AT  IO O *F .A N O  1 0 0 %  R E L A T IV E  H U M ID IT Y

F ig u re  12. E ffec t o f  H u m id i ty  C a b in e t C o n d itio n s  o n  C o n ta c t  A ngles o f  C e r ta in  B lends
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This study of leaching has been extended in order th a t the 
effect of hum idity  cabinet conditions on the contact angle during 
the entire hum idity cabinet test m ight be observed. Three 
blends offering various degrees of rust prevention were chosen for' 
this work and are listed in the legend of Figure 12. Triplicate 
panels were used for each of the three blends and were drained 2 
hours a t  130° F . before being placed in the hum idity  cabinet. 
During the first 50 hours of hum idity  cabinet testing, one of each 
of the triplicate panels was removed a t frequent intervals in 
order to m easure the contact angle and to observe w hether any 
rusting had occurred. T hereafter, these same panels were re
moved a t  less frequent intervals until the completion of the test 
when general rusting  of th e  panels had taken  place. Another 
set of three panels was rem oved from th e  hum idity cabinet on 
comparatively few occasions, and the th ird  set was kep t in the 
humidity cabinet throughout the experim ent to  form a basis' for 
comparison.

Identical contact angles were obtained w ith the triplicate 
panels coated w ith th e  100-hour oil, despite the  fact th a t  none of 
these panels was removed from the cabinet the same .number of 
times. A gradual increase in th e  angle was noted until 76-78° 
was reached; a t  th is point the first traces of rust were detected. 
The effect of frequent removal of the panels from the cabinet 
was more pronounced in th e  case of the 250- and 400-hour oils, 
for rust was noticed on the first se t of panels coated w ith these 
oils a fter 150-200 hours, respectively, which falls far short of the 
actual hum idity  cabinet life as determ ined with the th ird  se t 
uf panels.

The general trend of increasing values for the contac t angle 
with increasing tim e in the hum idity  cabinet is an indication of a. 
gradual depletion-of additive in the oil film which eventually  
leads to  local rusting. W ith the exception of the 100-hour oil, 
rust on the panels first became visible to  the naked eye when an 
angle of 30-35° was reached. These values were obtained, how
ever, when the angle was m easured on an unrusted portion of th e  
panel. W hen w ater drops were placed on rusted areas of a  panel, 
they formed angles of about 70° (values which would be charac
teristic of a  nonadditive oil or of an oil which had been depleted 
of additive). Similarly, when small drops of w ater were placcd 
on areas which showed microscopic pin points of rust, the  contac t 
angles were about 50°. These values probably represented an 
average between the rusted and unrusted  areas since larger drops 
of.water on the same areas gave smaller angles. A microscopic 
drop of w ater yields an angle of about 65° on these areas. 

i The preceding d a ta  on localized changes a t  the tim e of rusting  
have been incorporated into Figure 12. T he lowest curve on the 
graph represents th e  change in the average contact angle as the
oil-coated panels are subjected to  hum idity cabinet conditions 
for 400 hours. W hen rusting occurs a t a  localized point and de
velops to visible rust, th is average contact angle is no t affected 
as greatly as would be expected; the angle increased by only 10 °. 
However, th e  ra te  and m agnitude of change of contact angle is 
Much greater over the areas showing localized rusting. T he up
per extension of the curve represents these localized changes; it  
is believed th a t a  sim ilar curve would result from a study  of the 
weas of incipient rusting on any oil-coated panel in the hum idity 
cabinet.

Two possible mechanisms by which rusting could occur in the 
system under study are as follows:

1. The oil-film is ruptured. T his bares the steel surface, al
lows contact to  be made between w ater and steel, and perm its 
nisting by removal of all protective m edia from a localized 
Uea.

2. The rust preventive additive in the oil film is depleted- 
1» this case the  oil film is no t rup tured  bu t merely loses its rust 
Preventive additive by the continual leaching action of the humid- 
% cabinet. T he in tac t oil film now has the characteristics of an 
’todoped m ineral oil (contact angle 70° or higher), and no longer

prevents w ater from perm eating to  the steel surface to cause 
rusting.

O ur da ta  indicate th a t  the la tte r  is the correct mechanism since 
a  drop of w ater on an uncoated, sandblasted panel yields an 
angle below 50° (usually around 35-45°). Values in this range 
are obtained on either freshly prepared or rusted panels. If  the 
former mechanism were correct, then  the 100-hour oil (Figure 12) 
would show a rapid decrease of angle to a  value below 50 *, once 
the oil film became discontinuous. The fact th a t this did not 
occur substan tia tes the view th a t case 2 more accurately de
scribes the true  mechanism.

These experiments seuve to dem onstrate more clearly th a t th e  
solubility of rust preventive additives in w ater is an im portant- 
factor in the developm ent; evaluation, and use of ru s t preventive 
oils.

LIM ITATIO NS O F CONTACT ANGLK M ETHOD

T he contact angle offers no indication of protection against 
rusting  which is achieved by m echanical m eans—for example, 
by  petro latum  or asphalt as a  component in an oil blend. In these 
eases the hum idity  cabinet life predicted from the contac t angle 
is less than  th a t actually  realized. The contact angle in such cases 
indicates a minimum life and the hum idity cabinet itself or one 
of the o ther tes t procedures such a« the salt fog te s t designed for 
such coatings m ust be used for evaluation.

The results of contact angle m easurem ents can stric tly  be ap
plied in predicting protection only to the area actually  contacted 
by the  w ater drop.

The m ethod is m ost reliable in the range of contac t angles be
tween 10 and 80°, and consequently becomes inaccurate for pre
dicting a hum idity  cabinet life in excess of 350 hours.

T he contac t angle m ethod is applicable only when additive 
concentrations are k ep t below about 10% by weight, for higher 
concentrations have been found to  destroy the correlation be
tween contact angle and hum idity  cabinet life. C ertain addi
tives, which cannot be classified as soluble oil additives, will, for 
instance, yield low contact angles in the concentration range 
above 10% b u t will nevertheless give little , if any, ru s t preven
tion. O thers yield high angles and give good protection in con
centrations greater than  10%. However, as soon as the concen
tra tion  of all these additives is reduced to  less than  10%, the 
angles revert either to  high values, indicative of poor rust pre
vention, or to low values, characteristic of ru s t preventive blendB.
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Molecular Volumes of Mononuclear 
Aromatic Hydrocarbons

N A N C Y  C O R B IN , M A R Y  A L E X A N D E R , AND G U S T A V  E G L O F F
U n iv e rsa l O il P ro d u c ts  C o m p a n y , C h ica g o , I I I .

T h e  m o le c u la r  v o lu m es o f  1 -p heny laL kanes a n d  2 -p h e n y l-  
a lk a n e s  a t  a n y  g iven  f r a c t io n  o f  th e  c r i t ic a l  tc m p e rn tm -e  
a re  l in e a r  fu n c t io n s  o f  th e  n u m b e r  o f  c a rb o n  a to m s»  
M o le c u la r  v o lu m es o f  fo u r te e n  h o m o lo g o u s  sc r ie s  o f  
m o n o n u c le a r  a ro m a tic  h y d ro c a rb o n s  a t  20° C. a re  a ls c  
l in e a r  fu n c t io n s  o f  th e  n u m b e r  o f  c a rb o n  a to m s . B o th  
o f  th e s e  re la tio n s h ip s  m a y  b e  exp ressed  by  e q u a tio n s  o f  
th e  f o r m :

M / d  =  V  =  a  +  bn

C o n s ta n ts  a  a n d  b  a rc  s im p le  f u n c t io n s  o f  th e  re d u c e d  
te m p e ra tu re .  T h e se  fu n c t io n s  m a y  b e  expressed  b y  e q u a 
t io n s  o f  th e  f o r m :

a o r  b =  k  +  p T R +  qT%

TH E  study  reported  here correlates existing density  d a ta  
w ith s truc tu re  for fourteen homologous series of mono
nuclear arom atic hydrocarbons, and  thus provides a  m ethod for 

estim ating  th e  molecular volumes (m olecular weight divided by  
density) and densities of unknown or unm easured m em bers of 
th e  series.

Com parisons of molecular volumes m ust be  m ade a t  specified 
tem pera tu res because of the varia tion  of density  w ith  tem pera
tu re . Com parisons m ay be m ade a t  a  constan t tem perature , 
such as 20° C. (1, 2, 7, 9, 10, 12, IS , 15, 18), o r a t  characteristic 
tem peratures such as the boiling point (6, 14) , th e  m elting poin t 
{8, 16), or a  given fraction of the  critical tem perature. T he la tte r  
is preferred (5) w hen th e  necessary d a ta  are available.

T he studies already published

C onstan ts a and b vary  from one series to  an o th e r and a re  char
acteristic of th e  scries.

T he density  da ta  used to  calculate the m olecular volumes are 
values found in  th e  lite ra tu re  (4). W hen th e  molecular volume 
a t  a  tem perature  o ther th an  20° C. was required, i t  was calcu
la ted  from the “ best” value of the density  a t  20° C. and the 
tem peratu re coefficient of density. In  some cases no  equation for 
th e  variation  of density  w ith  tem perature  has,been  calculated. 
However, th e  tem perature  coefficient of density  for hydrocarbons 
has been shown to  bear a  definite relationship to  molecular 
w eight (17). T hus, th e  constants of a  density-temperature 
equation for any  hydrocarbon m ay be accurately estim ated from 
th e  molecular weight. These estim ated values, in  conjunction 
w ith the density  a t  some given tem perature, were used to  deter
m ine the molecular volum e of compounds for which the experi
m ental da ta  were inadequate.

In  order to  com pare molecular volum es a t  corresponding re
duced tem peratures, th e  critical tem peratures m ust be known. 
T he critical tem perature of a  compound m ay be calculated from 
the,boiling point and th e  parachor (11) if the  experimental values 
are  no t available. T he boiling points used in  calculating the 
critical tem peratures were the calculated values from a previous 
s tu d y  on m ononuclear arom atic hydrocarbons (3). These boil
ing points in  m ost cases agree well w ith th e  experimental values. 
C alculated values for critical tem peratures were used throughout 
th is study. The calculated and  experimental values are shown 
in T able I. The experim ental values in  th e  table  are averages 
of all th e  available d a ta  in  th e  lite ra tu re  and were taken from 
Egloff (4).

T he requirem ent th a t  bo th  density  and  boiling point data be 
available for comparisons of molecular volum es a t  reduced tem-

are concerned principally w ith 
aliphatic and alicyclic com
pounds. T he presen t correla
tion  was carried ou t for four
teen  homologous series of aro
m atic hydrocarbons a t  20° C. 
and  for two series a t  corre
sponding reduced tem peratures' 
(fractions of th e  critical tem 
peratures). B y bo th  of these 
m ethods the  m olecular volume 
was found to  be an additive 
function of the num ber of car
bon atom s w ithin a homologous 
series. T h is relationship m ay 
be expressed by the equation

M /d  =  V  =  a +  bn (1)

where M  -  molecular weight 
d — liquid density 
V  =  molecular volume 
n  = num ber of carbon 

atom s

No. 
of C 

Atoms
(6)
7
8 
910

1112
13
1415

T a b l e  I.
l-Phenylalkane Series

C r it ic a l  T e m p e r a t u r e s

2-Phenylalkane Series

• Compound
(Benzene)
Toluene
Ethylbenzene
n-Propylbenzene
n-Butylbenzene
n-Pentylbenzene
n-Hexylbenzene
n-Heptylbenzene
n-Octylbenzene
w-Nonylbenzcne

-T c ,
Caled.

(556.64)
587.75
614.95
639.79 
661.62 
682.29
700.79 
717.39 
732.88 
747.83

E.xptL
(561.6)
593.5
625.0
638.7

Compound

Isopropylbenzene
2-Pnenylbutane

2-Phenylhexane
2-Phenylheptane
2-Phenyloctane
2-Phenylnonane

Caled.

627.71
648.48

684.80 
701.01 
715.25 
729.31

-Tc, ° K.;
Exptl.

628.1

T a u l e  II . M o l e c u l a r  V o l u m e  a t  T r  — 0.50
2-Phenylalkane SeriesNo. 

of C 
Atoms

l-Phenylalkane Series

t. ° C. Exptl.
- Vt ml. per m ole- 

Calcd. AV t , ° C .
(6)
7

(3.8) (87.33) (87.32) ( + 0 . 01)
2 1 .0 106.43 105.92 + 0 .5 1

8 34.2 124.31 124.52 - 0 .21
9 45.9 143.14 143.12 +  0 .0 2 40.7

10 58.2 161.76 161.72 +  0.04 51.1
11 67.2 179.66 180.31 - 0 .6 5
12 79.6 198.85. 199.02 - 0 .1 7 69.2
13 S3.2 217.53 217.51 +  0 .0 2 77.4
14 96.9 235.94 236.11 - 0 .1 7 84.5
15 104.7 255.22 254.71 +  0.51 91.5

Exptl.

142.27
160.68

196.96
216.44
233.92
252.13

, rat. per mole- 
Calcd. A I'

ÎR2.32
160.66

197.34
215.68
234.02
252.36

- 0 .0 5+0.02

-0 .3 8
+ 0 .7 0
- 0.10
- 0 . 2 3
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T a b l e  I I I .  E f f e c t  o f  R e d u c e d  T e m p e r a t u r e  o n  a  a n d  b
1-Phenylalkane Series 2-Phenylalkane Series

T r a exptl. a caled. b exptl. b caled. a exptl. a caled. b exptl. b caled.
0.400 -1 9 .6 2 -1 9 .6 1 17.081 17.080
0.425 — 22! 79 — 22.79 17.699 17.699 -2 0 .5 3 -2 0 .5 5 17.393 17.394
0.450 -2 3 .2 8 -2 3 .2 9 17.991 17.991 -2 1 .3 7 -2 1 .3 8 17.708 17.708
0.475 -2 3 .7 9 -2 3 .7 8 18.291 18.290 -2 2 .1 3 - 22.11 18.025 18.023
0.500 -2 4 .2 6 -2 4 .2 6 18.598 18.598 -2 2 .7 3 -2 2 .7 3 18.339 18.340
0.525 -2 4 .7 2 -2 4 .7 2 18.913 18.914 -2 3 .2 3 -2 3 .2 5 18.656 18.656
0.550 -2 5 .1 7 -2 5 .1 7 19.238 19.238

peratures lim ited the scope of th is study  to  two homologous 
series: the 1-phenylalkane and the 2-phenylalkane series. 
D ata  were available for only the first two or three mem bers of all 
o ther series.

For comparison of molecular volumes a t  20° C., only density 
data a t  or near th is tem perature  are required. Sufficient data  
were available to determ ine relationships for fourteen homologous 
series.

MOLECULAR VOLUMES AT CORRESPONDING TEM PERA TU RES

The m olecular volumes of norm al alkanes is a linear function of 
the num ber of carbon atom s a t  any  reduced tem perature (5). 
Molecular volumes of the two arom atic series studied are also 
linear w ith  respect to  the  num ber of carbon atom s, and m ay be 
expressed by E quation  1. T he constants of th is equation were 
evaluated by th e  m ethod of least squares a t  several reduced 
tem peratures, T R. M olecular volumes w ith T R =  0.50 are 
shown in T able II . T he calculated molecular volumes in m ost 
cases show good agreem ent w ith those com puted from experi
mental da ta , using calculated values of critical tem peratures. 
Benzene, although no t a  1-phenylalkane, fits well in to  th e  series.

The constants a and  b were found to be simple functions of the 
.reduced tem perature  for th e  norm al alkane series (6). This 
was found to be true  also for th e  two arom atic series studied. 
However, a is no t a linear function of T R in the arom atic series 
as it  is in th e  alkane series, and a  T \  term  m ust be added. T h e  
effect of the reduced tem pera tu re  on a  and b is given by the fol
lowing eq ua tion :

For the 1-phenylalkane series,

a ’=  -1 2 .0 1  -  30.215 Tr +  11.426 T R 

b = 13.972 +  6.039 T r  +  6 .428 T R 

For the 2-phenylalkane series,

a  =  10.07 108.608 T R +  86.019 T R

b =  12.164 +  12,051 T r  +  0 .599 T R

Values based on experim ental density  da ta  and calculated 
values for a and  6 a t  sevei'al reduced tem peratures are shown in 
Table I I I .  T he equations were calculated by the m ethod of 
least squares, and reproduce the experim ental values w ith a 
deviation of no more th an  2 in  th e  last decimal place.

MOLECULAR VOLUMES AT 20° C.

The m olecular volum e of sa tu ra ted  aliphatic hydrocarbons is 
substantially a  linear function of the num ber of carbon atom s a t 
20° C. {15). Short-chain compounds, however, deviate appre
ciably from the linear relationship. An additional term , 29.0/n, 
was found to  correct th is deviation (12).

For the  arom atic series studied, a  linear function of the form 
of E quation  1 was found' to  be accurate w ithin th e  lim its of 
error. T he constants of this equation were evaluated by the 
method of least squares for fourteen homologous series. The 
values for constants a and  b are shown in T able IV. :

The values for constan t b are nearly th e  sam e in  all of the 
series. Values of 6 for aliphatic and  alicyclic series are also in 
this range. T his indicates th a t  th e  increm ent in molecular 
volume resulting from the addition of a C II2 group to  a chain is

AT 2 0 °  C .
No. of Standard
Com Deviation
pounds a b of b

13 -  9 .50 16.507 0.011
U -  8.57 16.400 0.059
8 -1 3 .8 7 16.690 0 .0 2 0

10 -  8 .01 16.356 0.107
10 -  8.51 16.441 0.114
5 -  5.13 14.560 0.133
0 -1 0 .1 9 15.638 0.229
5 -1 5 .2 3 16.374 0.063
6 -1 9 .7 7 16.608 0 .100
5 -1 6 .4 0 15.730 0 .112
5 -2 3 .7 0 16.540 0.270
6 -5 0 .1 4 16.600 0.074
7 -5 9 .2 5 17.142 0.166
9 -6 3 .5 1 16.845 0.198

nearly constant, irrespective of structure. How
ever, th e  differences in  6 are in  m any cases 
greater th an  th e  standard  errors of 6, which 
shows th a t  th e  s truc tu re  of th e  molecule as a 
whole does affect th e  increm ent resulting from 
addition  of a C H 2 group. The lowest value of
6 is found in th e  phonylcyclane series, an  
indication th a t m olecular volume is less affected 
by enlarging a ring—for example, from cyclopro
pane to  cycloheptane— than  by lengthening a  
chain.

A comparison of th e  three dialkylbeiizene series shows th a t  the 
molecular volumes are in th e  order o r th o < m e ta < p a ra , as would 
be expected. T he m etadialkylbenzenes have nearly the same 
molecular volumes as 1- and 2-phenylalkancs of the same molecu
lar weight.

T a b l e  IV . C o n s t a n t s  o f  M o l e c u l a r  V o l u m e  E q u a t io n s

Series
1-Phenylalkane
2-Phenylalkane
0-Dialkylbenzene 
m-Dialkylbenzene 
p-Dialkylbenzene 
Phenylcyclane
1-Phenyl-l-alkene
1-Phenyl-(n — l)-alkene
2-Pheriyl-x-alkehe°
1-Cyclopcntyl-n-phenylalkane
1-Phenyl-l-alkyne
1.1-Diphenylalkano 
1 .«-Diphenylalkane
1.1-Diphen yl-l-alkene

a Position of double bond not known for some compounds in this series.

Compounds containing a double bond have smaller molecular 
volumes at 20° C. than do the corresponding saturated com
pounds. Change from a double to a triple bond further de
creases the molecular volume. Cyclization also decreases the 
molecular volume, as shown by the difference between phenyl- 
cyclanes and phenylalkanes having the same number of carbon 
atoms.

Addition of a second phenyl group to alkanes or alkenes in
creases the molecular volume, as reflected in the larger values of 
constant a for the diphenyl series. The increase in molecular 
volume is, however, smaller than the molecular volume of benzene 
itself.
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ACTION OF ANTIFOULING PAINTS
Solubility and Rate o f Solution o f  

Cuprous O xide in  Sea W ater

JO H N  D . F E R R Y 1 AND D A Y T O N  E . C A R R  IT T

flo o d s Hole O ceanographic I n s t i tu t io n ,  Woods Iio le , M ass.

TH E  effective suppres
sion of marine growths 

by an  antifouling pa in t is 
associated w ith the dissolu
tion  of a toxic substance 
from  the pain t in to  sea 
w ater. For paints contain
ing copper compounds as ' 
toxics, th e  leaching rate  
m ust exceed about 10 micro
gram s of copper per sq. cm. 
of pa in t surface per day to 
preven t the a ttachm en t and 
grow th of fouling organ
isms (5). On th is basis 
th e  ideal copper antifouling
pain t is one whose surface can steadily  release toxic over a very 
long period a t  a  ra te  which is som ew hat greater than  the critical 
value (to provide a  reasonable factor of safety) b u t no t exces
sively greater (to p revent wastage of toxic).

T he design of a  pjiint to  approach this ideal depends upon the 
properties of the toxic ingredients as well as those of the binder or 
m atrix. T he present series of papers describes the relevant prop
erties of certain commonly used and effective toxics and toxic-
m atrix  systems.

T he prim ary characteristic of the toxic is its  solubility. The 
classical dilemm a in the theory of toxic action, as sta ted  by 
Young (IS), is th a t an  insoluble toxic will be ineffective and a 
soluble toxic will be washed aw ay to  leave an exhausted surface. 
T he selection of a  toxic w ith an  adequate, b u t no t excessive, solu
bility m ay facilitate the resolution of this dilemma. This paper 
and the one to  follow (8) are-concerned w ith the solubilities and 
rates of solution of toxics in  sea water.

B y far the m pst widely used toxic substance in  ship-bottom  
pain ts is cuprous oxide. T he solubility of this m aterial in sea 
w ater can be measured only in  the absence of oxygen, since 
cuprous copper is rapidly oxidized in  solution. This paper re
ports a  study  of the solubility of cuprous oxide in air-free sea 
water, and the dependence of its  ra te  of solution in sea w ater and 
o ther chloride solutions upon tem perature, hydrogen and chloride 
ion concentrations, and ionic strength.

T he solubility measurem ents were carried ou t w ith B aker’s 
c.p. cuprous oxide. T he ra te  m easurem ents were m ade w ith an 
electrolytically prepared cuprous oxide, compounded w ith a 
sm all proportion of insoluble binder.

M EASUREM ENT O F SOLUBILITY

Cuprous oxide was placed in  the equilibration vessel, which 
was then  evacuated and flushed w ith  nitrogen. Air-free sea 
w ater was forced in to  the vessel under nitrogen pressure. In  
some cases ag ita tion  was produced by bubbling nitrogen; in 
others, the vessel was closed, disconnected, and ro ta ted  in a  w ater 
ba th . All equilibrations were m ade a t  25° C. A fter equilibra

1 Present address. University of Wisconsin, Madison, Wis.

I h e  s o lu b il ity  o f  c u p ro u s  ox ide, th e  m o s t c o m m o n ly  
u sed  a n t i fo u l in g  to x ic , h a s  b een  m e a s u re d  in  o x ygen -free  
sea  w a te r . I t  is p ro p o r tio n a l to  th e  h y d ro g en  io n  c o n c e n 
t r a t io n  a n d  ag rees  w ith  c a lc u la tio n s  fro m  th e rm o d y n a m ic  
d a ta ,  a s s u m in g  t h a t  th e  d isso lved  c o p p e r ex is ts  a s  th e  c o m 
plex io n s  C u C l2” a n d  C uC l3 . T h e  r a te  o f  s o lu tio n  o f 
c u p ro u s  ox ide in  so d iu m  c h lo r id e —n i tr a te - b o r a te  b u ffe rs 
is p ro p o r tio n a l to  th e  h y d ro g e n  io n  c o n c e n tra t io n  a n d  is  a 
l in e a r  fu n c t io n  o f  th e  s q u a re  o f  th e  c h lo r id e  io n  c o n c e n 
t r a t io n  a t  c o n s ta n t  io n ic  s t r e n g th .  I t  is c o n c lu d e d  t h a t  
th e  d is so lu t io n  o c c u rs  p rin c ip a lly  by  a  p ro cess  w h o se  r a te  
d e te r m in in g  s te p  is  th e  fo r m a tio n  o f  C uC l2~, to g e th e r  w ith  
a sm a ll  c o n tr ib u t io n  fro m  a p ro cess  w h ic h  does n o t  invo lve 
ch lo r id e  io n s .

tion, the solution was forced 
ou t through a sealed-in sin
tered glass filter by applying 
nitrogen pressure, and sam
ples were collected for analy
sis. The pH  was quickly 
measured w ith a  Beckman 
glass electrode. After ex
posure to  the air, the cu
prous copper in solution be
came oxidized to the cupric 
form, and was partially re- 
precipitated as a mixture of 
basic cupric carbonate and 
oxychloride (8). Any such 
precipitate was redissolved 

by adding citric acid, and the copper content was determined 
eolorimetrically w ith  sodium diethyl d ithioearbam ate (S, 5).

F urther details in procedure for several different series of solu
bility m easurem ents follow:

S e r ie s  1. The sea w ater was deaerated by evacuation and 
flushing w ith nitrogen, and th e  pH  was allowed to rise as carbon 
dioxide was rem oved along w ith oxygen.

S e r i e s  2 . The sea w ater was trea ted  to remove carbonates by 
addition  of hydrochloric acid following the procedure of Ji'IcClen- 
don el al. (8), and the pH  was ad justed  by addition of sodium 
hydroxide. Subsequent deaeration did no t change the pH.

S e r ie s  3. T he sea w ater was deaerated as beforp, and a small 
am ount of gaseous carbon dioxide Was Introduced to  bring the pH 
back to  approxim ately th a t of norm al sea water,

S e r i e s  4 . The procedure was the same as i l l  series 3 , except 
that the nitrogen was freed of the last traces of oxygen by passing 
it over hot copper turnings, and extreme precautions were taken 
in evacuating and flushing the equilibration vessel and its cctt&ec* 
tions.

S e r ie s  5. The procedure was the same as in series 4, except 
th a t the sa tu ra ting  body, instead of being finely divided cuprous 
oxide, was a  surface coated w ith a  m ixture of cuprous oxide, 
celite, rosin, and Vinylite resin.

T a b l e  I. S o l u b il it y ok C u p r o u s  O x id e  
S e a  W a t e r

in  O x y g B S-F r ee

Solubility, Solubility;
Moles C u/ Series Moles C u/

pH Liter X 10* No. pH Liter X 104
7.11 8.35 5 8.51 0.26
7.40 3.26 2 8.56 0.29
7.70 2.34 2 8.60 0 .22
7.80 1.73 3 8.73 0.14
8 .1 2 0.74 3 8 .8 8 0.11
8 .1 2 1.57 1 8.92 0.19
8.46 0.49 4 8.96 0.14

Serie»
No.

4
41
1111

T he solubilities of cuprous oxide m easured a t  25 ° C. are given 
in Table I  and their logarithm s are p lo tted  against pH  in Figure 1. 
C oncentrations are given in  moles (gram atom s) of copper i.e., 
half moles of cuprous oxide— per liter.

T he da ta  are well represented by the equation,

log S  =  4.03 — pH

612



June, 1946 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 613

solution can also 
be estim ated from m 
these studies.

In  air the cop
per dissolved from 
cuprous oxide in 
sea w ater is oxi
dized and is eventu
ally partially  re
precipitated as a 
m ixture of basic 
cupric carbonate 
and chloride. How
ever, the ra te  of 
solution from a 
surface covered 
with cuprous oxide 
does no t appear 
to be affected by 
the presence of 
oxygen.

Microscope slides (total area 39 sq. cm.) were coated w ith a 
s tandard  N avy pa in t of the “ cold plastic” type containing 40% of 
cuprous oxide, and were rigidly supported inside centrifuge bottles 
containing 190 cc. of sea water. The bottles were ro tated  a t  30 
r.p.m ., and samples were w ithdraw n a t  different tim es for analy
sis. The analytical m ethod was the same as in the solubility 
measurements. This experim ent was performed both  in the 
presence of a ir and with careful exclusion of a ir (as in scries 4 of 
the solubility m easurem ents). The results are given in Figure 2. 
Although the ra te  of solution in  a ir falls off a fter a copper concen
tration  of 1 X 10"6 M  has been atta ined , the in itial rates w ith 
and w ithout atm ospheric oxygen appear to  be the same. The 
remaining experiments were carried out in the presence of air, 
using the following procedure.

Three different cuprous oxide coatings were applied w ith a 
volatile solvent to ground glass panels 3 X 4  inches in size. 
Their dry compositions were as follows: 1, 90%  cuprous oxide,
10% Vinylite resin; 2, 80%  cuprous oxide, 20%  V inylite; 3 ,8 0 %  
cuprous oxide, 15% Vinylite, and 5%  rosin.

Each panel was agitated in  1500 cc. of sea w ater by an  appa
ratus, originally designed for W arburg respirometers, which pro- 

. duced an  oscillatory m otion of the panel perpendicular to  its own 
plane. Both the frequency of oscillation and the distance of 
travel could be varied. Samples of solution were removed a t  
intervals for analysis. T he ra te  of solution was calculated as 
moles of copper (half moles of cuprous oxide) per sq. cm. of panel 
surface per second. According to  the tim e intervals chosen, 
agreem ent between 
successive values of 
the ra te  of solution 
showed th a t the 
course of dissolu
tion followed the 
linear portion of the 
curve in  Figure 2.

T he agreem ent 
between values of 
the ra te  of solution 
determ ined over 
successive time
i n t e r v a l s  a l s o  
showed th a t the 
area of exposed cu
prous oxide was not 
varying during the 
experiment. Oc
casionally, however, 
the initial value was

Rate of Agitation, cra/min.

F ig u re  3. K a te  o f  S o lu tio n  o f  
C u p ro u s  O xide in  Sea W a te r  
P lo t te d  a g a in s t  R a te  o f  A g ita tio n
Curve 1 *» c o a tin g  1; curve 2 «  c o a tin g  2

4
Time in Hours

F ig u re  2. C o u rse  o f  D isso lu tio n  
o f  C u p ro u s  O xide, (1) in  th e  A b
sen ce  o f  A ir a n d  (2) in  th e  P re s 

en c e  o f  A ir

which shows th a t the  solubility is directly proportional to the hy
drogen ion concentration. The solubility of cuprous oxide in 
normal sea water, of pH  8.1, is 8.6 X 10~5 moles of copper per 
liter.

Bodliinder and Storbcck (1) showed th a t cuprous ion in chloride 
solutions forms the complexes CuCl2~ and CuCl3 . I t  m ay be 
assumed th a t the following equilibria are established between 
cuprous oxide and sea w ater:

VaCusO +  ' / A O  = C u+ +  O H - 
Cu+ +  2C1- = CuCl2-
C u+ +  3C1- =  C 11CI3—

These equilibria are described by the equations

(Cu+) =  fc,(H+)/fcu.
( C u C in  =  fc2(C u+) ( a - ) 2 

(CuCi3— ) =  fc,( C u + )(C i-)3

where k, =  solubility product (Cu+)(O H _) 
k w = ion product (H +)(O H - ) 

fr2, fc3 =  association constants for respective complexes

On th is basis the expected solubility of cuprous oxide can be calcu
lated from d a ta  in the literature . We take the values k, — 1.2 X 
10~16 and ky, = 1.0 X 10” u  from L atim er (6), and k3 =  6.9 X 
105 from N£ray-Szab6 and Szab6 (9). The constant k2 is derived 
from the value of (CuCl2~ )/(C l~ ) in equilibrium w ith cuprous 
chloride, given by Noyes and Chow (10) as 0.066, and the solu
bility product of cuprous chloride (6), 1.85 X 10~7; thus k 2 =
3.5 X 106. In  sea w ater chloride ion concentration2 is 0.48 M .

T he to ta l dissolved 
cuprous copper is 
the sum of the con
centrations of Cu- 
Cl2~ and CuCl3_ ~, 
free cuprous ion 
being negligible by 
comparison. The 
solubility of cu
prous oxide in  sea 
water, expressed as 
moles of copper per 

, is calculated 
from these data to 
be

( 9 .7 t 2c i - /7 c u c i i -  +  
9.273ci"/7cucij—) 

X 10J(H+)

where y  = ac
tiv ity  coefficient of 
ion indicated

This expression reduces to the experimentally determ ined func
tion if all the ac tiv ity  coefficients are taken as 0.67, a reasonable 
value in sea w ater, the ionic strength  of which (7) is 0.63. The 
agreement between calculated and measured solubilities indicates 
that the ionic equilibria of cuprous ion in sea w ater are the same 
as those which have been described for simpler system s containing, 
chloride ions.

F igure 1. L o g a r ith m  o f  S o lu 
bility  o f  C u p ro u s  O xide (in  M oles 
of C opper p e r  L ite r)  in  Sea W a te r 

u s . p H

□  s e r i e s  1 y ©  s e r i e s  2 ,  Q  s c r i e s  3 ,  O  s e r i e s  4 ,  
O  s e r i e s  5

EFFECT O F OXYG EN ON RATE O F SOLUTION

Studies of the rate of solution of cuprous oxide were made on 
glass surfaces coated with cuprous oxide suspended in a binder. 
The exposed area of solute is not known under these circum
stances, but the data provide relative measurements of the de
pendence of rate of solution upon different experimental condi
tions. The order of magnitude of the specific rate constant for

1 There is, of course, some variation in chloride content (7); the value of 
0-48 M  (17 parts per thousand) was selected as a standard for laboratory 
investigations of antifouling paints (5).
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3A 3 .63.4 
IOOO/T

F ig u re  4. R a te  o f  S o lu tio n  o f  C u p ro u s  
O xide in  Sea W a te r , P lo t te d  L o g a r ith m i
ca lly  a g a in s t  R ec ip ro c a l A b so lu te  T e m p e ra 

tu r e  a f t e r  C o rre c tio n  fo r  S h if t  in  p H
C urve 1 «=* c o a tin g  1; curvc 2 «= c o a tin g  3

low and was discarded. I t  was concluded that,' if the binder 
formed any superficial layer of resin on the cuprous oxide p arti
cles exposed a t  th e  surface of the coating, i t  m ust have been 
very tenuous and, ordinarily, quickly rem oved after immersion.

T he ra tes of solution from three panels which had been coated 
a t  the same tim e were usually measured sim ultaneously under 
identical conditions; the agreem ent in  the  individual values was 
ordinarily w ithin 15%. T he average of the three values is re
ported in  each case.

EFFECT OF AGITATION ON SOLUTION RATE

T he rates of solution from three panels covered w ith coatings 1 
and 2 were m easured in norm al sea w ater a t  ‘20 ° C. under different 
conditions of agitation. T he frequency of oscillation was varied 
from 75 to  135 cycles per m inute  and  th e  distance of travel from 
0.2 to  1.2 cm. T he product of frequency and distance was taken  
as a  measure of th e  agitation, and the  results are plotted against 
this q u an tity  in  Figure 8. In  the case of coating 2, containing 
80%  of cuprous oxide, the ra te  of solution appears to  have a t
tained a maximum value a t  the highest agitation  employed, and 
i t  m ay be concluded th a t processes of diffusion a t  the surface are 
not lim iting the solution ra te  under these conditions. Coating 1, 
which contains 90%  cuprous oxide, and therefore presumably 
carries a greater area of exposed solute per unit of panel surface, 
lias not a tta ined  a  m aximum ra te  of solution under the m ost 
violent conditions of agitation  employed.

B y adjusting the conditions of agitation and the area of exposed 
solute, the effect of diffusion on the solution ra te  can be either 
elim inated or m ade predom inant. Coating 1 provided a  large 
area of exposed cuprous oxide, and coatings 2 and  3 sm aller areas, 
per un it of panel surface. Subsequent m easurem ents were made 
under three different conditions: (a) w ith coating 2 or 3, a t  high
agitation , where the effect of diffusion is elim inated; (i>) w ith 
coating 1, a t  high agitation, where the effect of diffusion is slight; 
(c) w ith coating 1, a t  low agitation, where the effect of diffusion 
predom inates.

EFFECT OF TEMPERATURE ON SOLUTION RATE

T he rates of solution of three panels covered w ith each of coat
ings 1 and 3 were m easured in norm al sea w ater a t  several different 
tem peratures from 0 ° to  36.5 ° C. Several conditions of agitation  
were also employed; the rates of solution obtained a t ra tes of

agitation  of 108, 126, 144, and 162 cm. per m inute were averaged 
a t  each tem perature. T he results, given in Table II , show a 
range of about fourfold over th e  tem perature range employed. 
In  the neighborhood of 20 ° C. the change of the measured rate of 
solution w ith  tem perature is about 3%  per ° C.

The m easured ra tes of solution do no t reflect the- effect of 
tem perature alone, since the pH  of sea w ater in equilibrium with 
atm ospheric carbon dioxide increases w ith increasing tempera
ture. T able I I  also gives the pH  shifts from a tem perature of 
0° C., taken from the d a ta  of M cClendon (S); our own measure
ments of pH  confirmed the m agnitude of these shifts, showing 
th a t equilibrium w ith the atm osphere was established under our 
experim ental conditions.

In  order to  calculate the effect of tem perature alone on rate of 
solution, the m easured values were corrected to  the pH  a t  0 0 C. 
on the assum ption th a t  the ra te  is directly proportional to the 
hydrogen ion concentration, as shown in the next section. These 
values are also given in T able II , and their logarithms are plotted 
against the reciprocal absolute tem perature in  Figure 4. For 
coating 3, containing 80%  of cuprous oxide, the Arrhenius rela
tion appears to  be quite closely followed; th e  slope of the straight 
line corresponds to  an activation  energy of 12,000 calories. The 
m agnitude of this value is fu rther indication th a t  diffusion is not 
limiting the ra te  of solution under the conditions employed. For 
coating 1, containing 90%  of cuprous oxide, the points fall on a 
line w ith the same slope a t  the lower tem peratures. At the 
higher tem peratures the  points fall off som ewhat, a  further indica
tion th a t diffusion influences the ra te  of solution to a slight extent 
when a  larger area of cuprous oxide is exposed.

T a b l e  I I .  D e p e n d e n c e  o p  R a t e  o f  S o l u t io n  o f  C uprous 
O x id e  in  S e a  W a t e r  o n  T e m p e r a t u r e

R ate of Soln., Molos C u/Sq. Cm./Sec. X 101*

Temp., 
0 C.

18
26
30.5

pH  Shift 
from 0° C. 

0
0.085
0.225
0.300
0.400

Coating i 
measured

17.1
19.8
39.8 
50.0
70.2

Coating -3 
measured 

12.0 
15.3 
30.0 
42.7 
52.6

Coating 1 
corrected 

for pH
17.1
24.2 
66.8

100
177

Coating 3 
corrected 

for pH 
12.0 
18.6
50.4
85.4 

132

M ost subsequent measurem ents were made a t  20° C., and those 
m ade a t  slightly different tem peratures (between 20° and 25°) 
were reduced to  20° by applying a  correction of 3%  per 0 C. 
(Table II).

EFFECT OF pH ON SOLUTION RATE

F or study of the effect of hydrogen ion concentration, artificial 
solvents were employed, containing 0.48 M  sodium chloride and 
0.1 M  borate buffer, w ith the pH  ranging from 7.08 to 8.48.

In  the course of m easurem ents in artificial solvents, in this 
series and those described later, m any different sets of triplicate 
panels were employed. T heir ra tes of solution in normal sea 
w ater a t an  agitation  of 144 cm. per m inute were measured before 
and  after the determ inations in the artificial solvents. The 
rates a t  the beginning and a t  the end of the experiment agreed 
usually w ithin 15% and often w ithin 5% , an  indication that no 
sensible change in  the surface of the cuprous oxide had occurred 
during the m easurem ents. U sually each se t of panels was used 
successively in  several different artificial solvents. The averages 
of the rates a t  beginning and end showed considerable variation, 
ranging from 37 to  65 X 10-12 mole cm.-2  sec.-1 w ith most of 
the values falling between 46 and  56. This variation "as 
a ttrib u ted  to  differences in the area of exposed cuprous oxide, due 
to uncontrolled conditions in  th e  coating of panels and evapoia- 
tion of solvent from th e  binder. Accordingly, all re su lts  were 
reduced to  a  standard  sea w ater solution rate  of 50 X 10 * o> 
m ultiplying by the factor 50/R „  where R , is the average sea « ater 
solution rate  for the particular set of panels employed.
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T a b l e  I I I . E f f e c t  o f  p H  o n  R a t e  o f  S o l u t io n  o f  C u p r o u s
O x id e  in  S odiuxM C h l o r id e -B o r a t e  B u f f e r s  a t  2 0 °  C .

(C o a t in g  1)
Rute of Soin.», Moles C m .- ' S ec .- ', X 10”

Agitation, Agitation,
pH 15 cm./min. 162 cm./min.

7.08 95 430
7.29 07 250
7.48 49 178
7.65 34 133
7.83 18 60
7.89 67
7.89 63
8.18 1 i 6 42
8.48 0 .4 32

a Reduced to a standard sea water Holution rate of 50 X 10 ~12.

The results of varying the pH  are given in Table I I I  and the 
rates of solution are plotted logarithmically against pH  in Figure 
5. T he points for high agitation, a t  which the influence of 
diffusion m ay be expected to be slight, lie along a stra igh t line 
with a  slope of — 0.94. This is probably no t significantly different 
from —1, and i t  m ay be concluded th a t the ra te  of solution of 
cuprous oxide in sodium chloride solutions is proportional to  the 
hydrogen ion concentration. T he points for low' agitation  lie 
along a line w ith a  slope of —0.85. Even when the dissolution is 
controlled largely by diffusion, therefore, its ra te  is no t very far 
from proportional to  the hydrogen ion concentration.

T he rates of solution in  sea water, also plotted in  Figure 5, are 
somewhat lower than  in  a buffer solution w ith the same pH  and 
chloride concentration.

EFFECT OF CHLORIDE ION CONCENTRATION

T he effect of chloride ion concentration on ra te  of solution was 
investigated in sodium chloride solutions containing 0.1 M  borate 
buffer a t pH  7.88. (Allowance was m ade for deviations of a 
few hundredths of a pH  un it by correcting the results to  7.88, the

F igu re  5. R a te  o f  S o lu tio n  o f  C u p ro u s  O xide fro m  
C o a tin g  1 in  A rtific ia l S o lv en ts  O, a n d  in  Sea W a te r  • ,  

P lo t te d  L o g a r ith m ic a lly  a g a in s t  pH
Curve 1, a g ita t io n  =  1 6 2 c m ./m in .;  curve 2 , a g ita t io n  «  1 5 c m ./m in .

prevailing pH  of the laboratory sea w ater, w ith the rate of solution 
considered proportional to  the hydrogen ion concentration.) The 
contribution of the borate to  the ionic streng th  was taken  as 0.03. 
A t chloride concentrations below 0.48 M , the  ionic streng th  was 
kep t constant a t  0.51 by replacing sodium chloride w ith  sodium 
nitrate. Above 0.48 M , the  ionic strength  increased w ith the 
chloride concentration; however, as shown below, th e  effect of 
ionic strength on the ra te  of solution of cuprous oxide is small in 
this range, so th a t this series dem onstrates essentially the effect 
of chloride concentration a t  constant ionic strength. T he condi
tions of agitation were chosen both to minimize and to  emphasize 
the effect of diffusion.

F ig u re  6. R a te  o f  S o lu tio n  o f  C u p ro u s  
O xide in  A rtific ia l S o lv en ts , P lo t te d  a g a in s l 
th e  S q u a re  o f  th e  C h lo rid e  C o n c e n tra tio n
1 , c o a tin g  1, a g ita t io n  144 c m ./m in .;  2, c o a tin g  1, 
a g ita tio n  15 c m ./m in .;  3, c o a tin g  2, a g ita t io n  144 

c m ./m in .

T he values for ra te  of solution for coating 1 were reduced to a 
standard  sea w ater solution ra te  of 50 X 10“ ** as described in  the 
preceding section, and those for coating 2 were similarly reduced 
to  a  standard  ra te  of 20 X 10-12. T he d a ta  are given in  Table IV 
and plo tted  in Figure 6 against the square of the chloride ion 
concentration. I t  is apparen t th a t the ra te  of solution is a  linear 
function of the square of the chloride ion concentration, a t  both 
high and low agitation.

The in tercept a t  zero chloride concentration, which for coating
1 a t high agitation is about 7 X 10“ I2, m ay be interpreted as a 
ra te  of solution in the absence of chloride ions. T his in terp re ta
tion is supported by m easurem ents in chloride-free solvents.

T a b l e  IV. R a t e s  o 'f  S o l u t i o n  o p  C u p r o u s  O x i d e  i n  S o d iu m  
C h l o r i d e - S o d i u m  N i t r a t e - B  o r a t e  B u f f e r s  a t  2 0 °  C .  a n d  

pH  7.88
R ate of Soin., Moles Cm .~î Sec."1, X 1012

M olar M olar Coating 1°, Coating I a , Coating 2&,
Chloride Ionic agitation, agitation, agitation,
Concn. Strength 15 cm ./m in. 144 cm ./m in. 144 cm ./m in.

0 .12 0.51 9
0.24 0.51 12 22 , 22 *8
0.36 0.51 18 40,46,48. 15
0.48 0.51 30 59,68 -2 1
0.60 0.63 44 107 26
0.72 0.75 57 161 34
0.96 0.99 244

° Reduced to a standard sea water solution rate of 50 X. 10 ' 15.
& Reduced to a  standard  sea water solution rate of 20  X ÎÔ“12.
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RATE O F SOLUTION IN C IILO R ID E-FR EE  SO LVENTS

M easurem ents were made, in solutions of sodium n itrate  con
taining 0.1 M  borate buffer a t  pH  7.88 and agitation of 144 cm.
per minute, on panels covered w ith coatings 1 and 2:

Rate of Soln., Moles Cm . -1 Sec-1,
Ionic _________  X 10»

Strength Coating 1 Coating 2
0 .0 3 “ 10
0.27 7 5
0.51 0
0.99 7

° Borate only.

T he ra te  of solution, which does not vary much with ionic 
strength , is approxim ately equal to  the value obtained by extrapo
lating the da ta  of Table IV  to zero chloride concentration. 
There are apparently  two concurrent dissolution processes, one 
proportional to  the square of the chloride concentration, and the 
o ther independent of it. The contribution of the la tter, when 
the chloride concentration is th a t of sea water, is between 10 and
15%.

EFF EC T  O F IONIC STRENG TH

Comparisons were made of the rates of solution from coating 1 
in pairs of solvents in which the chloride ion concentration was 
the same bu t the ionic strength, adjusted w ith sodium nitrate, 
was different. T he results are given in Table V, which includes 
t he ratio  of the rate'Of so lu tiona t the given ionic strength  in each 
case to  that a t  ionic strength 0.51. This ra tio  decreases w ith in
creasing ionic strength  from 0.15 to 0.5, and thereafter changes 
little.

T a b l e  V . E f f e c t  o f  I o n ic  S t r e n g t h  o n  R a t e s  o f  S o l u t io n  
o f  C u p r o u s  O x i d e  ( C o a t in g  1) i n  S o d iu m  C h l o iu d ’e - S o d iu m  

N i t r a t e - B o r a t e  B u f f e r s  a t  pH  7.88 a n d  A g i t a t i o n  o f  
1 44  C m . / M i n .

R ate of So!n.a , Moles Cm. -s 
_______Sec.-», X 10”

Molar Molar At given At ionic
Chloride Ionic ionic strength
Concn. Strength strength of 0.51 Ratio

0 .1 2 0.15 17 9 1.89
0.24 0.27 29 22 1.32
0.36 0.39 52 45 1.16
0.48 0.51 68 68 1 .00
0.48 0.63 66 68 0.97
0.48 0.75 79 68 1.16
0.48 0.99 65 68 0.96

a Reduced to a standard sea water solution rate of 50 X 10 "n .

Although the da ta  do no t perm it extrapolation to zero ionic 
strength , it can be seen qualitatively  th a t the dependence of the 
ra te  of solution on ionic streng th  is sim ilar to th a t  of the activ ity  
coefficient of a  uni-univalent salt (4).

COM PARISON O F D IL U T ED  SEA W ATER WITH  
A R TIFIC IA L  SO LVENTS

M easurem ents were made of the rates of solution from coating 1 
in sea w ater diluted w ith distilled w ater to various extents. 
Corrections for slight deviations from a pH  of 7.88 were made as 
described above. The values are given in T able VI, together 
w ith the rates of solution in solvents of the same chloride concen
tration  and ionic strength, estim ated by m ultiplying the d a ta  of 
Table IV  by ionic streng th  factors interpolated  from Table V.

T he ra te  of solution in the artificial solvent is in each case 
somewhat greater; it  can be expressed approxim ately by the 
interpolation equation,

La = 6 +  1.2 Ls 
where Ls  =  ra te  of solution in diluted sea w ater

T his difference m ay be due to a retarding effect of some constitu
en t of sea water. I t  is small enough so that conclusions concern-

T a b l e  V I .  R a t e s  o f  S o l u t i o n  o f  C u p r o u s  O x i d e  ( C o a t in g  1) 
i n  D i l u t e d  S e a  W a t e r  a n d  i n  A r t i f i c i a l  S o l v e n t s  o f  t h e  

S a m e  C h l o r i d e  C o n c e n t r a t io n s  a n d  I o n ic  S t r e n g t h s

, . . .  Hate of Soln.0, Moles Cm. “s Sec. X 1011Molar Molar '----------------- '--------- ,---------------■—— ------
Chloride Ionic Diluteil Artificial solvent
Concn. Strength sea water Measured** Calcd.e
0.12 0.10 13 10 21
0.24 0.32 17 27 20
0.30 0.48 33 40 40
0 .48J 0.03 .30 (10 00
a Reduced to a standard sea water solution rate of 50 X 10- l i . 
b From Tables IV and V. 
c Calculated as 0 +  1.2 Ls  
d Undiluted sea water.

ing the mechanism of the reaction which are draw n from the data 
in artificial solvents are probably applicable to  sea w ater also.

D ISC U SSIO N

Under conditions of high agitation, the rate of solution of cu
prous oxide is proportional to the hydrogen ion concentration and a 
linear function of the square of the chloride ion concentration. 
This is the relationship which would be expected if the process

•ACujO +  H+ +  2C1- =  C u C lr  +  ViHjO
is the ra te  determ ining step in dissolution. T he dependence of 
ra te  of solution on ionic streng th  is also qualitatively in agreement 
w ith this mechanism. Following the Scatchard treatm ent (11), 
if one positively and two negatively charged univalent ions ap
proach to form a complex w ith a single negative charge, the effect 
of ionic strength  on the rate  of reaction is the same as for the 
approach of two oppositely charged univalent ions—i.e., the same 
function as for the activ ity  coefficient of a  uni-univalent electro
lyte. Although this relation was derived for reactions in solution, 
it  should hold also a t  a  solid-liquid interface. I t  may be con
cluded th a t the formation of CuCl»-  is the ra te  determining step 
of the process which predom inates in dissolution. I t  is possible 
th a t one hydrogen and one chloride ion approach, respectively, an 
oxygen and a  copper atom  ad jacent on the cuprous oxide surface, 
and the collision of a second chloride ion results in detaching the 
complex.

As for the sm all contribution to dissolution which is inde
pendent of chloride concentration, this process m ay involve reac
tion of the surface w ith hydrogen ions alone and result in libera
tion of free cuprous ion.

Under conditions of low agitation  where diffusion presumably 
limits the ra te  of reaction, the same dependence upon the first 
power of hydrogen and second power of chloride ion concentration 
still holds approxim ately. I t  m ay be ten tatively  concluded that 
the ra te  of diffusion depends on the concentration of the ionic 
species CuCl2~ a t  the surface of the solid cuprous oxide and that 
this is proportional to (H +)(C1- ) 2'. I t  is then necessary to con
clude th a t the higher complex CuClj- -  is formed more slowly.

E s t i m a t i o n  o f  S p e c i f i c  R a t e  C o n s t a n t .  For coating 1, 
which contains 90%  of cuprous oxide (a volume fraction of 0.65), 
i t  m ay be assumed th a t the area of solute exposed on the surface 
does no t differ greatly from the panel area itself; i t  will tend to 
be lower because of the presence of the bilider, bu t this will be 
counterbalanced by the irregularity of the surface with consequent 
excess area. P robably the representative value of 50 X 10"u 
moles cm.-2  sec.-1 in  sea w ater a t  pH  7.88 is of the same order of 
m agnitude as the ra te  of solution from a plane surface of cuprous 
oxide. I f  the exponential factor w ith the activation energy is 
introduced, we have for the rate, of solution a t pH  7.88 and a 
chloride concentration of 0.48 M  the value 0.040 e~12,000 ,R7 nioles 
cm ."’ sec.-1.

R e l a t i o n  o f  S o l u b i l i t y  t o  A n t i f o u l i n g  E f f e c t i v e n e s s . 

T he proved efficacy of cuprous oxide in antifouling paints indi
cates tha t its m oderately low solubility and rate of solution pernin 
the control of its leaching ra te  from a pa in t without undue diffi
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culty. T he selection of a toxic with these characteristics is the 
first step tow ard the resolution of the dilemma of Young ( IS) .  
The solubility of cuprous oxide will bo compared with those of 
o ther antifouling toxics in the second paper of this series (3).
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Feeding Yeasts from Wood 
Sugar Stillage

E . F . K U R T II  AND V . H . C H E L D E L IN
Oregon Forest P roducts Laboratory and  Oregon S ta te  College, CorL-allis, Oreg.

T o  exp lo re  th e  s u i ta b i l i ty  o f  so m e  le s se r k n o w n  y e a s ts  
for th e  u t i l i z a t io n  o f  w ood s u g a r  w a s te s , a  c o m p a ra tiv e  
s tu d y  w as m a d e  w ith  T o ru la ,  M y c o to ru la , a n d  H a n s e n u la  
s tra in s . T h e  th r e e  y e a s ts  p e rfo rm  w ell o n  s t i l l  w a s te  
liq u o r  f ro m  D o u g las  fir h y d ro ly z a te s  a n d  in  a  c o m p a ra b le  
m a n n e r . T h e re  is l i t t l e  d is t in c t io n  b e tw e e n  tl ie i r  r a t e  o f 
g ro w th , u t i l i z a t io n  o f  s u g a r ,  y e a s t  y ie ld , a n d  n u t r i t io n a l  
values. W h en  d r ie d , th e  y e a s ts  m a y  b e  ex p ec ted  to  fu rn is h  
a fo d d e r  w h ic h  is  a n  e x c e lle n t so u rc e  o f  p ro te in ,  a m in o  
acids, a n d  B v ita m in s . I n  th i s  re s p e c t th e y  c o m p a re  
favorab ly  w ith  th e  b e s t  s t r a in s  o f  b re w e r’s y e a s t . Y ie lds 
of d ry  y e a s t r a n g in g  f ro m  53 to  63%  o n  th e  w e ig h t o f  th e  
su g a r c o n su m e d  h av e  b een  observed .

A  PR EV IO U S study  in  th is laboratory showed th a t Torulopsis 
utilis 3 (Torula yeast) was well suited for grow th in still 

waste liquor from Douglas fir hydrolyzate (6). Prelim inary tests 
also indicated th a t two o ther yeasts, Mycotorula lipolytica P-13 
and Hansenula suaveolens Y-838, m ight be suitable for utilization 
of this stillage. A ttention  was directed to  M . lipolytica P-13 by- 
work done a t  th e  Forest Products L aboratory which showed th a t 
this organism gave the best sugar utilization and th e  highest 
harvest of the organisms tried (10). Certain differences in the 
performance of H. suaveolens Y-838 have also been reported (18). 
For these reasons i t  appeared desirable to  compare their growth 
and sugar utilization and estim ate their amino acid and B vitam in 
conlonts when grown in wood sugar stillage.

PR O C E D U R ES AND AN A LY SES

Y e a s t  G r o w t h . Stock cultures of th e  three yeasts were 
maintained on glucose-agar slants. F o r com parative growth 
and sugar utilization studies, transfers were m ade in to  8-inch 
fyrex tes t tubes containing 20 ml. of medium. T he solutions 
"ere all similarly aerated through 1-min. capillary tubes. After

incubation a t  30 =*= 1 ° C. for 24 to  48 hours, the cells were har
vested by centrifuging, and the desired am ounts were used for 
inocula for new growth tests. R epeated transfers were m ade in 
this manner, although aseptic conditions were no t m aintained 
after the initial transfer from the slants.

S t il l  W a s t e  L iq u o r . The still w aste liquor used in  this work 
was obtained from The Vulcan Copper & Supply Com pany (6). 
I t  contained 3.2%  to ta l solids, 0.81%  reducing sugar calculated 
as xylose, and 1.42% to ta l carbon. T he pH  was 5.0. N u trien ts  
added were 0.05%  diammonium phosphate and 0.05%  urea.

Y e a s t  D e t e r m in a t io n . Y east cell counts were m ade under a 
microscope w ith the aid of a  Bausch & Lomb haem acytom eter 
cell. D ry  weight was determ ined after washing the yeast pre
cip itate w ith dilute hydrochloric acid and sodium carbonate as 
described previously (5).

R e d u c in g  S u g a r  D e t e r m in a t io n , T he m icrom ethod of 
Schaffer and Somogyi (l.j) was employed routinely. All values 
are given as c.p. xylose.

P r o t e in  D e t e r m in a t io n . P rotein  values are given as N  X  
6.25, as determ ined by the K jeldahl,m ethod.

A m in o  A c id  A s s a y s . D eterm inations were carried ou t micro- 
biologically using Streptococcus faecalis R  as the te s t organism for 
all assays except phenylalanine, as recommended by Stokes and 
co-workers (16). Lactobacillus delbruckii LD 3 was used to  
measure the phenylalanine content by th e  Stokes m ethod (16). 
Good agreem ent was obtained am ong results calculated from 
different assay levels. Inasm uch as S . faecalis did no t appear to  
require methionine for growth, th is amino acid was n o t included 
in the determ inations.

V it a m in  A s s a y s . Microbiological procedures were used for 
the determ ination of seven B vitam ins. T he following test 
organisms were em ployed: for thiam ine, L. ferm enti (11) ; for 
riboflavin, L. casei (15, 17); for nicotinic acid, pantothenic acid, 
and biotin, L. arabinosus 17-5 (4,12, SO) ; for folic acid, S . faecalis 
(8, 9) ; and for p-aminobenzoic acid, Acetobacter suboxydans (2, 6).
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ADAPTATION TO  M EDIA

In itia l growth of the yeasts was found to  be relatively slow' 
when they were transferred directly  from agar slants to  the  still 
waste liquor. U nder these conditions maximum yeast growth 
and rem oval of reducing sugar was obtained in 48 to  72 hours. 
R epeated  transfers in  stillage resulted in  m ore rapid growth. 
M ycotorula and Torula gave throughout about equal perform
ance, whereas H ansenula adapted  itself m ore slow'ly. However, 
a fter about the ten th  transfer the performance of the three yeasts 
was approxim ately equal, as observed from ra te  of growth, con
sum ption of reducing sugar, yeast yield, and final pH  of liquor.

T he performance of the  three yeasts was followed through 
twenty-five transfers. T able I lists th e  observations m ade at. 
this transfer; they  are representative of normal performance 
after the adap ta tion  period. O ptim um  yields of yeast were 
obtained in 18 to  24 hours. I t  is probable th a t w ith more 
efficient means of aeration  th e  grow th period m ay be reduced 
below this minimum, for aeration  has an im portan t effect on the 
tim e (5). G rowth periods longer th an  the  tim e required for the 
assimilation of sugar usually resulted in appreciable autolysis and 
reduction of the yeast crop. T he three-yeasts were consistently 
sim ilar in their ab ility  to  remove reducing sugars from an initial 
level of 0.81%  in th e  liquor to  approxim ately 0.19%  in 24 hours. 
Incubation for 48 hours resulted in a  fu rther slight rem oval of 
reducing sugar to  approxim ately 0.16%.

This residual reducing sugar in th e  spent yeast-liquors probably 
■contains incompletely hydrolyzed polysaccharides or sugar 
anhydrides formed under the drastic conditions of the  hydrolysis 
of the wood substance. Thus, acid hydrolysis of the stillage 
before and after Torula growth increases the reducing sugar con
tent (o). Earlier th a n  1890 sugar technologists recognized the 
form ation of “ reversion product«” when sugar solutions are 
heated in  the presence of acids (19). A t low sugar concentra
tions the reversion products are hydrolyzed by  acid, which indi
cates an  equilibrium between reversion and hydrolysis. A recent

T a b l e  I. P e r f o r m a n c e  o f  Y e a s t s  in  S t il l a g e

Growth Yeast Yield Reducing
Period, W et cells in 100 Dry Sugar,

Yeast Hr. ml. of medium, %  yeast, % % pH
Mycotorula 0 1 .0 0 .12 0.81 5.1

24 3.7 0.45 0.19 7 .3
48 3.3 0.16

Hansenula 0 1 .0 0 .11 0.81 5.1
24 4.1 0.46 0.19 7.0
48 3.5 0.16

T orula 0 1 .0 0 .1 2 0.81 5.1
24 4 .2 0.51 • 0.18 7.5
48 3.6 0.16

T a b l e  II .

Stillage

U t il iz a t io n  o p  A r a b in o s e  b t  M y c o t o r u l a  a n d  
H a n s e n u l a

Growth Yeast Count, .Reducing 
Period, Million Sugar,

Hr. Cells/M l. %Medium

Mycotorula

Stillage +  equal vol. of 0.8% arabinoso 
soln.

Spent stillage0 -f equal vol. of 1.2% 
arabinose soln.

0.0
24.0 

0 . 0
24.0 

0 . 0
24.0

Hansenula
Stillage

Stillage +  equal vol. of 0.8% arabinose 
soln.

Spent stillage“ +  equal vol. of 1.2% 
arabinose soln.

Control
Uninoculated stillage

a Stillage after harvesting yeast growth.

0.0
24.0 

0 . 0
24.0 

0 . 0
24.0

70
270

70
170
70
90

100
325100
230
100125

0.0
24.0

0.81
0.23
0.81
0.33
0.70
0.55

0.56
0 .120.G8
0.24
0.66
0.43

0.81
0.S3

study  of such unferinentable reducing products in th e  distillery 
slops from molasses is reported by S attler and Zerban (13).

T he yield of new yeast crop m ay be obtained from Table I ‘by 
deducting th e  dry weight of the inocula from the to tal dry weight 
of yeast obtained after the 24-hour growth period. This is for 
M ycotorula, H ansenula, and Torula, 0.33, 0.35, and 0.39%, 
respectively. Calculated on the basis of the dry  weight of sugar 
consumed, the  yield correspondingly ranges from 53 to  63%. A 
p a rt of this yeast grow th m ay probably be a ttribu ted  to  the par
tia l consum ption of th e  acids present in the liquor (6). The 
slightly greater yield of Torula yeast for th is run  is only indicative 
of some variations and was no t consistently observed.

T he ability  of Torulopsis utilis 3 to  utilize arabinose was in
vestigated earlier (5). In  the present study  experiments were 
made to  ascertain the ability  of M ycotorula and Hansenula to 
utilize th is pentose. For th is purpose the m ultiplication of yeast 
cells and the reduction of the sugar content of media, to  which d- 
arabinose (levorotatory) had been added, was followed. These 
findings are given in T able II.

T he da ta  show th a t under tho conditions of the experiments 
M ycotorula and H ansenula have the capacity to  m ultiply and 
rem ove arabinose from solution. This grow'th and consumption 
of arabinose is no t so rapid as w ith th e  sugar in  the still waste 
liquor and is faster when such sugar is present w'ith the arabinose. 
T he observation th a t H ansenula is able to  utilize arabinose is 
contrary to  the findings of Wise and Appling (18) who used this 
organism to  assay xylose in  the presence of arabinose. Experi
m ents in this laboratory indicate th a t th is organism multiplies 
much more rapidly in a  xylose th an  in an  arabinose medium, 
especially when freshly transferred from agar slants. However, 
it would appear from the present work th a t the adaptation of this 
organism to  grow th w ith  arabinose m ight easily impose limita
tions upon its  use for assay purposes of sugar mixtures derived 
from natu ra l m aterials.

AM INO ACID CO NTENTS

T able I I I  gives com parative analysis of the three yeasts for 
nine essential amino acids. T he values were obtained for acid- 
and alkali-washed samples (5) which were oven-dried 24 hours at 
70° C. and  then  hydrolyzed w ith 10%  hydrochloric acid or 20% 
sodium hydroxide (16). T he near-identical values obtained are 
striking and  indicate great sim ilarity among the yeasts.

T he approxim ate amino acid contents of a fat-free brewer s 
yeast of .protein content sim ilar to  the three yeasts are included 
for comparison. Tho brewer’s yeast values were reported by

T a b l e  I I I . A m in o  A c id s  a n d  P r o t e in  C o n t e n t  o f  Y easts 
( P e r c e n t a g e  o f  O v e n - D r y  W e ig h t s )

Brewer’s U) 
51.8

2.7
1.3 
3.5
2.4 
0.82.5
3.7 
3.1 
2.4

° Values are expressed in terms of the naturally occurring isomer.

T a b l e  IV. B V it a m in  C o n t e x t  o f  Y e a s t s

Vitamin Content, 7 /G ram  Dry W t.

Yeast Mycotorula Hansenula Torula
Total protein 51.0 53.4 52.9
Amino acid®

Arginine 3 .2 2.9 3.1
Histidine 1.4 1.4 1.5
Lysine 4.4 4.3 4.4-
Phenylalanine 2.4 2.4 2.3
Tryptophan 0.3 0.3 0.3
Threonine . 2 .5 2.4 2.5
Leucine 3.7 3 .6 3.8
Isoleucine 3 .5 3 .7 3.7
Valine 3.1 3 .3 3.3

Mycotorula Hansenula
Thiamine 5 .3 875-
Riboflavin 59 54
Nicotinic acid 600 590
Pantothenic acid ISO
Biotin 1 .8 1.7
Folic acid 3.1 1.7
;>-Aminobenzoic acid 31 16

Torula
‘ 6 . 2  
49 

500 
130 

1.8 
2.8 

17
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Block and Bolling for stra in  IC 105 (J). This strain  possessed the 
highest protein content of any studied by these authors. As far 
as amino acid content is concerned, th e  fodder yeasts are n u tri
tionally equal or superior to  this stra in  of brewer’s yeast except 
for tryp tophan  and threonine. W here comparable, the findings 
correspond w ith those of Fink and Ju s t (S).

VITAMIN CONTENTS

T he com parative values for seven B vitam ins in  the dried fodder 
yeasts are listed in T able IV . T he variations among th e  yeasts 
are som ewhat larger here than  were observed for amino acids, 
although for m ost vitam ins the values are similar. These yeasts 
are excellent sources of B vitam ins, particularly  riboflavin, nico
tinic acid, pantothenic acid, and p-aminobenzoic acid.

The content of several B vitam ins in  T orula  yeast was reported 
by Lewis, S tubbs, and N oble (7). T heir values parallel ours 
closely except for thiam ine, which appears to  be lower for all 
yeasts grown on stillage. This m ay no t be surprising when i t  is 
considered th a t, of all the vitam ins, thiam ine tends to  be removed 
from the growth medium rather than  to  be synthesized in  large 
am ounts (7). T he stillage used was relatively low in thiam ine 
content ( 2 . 7 y  per gram of sugar compared to  3 to  1 2 y  per gram of 
sugar for several fru it juices) and thus could furnish less thiam ine 
than  was available from the media used by Lewis et al.
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Fungistatic Vapors for Control of 
Mold in Packages and Equipment

T H E O D O R E  C . S C H E F F E R  AND C A T H E R IN E  G . D U N C A N
Division o f  F orest Pathology, U. S . D ep a rtm en t o f  A gricu lture , 

in  C ooperation w ith  th e  F orest P roducts Laboratory,
M adison, Wis.

T e s t s  a rc  r e p o r te d  on  fo r ty -se v e n  c h e m ic a ls  fo r  th e  effec
tiveness o f  th e i r  v a p o r p h a se s  in  c o n tro ll in g  m o ld in g  o f  
m a te r ia ls  in  c lo sed  c o n ta in e r s .  T h e  te s t in g  w as d o n e  d u r 
ing  th e  w a r, in  re s p o n se  to  a  re q u e s t  fo r  f u n g u s - in h ib i t in g  
m e a su re s  n e e d e d  fo r  c e r ta in  m i l i ta r y  su p p lie s  a n d  e q u ip 
m e n t  fo r  w h ic h  t r e a tm e n t  w ith  p re se rv a tiv e  s o lu tio n s  
w ou ld  b e  im p ra c t ic a b le .  S o m e  o f  th e  m o s t  p ro m is in g  
c o m p o u n d s , a s  in d ic a te d  b y  tr ia l s  o n  w ood , le a th e r ,  m a l t -  
ag a r, a n d  p re s s u re  ta p e ,  w ere  b e n z a ld e h y d c , 2 -c h lo ro p y ri-  
d in e , e th y l  m e rc u r ic  c h lo r id e , a n d  o -c h lo ro p h e n o l.

MO LD IN G  of military supplies and equipment was a major 
source of trouble in the humid war theaters of the Pacific. 

Numerous items can be and have been adequately protected 
against mold damage by direct treatment with solutions of per
manent or semipermanent fungus-inhibiting materials. On the 
other hand, many of them cannot be taken care of in this way 
because technical difficulties would prevent thorough treatment 
or because such treatments would be incompatible with the 
operation or use of these items. For such cases consideration 
has been given by a number of agencies to the possibility of mold

control by means of fungistatic vapors gradually liberated from 
appropriate chemicals, e ither free or contained in some absorp
tive solid. T he use of mold-inhibiting vapors has been sug
gested for such item s as enclosed electrical equipm ent, optical 
apparatus, and the contents of sealed packages. This m ethod 
would be applicable only to  enclosed m aterials, although tigh t 
sealing would no t be needed where occasional replenishm ent of 
the volatile chemical is feasible.

This paper describes the mold control obtained w ith vapors of 
forty-seven different chemicals known, for th e  m ost part, to  have 
m oderate to  high fungistatic action. T he tests, m ade a t  various 
tim es over a  period of approxim ately 9 m onths, were no t con
cerned w ith any particu lar p roduct; the  p lan was to m ake pre
lim inary trials of a  num ber of prom ising chemicals, to  aid in the* 
choice of chemicals for m ore intensive trials by those d irectly  
concerned w ith th e  protection of specific kinds of supplies and 
equipm ent. In  addition  to  the effectiveness of the vapor against 
molds, factors such as volatility , solvent or corrosive action, con
densation tendency, toxicity  to  people, in jury  to  food flavors, an d  
ease of application would need to  be considered in th e  light of th e  
natu re  and requirem ents of the individual item  to  be p rotected .
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T a b l e  I . T e s t  C o n d it io n s

-----------Container---------- *
Size and

Nominal 
Evaporating 

Surface of 
Chemical0,

Condition 
of Liquid

Period
of

Test,
Test type Cover Sq. In. Chemicals Weeks

A 6-oz. wide- 
inouth 
bottles

Firm bu t not 
airtight

0.5 Free 2

B G-oz. wide- 
mouth 
bottles 

6-oz. wide- 
mouth 
bottles

Firm bu t not 
airtight

0 .5  (1 .25  for 
liquids)

Absorbed in 0.5- 
in. wood cubes

2 .5

C Loose 0 .5  (1 .25  for 
liquids)

Absorbed in 0.5- 
in. wood cubes

2.5

D 64-oz. jars Loose; raised 
about 1/ m 
in. above 
jar rim a t 
one side

1.75 (2 .0  for 
ethyl mer
curic chlo
ride)

Free 2 to 4, 
mostly 3

“ Considered as the inside cross-sectional area of the containing receptacle, 
the area of the blotting paper in the case of ethyl mercuric chloride, or the 
area of the five exposed block faces in the case of the liquids in tests B and C.

Some a tten tion  was given to  the degree of volatility  and  corro
siveness of m ost of the more effective compounds, b u t because 
of the  urgency for prelim inary results a t  th e  tim e the work was 
planned, there was no extensive study  of these factors.

T E S T  M ETH O DS

T h e  tests  were carried ou t in glass containers w ith a high rela
tive hum idity  m aintained by a reservoir of w ater below the tes t 
m aterials. To ensure adequate m oisture for molding, the dry 
m aterials were initially  moistened w ith distilled w ater or were

kept continuously w et a t  one end. The containers were of two 
capacities, 6-ounce and 64-ounce (2-quart canning jars). The 
covers were attached  loosely on the larger ones, and  both  firmly 
and loosely on the sm aller ones. T his variation  in capacity and 
cover a ttachm en t was largely an  empirical m easure to  vary the 
partia l vapor pressure of the respective chemicals. M ost of the 
testing was done, however, w ith the larger containers (test D ) 
after it  was determ ined th a t  th is was the m ost severe and, prob
ably, m ost practical test.

The solid chemicals were ground to roughly uniform particle 
size, the coarsest being about the size of fine sand. The exception 
was ethyl mercuric chloride which was precip itated  from a 10% 
solution in  acetone w ith in  squares of b lo tting  paper. The liquid 
chemicals were introduced free in tests A and D, and in tests B 
and  C they  were first absorbed in ‘/«-inch cubes of ponderosa pine 
wood.

T he tes t m aterials were new sole leather, sweet gum sapwood, 
autoclaved m alt-agar (2.5-1.5% , respectively) medium, and 
cloth-backed pressure-adhesive tape of unspecified composition. 
T he specimens of lea ther were approxim ately 1 X 2 X l/< inch 
in size, th e  sweet gum specimens abou t 1 X 2 X ‘/» inch , and the 
pressure tape about 1 X 3  inches. All these m aterials were known 
to be highly susceptible to molding; moreover, their diversity of 
chemical composition favored the occurrence of a  wide variety 
of molds.

H eavy mold inoculation was accomplished naturally  by expos
ing the m alt-agar and  o ther m aterials overnight in  a room main
tained a t  97%  relative hum idity  and 80° F ., and plentifully sup-

T a b l e  I I .  R e l a t iv e  A m o u n t s  o f  M o ld  D e v e l o p m e n t “ o n  D a m p  T e s t  M a t e r ia l s  E x p o s e d  t o  V a p o r s  o f  V a r io u s  C h em ic a ls

Chemical
m-Cresvl acetate (Cresatin)
Pentacnloroethane ,
iym-Heptachloropropane
Hexachloropropene
Nonachloro-l-pentene
Octachloro-l,3-pentadiene
Trichloro-feri-butanol
Paraformaldehyde
Benzaldehyde
Furfural
E thyl mercuric chloride
E thyl mercuric phosphate (Ceresan)
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichloroben zene 
p-Dichlorobenzene (trial 2)
1.2.3-Trichlorobenzene
3.2.4-Trichlorobenzene
T hym ol
<HChlorophenol
m-Chlorophenol
p-Chlorophenol
2.4.6-Trichlorophenol 
*>-Phenylphcnol 
•m-Phenylphenol
'2-Chloro-4-phenylphenol
2-Chloro-6-phenylphenol
4-Chloro-6-phenylphenol
Monochloro-3-phenylphenol
2.4-Dichloro-G-phenylphenol
p-ferJ-Butylphenol
2-Chloro-4-ieri-butylphenol
2.6-Dichloro-4-nitrophenol 
2-Chloro-6-cyclohexylphenol 
Butylcresol
2-Chloro-5-hydroxytoluene
Naphthalene
a-Chloronaphthalene
a-Dichloronaphthalene
a-Dibrom onaphthalene
2-Chlorodiphenyl
4-Chlorodiphenyl
Pyridine 
2-A minopy ridine 
2-Chloropyridine 
Camphor (artificial)
Insl-X Volatile Fungicide®
None (control)

S tate
a t Sole leather

-M ateria , Test, and 
Sapwood

Amount of Molding0—  
M alt -asar Tape,oO00 A B c D A B C D A B C D teat D

L 0 0 0 II L VL VL M 0 VL VL 0
L 0 0 0 0 L 0 0 0 0
L H H ' ï i
L H H H
L H H II
L H H II
S 0 0 L L 0 L 0 L VL 0

■ S 0 II ’ h
"ÓL ' Ó ' Ó ’ ó 0 ' Ó ' Ó ' Ó 0 Ó ' Ó

I. 0 0 ’ ' b
S 0 VL 0
S ' L ' L M M ' m H ' Ó ' Ó L

L 0 0 0 0 0 0 VH 0 0 VH 0
L 0 0 0 VH 0 0 0 M • 0 0 H
S 0 0 0 0 0 0 0 VL "Ó 0 0 VL
S 0 VL "Ó

Ms " ó "Ó ' ó VH ■ L "Ó h M VL ' L
L 0 0 0 M 0 M 0 L 0 0 L

s L . 0 L VH H L VH H 0 M M M 11
L 0 0 0 0 0 0 0 L 0 0 0 0
L 0 0 0 L H H L L
S 0 M M ' H 0 L L H "Ó L VL 6
s L 0 H L VL M 0 L L M
s ' i i L M ' m VH VH M M
S VH VH

■ S VH M
L H Ms H H
L VII M
S VH H
L 0 0 0 VH 0 H H VH L L M
L VII H
S VH H
L VH VL HL 0 " h ' H VH H v i t VL ' H M M
S 0 0 0 H M M M H VL L M

S VL- L L 0 VH VH 0 M H
L 0 0 0 II 0 . 0 VL VL
S VII L
S VH II
L VH H
S VH H
L 0 0 0 0 0 0 0 0 0 0

VH
0

L VH VH
L 0 VL 0 A f
S "Ó " i ' L VH ' L M " h 11 M ' m ' i i ¿>1A
S 0 0 0 VL 0 0 0 L 0 0 0 - Ó U

T
VH VII VH VH M VH VII M-H VH VH VH II-VII Lt

a 0 =  no mold; VL «  very light mold;
& S => solid; L =  liquid. 
e Composition no t specified by the manufacturer.

light mold; M =* medium mold; H *» heavy mold; VH =  very heavy mold.



June, 1946 I N D U S T R I A L  Ä N D  E N G I N E E R I N G  C H E M I S T R Y 621

plied w ith molds and mold-carrying mites. Because of the large 
variety  of mold species and stra ins brought into the test, inocula
tion in  this w ay was considered preferable to working w ith any 
pure cultures th a t m ight be selected. Some of the molds th a t 
were prevalent a t  the tim e were identified as species of Aspergillus, 
Penicillium, S tachybotrytis, Stysanus, Chaetomiilm, M etar- 
rhizium, and Memnoniella. The first two were m ost prom inent 
on the m aterial tested.

T ests A and B were m ade in  this same room, and la ter tests in 
the laboratory; the molding tendencies subsequent to inoculation 
were practically  the same in  either location. T he incubation 
tem perature was betw een 75° and 80° F . Pertinen t variables 
of the different tes ts  are outlined in  T able I.

W ith this general review of procedures in  mind, the m ethod of 
the preferred test, D , m ay be described in  more detail. To aid in 
maintaining a continuously high relative hum idity  around the 
test specimens, a pad of cotton  sa tu ra ted  w ith about 50 ml. of 
water was placed in  the bottom  of each jar. T hree 50-ml. beakers 
were placed on th is pad, one containing a Vi-inch layer of the 
chemical being tested, ano ther containing two leather tes t strips 
standing in 10 mli of distilled w ater, and the th ird  containing 15 
ml. of m alt-agar medium w ith slanted surface. T he sweet gum 
te s t strips were placed in  groups of three directly on the cotton 
pad, w ith the top  ends resting against the wall of the jar. The 
fourth te s t m aterial, a  strip  of pressure tape, was attached  a t  one 
end high on the wall of th e  ja r  and allowed to  hang w ithout touch
ing th e  wet pad. All of th e  tes t m aterials were inoculated, as 
described above, before they  were p u t in  the jars. W here the 
chemical was e thy l mercuric chloride, the square of blotting 
paper containing i t  was taped  a t  the corners to  the wall of the 
jar, and  the beaker otherwise used for chemical was om itted. 
The flat ja r  lids were finally taped  in position, leaving a small 
opening (about './»  inch) a t  one side.

R E SU L T S AND CONCLUSIONS

M old occurrence is shotvn in Table II . The ih&inicais &te 
grouped according to  type of baaie compound. Although most of 
the  chemicals used are known to  have considerable fuftgistafcic 
action in solution, i t  is apparen t th a t  m any of their vapors a t  
ordinary partia l pressures have com paratively slight effect on 
mold developm ent. These deficiencies in mold suppression geft- 
■erally were m ost noticeable in the loosely covered containers,, 
especially those w ith the  larger capacity  (test D) where there was 
less opportun ity  for developm ent of maximum partia l pressures. 
The la tte r  result was expected; consequently chemicals th a t were 
definitely ineffective in  tes t A were no t tested  further.

T he m ost effective vapors are apparen t from the da ta  of Table
II. To facilitate closer comparison among them , Table I I I  is 
presented. As a basis of comparison only the heaviest molding 
in any te s t (usually te s t D ) on each of the respective m aterials 
is listed. T o aid fu rther in  appraising these chemicals, an index 
of evaporation ra te  is included for m ost of them .

From the combined standpoints of effectiveness against 
molding, a  low to  medium evaporation tendency, and a solid 
state a t  ordinary tem peratures, p-dichlorobenzene, Insl-X  Vola
tile Fungicide, and e thy l mercuric chloride seem to have consid
erable prom ise as mold inhibitors. I t  m ay be significant th a t p- 
dichlorobenzene has long been used extensively for the preven
tion of m oth  dam age to  stored woolens, and has more recently 
been successfully applied to  the control of blue mold (Peronospora 
labacena) of tobacco1. I t  has been effectively used a t  the Forest 
Products Laboratory  for controlling m ites in  culture rooms, w ith
out apparen t harm  in in term itten t dosages to cultures of wood- 
destroying fungi. . I t  appears to be more fungistatic th an  fungici
dal. Inh ib ition  of m ites would be a d istinct aid to mold control, 
as mold spores are often carried to inaccessible places by the

1 C layton , E . E ., G ains, J . 0 . ,  Shaw , K . J . f S m ith , T . E ., F oste r, H. H .p 
Sunn, W . M „ an d  G raham , T . W „ U . S. D ep t. Apr.. Tech. B'XU. 799 (1042).

E vapn .
Index“ L eather Sap wood

M alt-ag ar 
or tape

48 0 0 0
82 0 0 0

170 0 0 0
' 84 0 VL 0
<1 0 VL 0
46 0 L 0

213 0 L 0
53 0 VL VL
47 VL L 0

0 H VL
17 L L L
13 M M L
5 H M VL

11 0 H H
00 0 VH VH
78 VH VH VH

T a b l e  I I I .  , M a x im u m  M o l d  O c c u r r e n c e  P e r m i t t e d  b y  M o s t  
E f f e c t i v e  V a p o r s  a s  T e s t e d

Chem ical (in O rder of D e- M aterial and  A m ount of M old»
creasing O ver-all Effec

tiveness)
B enzaldehyde 
Fu rfu ra l 
Pyrid ine
2-C hloropyridine 
E th y l m ercuric ch lo ride0 
o-C horophenol 
Pen tach lo roe thane  
p-D ichloroben zenec 
Insl-X  Volatile Fungicide* 
a-C hloronaphtha lene  
Tricbloro-irri-butahol®
1,2 ,4-T richlorobenzenec 
m-Cresyl a ce ta te  (C resatin)
P arafo rm aldehyde6 
o-D ichlorobenzene 
D istilled w ater (control)

° Figures given are 0.01 gram  of chem ical evapo rated  from  a 10-mi. v ial 
(18 m m . in d iam eter) in 11 days; evapo rating  a tm osphere  charac te rized  by 
slow m ovem ent, 05%  re la tive  hum id ity , and  a  tem p era tu re  of 80° F .

b Based on poorest resu lt w ith each- m ateria l: 0 «  no m old; VL *=* very 
ligh t m old; L  =  ligh t m old; M =  m oderate  m old; H — heav y  m old; 
VH =  very  heavy mold.

c C hem ical in solid s ta te  a t  te s t ; o th e r chem icals in liquid  s ta te .

mites, and  the  dead m ites furnish a  favorable medium for mold 
developm ent. T his is said to  be one of the m ajor causes of mold 
developm ent on optical glass in  the tropics.

Several of the o ther chemicals would properly fall in the same 
or a  higher class w ith respect to  m old-inhibiting capacity, bu t 
their liquid sta te  or higher volatilization tendencies would pre
sum ably place greater lim itations on their range of usefulness. 
Of these, benzaldehyde and  o-chlorophenol in particu lar m ight 
be w orthy  of fu rther atten tion . Pyridine, 2-chIoropyridine, fur
fural, and pentachloroethane presum ably would be too volatile 
for any b u t ra th er specialized purposes involving very tigh t con
tainers. Pyridine and, to  a lesser extent, 2-chloropyridine have a 
pronounced objectionable odor,

Trichloro-ferZ-butanol and 1,2,4-trichlorobenzenè, ¡ilthuugh 
appsreniJy  less effective than  any  of the preceding cfiemicals, 
m ay have compensating advantages in their solid state ' and  
relatively low volatilization tendency.

m-Cresyl acetate was no t so effective as had  been expected 
from reports of Its present acceptance as a vapor inhibitor of 
molds. Possibly the m aterial as d istributed  m ay vary  som ewhat 
in composition. I t  was, however, one of th e  slowest to  vola
tilize of any of the chettiicals tested  and  for th is reason could be 
used in  places of m oderate mold hazard w ith less frequent re
placement than  the more volatile chemicals.

Combinations of different chemicals are frequently  m ore effec
tive th an  single compounds where a  varie ty  of fungi are  to  be 
controlled. Different species and strains of fungi tend  to  toler
a te  more of one chemical than  ano ther, especially if th e  chemicals 
are of different basic types. Consequently, a  thorough consid
eration of vapor control of molding could profitably include 
trials of chemical mixtures. I t  m ight be m ost appropriate to1 d a  
this, however, in connection w ith work on specific supplies1 or 
equipm ent and thus lim it to  some exten t the kinds of fungi to  be 
contended with.

In  supplem entary tests, vapors of none of th e  better chemicals 
tested  noticeably affected the quality  of Papreg (paper impreg
nated  and lam inated w ith phenol-form aldehyde resin). Those 
th a t appeared to  prom ote corrosion of steel, alum inum , or brass 
were: benzaldehyde for steel; furfural for steel, alum inum , and 
brass; pentachloroethane for steel and  alum inum ; m-cresyl 
acetate for steel; and ethyl mercuric chloride for steel and alu
minum.

T he m ajority  of th e  chemicals listed in T able I I  would prob
ably be objectionable in the presence of foods. Such use of vola
tile  fungicides, however, is no t alw ays excluded, as shown by 
the cu rren t commercial em ploym ent of diphenyl in paper w rap
pers for c itrus fru its.



Methods of Producing Uniform 
Velocity Distribution

R .  L .  S T O K E R

W estern  P rec ip ita tion  C orporation, Los Angeles, Calif.

T h is  paper presen ts an e lem en tary , theoretica l q u a n tita 
tive  trea tm en t o f  tw o w ell know n m eth od s o f  sm o o th in g  
velocity  d istr ib u tio n s in  open  and closed  ch a n n els  and  
d u cts . T h e derived eq u a tio n s, w h ile  su b ject to lim ita 
t io n s , are believed to p ossess an accuracy in  keep ing  w ith  
th a t  required in  th e  design  and operation  o f  certa in  types  
o f  process eq u ip m en t.

A  U N IFO R M  distribution  of fluid velocity through certain 
engineering process equipm ent is necessary for maximum 

capacity and  efficiency of operation. T his is particularly  true 
in installations for making m echanical separations sucli as skim 
ming and settling basins or chambers, é lu triation  columns, and 
electrical precipitators. However, in  the actual construction of 
such installations, cost and the lim itation of space usually make 
sharp bends and sudden enlargem ents in th e  connecting channels 
or duct work necessary. Consequently a nonuniform  velocity 
profile will often exist a t  the inlet and ou tle t of the structure , and 
will prevail in between unless specific corrective measures are 
taken. M ethods of sm oothing ou t these irregular velocity dis
tributions will be analyzed; although the m ethods in  themselves 
are well known, their quan tita tive  nature is no t always appre
ciated.

F igure 1. S m o o th in g  a V elocity  D istr ib u tio n  by 
R ed u cin g  th e  Flow  Cross S ection

Basically, there are two m ethods of m aking a  velocity profile 
more uniform : (1) increasing th e  average velocity by reducing 
the cross-sectional area of flow, such as w ith a rounded converging 
transition  (Figure 1); and  (2) adding a  uniform resistance across 
the flow area in  the form  of a  homogeneous screen, grid work of 
baffles, perforated p late, etc. (Figure 2). B oth  m ethods are 
characterized by  a  drop in the  sta tic  head of th e  fluid. In  the 
case of m ethod 1 there is little  energy loss, and  consequently the 
sta tic  head drop is alm ost completely com pensated by the in
creased velocity head. W ith th e  second m ethod the drop in sta tic  
head corresponds to  a  loss in  energy of the fluid stream  in passing 
through th e  resistance.

Guide vanes, or tu rn ing  vanes, are no t analyzed here since their 
principal application is to  lessen the energy loss of fast-m oving 
stream s while flowing around sharp bends and  through diverging 
transitions by m aintaining an already more or less uniform velocity 
d istribution. F or th is  purpose they  can be used to  good ad
vantage. However, guide vanes are no t particularly  practical for 
sm oothing an uneven profile, because a  considerable am ount of 
experim ental cu tting  and try ing of their arrangem ent is usually

necessary before th e  desired uniform ity is atta ined . Also, if a 
subsequent struc tu ra l change is m ade upstream  from the vanes, 
the vanes will generally have to  be readjusted.

To simplify the notation , .the flow in each case will be as
sumed horizontal and  two dimensional. Thus, both  Figures 1 and 
2 lie in a horizontal plane.

M E T H O D  1

W ith a  rounded converging transition , as indicated by Figure 1, 
the energy loss and fluid mixing will be slight and  Bernoulli’s 
equation of energy along any  given flow line, no t in  the immediate 
vicinity of the solid boundaries, is expressed very well by:

é L  :m = v* +  Y i
w 2g w 2g

VI VI = g  (p, -  j*)

(1)

(2)

Since, according to  E quation  2, all flow lines experience an 
equal gain in  kinetic energy in passing through the transition, it 
is apparen t th a t  th e  velocity profile m ust be sm oothed. Further
more, if the  differential equation for continuity  is combined with 
E quation 2, i t  is possible, theoretically a t  least, to  determine 
the dow nstream  velocity d istribution  from the upstream  distri
bution and  th e  pressure drop.

The energy equation along the fluid, filam ent of maximum veloc
ity  is:

2 g
(P  i -  Ps) (3)

Iu  the case of a  flow line which possesses the  average velocity 
upstream , th e  energy equat ion is

V'l — V'J► iar 2g
(pi -  Pi) (4)

UN!F  OHM R ESISTA N C E
________________

Wot/ =[k a y
= \ i v

£

I

\£ c

&/jz max

Figure 2. S m o o th in g  a V elocity  D istr ib u tion  by A dding  
a H om ogen eou s R esistan ce  across th e  Flow Area

I t is to  be noted  here th a t dow nstream  from the transition the- 
velocity along this flow line will not, in general, he the average^ 
downstream velocity, Vux- L et the fractional1 deviation of TV«'- 
from Vuv  be designated by 5. T h a t is,

■Vu. -  V \ (5)

622
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Since i t  is reasonable to assume th a t the pressure does no t vary 
across the flow, E quation 4 can be combined w ith E quation  3 to 
give:

V i„  (1 -  8)2 -  =  V lmaz -  V \max (6)

W ith  the aid of the over-all continuity  equation,

A ,V Xar - A tY ,„  . (7)

it follows tlia t E quation  6 can be expressed as

(8)

F ortunately , the last two term s under the radical are frequently 
small enough so th a t  a good approxim ation results, even if they 
are neglected. F or purposes of determ ining the effect of S in 
Equation 8, we assume th a t  the upstream  velocity and pressure 
drop through the transition  is given. Then, from the  equation 
of continuity  in differential form, which is

Vida! =  Vidai (9)

the dow nstream  cross-sectional area of flow can be expressed by

over A i

Yi
Ü  

over Ai

dat (1 0 )

where V2 is defined by E quation  2. The average downstream 
velocity, 7*,,, is thus obtainable from E quations 10 and 7 which, 
w ith E quation  4 for expressing V-/ar, give the necessary means for 
evaluating S. The quantities in Table I were calculated in this 
m anner for the  particu lar case of Vi having a two-dimensional 
triangular distribution.

Although the case ju s t chosen is a  special one, i t  is a  ra ther 
severe d istribution  and thereby  serves to magnify the influence of 
3. E ven so, th e  m aximum error due to  om itting b from E quation 
8, as indicated in T able I, is only 6% . T his error is on the con
servative side; th a t  is, one would expect th e  actual downstream 
velocity profile to be slightly more uniform th an  is indicated by 
E quation 8, w ith 5 considered equal to zero.

M ETHOD 2 .

The flow through a homogeneous resistance in a duct of uniform 
cross section is indicated in Figure 2. Here the average velocity 
upstream  and downstream  are the same and will be designated by 
V „. Such a  flow is accom panied by a  certain am ount of mixing, 
and consequently the  flow lines tend to  lose their iden tity  in the 
process. F or th is reason it  is not possible to  w rite the .energy 
equation for every arb itra ry  flow line. However, in  th e  immedi
ate vicinity  of th e  fluid filam ent of maximum velocity, the flow 
lines are essentially identical in regard to energy. In  spite of any 
slight shuffling of the lines due to  the resistance, it is permissible 
to w rite:

V1

2 9
Ei
w

V 2 V
4- + K

2 g 2 g

(1  +  K ) F?
2 g

V im e x  ~  ~  ( P i  -  P t )

(ID

.(1 2 )

where th e  resistance cnergy-loss coefficient, K , can usually be de
fined by

Thus

(13)

(14)

T a b l e  I .  I n f l u e n c e  o f  S i n  E q u a t io n  8  f o r  t h e  S p e c ia l  
C a s e  o f  V t H a v in g  a  T w o - D i m e n s io n a l  T r i a n g u l a r  

D i s t r i b u t i o n  ( V tmax/V iav =  2.0)

V? A i E quation %  E rro r
(Pl — pi) 8 w ith 5 E quation w ith 6

A i 5 Neglected 8 N eglected
0 .0 0 0 .000 0 .000 1.000 1.000 0 .0
0 .25 0.123 0 .008 1.023 1.015 0 .8
0 .5 0 0.236 0.029 1.0S0 1.053 2 .5
1.00 0.414 0.076 1.23 1.17 4 .9
2 .00 0.618 0.126 1.46 1 .38 5 .5
3 .0 0 0.721 0.133 1 .60 1.52 5 .0
5 .0 0 0.820 0.117 1.74 1.67 4 .0

CO 1.000 0 .000 2 .00 2 .0 0 0 .0

and
+  K (15)

However, there is th e  objection to  E quation  13 th a t the value 
of K  thu s defined depends upon the velocity d istribution; con
sequently, K  in Equations 11 and 12 is no t equal, in general, to 
K  in E quation  13. A more valid equation for defining K  is:

Pl , V lqv-----h ai -=—
W  2 g

p-i , V 2av— — +  «2 --
w  2 g

+  a  2 K
2  a

H ere the kinetic energy coefficient, a, is given by

{V*)ar
r av

By combining Equations 11 and 16, it  follows th a t

— Ctl ÛT2 AV f e ) ' + -
■ 1 +  K

(16)

(17)

(18)

Since i t  is usually desirable, in  th e  type  of equipm ent men
tioned earlier, to  have the downstream  velocity profile fairly 
uniform, « 2 should consequently be only a  few per cent greater than  
unity . I f  th is is true, the value given by  E quation  18 will be a t  
most only slightly larger than  th a t  according to  E quation  15. 
For example, if enough resistance is used to  m ake a2 equal to, say, 
1.1, then  the value defined by E quation  18 cannot be more than  
5%  greater th an  th a t  defined by E quation  15. Incidentally , to  
help appreciate the significance of a 2 =  1.1, one recalls th a t a  =  
1.05 to 1.10, and V maz/ V av =  1.1 to  1.2 are fairly typical of the 
velocity d istribution  in long s tra igh t ducts. Needless to  say, 
viscous or lam inar flow is no t considered in  any  of the preced
ing discussion.

APPLICATIO NS

T he type of process equipm ent m entioned in th e  first paragraph 
ordinarily handles large volumes a t  low velocities. Consequently, 
sm oothing these velocity profiles by m ethod 1 is no t practical, 
owing to  th e  fact th a t  th e  ducts or channels would have to  be 
larger th an  the  equipm ent itself, w hich is already relatively large. 
There are, however, applications in o ther fields for this m ethod. 
One notable example is in wind tunnels where a  uniform high 
velocity is required. Also, the m ethod is employed to  advantage 
in  providing a region of uniform velocity for calibrating velocity 
meters. In  each of these applications the  velocity is usually 
fairly uniform  before the rounded transition  is reached; conse
quently, E quation  8, w ith o neglected, would be expected to  be 
quite accurate.

On the o ther hand, m ethod 2 does have application for the 
types of installations in question. W ith th e  low velocities th e  
energy loss through the resistance will be small, which is im por
ta n t owing to the  large flow volumes involved. In  practice, the 
velocity through th is type  of equipm ent seldom exceeds 10 feet
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per second for gases and possibly no t more than  2 feet per second 
for liquids. W ith K  as large as 10, th is would only am ount to  
16.5 and 0.6 foot of fluid, if the fluid were a gas or a  liquid, re
spectively. If  the gas were a ir a t  ordinary conditions, the above 
loss would correspond to only 0.25 inch of water.

T he value of K  for a resistance, such as a  perforated p late or 
grid work of baffles, depends upon the ratio  of the combined area 
of the distributed  openings to  the to ta l flow area. If  the open
ings are considered as submerged orifices of discharge coefficient 
C and combined area A 0, the relationship between K  and the area 
ratio  can be estim ated for large K  values by:

Cj4° A V .,

and

T hus

w

V 2,
2» V 
*=(!)

Pi -  P2 
w

A V  J_
C2

A value of K  — 10, if C is assumed to  be 0.6, corresponds to

T  =  \ / l 0  X 0.62 =  1-9 Ao

In  o ther words, for K  = 10, the  combined area of the uniformly 
distributed  openings should comprise approxim ately half the 
to tal cross-sectional area. I t  is assumed, of course, th a t the flow 
through the openings is in the tu rbu len t region.

Obviously, in the choice of the kind of resistance i t  is essential 
to  consider the possibility of fouling. T he reason is no t so much 
tha t the energy loss m ight become excessive, b u t ra ther th a t un
even build-up or coating on the resistance m ight actually  aggra
vate ra ther th an  correct an already m aldistribution. In  some 
applications fouling will occur eventually, regardless of the re
sistance design, bu t it is often feasible to  provide means of 
cleaning the resistance by brushing, rapping, or fluid je t lancing.

In  each of the two m ethods described, i t  m ust be realized tha t 
the downstream station  designated by subscript 2 is immediately 
after the transition in m ethod 1 and im m ediately following the 
resistance in method 2. Thus, sta tion  2 is no t situated  far 
enough downstream  for wall friction to  have produced any im
po rtan t influence on the velocity profile. In  this regard, however, 
a downstream  distance equal to several channel w idths is usually 
required to  establish the normal distribution due to  wall friction.

In  the preceding derivations it  is tacitly  assumed th a t the flow 
is rectilinear and parallel to the channel axis. Actually, for a 
very irregular d istribution and particularly  for one th a t is ex
trem ely asym metrical, there will be some cross flow and mixing 
of the fluid before reaching and while passing through the  transi
tion  or resistance. T his will cast some doubt on the accuracy of 
E quation 1 and can conceivably a lter the effective value of K  
over portions of the otherwise uniform resistance. A ttention is 
also called to  the fact th a t  the d istribution ahead of either the 
transition or the resistance will be influenced som ewhat by the 
presence of these structures themselves. B u t even under drastic 
conditions the equations should, a t least, serve as fair approxi
mations.

NOM ENCLATURE

p =  sta tic  pressure in fluid, lb ./sq . ft.
V  =  velocity of flow, ft./sec.

V \a t = downstream  velocity corresponding to Viar (Equation 4), 
ft./sec.

5 =  velocity ratio  defined by E quation 5, dimensionless 
A  =  cross-sectional area of flow, sq. ft. 

da = differential cross-sectional area of flow, sq. ft. 
g = acceleration due to  gravity , ft./sec ./sec. 
w =  weight density  of fluid, lb ./cu . ft.
K  =  energy-loss coefficient due to  resistance, dimensionless 
a  =  kinetic energy coefficient (E quation  17), dimensionless

Subscripts
1, 2 =  upstream  and  downstream  conditions, respectively 
av, max = average and maximum values

Benzoic Acid from Phosgene 
and Benzene

WALTER H. C. RUEGGEBERG.1, RUSSELL K. FRANTZ, AND ABRAM GINSBURG
C h e m ic a l W arfare Service, E dg tceood  A rsen a l, M d .

IX C O N N E C T IO N  w ith the insect and rodent control program 
of the arm ed forces during the war, several esters of benzoic 

acid, particularly  benzyl benzoate, were found to  be valuable as 
miticides. Consequently, an am bitious production schedule for 
benzyl benzoate was planned. T his program  was of such propor
tion th a t production m ethods for s ta rting  m aterials such as ben
zyl chloride and  benzoic acid which did no t depend upon toluene 
as the basic chemical had to  be investigated.

In  this connection the  Chemical W arfare Service undertook an  
exploratory laboratory  study  of the alum inum  chloride-cata
lyzed reaction betw een benzene and phosgene w ith th e  view of 
obtain ing benzoic acid. A specific advantage of the  process lies 
in the fac t th a t chlorine-free benzoic acid is necessarily formed:

C ,H 6 +  COCI2.AICI1 — ^  C J I5COC1.A1C1j +  HC1 (gaseous) 
C6H 5C0C1.A1C13 +  8HjO — >
_______ __ C ,H 6COOH +  A1(H20 ) 6+++ +  H 30 +  +  4C1-

1 P resen t address, C arb ide  and  C arbon Chem icals C orporation , South 
C h arle s to n , W , Va.

Although there are several references in the early  published 
chemical literatu re  on the liquid-phase reaction between phos
gene and benzene in  th e  presence of alum inum  chloride (2), i t  re
m ained for W ilson and Fuller (3) to  point o u t the feasibility of 
th is process for the production of benzoic acid. Wilson and 
Fuller discovered th a t, when benzene is added slowly to  a cold 
m ixture of phosgene, carbon disulfide, and aluminum chloride, 
the m ajor reaction product formed is benzoyl chloride along 
w ith a  sm aller aiiiount of benzophenone. Under the reaction 
conditions employed, th e  benzoyl chloride formed was hydro
lyzed and  subsequently  isolated as benzoic acid.

T he d a ta  of Wilson and  Fuller indicate th a t  carbon disulfide is 
an  essential diluent in  the reaction m ixture. In  the absence of 
carbon disulfide, these authors report a  very low yield of benzoic 
acid, the m ajor product being benzophenone. The process em
ploying carbon disulfide as reaction solvent was la ter patented by 
N orris and Fuller (1), who also claimed th a t  hydrocarbons, free 
of olefins, m ay be substitu ted  for carbon disulfide.
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T h e  preparation  o f  b en zoic  acid  th rou gh  th e  a lu m in u m  
ch lorid e-ca ta lyzed  reaction  b etw een  b en zen e  and  an  excess  
o f liqu id  p h osgen e  w as fo u n d  to be superior to th e  pre
viously know n  reaction  b etw een  th ese  reagen ts in  such  
in ert reaction  so lven ts as carbon d isu lfide. T h e  y ie ld s o f  
benzoic  acid , in  th e  process here described , are dep en d en t  
up on  th e  reaction  t im e  an d  th e  m olar ratios o f  a lu m in u m  
ch loride to  b en zen e and p h osgen e to  b en zen e , resp ectively . 
For a m olar re la tion  o f  p h osgen e to b en zen e to a lu m in u m  
ch loride equ al to 3 to  1 to 1, a m ax im u m  y ield  o f  b en zo ic

acid  o f  55-58%  o f  theory , based on  b en zen e, is  ob ta in ed  
a fter  a reaction  period o f  16-18 h ours a t  3 -8° C. T h e  b y 
p rod u ct o f  th e  reaction  is  b en zop h en on e . An in crease  o f  
th e  a lu m in u m  ch lo r id e-b cn zen e  m olar ratio  above u n ity  
accelcra les th e  reaction  b u t does n o t  increase th e  over-all 
yield  o f  ben zo ic  acid . A decrease o f  th e  p h osgen c-b cn zen e  
m olar ratio  below  3 to 1 reduces th e  y ield  o f  b en zo ic  acid  
and  increases th e  y ield  o f  b en zop h en on e. T h e reaction  
betw een  p h osgen e  and  b en zen e produces a grade o f  b en zoic  
acid  w h ich  is  free o f  n u clear  ch lorin e.

T hat carbon disulfide, or some o ther inert diluent, had to  be 
present in the reaction m ixture was explained by Wilson, Fuller, 
and N orris in  the  following w ay: A slow addition  of benzene to  a 
cold m ixture of carbon disulfide, alum inum  chloride, and phos
gene formed predom inantly the C tH s— C— Cl.AlCla complex 

■ ' [1
0

which was insoluble in carbon disulfide. Thus, carbon disulfide 
served to  remove the desired complex from the reaction medium 
as an  insoluble solid, so th a t the complex, once formed, was 
denied th e  opportun ity  of reacting w ith more benzene to  form 
the undesired benzophenone.

The present au thors checked the work of Wilson and  Fuller 
and found, in addition to  the undesirability  'of introducing carbon 
disulfide into the reaction m ixture, th a t the  presence of this dilu
en t contam inates th e  benzoic acid product w ith a  small am ount of 
a sulfur-containing im purity  of highly obnoxious odor. W hen 
hexane was tried in  place of carbon disulfide, no benzoic acid was 
obtained.

I t  was found th a t these difficulties could easily be obviated by 
conducting the reaction in an  excess of liquid phosgene and om it
ting carbon disulfide or any  o ther foreign diluent from the reac
tion m ixture. In  general, the results obtained by th is method 
are more reproducible and, w hat is more im portant, the  elimina
tion of carbon disulfide leads to  purer products. Yields for both 
procedures are of the same order of magnitude.

G E N E R A L  PR O C E D U R E

A desired q u an tity  of phosgene (ranging from 1.0 to 6.0 moles) 
was condensed in  a  tared  500-ml., three-neck, round-bottom  
flask by  immersing the flask in  an  ice w ater bath . A fter the 
proper am ount of liquid phosgene had been weighed in to  the

flask, the flask was equipped w ith a mcrcury-seal stirrer, a  ther
mometer, a  dropping funnel, and a gas escape tube term inating 
in a calcium chloride trap . A fter being m ounted the  reactor 
flask was immersed in a  4-pint D ew ar flask which was charged 
w ith an ice w ater m ixture. The tem perature of the phosgene was 
thus m aintained a t  3 -8° C. A desired quan tity  of aluminum 
chloride, depending upon the run  m ade (Table I), was added to 
the liquid phosgene w ith stirring. A fter addition of all the alu
m inum chloride, benzene was allowed to  drop into the reaction 
medium a t  a  slow rate, indicated in more detail in Table I. The 
entire reaction m ixture was then  stirred  a t 3-8° C. for a  pre
viously determ ined length of time.

A t the end of the reaction period, the contents of the  reaction 
flask were poured onto abou t 1 to  1.5 liters of cracked ice. T his 
step  served to  hydrolyze the  alum inum chloride complex and 
thus liberate benzoyl chloride. In  those runs where an excess of 
alum inum  chloride was used w ith respect to  benzene (i.e., a  mole 
ratio  of alum inum  chloride to  benzene greater than  1), it  was ob
served th a t  the hydrolysis w ent directly to  benzoic acid and 
left b u t little  unhydrolyzed benzoyl chloride.

A fter the hydrolyzed reaction product had reached room tem 
perature and  all of the excess phosgene had either been decomposed 
or evaporated off, the  organic layer was separated and the 
aqueous layer was extracted twice using abou t 75-ml. of diethyl 
e ther in  each extraction.

The combined organic p roduct-ex trac t layers were poured 
into 750 to  1000 ml. of approxim ately 7 -8%  aqueous sodium 
hydroxide and warmed. The e ther was expelled, and any  re
sidual benzoyl chloride was transform ed into sodium benzoate. 
A fter cooling, the solution was filtered free of benzophenone. 
To th e  filtrate a q u an tity  of concentrated hydrochloric acid suffi
cient to  precipitate all of the benzoic acid was added w ith stir-

T a is l e  I .  D a t a  o n  R e a c t io n  o p  P h o s g e n e  w i t h  B e n z e n e

R eaction  a f te r
A ddition  of C«H« Yield of B enzoic Acid Benzene A ccountcd

E ip t. O O O A lClj, C .H S, Tim e, T em p., T im e, T em p., %  of Form ed F o r in  P ro d u o ti
No. M oles Moles M oles min. 0 C. hr. “ C. G ram s M ole theory G ram s Mole M ole %  of to ta l

1 2 .0 0 .5 0 .5 10 4 -5 2 4-5 9 .5 0 .880 15.6 . ,
2 2 .0 0 .5 0 .5 10 4-5 4 4 -0 2 0 .0 0 .104 3 2 .8
3 2 .0 0 .5 0 .5 10 3-0 8 5 -6 2 5 .0 0 .210 41 .9
4 2 .0 0 .5 0 .5 15 4-9 10 4 -6 2 2 .4 0 .183 36 .7»
5 2 .0 0 .5 0 .5 10 3 -7 12.5 3-5 29 .2 0.239 4 7 .8
6 2 .0 0 .5 0 .5 15 4 -8 16 3-5 26 .5 0 .217 43.46

6 7 .07 2 .0 0 .5 0 .5 15 . 3 -8 20 4-6 3 2 .9 0.209 5 3 .9 12.*5 0 .069 0 .338
8 2 .0 0 .5 0 .5 20 4-5 20 5-6 3 0 .4 0 .249 49. 86 10.4 0 .090 0.339 07 .8
9 3 .0 0 .5 0 .5 55 4-5 20 5-0 3 4 .0 0 .283 5 6 .7

1« 2 .0 0 .5 0 .5 15 3-4 24 4-6 3 4 .8 0.285 5 7 .0
11 2 .0 0 .7 5 0 .5 20 4 -5 2 4-5 18 .0 0 .147 29 .5 lÖ 'o 0!060 0 .207 4 i  * 4
12 2 .0 0 .7 5 0 .5 32 4-5 6 .5 4 -5 32 .3 0 .264 5 2 .9 15 .0 0 .086 0 .3 5 0 7 0 .0
13 2 .0 0 .7 5 0 .5 25 4-5 18 4-7 3 5 .5 0.291 58 .1 19.9 0 .109 0 .400 8 0 .0
14 2 .0 1 .0 0 .5 32 4-5 2 4-5 2 5 .6 0 .210 4 1 .9 12.3 0 .008 0 .2 7 8 5 5 .6
16 2 .0 1 .0 0 .5 20 4 -5 6 .2 5 4-0 35 .1 0.287 5 7 .5 14.6 0 .080 0.367 7 3 .4
16 2 .0 1 .0 0 .5 30 4 -6 18 4-8 35 .3 0 .289 5 7 .8 21 .3 0 .117 0 .400 8 1 .2
17 . 1 .5 0 .7 5 0 .5 20 4-5 6 4-6 35 .1 0.287 5 7 .5 18.5 0 .102 0 .389 7 7 .8
18 1 .0 0 .7 5 0 .5 27 4-5 6 4-6 2 9 .5 0 .2 4 2 4 8 .3 2 3 .9 0.131 0 .373 7 4 .6
19 1 .5 1 .0 1 .0 47 4 -8 0 4-6 5 1 .3 0 .4 2 0 4 2 .0 4 3 .8 0 .2 4 0 0 .660 66 .0
20 1 .5 1 .5 1 .0 31 5-6 6 5-7 4 6 .2 0 .3 7 8 3 8 .7 4 9 .3 0.271 0 .649 6 4 .9
21 1 .0  
a Blich 1 1088

1 .0  1 .0  28 4 -5  
due to  a lte rn a te  m ethod  of separa tion .

6 5 -8 4 1 .8 0 .342 3 4 .2 52 .5 0 .2 8 8 0 .630 6 3 .0
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10 15
REACTION TIME,HOURS

R eaction Yield of R eaction Yield of
E xpt. T im e, Benzoic- E xpt. T im e, Benzoic
No.« H ours A cid, % N o.“ Hours Acid, %

1 2 15 .6 - 5 . 12.5 4 7 .8
2 4 3 2 .8 7 20 53 .9
3 8 41 .9 10 24 5 7 .0

° R eagen ts used: 
moles phosgene.

0.5 mole benzene, 0.5 mole a lum inum  chloride, 2.0

If  the  m olar ra tio  of alum inum  chloride to benzene is increased 
to a  value greater than  unity, the ra te  of reaction is m arkedly 
enhanced (Figure 1). T here is, however, no increase in over-all 
yield. T he following results also show th a t the yield of benzo- 
phenone increases slightly as the alum inum  chloride-bcnzene 
ratio  is raised:

R eaction Yield of Yield of
E x p t. AlCls, Tim e, Benzoic Acid Benzophenone,
No. « M oles Hour« G ram s % G ram s

1 0 .5 2 9 .5 15.6
3 0 .5 8 25 .6 41 .9
7 0 .5 20 32 .9 53 .9 12'. 5

11 0 .75 2 18.0 29 .5 10.9
12 0 .7 5 6 .5 3 2 .3 52 .9 15 .6
13 0 .7 5 18 35 .5 58.1 19 .9  •
14 1.0 2 25 .6 41 .9 12.3
15 1.0 6 .25 35 .1 5 7 .5 14.6
16 1.0 18 3 5 .3 5 7 .8 21 .3

° R eagen ts  used: 0.5 mole benzene, 2.0 moles phosgene.

ring. T he precipitated acid-brine m ixture was cooled to about 
5-10° C., and subsequently the benzoic acid was filtered off w ith 
suction and  dried in  air. W hen dry  its  w eight was determ ined.

In  the procedure described, the in itial crude reaction product 
was separated  im m ediately from th e  aqueous layer containing 
dissolved alum inum chloride. A more troublesom e procedure 
for the  isolation of benzoic acid, leading, however, to  slightly 
lower yields as compared w ith  the procedure ju s t described, took 
advantage of the  am photeric property  of hydrated  alum inum 
salts. A fter the crude reaction m ixture was poured onto ice and 
the hydrated  reaction m ixture had  reached room tem perature, 
sufficient 40-50%  aqueous sodium hydroxide solution was added 
to  convert all th e  alum inum  to  th e  soluble alum ínate, and  suffi
cient (an excess) to  convert benzoic acid and benzoyl chloride to 
sodium benzoate. T he solution was filtered free of benzophenone 
and  the filtrate was acidified as before w ith concentrated hydro
chloric acid. A t th is poin t sodium alum ínate was again trans
formed into gelatinous alum inum  hydroxide together w ith the 
precipitation of free benzoic acid from sodium benzoate. An 
excess of hydrochloric acid again dissolved the alum inum  hy
droxide as its  chloride, and  left benzoic acid ready for suction 
filtration  as before. T he necessity of using m any more times the 
quantities of sodium hydroxide and  hydrochloric acid as com
pared w ith th e  first procedure m ade th is la tte r m ethod less de
sirable. A nother disadvantage was the  likelihood of obtaining 
solid sodium chloride, particularly  if insufficient quantities of 
w ater were employed, and  thus necessitating purification of the 
crude benzoic acid obtained. In  th e  runs of T able I  the first 
procedure for th e  isolation of benzoic acid was followed through
out, except in  ru n  4 where th e  la t te r  m ethod was employed.

A lthough no a ttem p ts  were m ade in  th is investigation to  re
cover unused excess phosgene, i t  is believed th a t  th is can be ac
complished w ith th e  aid of proper refrigeration equipm ent.

T he results of.tw enty-one runs, together w ith specific reac
tion  conditions in  each, are compiled in  T able I.

A N A LY SIS O F  DATA

T he da ta  in  T able I  reveal the fac t th a t  th e  reaction between 
phosgene and benzene is dependent upon th ree m ain factors: 
reaction tim e, m olar ratio  of alum inum  chloride to  benzene, and 
m olar ratio  of phosgene to  benzene.

F o r a  m olar ra tio  of alum inum  chloride to  benzene of 1 to  1, 
th e  reaction occurs a t  a  slow rate, reaching the 50%  conversion 
point only a fter 16 to  18 hours:

From  the standpoin t cf economics, as little  phosgene as prac
ticable should be used in  this reaction. T he effect of varying 
molar ratios of benzene to  phosgene on the yield of benzoic acid 
follow:

E xp t. AlCIs, COCU,
Y ield of. 

Benzoic Acid Y ield of 
B enzophenone,

N o.“ M ole M oles G ram s % G ram s
21 0 .5 0 .5 20 .9 34 .2 26 .3
19 0 .5 0 .7 5 2 5 .7 4 2 .0 21 .9
20 0 .75 0 .7 5 23 .1 3 8 .7 24 .7
18 0 .7 5 1 .0 29 .5 48 .3 23.9
17 0 .7 5 1.5 35 .1 5 7 .5 18.5
12 0 .7 5 2 .0 3 2 .3 52 .9 15.6

° 0.5 mole of benzene used in  each experim ent. T he  reaction  period  was 
6 hours except in experim ent 12, w here i t  was 6.5 hours.

The d a ta  indicate th a t  tlje am ount of benzophenone increases as 
th e  m olar ra tio  of alum inum  chloride to  benzene is increased. 
Experim ent 17 shows th a t  the m olar ratio  of phosgene to  benzene 
should no t be less th an  3 to  1. E xperim ent 9 (Table I) shows 
th a t increasing th e  am ount of phosgene from 2 to  3 moles per 
0.5 mole of alum inum  chloride and  benzene each has b u t little  
effect on the to ta l yield of benzoic acid produced; th a t  is, the 
yield of acid is n o t increased above the 57%  value w hich appears 
to  be easily a tta inab le  under more economic conditions (experi
m ents 13 and  17, T able I).

T he combined effects of alum inum  chloride and phosgene con
centrations as given in th e  tw o preceding tables poin t to  the con
clusions th a t  m olar ratios of phosgene to  alum inum  chloride to 
benzene of 3 to  1.5 to  1 are probably best suited for this process. 
These ratios give th e  maximum obtainable yield of benzoic acid 
in  a reasonably short time.

T he reaction betw een phosgene and  benzene produces a  grade 
of benzoic acid which is highly pure and free of chlorine, w ith a 
minim um effort in  purification. T he products described in this 
report were entirely  free of chlorine (less th an  0.01% ) after one 
recrystallization from w ater.

A ttem pts to  use catalysts o ther th an  alum inum  chloride were 
w ithout success. T he reaction  has no t y e t been studied in pilot 
p lan t equipm ent.
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P h y s ica l and chem ical constan ts of hydrogen peroxide and per
m anganate  have been collected from  various sources, along w ith  
values determ ined by the authors. The densities and viscosities 
of aqueous ca lc ium  perm anganate from  10° to 40° C. and the freez
ing points of so lu tions conta in ing from  5 to 52%  MnC>4 -  are also  
given, along w ith two points on the sod ium  perm anganate .curve. 
Certain  special analytical techniques were developed to handle the  
concentrated peroxide and perm anganate solutions. W here these  
techniques differ from  accepted analytica l practice, they are de
scribed here. For the peroxide the m ethod of assay for H 2O 2 , non
volatile matter, total acid, and pH  are given. For perm anganates, 
m ethods are described for determ ination  of M n O i ',  Ca, Na, Fe, 
SO4 , and pH. A na lysis  of captured G erm an  peroxide, ind icat
ing h igh  total solids content, and also “ su m m e r” and “w inter” 
perm anganates are given.

RELIA B L E  values for the physical and chemical constants of 
hydrogen peroxide and perm anganate were needed in 

studying this system  as a  chemical propellant (J). Some of 
the da ta  were gathered from various sources, and others were 
determ ined in the course of the investigation. Table I  lists 
physical properties of pure hydrogen peroxide taken from various 
handbooks and In ternational Critical Tables.

Maass and co-workers are the source of a considerable am ount 
of precise d a ta  relative to  exceedingly pure hydrogen peroxide. 
The vapor pressures of th e  pure m aterial (Table I I )  from room 
tem perature up to  90 0 C. were taken  from the work of M aass and 
H iebert (7). These d a ta  are p lo tted  in Figure 1, along w ith the 
vapor pressures of w ater a t  the corresponding tem peratures for 
comparison. T able I I  also gives th e  densities and viscosities of 
the pure m aterial a t  several tem peratures.

T able I I I  lists th e  densities and viscosities of aqueous peroxide 
solutions a t  18° C. from the da ta  of M aass and H atcher (5) and  a t 
25 0 C. from our own m easurem ents. These values are p lo tted  in 
Figure 2.

T able IV  and Figure 3 present th e  freezing points of aqueous 
peroxide solutions, taken  from M aass imd Herzberg (5). Freez
ing point was an  im portan t consideration in the field use of 
hydrogen peroxide. The steep slope of the curve in th e  range 
between 80 and 100% peroxide perm itted  the  use of a  lower 
concentration w ithout serious loss of power in climates where the 
higher concentrations would have frozen or become too viscous to  
flow through pipes.

Table V and Figure 4 present the densities and viscosities of 
aqueous calcium perm anganate solutions from 20 to  51.9%  
MnO<~ and from 10° to  40° C. Table VI and Figure 5 show th e  
freezing points of calcium perm anganate solutions over th e  range 
from 5 to 52%  M n 0 4~. T able VI also gives two points on the 
sodium perm anganate curve.

In  dealing w ith these unusual concentrated solutions of per
oxide and calcium and sodium perm anganates, special methods 
and techniques were necessary. W henever possible, standard  
recognized procedures were used and are no t listed here.
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H Y D R O G E N  P E R O X I D E

A s s a y . All glassware was cleaned by soaking for 3 0  m inutes 
or longer in concentrated nitric acid, well rinsed w ith distilled 

: w ater, and oven-dried before use.
A 0.25-0.35 gram  sample of 90%  hydrogen peroxide or a  pro

portionately larger sample of a  more dilute solution was trans
ferred in to  a sm all weighing bottle by a medicine dropper and 
weighed. The weighing bottle  was then  carefully dropped into a 
600-ml. beaker containing approxim ately 300 ml. of distilled 
w ater. A fter stirring, 8 ml. of 10 M  sulfuric acid were added, 
and the m ixture was titra ted  a t  once w ith 0.5 N  potassium per
m anganate. The la tte r  was standardized against N ational 
Bureau of S tandards sodium oxalate in the usual manner. This 
m ethod has a  precision of 1 p a rt per thousand.

Samples of hydrogen peroxide were also m easured ou t in a 
. calibrated 0.1-ml. p ipet and, after dilution as above, titra ted  

w ith 0.5 N  potassium  perm anganate solution. Although subject 
to  greater error (precision abou t 10 p a rts  per thousand), the 
method proved useful in  following the larger changes in  peroxide 
concentration in  some of th e  more extended stab ility  series.

N o n v o l a t il e  M a t t e r . T he 90%  hydrogen peroxide was 
checked as received for nonvolatile residue (a t 110° C .). The 
solutions of such high concentration cannot be safely evaporated 
to  dryness in platinum  unless the sample is added in m any small 
increm ents over a  period of several hours. T his m ethod is tim e 
consuming and subject to  m echanical loss due to  spray. T he 
m ethod used was to  add a previously diluted sam ple (100 grams 
peroxide plus 100 ml. of w ater) from a specially designed separa
to ry  funnel (Figure 6) to  a  150-ml. p latinum  dish containing 
about 20 ml. of w ater. The dish was placed on a  steam  bath  and 
th e  separatory  funnel supported so th a t the capillary tip  extended 
to  ju s t above the w ater level. The dish was covered w ith a 
Fisher Speedy-Vap w atch glass. T he pressure regulator was in
serted far enough in the separatory  funnel to  ensure a  flow ra te  
of no t more than  3-5  ml. per m inute when the stopccfck was 
fully open. A t this ra te  th e  peroxide decomposed rapidly b u t 
sm oothly and  required no a tten tion . A fter the entire sample had 
been added and the funnel rinsed, the  m ixture was evaporated 
until bubbling due to decomposition of peroxide had ceased. I t  
was then  transferred to  a  ta red  50-ml. platinum  dish, evaporated 
to  dryness, dried a t  110° C., and weighed.

T o t a l  A c id  ( a s  H;SO<). T w enty  gram s of 90%  hydrogen
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Figure 2. Density and V iscosity  of Concentrated  
Hydrogen Peroxide So lu tions

T a b l e  I. P h y s ic a l  P r o p e r t i e s  o f  100%  H y d r o g e n  P e r o x i d e

Freezing po in t, ° C.
Boiling p o in t (estd .), ° C.
A pprox. explosion tem pera tu re  (5), ° C.
D ensity  of liquid a t  18° C ., g ./cc .
D ensity  of solid a t  —7 .5 °  C ., g ./cc .
M ean coefficient of expansion, -—10° to  + 2 0 °  C.
8pecific h e a t of liquid (0-18° C .), cal./g .
Specific h e a t of solid, cal./g .
L a te n t h e a t of vaporization  (estd .), cal./g .
L a te n t h e a t of fusion, c al./g .
Surface tension a t  20° C ., d ynes/cm . .*
Viscosity a t  18° C ., centipoises 
R efractive  index, n 2̂
H e a t of decom position (8) a , cal.
Ionization  co n stan t a t  20° C. w ith glass e lectrode (3)
D ielectric  co n stan t a t  0° C. (4)
° F o r HaOj (liquid) =  H îO (liquid) +  (gas, 1 a tm .)

T a b l e  I I .  V a p o r  P r e s s u r e , D e n s i t y , a n d  V is c o s it y  o f  100%  
H y d r o g e n  P e r o x i d e  a t  V a r i o u s  T e m p e r a t u r e s

Viscosity (6)

T a b l e  IV .  F r e e z i n g  P o i n t s  o f  H y d r o g e n  P e r o x i d e

- 1 . 7 0
151.4
151 %  h 2o 2 F .P ., ° C.

S o l u t i o n s  (6 )
%  H 20 2 F .P ., ° c . % HiO* F .P ., ° C.

1.444 4 .9 -  3 .4 4 6 .2 - 5 1 . 8 63 .1 - 5 0 .9
1.644 10.0 -  6 .1 4 7 .0 - 5 0 . 8 65 .4 - 4 5 .5
0.00107 15 .9 - 1 1 . 1 4 9 .8 - 5 1 . 7 67 .4 - 4 1 .5
0 .579 2 2 .5 - 1 7 . 0 53 .7 - 5 2 . 5 6 9 .2 - 3 9 .#
0 .470 2 7 .7 - 2 3 . 4 55.1 - 5 3 . 6 7 4 .0 - 3 2 .5
326 3 2 .0 - 2 8 . 5 5 6 .2 - 5 4 . 3 8 0 .5 - 2 2 .7
74 3 6 .5 - 3 5 . 7 58 .8 - 5 4 . 5 8 6 .0 - 1 4 .0
7 5 .7 3 7 .8 - 3 8 . 0 fil 1 - 5 2 . 5 96 .7 -  4 .0
1.307 
1.4139 
-2 3 ,4 5 0  
1.55 X IO- » 
93 .7

4 2 .0 - 4 6 . 3 99 .9 -  1.7

V apor Pressure (7) D en sity “ C en ti
i° C. M m . Hg. i° C. M m , Hg t°  C. G ./cc . i° C. poises

15 1.1 55 13.8 - 1 0 1.475 0 .04 1.828
20 1.5 60 1 8 .1 -  5 1.4685 11.90 1.456
25 2 .1 65 23.3 0 1.4649* 12.20 1.447
30 2 .75 70 29 .65 5 1.4575 19.60 1.272
35 4 .0 75 3 7 .6 10 1.452
40 5 .7 80 47 .4 15 1.447
45 7 .8 85 59 .1 20 1.442
50 10.4 90 7 1 .5
“ E s tim a ted  from  the  curve of M uass and  H a tch e r (5).

T a b l e  V . D e n s i t i e s  a n d  V is c o s i t i e s  o f  C a l c iu m  
P e r m a n g a n a t e  S o l u t i o n s “

M nO<-, D ensity , G ./C c . V iscosity, Cen
% 10° C. 25° C. 40° C. 10° C. 25° C.

20 1.209 1.201 1.187 1.067 1.181
30 1.347 1.336 1.324 ! .704 1.542
40 1.506 1.403 1.479 3 .2 3 2.31
5 1 .9 t 1.750 1.734 1.719 9 .3 6 6 .2 7

40° C.
0.886 
1.175 
1.877 
4.52

° P repared  from  lo t No. C -60-61, C arus C hem ical C om pany.
& T he  analysis  of th is  calcium  perm an g an ate  (labeled 76 .7%  by Caras) 

follows:

M n 0 4 ',  %  
C a(M n04h , %  
NaM nO<, % 
M g, %

5 1 .9
5 9 .5

1 .2
T race  ( < 0 .1 )

pH  (1-10  diln.) 6 .4
M nO«” , calcd. as 

C a(M n04)2-(H 20)4 76.4

T a b l e  I I I .  D e n s i t y  a n d  V is c o s it y  o f  C o n c e n t r a t e d  
H y d r o g e n  P e r o x i d e  S o l u t i o n s

H jOj, D ensity , G ./C c . H ,O t, V iscosity, C entipoises

%  . 18° C. (5) 25° C. % 18° C. (5) 25° C.
100 .0 1.444 8 9 .5 1.301
9 8 .9 1.440 8 9 .2 1Ü 7
90 .4 1.396 8 3 .2 i  lâôo
8 9 .2 1.383 7 5 .0 1.292
84 .9 1Í366 6 8 .5 1.285
7 3 .4 1.307 6 7 .7 i ! i s
67 .7 1*272 5 9 .6 1Í266
6 1 .2 l ’.2 i7 5 2 .5 .1 .236
56 .7 1.227 48 .9 l ’ i i
48 .9
40 .1 1 ! 155

1 Ü 86 4 4 .8 1 *204

T a b l e  V I. F r e e z i n g  P o i n t s '1 o f  C a l c iu m  P e r m a n g a n a t e  
a n d  o f  S o d iu m  P e r m a n g a n a t e  S o l u t io n s

MnC>4
%

5
15
25
35
41
42 
45 
52

Freezing P o in t, ° C.
C a pe rm an g an ate

-  1
-  4 .5  
- 1 0  
- 2 2

- 3 7
- 5 3
- 4 9

N a perm anganate

-15

a These po in ts  rep re sen t tem p era tu res  a t  w hich, a fte r seeding, appreciable 
c ry sta l fo rm ation  takes  place. , . v

b P rep ared  from  C arus C hem ical C om pany’s lo t No. C -60-61. Table 
gives analysis of th e  52%  stock  so lu tion .
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Figure 3. Freezing Po int of Hydrogen  
Peroxide So lu tions (5)

PER CENT PERMANGANATE,

Fig ure 5. Freezing Po int of Calc ium  
Perm anganate So lutions

20 SO 40 50 60

P E R  CENT PERMANGANATE

Figure 4. Density and V iscosity  of 
C a lc iu m  Perm anganate  So lu tion s

peroxide were diluted w ith 100 ml. of carbon dioxide-free w ater and titra ted  with 
carbon dioxide-free, 0.01 N  sodium hydroxide, using m ethyl red as indicator. A 
blank was also run  and any correction subtracted  from the titer.

H y d r o g e n  I o n  C o n c e n t r a t io n . T he 90%  peroxide was diluted 1:10 with 
freshly distilled w ater (pH  6.1-6.3), and the pH  of the m ixture was determ ined w ith a  
glass electrode and a  Coleman pH  electrometer.

C A L C IU M  P E R M A N G A N A T E

A direct perm anganate determ ination was used to  evaluate concentration changes 
in the stab ility  tes ts and to  check solution streng th  of the m aterials used in th e  th ru s t 
m otor experiments. Complete qualitative and quan tita tive  analyses were m ade of 
original sam ples of calcium and sodium perm anganates procured for this work, of 
m aterials synthesized, and of captured German perm anganates. T he high percentage 
of perm anganate present in those samples complicated the methods for the deter
m ination of some of the elem ents sought and necessitated the developm ent of special 
methods. These' are described in the following paragraphs.

P e r m a n g a n a t e . A weighed sample 
equivalent to  about 30-40 ml. of 0.5 N  
ferrous sulfate was diluted wdth a few 
milliliters of -water and then  slowly 

. poured in to  a  m ixture of exactly 50.00 
ml. of 0.5 N  ferrous sulfate to  which 
had been added 150 ml. of w ater and 
20 ml. of 10 M  sulfuric acid. After 
complete transfer, the excess ferrous 
sulfate was back-titra ted  w ith standard
0.5 N  potassium  perm anganate. The 
ferrous sulfate solution was checked 
daily in  the usual m anner against the 
standard  potassium  perm anganate.

C a l c iu m . A weighed sample equiva
lent to  abou t 50-60 mg. of calcium 
was trea ted  in a  250-ml. beaker with 
15 ml. of 6 M  n itric  acid. T he beaker 
was covered w ith a w atch glass and 
placed on a steam  bath . There was 
usually some effervescence a t  the s ta r t 
as the  perm anganate decomposed to 
form manganese dioxide. A fter about 
15 m inutes the w atch glass and walls of 
the beaker were washed down with a 
little  w ater. H eating was continued

Figure 6. Apparatus for Determ in  
ation of Nonvolatile M atter
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until the pink color had completely disappeared and the black 
precipitated manganese dioxide had coagulated and settled. 
The filtrate was free of manganese so th a t the calcium could be 
determ ined by precipitation as th e  oxalate and filtered on a  
sintered glass filter. Tlie oxalate was treated  w ith hot, dilute 
sulfuric acid and titra ted  w ith  0.1 N  potassium perm anganate in 
the usual manner.

S o d iu m . Sodium was separated in  one operation from 
manganese and  all b u t a. trace of calcium by reduction of the 
perm anganate w ith m ethyl alcohol in ammoniacal solution. A 
weighed sample of about 5 gram s was trea ted  in  a  250-ml. beaker 
w ith 50 ml. of w ater, 1 ml. of concentrated ammonia, and 10 ml. 
of m ethyl alcohol. T he solution was allowed to stand  10-15 
m inutes and then  heated for about an hour on the steam  bath . 
T he solution was filtered, and the precipitate (manganese dioxide, 
calcium carbonate) washed thoroughly and discarded. The trace 
of calcium was then removed from the combined filtrate and wash
ings w ith  a little  am m onium  oxalate. A fter filtration, the solu
tion was acidified w ith hydrochloric acid, evaporated to dryness 
in  platinum , and ignited to remove ammonium salts. The resi
due was then  extracted w ith  a little  w ater and filtered, and the 
filtrate collected in a small tared platinum  dish. The solution 
was treated  w ith a  few drops of hydrochloric acid, evaporated to 
dryness, and ignited below a red heat, and the weight of residue 
(sodium chloride) was obtained.

I r o n . Iron  was determined colorimetrically as ferric thio- 
cyanate w ith a Fisher photoelectric colorimeter. Manganese 
was first removed by the n itric  acid trea tm en t described under 
calcium. From  8 to  10 grams of sam ple were used. ■

S u i .f a t k . Since perm anganate badly contam inates the barium  
sulfate precipitate, prior reduction of the perm anganate ion is 
necessary. A weighed sam ple of about 5 grams was treated w ith 
100 ml. of w ater and 10 ml. of concentrated hydrochloric acid. 
T he m ixture was heated until thé pink color was discharged and 
the manganese dioxide had coagulated. I t  was then  filtered, 
and the filtrate was neutralized w ith am m onia and made slightly 
acid w ith hydrochloric acid. B arium  sulfate was then precipi
ta ted  in the conventional way.

H y d r o g e n  I o n  C o n c e n t r a t io n . The calcium or sodium 
perm anganate solutions were diluted to  approxim ately 30%  
perm anganate ion w ith freshly distilled w ater of pH  6.1-6.3, and 
th e  pH  was determ ined using a glass electrode and the Coleman 
p H  electrometer.

G E R M A N  M A T E R I A L S

Samples of captured G erm an peroxide and perm anganates 
were analyzed by the methods described. An entire tank  car of 
the peroxide was brought to H untsville Arsenal, Ala., where the 
m aterial was sam pled; a typical analysis follows:

H ydrogen peroxide 
N onvolatile  m a tte r (H 0 °  C.) 
Acid (as lUSOt)
NH< +
K  +
N a +
M + + +
c i-
N O s-
p o » - - -
SO4
SiOs

p H  (dilution 1 to  10)
D ensity  a t  25° C ., gram s/ce.

8 3 .4 %
0 .1 1
0 .24
0 .03
0.01
0.01

Nil (<  0.0002) 
A bsent 

0.01 
0 .03  
0 .1 3  
0.01

3 .1
1.3533

T he perm anganates were forwarded to  us by the AAF Supply 
Officer, W right Field. The Germans had a “sum m er” and a 
“ w inter” perm anganate. For sum m er the sodium perm anganate 
was adequate, b u t its  sm aller solubility and higher freezing point 
made it  unsuitable for w inter tem peratures; therefore the much 
more soluble calcium perm anganate was employed.

Sum m er perm anganate was found to  be a solution containing 
42.11% of sodium perm anganate. B oth potassium and calcium 
were absent. T he density  of th e  solution a t  24° C. was 1.396 
grams per cc.; its  pH  was 7.05 and its  freezing point —15° C.

W inter perm anganate was a calcium perm anganate solution of 
the following composition:

Ca(MnOO* 
N aM nO . 
M g + +so<~
K  +

38 .0 0 %
1.75 

T race  (0.01) 
T race  (0.01) 
A bsent

D ensity  (24° C .), g ./cc . 
pH
Freezing  p o in t, ° C .

1.406
4.91
- 2 0
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STAYBWOOD. . .  Heat-Stabilized Wood
ALFRED J. STAMM, HORACE K. BURR, A N D  ALBERT A. KLINE

U. S. F orest P roducts Laboratory, M adison, J Vis,

H E A T IN G  wood under drying conditions a t  higher tem 
peratures or for longer periods of tim e th an  are normally 

encountered in kiln drying has been shown to reduce appreciably 
the hygroseopicity and subsequent swelling and shrinking (5, 6, 7,
10, 12, 16). Staybwood is uncompressed wood th a t  has been 
dimensionally stabilized by  heat alone. I t  differs from staypak, 
a heat-stabilized compressed wood (8), in th a t  the  hygroscopicity 
of the wood is reduced as a  result of th e  m ore drastic  heating.

T he im portance to  antishrink efficiency of heating originally 
d ry  wood, or green wood th a t dries in  a  sm all fraction of the 
to ta l heating tim e, has been dem onstrated by  experiments a t  this 
laboratory. M atched dry-wood specimens were heated in sealed 
bombs, one containing no free m oisture and  th e  o ther having 
more th an  enough free w ater in  th e  bom b to  sa tu ra te  the  speci
men. U nder heating  conditions th a t gave a ra th e r large re

duction in  th e  hygroscopicity of the dry  wood, there was no re
duction in hygroscopicity of th e  wood heated  in the presence of 
an excess of m oisture {12). This, together w ith the fact tha t 
w ater of constitution is lost when wood is heated a t  elevated 
tem peratures, led to  the hypothesis th a t the  loss in hygroscopicity 
and the reduction in swelling and shrinking are due to  the splitting 
ou t of w ater between two adjacent hydroxyl groups with the 
form ation of an  e ther linkage {.12). T his hypothesis is in keep
ing w ith th e  facts th a t  ethers are less hygroscopic th an  alcohols, 
th a t  cross bridging reduces swelling {15), and th a t  the presence of 
an excess of w ater inhibits reactions involving the loss of water 

tf*)-
O ther experim ents in  which th e  specimens were heated in 

bombs containing different gases indicate th a t the nature of the 
gas has only a m inor effect upon th e  resulting hygroscopicity, an
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F igure 1. A n tish rin k  E fficiency O btained by H eatin g  S p ec im en s under  
M olten  M eta l a t  D ifferent T em p eratures for V arious T im es

T o p . W estern  w h ite  p in e  cross s ec tio n s, 1 /2  in c h  th ick  in  th e  fiber d irec tio n .
C en te r .  F la t-sa w n  w estern  w h ite  p in e , 13/32  in c h  th ick .
B o t to m . S itk a  sp ru ce  ro ta ry -cu t veneer, 1 /16 in c h  th ick .

oxidizing atm osphere being only slightly more 
effective th an  a  reducing atm osphere. Previous 
d a ta  also show th a t  the effect of hea t upon the 
hygroscopicity of wood is- perm anent (10, 12). 
After an initial humidification-dehumidification 
cycle or soaking-drying cycle subsequent to  hea t
ing, no gain in hygroscopicity occurs w ithin 
the tim e or num ber of cycles tested. The 
phenomenon thus cannot be explained on the 
basis of a  hysteresis effect.

H EATING  IN  M OLTEN M ETAL

I t  seemed desirable to extend heating m eas
urem ents over a much broader range of heating 
tem peratures and tim es in order to  analyze th e  
nature  of th e  phenomenon b e tte r and to  deter
mine th e  practicability  of such a  process for 
commercially stabilizing th e  dimensions of wood. 
To minimize oxidation and its  effect on streng th  
and to make possible rapid  hea t transfer so as 
to avoid m aking corrections for th e  length of tim e 
required to  a tta in  the desired tem perature in  high 

tem perature-short tim e combinations, a  
m ethod of heating wood beneath the sur
face of m olten m etal was adopted (10). 
A lead-tin-cadm ium  alloy (approximately 
50%  tin , 30%  lead, and  20%  cadmium) 
w ith a m elting point of about 150° C. 
(302° F .) was used. This alloy had  b u t 
little tendency to  stick to  th e  specimens 
when they  were removed from the b a th  
except when used a t  tem peratures only 
slightly above its  m elting point. Any 
small am ount of adhering m etal was 
readily scraped off w ith a  steel spatula. In  
la ter work W ood’s m etal was tried  in order 
to determ ine if it  could be used a t  lower 
tem peratures. This m etal tended to  stick 
to  th e  wood sections and hence its use 
was abandoned.

The experiments w ith western white 
pine were m ade by  heating th e  wood in an 
iron pan containing the m olten m etal w ith 
a steel weight having an  insulated handle 
for holding th e  specimens immersed. T he 
pan was heated w ith two Bunsen burners. 
The bath , w ith th e  weight immersed, 
was heated to  -about 2° C. (3.6° F .)

E x ten siv e  data  are presented  on  th e  reduc
tion  in  hygroscop icity  o f  wood w hen  licn lcd  
b en eath  th e  surface o f  a  m o lten  m eta l 
over th e  tem perature range 120° to  320° C. 
and  tim e  range o f  1 m in u te  to I w eek. T he  
degree o f  red u ction  in  hygroscop icity  and  
eq u ilib riu m  sw ellin g  and  sh rin k in g  for a 
given tim e o f  h ea tin g  is practica lly  doubled  
for each 10° C. rise in  tem p eratu re. R educ
tions in  hygroscop icity  arc sh ow n  to  be  
accom pan ied  b y ' appreciable increases in  
decay resistan ce  and  sign ifican t losses in  
stren g th . Serious losses in  stren g th  for 
m an y p ossib le  u ses are n o t  ob ta in ed  u n til  
th e  red u ction s in  hygroscop icity  and  a n ti-  
shrink  effic iency  exceed 50%.
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LEGEND'.-
Q -C R05S SECTIONS, WESTERN WHITE PINE 
A-FLA T-SA W N , W ESTERN WHITE PINE 

—  U-ROTARY-CUT VENEER, SITKA SPRUCE 
• - BOARDS, EASTERN WHITE P/NE

ZOO ' 220 240 260
HEATING TEMPERATURE C'C.)

F igure 2. A ntishrink  E fficiency O btained  by 
H eating  E astern  W hite P in e  S p ecim en s, 6 X 2 X 
15/16 In ch , und er M olten  M etal a t D ifferent 

T em p eratu res for 2 H ours

above the desired point for tem peratures below 270° C. 
(518° F .). T he weight was rapidly lifted, the specimens were 
placed on the m olten-m etal surface, and th e  weight was p u t on 
them  to immerse them  in th e  molten m etal. T he wood specimens 
cooled the b a th  by about 2° C. and thus minimized the necessary 
m anual adjustm ent of the burners. W hen the heating tem per
a ture was above 270° C. (518° F .) the exothermic reaction 
was sufficiently g reat so th a t one of the burners could be 
removed, slightly before or a t  the tim e the specimens were 
pu t into the  bath , and no t replaced for a  period of 2 to  5 minutes. 
T his agrees w ith the findings of Kobe and Goin (4) who found 
273° C. (523° F .) to  be the tem perature  a t  which exothermic 
decomposition of wood becomes appreciable.

The tem perature control by this m anual m ethod was accurate 
to  only 2 -5° C. (3.6-9.0° F.). I t  was not suitable for long-

F ig u re  3.

/to no zoo
HEATING TEMPERATURE ( '¿ )

H eating T im e  and  T em p eratu re  N ecessary to  O bta in  
A ntishrin k  E fficiencies o f  10, 25, and  40%

period heating. For this reason the S itka spruce veneer speci
mens and the larger eastern  white pine specimens were electrically 
heated in a bomb with autom atic tem perature control. The bomb 
lid was designed to hold th e  specimens immersed. The molten 
m etal could no t be used for heating a t tem peratures below 175° C. 
(3 4 7 » p  ) Therefore, th e  veneer specimens were heated at 
125° and 150° C. (257° and 302° F .) in sand w ith d ry  nitrogen 
slowly circulating through the sand to  prevent oxidation. Veneer 
specimens were also heated in an electrically heated oven a t 125°, 
150°, and 175° C. (257°, 302°, and 347° F .) to  determ ine the ex
ten t to which oxidation affects the results.

H YGIIOSCOPICITY AND D IM EN SIO N A L STABILITY

T he heated specimens, when removed from the heating me
dium, were cooled in a desiccator, scraped free of any adhering 
m etal, weighed, and measured. They were then  subjected to 
relative hum idity  cycles in which they were successively brought 
to  equilibrium w ith 90%  and 30%  relative hum idity  in rooms 
held a t  26.7° C. (80° F.). M atched unheated controls went 
through th e  same relative hum idity  cycles and were then oven- 
dried to determ ine the weight a t the conclusion of the measure
m ents.

The western w hite pine cross-section specimens were all cut 
from a single fiat-sawn board, 1 inch thick and 4s/> inches wide, 
into pieces l/ i  inch in ,th e  fiber direction. Every  seventh speci
men was used as a control. T he flat-sawn western white pine 
specimens were also cut from a single board, n / n  inch 
thick, into strips V / t  inches wide in the tangen tia l direction. 
T he strips were cut into 6-inch lengths. All the specimens 
heated a t  a  given tem perature, together w ith two controls taken 
from the two ends, were cut from a single stick to  assure optimum 
matching. The ro tary -cu t V i s - i n c h  Sitka spruce veneer speci
mens were 5 1 /% inches long and 1 inch wide. T hey were similarly 
m atched except th a t  specimens 1 , 6 , 1 1 , and 16, all cut from a 
single 1-inch-wide strip, were used as controls. The eastern 
white pine specimens were cut into 6-inch lengths from a single 
stick, 2 inches wide and is/i« inch thick. T he two end specimens 
were used as controls.

T he specimens were p u t through three complete relative humid
ity  cycles of 90%  to 30%  to 90%, w ith the exception of the 
eastern w hite pine; sufficient tim e was allowed under each condi
tion (about 2  weeks) for m oisture equilibrium to be reached.

T he percentage reduction in hygro- 
scopicity and the percentage in
crease in th e  dimensional stability 
(antishrink efficiency) was calcu
lated for each half cycle of 90 to  30% 
and 30 to  90%  relative humidity. 
T he percentage reduction in hygro- 
scopicity is equal to  100  times the 
difference between the weight 
change of th e  control and the rela
tive weight change of the heated 
specimen divided by weight change 
of the control. The percentage in
crease in the dimensional stability is 
equal to  10 0  times the difference be
tween the dimension change of the 
control and the relative dimension 
change of th e  heated specimen, 
divided by the dimension change of 
the control. T he percentage re
duction in hygroscopicity and the 
antishrink efficiency are practically 
equal under the experimental con
ditions of th is research. In view 
of th is equality and inasmuch as 
the accuracy of weighing is greater
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scopicity of the wood. The variation in toughness
5 0 ---------- ------------------------------------------------------------------— __  —jo—I of wood with changes in  m oisture content is small

o   compared to the loss in toughness obtained on
^  "  heating. The loss in  toughness m ust thus be
^ w  due to  em brittlem ent of the fiber itself.

S> A Figure 6  shows the relationship between the face
^  ^ — hardness and antishrink efficiency of the eastern
^ 30 ~  < “ ... white pine specimens as determ ined by the
Jy °_ /^ A  y ' ” A S.T.M . m ethod, in which the load required to
5  / a .  P '  A embed a 0.444-inch diam eter ball to half its diam-Q 2Q ____ -¡Cl Q <------------------------------------- --------------------------------------------
^  legend-- e ter is measured. The specimens were precondi-
§ °  * o- HEATED in  molten METAL OR ¡mid tioned a t  65%  relative hum idity. The hardness
§[ r  p  A___________________A- heated in  A t_______  ¡g reduced significantly a t  the higher degrees of
S: jo /~  heating, b u t not so much as the toughness.
^  Ip  Figure 7 shows the relationship between the

0  _______ _______ _______ _______ _______ _______ _______ _______  antishrink efficiency of spruce veneer and the
0 2 4 6 6 10 ■ iz u  lb is modulus of rup tu re  in equilibrium w ith 30%  rela-

L0S5  IN  WEIGHT FROM HE A TING (p e r c e n t )  (.¡ve hum idity. T he measurem ents were made on

Figure 4 . A n tishrink  E fficiency Loss i„  W eight on  H eatin g , for :l eantilever-beam stiffness tester (3, 17). The
R otary-C u t S itka  Spruce V eneer veneer heated in the molten m etal showed

a much sm aller decrease in modulus w ith
increase in antishrink efficiency th an  did the

Figure 1 gives the average antishrink efficiencies for the com- veneer heated in air.
plete second and th ird  cycles p lo tted  against heating tem perature The modulus of elasticity is also decreased by the heating proc-
for several different tim es of heating, obtained on western white ess, b u t to an appreciably lesser degree th an  the m odulus of
pine cross sections and flat-sawn specimens and the ro tary-cu t rupture. H eating  in air again causes a  greater loss in strength
Sitka spruce veneer. Figure 2 shows th e  antishrink efficiency than  does heating beneath the surface of molten m etal. I t  is thus
values from a water-soaked to  an oven-dry condition for th e  of considerable im portance to  hea t wood in the absence of air in
specimens of eastern white pine. These m easurem ents were any commercial operation aimed a t  stabilizing wood for uses in
made on y 8-inch-thick cross sections cut from the ends of the which m oderate streng th  is im portant,
larger specimens. An approxim ately linear relationship exists 
between th e  antishrink efficiency and the tem perature for
each tim e of heating, the lines becoming slightly steeper w ith 
increasing time.

W ien  wood is heated a t tem peratures and for periods sufficient 
to give an appreciable antishrink efficiency, it  is m aterially 
darkened. T he light-colored softwoods used in these experiments 
darkened to  about the color of walnut.

Theoretically, for the  minim um heating times used in these 
experiments (15 m inutes for the W in c h  and u /n -m ch  western 
white pine and 1 m inute for th e  V16-inch S itka spruce veneer) the 
tem perature rise a t th e  center of the wood is a t least 95%  of 
that a t  the surface in  a  fraction of the to ta l tim e. Practically, 
uniform antishrink efficiencies should result throughout the  thick
ness of the wood, even in these short heating times.

Figure 3 shows the d a ta  of Figures 1 and 2  p lotted as the 
logarithm of heating tim e against the  heating tem perature neces
sary to obtain three different antishrink efficiencies. T he slope 
of the lines is such th a t the reaction ra te  practically doubles for 
each rise in tem perature of 10° C. (18° F.).

Figure 4 shows the  relationship betw een the antishrink effi
ciency and the loss in weight caused by heating, for the d a ta  of 
Figure 1 on Sitka spruce veneer. T he loss in weight per unit 
antishrink efficiency obtained is greater when the wood is heated 
in air th an  in  the m olten m etal. E vidently  a greater degree of 
oxidation occurs in air; th is contributes less, if a t  all, to  the  an ti
shrink efficiency than  the postulated ether-linkage formation.

Figure 5 gives the relationship between toughness and an ti
shrink efficiency of the flat-sawn western white pine specimens in 
equilibrium w ith 30%  relative hum idity. T he measurem ents 
"'ere made on the Forest Products Laboratory  toughness machine 
CO, using a  4-inch span. T he toughness values are for th e  actual 
cross section of the specimens corrected, for the slight variation

A N T IS H R IN K  e f f i c i e n c y  ( P E R C E N T )

F igure 5. T ou gh n ess vs. A n tish rin k  E fficiency  
O btained by H eatin g  F la t-S a w n  W estern  
W hite P in e  S p ecim en s as In d icated  in  F igu re 1

than  th a t  of measuring, the values recorded in this paper are 
actually  th e  reduction in hygroscopicity as found by  weighing, 
•except for eastern  w hite pine. In this case dimension changes 
between the water-soaked and the oven-dry condition were 
measured.

in thickness and width, to  an area of 0.53 square inch by consider
ing the toughness directly proportional to the cross-sectional 
area. As expected, th e  toughness of the wood was appreciably 
decreased by the hea t treatm ent. T he reduction in toughness of 
wood on heating is not a ttribu tab le  to  the reduced moisture con

ten t a t tes t which results from the reduced hygro-
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F ig u re  6 . H a rd n e ss  vs. A n tis h r in k  E fficiency 
O b ta in e d  b y  H e a lin g  E a s te rn  W h ite  P in e  

S p ec im en s  a s  In d ic a te d  in  F ig u re  2

A few prelim inary pure-culture decay tests were m ade on the 
flat-sawn western white pine specimens. B oth the heated speci
mens and controls were cut into 2 -inch lengths, oven-dried, 
weighed, and placed in jars containing a .good  growth of the 
wood-destroying fungus, Trámeles serialis. The’ jars were held 
under favorable growth conditions for 2 months. The fungus 
grew over the surface of all th e  specimens. This growth was 
carefully removed and the specimens were again oven-dried and 
weighed. T he controls sustained an average weight loss of 
28.4%. H eated  specimens w ith antishrink efficiencies of 30 to 
33%  gave an average weight loss of 12.5%. Specimens with 
antishrink efficiencies of 33 to 38%  gave weight losses of 0 to 
4.5% . All the specimens w ith antishrink efficiencies of 40%  or 
more gave no weight loss.

D ecay resistance produced by heating the wood is similar to 
th a t resulting from resin trea tm en t in th a t  the resistance results 
largely from the inertness of the m aterial ra ther th an  to the pres
ence of a toxic ingredient. T he decay resistance in both  is pre
sum ably due to  either or both  the  reduced hygroscopicity, 
whereby sufficient w ater is prevented from entering th e  cell-wall 
s tructure  to support decay, or to  a chemical change occurring 
within the wood th a t m ade it no longer susceptible to  fungus 
a ttack  {IS).

CO NCLUSIO NS

I t  appears feasible to  im part an appreciable degree of stabiliza
tion of dimensions and decay resistance to  wood commercially by 
means of a  simple hea t trea tm en t which m aterially reduces the 
hygroscopicity. Such a  heat trea tm en t causes a  loss in strength 
properties varying from a rather large loss in toughness to  a  small 
loss in modulus of elasticity in bending. I t  appears th a t the 
practical lim itations on th e  degree of dimensional stabilization 
obtainable will, in large measure, be controlled by  the  acceptable 
loss in toughness. In  general, it  is felt th a t  an antishrink effi
ciency of 40 to  50%  is as high as is practical. U nder these condi
tions the  toughness is less th an  half th a t  of th e  original wood, 
according to  d a ta  thus far obtained.

In  the strength  properties tested, the loss in  streng th  per unit 
antishrink efficiency obtained is greater when th e  wood is heated

in the presence of air th an  when air is excluded by heating under 
a  m olten m etal. This suggests th a t lum ber m ight be fed through 
a trough of electrically heated molten m etal under a series of 
rollers to  convey it  through th e  trough. T he process could be 
m ade rapid for half-inch or th inner stock, and need not be pro
hibitively long for 1-inch or som ewhat th icker stock (I I) .  If 
the trough were well insulated, the energy consumption would in
volve only a small fraction of the cost of dimensionally stabilizing; 
wood by known chemical means (8, 9, 11, 13, 14).
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F ig u re  7. M o d u lu s  o f  R u p tu r e  in  
B e n d in g  vs. A n tia h r in k  E fficiency  
O b ta in e d  b y  H e a tin g  R o ta ry -C u t 
S itk a  S p ru c e  V en eer S p ec im en s  as 

In d ic a te d  in  F ig u re  1

Before any large-scale tes ts are undertaken, further work 
should be done to  determ ine the abrasion resistance and other 
strength  properties and also the gluing and painting qualities of 
heat-stabilized wood. Additional species should also be studied.
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Solvent Extraction of Cottonseed 
and Peanut Oil

E F F E C T  O F  H E A T  O N  C O T T O N S E E D  O IL  M IS C E L L A S

H. L. E. VIX, E. F. POLLARD, J. J . SPADARO, 
AND E. A. GASTROCK

S o u th e rn  R egional Research Laboratory,
U. S. D ep a rtm en t o f  A gricu lture , New Orleans, La.

S tu d y  o f  th e  cffect o f  h ea t on  co tton seed  o il m isce lla  in  a 
p ra ctica l approach to  th e  prob lem  o f  ob jection ab le  color  
fixation  d u rin g  h ea tin g  and  so lven t rem oval op eration s in  
th e  so lv en t ex traction  process. I lea tin g  o f  co tton seed  oil 
m isce lla s  a t  various tem p eratu res and  d efin ite  t im e  periods 
u n d er appropriate reduced pressures w as carried o u t to  
d eterm in e  th e  effect o f  h ea t on  th e  resu ltin g  refined and  
bleach ed  o ils . C olor fixation  b ecam e ob jection ab le  b e 
tw een  150° and  180° F ., and  beyond 180° increased  rap id ly . 
Properly prepared so lven t-ex tracted  co tton seed  o ils  from  a

p rim e lo t  o f  seed w ere su ccessfu lly  refined by s lig h tly  
m odified  officia l A .O .C .S . refin ing m eth o d s w h ich  yielded  
o ils  o f  prim e q u a lity  w ith  low  refin ing lo sses. T h e  fin ished  
o ils  w ere equal in  q u a lity  to  h igh -grad e hydrau lic-pressed  
o ils . R esu lts  have y ielded necessary en g in eerin g  in fo rm a 
tio n  u sefu l for design  and  operation  o f  p ilo t p la n t eq u ip 
m e n t  and  for  processing op eration s. A bsorption  sp ec
tra curvcs ran g in g  th rou gh  th e  v is ib le  and u ltrav io le t  
are reproduced as exam ples o f  ap p licab ility  o f  th is  te c h 
n iq u e for stu d y in g  so lven t-ex tracted  co tton seed  o ils .

M ANY attem p ts have been m ade in the U nited S tates to  
apply the solvent extraction process to  cottonseed. There 

:is considerable ac tiv ity  in  th is field a t  present, bu t only a  few 
publications have appeared (7, 8). T he early  commercial ef
forts (16, 18,19) to  produce an  industrially useful oil from cotton
seed by solvent extraction were abandoned largely because of the 
•dark color of th e  resulting oil.

C ottonseed pigm ents, such as gossypol and related  sub
stances, extracted  w ith the oil from the cottonseed flakes or meal 
by organic solvents, im part to  the miscella its  characteristic 
■color (1-5, 7, 9, 10). I t  is claimed th a t an  aliphatic hydrocarbon 
such as hexane dissolves only a small portion of gossypol pres- 
■ent in uncooked flakes or m eal (4, 7, 9). Some investigators 
report (6 ; 9, 11, IB, 15) th a t the gossypol content of cottonseed 
■oil reduces the alkali refining loss. Podol’skaya and Tobler (IS) 
■claim th a t w ith increasing gossypol concentration the color of 
the oil is greatly  intensified; sim ilar color effect is produced on 
the resulting soapstock.

T he effect of tem perature on color fixation during solvent re
m oval has already been investigated. I t  was pointed ou t (9) 
th a t high tem peratures m ust be avoided to  preven t color fixation 
in the final oil. R osenthal (14) reports th a t  cottonseed oil mis
cella from liquefied bu taae  or propane extraction of cottonseed 
m eats, when filtered and solvent-rem oved a t  tem peratures no t 
■exceeding 210° F. under vacuum , produces a  cooking oil of prime 
quality  or lighter after the usual refining procedure w ith caustic. 
'T hurm an (17) claims th a t color fixation occurs in  crude cotton
seed oil if heated to  300° F., which prohibits bleaching by  fuller’s 
earth  or by  o ther m ethods ordinarily employed. N o system atic 
investigation, however, has been reported  on the  effect of such 
variables as tem perature and  tim e of heating during solvent re
m oval on color fixation and quality.

T he work here described was undertaken  prim arily  to  obtain 
■engineering inform ation required for the design and operation of 
•equipment and  for processes in  solvent extraction  installations; 
it is a  practical effort to evaluate the effect of tem perature  and 
time of heating during processing operations upon the fixation 
■of objectionable coloring m a tte r in  mispella obtained by extrac-

tion  of uncooked cottonseed flakes w ith commercial hexane. 
T he results reported were obtained from work on one lo t of prim e 
cottonseed. F u rther work is necessary on miscclla from seeds not 
only of different varieties b u t also in  different stages of deterio
ration . C ottonseed oil miscellas were heated over a range of 
tem peratures from 140° to  240° F . during definite heating in
tervals under appropriate reduced pressures. The tem peratures 
and  reduced pressures needed for concentrating and rem oving 
solvent from the  miscellas were obtained from th e  boiling point 
curves established in  th e  first paper of this series (13). T he 
properly prepared solvent-extracted oils from the prim e lo t of 
cottonseed were refined by slightly modified official American 
Oil Chemists’ Society (A.O.C.S.) refining methods, which yielded 
oils equal in quality  to  high-grade hydraulic-pressed oils. 
Because of th e  differences in th e  characteristics of solvent- 
extracted  cottonseed oil and of hydraulic-pressed oil, i t  is 
apparen t th a t  additional refining studies are necessary.

T he present investigation falls in to  th ree series of experim ents: 
(1 ) prelim inary heating and refining; (2 ) refining experiments, 
growing ou t of the prelim inary series, for the purpose of deter
mining the  m ost advantageous preparatory  procedures; and 
(3) a  system atic study  of the effect of hea t on solvent^extracted 
cottonseed oil. T he conditions required for the th ird  series were 
established from results of th e  o ther two.

P R E P A R A T IO N  O F  M IS C E L L A

A prime lo t of E as t Texas cottonseed was carefully cleaned, 
delinted, hulled, and flaked in .p ilo t p lan t processing equipm ent. 
Percentage analyses of th e  seed and  flakes follow:

Seed
Flakes

M oisture
(Original)

9.75
7.47

Lipides 
(A8-I8 Basis)

19 .12
3 2 .9 0

N itrogen 
(A8-Is Basis)
' 3 .27

5 .1 2

T he average thickness of the flakes was 0.010 to  0.014 inch; the 
oil from the flakes had  a  free fa tty  acid content of 1 .2 %  and  an 
iodine value of 105.6.

T he solvent for th e  extraction was a  commercial hexane 
(Skellysolve B) w ith the following specifications: g rav ity  a t

635
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60° F ., 74.4° A .P .I.; boiling range, 140-160° F .; Reid vapor 
pressure a t  100° F ., 5.1 pounds per square inch; evaporation resi
due by  weight, 0.0016%; and color, w ater-white. The reasons 
for choosing th is solvent were its  negligible tendency to  rup tu re  
pigm ent glands during norm al extraction periods (4), its  negli
gible solvent action for extracting coloring m atte r from hulls, its 
low cost, and  its  general use in  industrial solvent extraction in
stallations.

F igure 1. P ilo t P la n t B a tch  E xtraction  U nit
1. E x tra c to r ,  1 2 0 -p o u n d  c a p a c ity
2. E v a p o ra to r
3. S o lv e n t s to ra g e  t a n k
4 . S o lv e n t c o n d e n s a te  ta n k
5. C o n d en se rs

A single-cell ex tractor (Figure 1), of 120-pound capacity  and 
w ith necessary auxiliaries, was used in  th e  extraction and con
centration  of the miscella. A sufficient q u an tity  of flaked m eats 
was prepared, and  extraction was sta rted  im m ediately to  mini
mize any  increase in th e  free fa tty  acid of th e  extracted  oil. 
T he  solvent, a t  70° F ,, was
pumped in  an  upw ard p a th  __________________________
through the extractor a t  a  ra te  
of 1.5 pounds of solvent per 
pound of flakes per liour for a 
to ta l extraction tim e of 4.5 hours.
An oil extraction efficiency of 
98%  was a tta ined . D uring ex
traction , solvent was distilled 
from the miscella in th e  evapo
ra to r under a  reduced pressure 
of 20  inches of vacuum , a t  a  
t e m p e r a t u r e  n o t exceeding 
105° F . T he liquid level of the 
miscella in th e  evaporator was 
m aintained above th e  heating 
coil to  p revent the possibility of 
overheating the  oil film during 
concentration. A t intervals of 
l.o  hours th e  pa rtly  concentrated 
miscella (30-40%  oil by  weight) 
was drained from the  evaporator

to  prevent excessive heating. Approxim ately 20 gallons of di lute 
miscella were collected from each extraction, and a t  th e  end of th e  
extraction period-the miscella was concentrated in  the evaporator 
in 1.5 hours under 24 inches of vacuum  until the boiling tem pera
ture reached 120° F . T hus approxim ately 6  gallons of miscella 
containing 90%  oil by weight were obtained from each extraction. 
This concentrated miscella was filtered to  remove any meal 
particles, as these have a tendency to increase the free fa tty  acid 
of th e  oil upon aging. Free fa tty  acid values averaged 1.4-1.5%  
for properly prepared miscellas. A m ixture of miscella from 
several extractions as described above- constituted a  batch of 
miscella for each of the three series of experiments.

T he experim ental work to  determ ine the effect of each set of 
heating conditions consisted of the following steps: heating the 
miscella (exclusive of control ru n s); stripping the solvent from 
heat-treated  miscella; de-emulsifying the stripped oil; and re
fining, bleaching, and color determ inations on the oil.

H E A T IN G  P R O C E D U R E  IN  S E R IE S  3

The m ethod consisted essentially of heating the miscella 
(90% oil by  weight) to the desired tem perature for a required 
time in terval in  the  equipm ent described in  previous work (IS). 
T his tem perature was m aintained by  boiling the miscella under 
controlled reduced pressure and to ta l reflux for the specified 
period. A t completion of the heating period the miscella was 
im mediately rem oved from the boiler and  cooled to  room tem
perature in  an  ice bath . Table I  shows operating d a ta  for series 
3 conducted a t  150°, 180°, 210°, and 240° F . for l/ 4, 1, and 3 
hours; Figure 2 gives th e  tim e-tem perature curves for representa
tive experim ents (5, 8 , 11, and 15, T able I). These curves show 
the tim e required for heating to  desired tem peratures, the periods 
of heating, and  th e  tim e required for cooling.

L O W -T E M P E R A T U R E  ST EA M  S T R IP P IN G

T he solvent was rem oved from the concentrated and heat- 
trea ted  miscellas by  low -tem perature steam  stripping under re
duced pressure in  a  column 36 inches high and  3‘/s  inches in 
diam eter, packed w ith ’/i-inch Raschig rings. A low tempera
ture was chosen for th is work to  prevent color fixation of the oil. 
Figure 3 shows the column and its  auxiliary equipm ent. W ater 
a t  4° C. was recirculated through th e  condensers of the system. 
T he pressure in  th e  system  was reduced to 65 mm. (absolute), 
and  the column heated to  105-110° F . w ith steam  introduced at 
th e  bottom  before th e  miscella was fed. T he miscella. feed pre
heated to  110° F . was introduced a t  a  point 6  inches below the 
top of the column a t an  average ra te  of 30 ml. per m inute. All

M iscella

T a b l e  I.

T im e for 
H eating  

Oil from  
R oom

O p e r a t i n g  D a t a  f o b

Tim e 
to  Cool 

H eat- H eat- to

H e a t i n g  C o t t o n s e e d  1
T em p.
Differ
ence

betw een
Oil . ,  „

Tem p. in g ing R oom B ath  & ads. i'ressu re , a im .
E x p t. <80° F .), Tem p., Tim e, Tem p., Boiler, A tm os In
N o .“ M in. • F . H r. M in. ° F . pheric system

3 40 150 ■/« 25 45 761 217
4 40 150 1 25 38 766 216
5 40 150 3 25 27 766 216

6 50 180 ■/. 30 36 765 368
7 50 180 1 30 38 762 363
8 50 180 3 30 32 761 357

9 60 210 ■A 30 27 763 586
10 60 210 1 30 27 758 587
11 60 210 3 30 29 759 590

12 70 240 0 30 36 763 763
13 70 240 ■A 30 31 764 764
14 70 240 1 30 32 763 763
15 70 240 3 30 32 762 762

Volume, ml.
A fter 
h e a t
ing
3110 
3120 
2820

2890 
2900 
2865

2870 
2860 
2865

3120 
2870 
2840 
2855

h e a t
ing
3300
3300
3000

3000
3000
3000

3000
3000
3000

3300
3000
3000
3000

Sp.
gr.o
a fte r
h e a t
ing,

g ./cc .
0 .8890
0.8890
0.8925

0.8893
0.8885
0.8920

0.8898
0.8898
0.8825

0.8932
0.8910
0.8915
0.8910

% oil 
by w t. 
after 
heat
in g '
92 .0
92 .0
93 .2

92.1
91.9
93 .0

92.4
92.4
91.5

93.3
92.7 '
9 2 .5
92.7

a E xperim ents  1 and  2 were contro ls: de-em ulsification b y  vacuum  dry ing  and  de-em ulsification b y  centri g 
& Specific g rav ity  before heating  was 0.8856. 
c %  oil by  w eight before heating  was 90.7.
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Figure 2. T im e-T em p eratu re  Curves for H eatin g  Crude 
C ottonseed  Oil M iseella  (90.7% Oil by W eight)

miscellas were stripped so th a t a t  no point in the appara tus 
was the  oil ho tte r th an  110° F . A t this tem perature the con
densation of steam  which takes place results in a  partia l oil-water 
emulsion, containing about 20  p a rts  oil to  1 p a r t w ater, which 
was collected in  a  jacketed  flask a t  the bottom  of the column.

D E-EM U LSIFIC A TIO N  O F STR IPPE D  OIL

Three m ethods of breaking the oil-water emulsion formed 
during the stripping operation were investigated—salting out, 
centrifugation, and vacuum  drying.

F or th e  salting-out procedure, a sa tu ra ted  solution of sodium 
chloride proved m ost satisfactory, a fter trials w ith several dif
ferent salts and concentrations. T he sa lt solution was added to  
the oil-w ater m ixture in  a separatory  funnel, thoroughly shaken, 
and allowed to  stand  overnight. T he consistent appearance of 
soft foots during refining of the resulting oil indicated th a t  other 
m ethods of breaking the emulsion m ight prove more advan ta
geous.

F or the centrifugation m ethod of breaking the  emulsion, a 
laboratory supercentrifuge was used. T he bowl had an inside 
diam eter of 1.75 inches and ro ta ted  a t  48,000 r.p.m .

Vacuum drying was accomplished in  the heating apparatus 
(13) by applying a  reduced pressure of 20 mm. (absolute) to  the 
system and then  heating the oil-water m ixture to  110° F . The 
tem perature was gradually increased to  125° F . and  the pressure 
to 60 mm. (absolute) to  minimize excessive foaming. A volume 
of 12 0 0  ml. of stripped oil required approxim ately 1 hour to  re
move 60 ml. of w ater; th e  resulting oil contained only 0 .1  to 
0 .2 % moisture.

For salted-out oils th e  average m oisture content was 0.28% . 
Some centrifuged oils contained 0.34%  m oisture, though in  sub
sequent samples i t  was less th an  0.1% . T he m oisture content 
for vacuum -dried oils averaged 0.15% . T he oils de-emulsified 
by all th ree m ethods had a  specific g rav ity  of 0.9112-0.9116 
(W estphal balance), indicating for practical purposes a  1 0 0 %  oil.

All three de-emulsification m ethods were applied to  the 
second series of experim ents (refining and  de-emulsification); 
salting-out alone was used for the  first (prelim inary) series; and 
vacuum drying for the th ird  series (heating experiments).

HERMO REGULATOR 

FEED  —

TO HOUSE VACUUM 

TO ATMOSPHERE.

SOLVENT a  WATER_ 

ST EAM  INLETX

L™ERMOCp_U_P_L_E_ L E A D S  

■ ST R IP P E D ~ 5 lU

Figure 3. A pparatus for S tripp ing  C ottonseed  Oil 
M iseella  under R educed Pressures

1. M isee lla  feed  w ith  co n s ta n t tem p eratu re  con tro lled  b u th  (2000 m l.^
2. Jack eted  str ip p in g  c o lu m n
3. * Jack eted  flask for c o lle c t in g  str ip p ed  o il (5000 m l.)
4. T rap flusk for str ip p ed  o il from  3 (1000 m l.)
5. S o lven t and  w ater condensers
6. Ice -ja ck eted  flusk for co lle c t in g  co n d en sa te  (5000 m l.)
7. T rap flask for con d en sa te  from  6 (1000 m l.)
8. S tea m  traps
9. V en tu ri and  m a n o m eter  

10. R ecord in g  p o ten tio m eter

R E FIN IN G , BLEACH ING , AND COLOR DETERM INATION

T he refining m ethods applied to  th e  solvent-extracted cotton
seed oil were modifications of the official A.O.C.S. m ethods for 
hydraulic pressed oils. Shrader (16) suggested th a t  modified 
m ethods of refining benzene-extracted cottonseed oil were neces
sary ; and O lcott (9) indicated th a t  refining m ethods now used 
for hydraulic oils would undoubtedly, have to be modified for 
solvent-extracted cottonseed oils, p artly  because of the presence 
of gossypol which is said to be beneficial to  soap stock formation.

F igure 4. In vesti
ga tion  o f  R efining  

Loss M ethod

|  REFINING LOSS

Bred  c o lo r  o f re fine d  o il
USING 35 YELLOW

SRED COLOR OF BLEACHED OIL 
________USING 10 YELLOW_______

23 *®3<. « unjUjCC_<rco
I s
~§i

Î U
*2 B i

*9?

• O WVtjo:
—er cd

<  *  3 E * <ro w

Although in  this study  the am ount of alkali added to  the crude 
solvent-extracted oil was the am ount specified for hydraulic oils 
by  the  official A.O.C.S. m ethod, th e  concentrations of the 
alkali and the m ethods of break in  the  present procedure were 
varied: th a t  is, when th e  official m ethod called for a 14° (80%) 
lye for a  1.4%  free fa tty  acid oil, in  th e  modified procedure the 
various concentrations of alkalies used were calculated to contain 
solid sodium hydroxide equivalent to  the solid sodium hydroxide 
content of the  14° (80% ) lye. T he following lye concentrations 
were investigated: 12° (80% ), 14° (80% ), 16° (80% ), 14* 
(m axim um), and 16° (m axim um); the m ethods of break em-
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T a b l e  II . R e f i n i n g  D a t a  f o b  P r e l i m i n a r y  W o r k  ( S e r i e s  1)
L ovibond C olor ( 5 W In c h  Tube) 

B leached oil*

H e a t Free A.O.C.S. B.C . clay,
H eating ing F a tty Refining M ethod Refining Refined fuller's 1%  N uchar

E x p t. Tem p., T im e, Acid, Lye, of Loss, Oil earth G FO
No. ° F. H r. % ° Ôé. B reak “ % Y R Y R Y R

1 C ontro l 1 .7 16(max.) Slow 7 .2 35 4 .4 5 0 .7 5 0 .8
12(80% ) R egular 6 .1 35 5 .7 10 0 .9 10 0 .8
16(80% ) R egular 5 .3 35 4 .7 10 1 .2 10 1 .2

3 Contro l 2 .8 16(max.) Slow 10.6 35 5 .1 10 1 .4 10 1 .2
12(80% ) R egular 10.7 35 6 .8 10 1.2 10 1.3
16(80% ) R egular 8 .3 35 5 .9 15 1 .6 15 1 .5

S 140 V« 2 .3 16(max.) Slow 9 .7 35 5 .1 10 1 .2 10 1 .2
12(80% ) R egular 9 .0 35 6 .1 15 1.3 15 1.3
16(max.) R egu lar 8 .4 35 5 .0 10 1 .2 10 1 .2

4 140 1 2 .2 16(max.) Slow 8 .8 35 5 .2 10 1 .4 10 1 .3
12(80% ) R egular 7 .9 35 6 .7 15 1 .5 15 1 .5
16(80% ) R egular 6 .7 35 6 .1 15 1 .6 15 1 .4

* '  160 l/ i 2 .1 16(max.) Slow 8 .2 35 4 .9 10 1 .6 10 1 .2
12(80% ) R egular 6 .7 35 6 .8 10 1.3 10 1 .4
12(80% ) Slow 7 .7 35 5 .9 10 1 .5 10 1.3

0 160 1 2 .2 16(max.) Slow 8 .6 35 5 .1 10 1 .4 15 1 .3
12(80% ) R egular 7 .3 35 7 .8 15 1 .3 15 1.4
16(80% ) R egular 6 .6 35 6 .7 15 1.7 15 1 .6

7 180 V« 2 .2 16(max.) Slow 8 .6 35 5 .1 10 1.3 10 1 .2
12(80% ) R egular 7 .4 35 6 .7 15 1 .4 15 1 .4
16(80% ) R egular 6 .4 35 5 .6 15 1 .6 15 1 .5

8 180 1 2 .3 16 (max.) Slow 9.1 35 6 .0 15 1 .8 20 1 .8
12(80% ) R egular 8 .7 35 8.1 20 2 .0 20 2 .3
16(max.) R egular 8 .1  ’ 35 6 .2 15 1 .8 20 2 .0

9* 180 1 2 .1 16(max.) Slow 8 .5 35 5 .8 10 1 .9 15 1 .8
12(80% ) R egular 8 .7 35 7 .7 20 1 .9 20 2 .0
16(80% ) R egular 7 .2 35 7 .0 20 2 .3 20 2 .3

10« 180 3 2 .1 16(max.) Slow 8 .4 35 6 .2 15 2 .1 20 2 .0
12(80% ) R egular 7 .3 35 8 .5 20 2 .3 20 2 .3
16(max.) R egu lar 6 .9 35 7 .3 20 2 .1 20 2 .3

11 210 1 2 .2 16(raax.) Slow 8 .1 35 7 .0 20 2 .3
12(80% ) R egular 6 .5 35 9 .5 20 3 .1
26“ R egular 8 .3 35 6 .0 20 1 .8

IS 240 1 2 .1 16(max.) Slow 8 .4 35 10.3 35 4 .8  ’
12(80% ) R egular 6 .7 35 16.7 35 6 .2
26“ R egular 10 .6 35 8 .4 35 3 .3

13 240 3 2 .1 16 (max.) Slow 9 .6 35 20 .3 35 11.3
12(80% ) R egular 7 .8 35 30 .9 35 14 .8
26“ R egular 11 .8 35 12.0 35 7 .0

8 F irm  aoap stock  form ed, excep t fo r a p rec ip ita te-like  m a te ria l suspended over th e  firm  laye r; one o r tw o re- 
m elts were required  for to ta l firm  foots.

& 200-gram  sam ples h and led  according to  official A .O .C .S. m ethods.
• 50 gram s of iron filings added  to  miscella p rio r to  heating  had  no effect on color of re su lting  refined and  b leached 

oil.
W eigh t of 26° lye calculated  to  con ta in  solid N aO H  equ iva len t to  solid N aO H  c o n ten t of 16° m axim um  lye 

requ ired .

ployed were the regular method 
(15-minute cold stir, 12-minute 
ho t stir), the slow break 
m ethod (45-minute cold stir, 
20 -m inute ho t stir), and the 
regular m ethod w ith the ex
ception of 90-m inute cold stir 
instead  of 15-minute.

T he official A.O.C.S. bleach
ing procedure (6 %  fuller’s 
earth ) was used for series 2  and 
3; th e  A.O.C.S. procedure and 
a  carbon black bleaching 
m ethod (4%  B ennet-C lark clay 
and 1%  N uchar GFO) were ap
plied in  series 1. T he carbon 
black m ethod gave a  slightly 
b e tte r bleached oil, b u t th^ 
difference was no t appreciable

T able I I  shows refining data 
and colors of the resulting oils 
for the prelim inary experi
m ents. T able I I I  gives the 
d a ta  and  colors for the second 
series of refining studies in 
which the oil-w ater mixtures 
were de-emulsified by salting 
out, vacuum  drying, and cen
trifuging. Figure 4 is a bar 
graph of th e  d a ta  given in 
T able I I I ;  th e  colors and re
fining losses shown are the 
average values of the three 
different de-emulsified oils for 
each refining m ethod employed. 
T his graph indicates th a t 14° 
(80%) lye and 16° (maximum) 
lye are preferred to the 1 2 ° 
(80%) lye, and th a t the regular 
refining m ethod w ith the 90- 
m inute  cold stirring period 
gives b e tte r refining results 
th an  either the  stra igh t regular ' 
b reak or the slow breakmethod.

E ip t .
N o.

[«

T a b l e  II I .

D e-em ul-
sification

P rocedure
8 a lted -ou t
V acuum -dried
C entrifuged
Salted -ou t
V acuum -dried
C entrifuged
B alted-out
V acuum -dried
C entrifuged
S alted -ou t
V acuum -dried
C entrifuged
S alted -ou t
V acuum -dried
C entrifuged
Sal ted -ou t
V acuum -dried
C entrifuged

I n v e s t i g a t i o n  o f  M o d i f ie d  R e f i n i n g  M e t h o d s  f o r  S o l v e n t - E x t r a c t e d  C o t t o n s e e d  O il s  
(1 .4%  F r e e  F a t t y  A c id  C o n t e n t ) ,  S e r i e s  2

Refining 
Lye, ° Bé.
14(80% )
14(80% )
14(80% )
12(80% )
12(80% )
12(80% )
12(80% )
12(80% )
12(80% )
16(max.)
16(max.)
16(max.)
16(max.) 
16(max.) 
16 (max.)
14(max.) 
14(max.) 
14 (max.)

M ethod
of

B reak
R egular
R egular
R egular
R egular
R egular
R egular
R egular*
R egular*
R egular*
R egular
R egular
R egular
Slow
Slow
Slow
R egular
R egular
R egular

Refining

Lovibond Color (5.25-In. Tube) 
B leached oil, 

R efined 6%  A.O.C.S.
oil fuller's earth

% T ype of Soap S tock  F o rm ed “ Y R Y R
2 .8 Very sm all suspended lay e r over firm  lay e r 35 5 .5 10 0.8
3 .0
3 .0 Single firm  layer 35

35
5 .9
5 .7

10
10

0.9
0 .8

2 .9 F a ir sized suspended lay e r over firm  layer 35 4 .7 10 0.7
3 .1
2 .9 Very sm all suspended layer over firm  layer 35

35
5 .2
4 .8

10
10

0 .8
0 .7

3 .7 Sm all suspended lay e r over firm lay er 35 3 .6 10 0 .6
0 .7
0 .6

3 .7
3 .7 Single firm  layer 35

35
3 .9
3 .9

10
10

3 .5 Sm all suspended lay e r over firm layer 35 4 .6 10 0 .7
3 .4
3 .6 Single firm  layer 35

35
5 .1
4 .8

10
10

0 .7
0.6

3 .9 ]
4 .0
4 .4

Sm all suspended lay e r over firm lay er
35
35
35

3 .1
3 .2  
3 .1

10
10
10

0.4
0 .5
0 .5

3 .1
3 .0
3 .7

Sm all suspended lay e r over firm  layer 
V ery sm all suspended layer over firm  lay e r 
Single firm  layer

35
35
35

5 .0
4 .9
4 .8

10
10
10

0 .8
0.9
0 .8

*^A11 soap  stock  con ta ined  large q uan titie s  of o range p igm ent which rap id ly  becam e p u rp le  on exposure to  sunlight.
* R egular refining p rocedure  modified by  s tirrin g  90 m inutes in cold b a th  following a dd ition  of alkali.
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F ig u re  5. E ffec t o f  I le a l  o n  C olor o f  R efined  a n d  B leach ed  Solvent 
E x tra c te d  C o tto n seed  Oil

T able IV shows the refining da ta  and colors of the resulting oils 
for series 3, for which operational da ta  are recorded in T able I. 
The concentrations of alkali and m ethods of break were based on 
inform ation obtained from series 1 and 2 . These d a ta  illustrate 
th a t the colors of bo th  refined and bleached oils increase from the 
control run  to  the oil samplo heat-treated  a t 240° F., the  rise 
being gradual a t  low tem peratures and  very  rapid  a t  higher tem 
peratures. A substan tia l increase in  color is likewise noted when 
the tim e of heating  for each tem perature is increased from 15 
m inutes to  3 hours. These results are shown m ore vividly in  a 
bar graph (Figure 5) in which the 16° (maximum) lye samples, 
regular b reak w ith 90-m inute cold stirring, were plotted. The 
critical tem peratures and  periods of heating a t  which objection
able color fixation takes place, to  the ex ten t th a t  the oil no longer 
meets prim e oil specifications, are around 180° F . for 1 hour and 
210° for 15 m inutes. T he sam ple heated a t  150° F . for 3 hours 
gave a refined oil th a t approaches the lim its of a  prime oil, and a 
bleached oil tha t'is  slightly past the prime stage.

Refining da ta  on the hydraulic-pressed oils from the same lot 
of prim e cottonseed used for the solvent extraction are given in 
T able V. T he hydraulic-pressed oils were refined and bleached 
according to  the official A.O.C.S. methods. T he refining losses 
of th e  hydraulic-pressed oils are comparable to  all refining losses 
of solvent-extracted oils, in  both  th e  control runs and  the heating 
experiments; the colors of the refined and  bleached hydraulic- 
pressed oils are comparable to  the colors of the solvent-extraction 
control runs and heating experim ents a t  150° F . up  to  1 hour.

Phosphorus determ inations of various solvent-extracted cotton
seed oils indicated th a t heating had no quan tita tive  effect upon 
the am ount of the phosphatic m aterial present; th a t  stripping of 
the miscella w ith steam  under reduced pressure rem oved ap
proximately half of the phosphatic m aterial; and  th a t  the salting-

Thc effect of aging on the  free fa tty  acid 
content of a  carefully prepared miscella is 
considered negligible. T his is shown in an  

experim ent where the free fa tty  acid of a  sam ple (90%  oil by 
weight) increased from 1.41 to  1.47% in 58 days. T he effect of 
aging on color of bleached oils from heat-trea ted  runs was noted 
as follows: A bleached oil w ith an original color of 10F-1.3/2

u  125
u

Ö
L- 10

I. X STRIPPED O IL-SALTED OUT.
2 .0  STRIPPED OIL-CENTRIFUGED.
3 .«  STRIPPED OIL—VACUUM DRIED.
4 . *  CRUDE OIL FROM MISCELLA  

FOR HEATING EXPERIMENTS— 
VACUUM-DRIED.

5 .0  BLEACHED OILS FROM
CURVES 1 ,2 ,8  3. -------------------

350 4 0 0  4 5 0  5 0 0
WAVE LENGTH—MILLIMICRONS

F igure 6. A bsorption  Spectra o f  Crude Solven t-E xtracted  
C ottonseed  Oil (in  C om m ercial Ilexan e)

ou t m ethod of de-emulsification removed more 
th a n  half of the phosphatic m aterial rem aining 
a fter stripping while the vacuum  drying m ethod 
did no t remove any. In  refining tests firmer 
soap stock form ation was obtained w ith  the 
vacuum -dried oil th an  w ith the salted-out oil.

M oisture control is apparen tly  as im portan t 
as heating control if prim e oils are to  be ob
tained from the solvent extraction  of co tton
seed. T he presence of w ater in the  solvent or 
excessive m oisture in  the flaked m eats increases 
the q u an tity  of coloring m a tte r in  the m iscella 
because of the rapid  rup turing  effect of the w ater 
upon pigm ent glands in  cottonseed (4 ), observed 
in  a controlled p ilo t-p lant extraction. M iscella 
and oil from th is extraction were processed in 
the same m anner as o ther control runs. T he 
resulting refined oil had a color of 35F-8.1/2 and 
the bleached oil a  color of 15F~3.o/i. These 
colors are comparable to  an  oil heated a t  180° F . 
for 1  hour, and do no t m eet prim e oil specifica
tions. I t  is probable th a t any  'heating of this 
oil would result in  rapid and excessive color fixa
tion.

Excess m oisture in  a crude de-emulsified 
solvent-extracted cottonseed oil increases the 
free fa tty  acid appreciably, as shown by  da ta  
obtained after 31 days of aging:

Sam ple M ois- F ree  F a t ty  Acid, % ________
No. tu re , %  O riginal A fte r 31-day "a g ing"

1 0 .11  1 .43  1 .47
2 0 .2 8  1 .40  1 .62
3 0 .3 4  1 .40  2.21

?  20

5  1/4 HR. 1 HR. 3 HRS. 1/4 HR. IH R.3HRS. I/4HR. I HR. 3 HRS. 0 «  1/4 HR. I HR. 3 HRS.
§ o  h u  150° F. 100° F. 210 *F. 240°  F.o y z
£ §  REFINED OIL

CONTROLS »INCLUDES ONLY TIME REQUIRED TO HEAT M ISCELLA
FROM ROOM TEMPERATURE TO 240°F.

----- PRIME OIL VALUE (MAXIMUM RED)

-G 3 3  YELLOW VALUE --------------------------

m m  RED VALUE

BLEACHED  OIL
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T a b l e  IV. R e f i n i n g  D a t a  f o k  H e a t i n g  S t u d i e s ,  S e r i e s  3

E xpt.
No.

H eating  
Tem p., ° F.

Control,
vacuum -dried

C ontrol, cen tri
fuged

10

12

13

14

15

150

150

150

180

lgO

180

210

210

210

240

240

240

240

H eat
ing

Tim e,
Hr.

‘A

V«

V«

Free
F a tty
Acid,

%

1.5

1.4

1.4

1.5

1 .5

Refining
Lye,
° B<5.

14(80%)
I6(m ax.)
I6(m ax.)
14(80% )
16(max.)
16(max.)
14(80% )
16(max.)
16(max.)
14(80%)

16(max.)

I6(m ax.)
14(80% )
16(max.)
16(max.)
14(80%)
16(max.)
16(max.)
14(80%) 
16 (max.)
16(max.)
14(80% )
16(max.)

16(max.)

14(80% )
16(max.)
16(max.)
14(80%)
16(rnax.)
16(max.)
14(80% )
16(max.)

16(max.)

F iltered 
14(80% ) 
14(80% ) 
16 (max.)
I6(m ax.)
14(80% )

16(max.)

16(m ax.)

14(80%)

16(max.)

16 (max.)

14(80% )

16(max.)

16(m ax.)

M ethod
of

B reak

R egular
R egular
Regular®
R egular 
R egu lar 

► Regular®
R egular
R egular
Regular®
R egular

R egular

Regular®
R egular
R egular
Regular®
R egular
R egular
Regular®
R egular
R egular

R egular
R egular

R egular
R egular
Regular®
R egular
R egular
Regular®
R egular
R egular

R egular
R egular
R egular
Regular®
R egular

R egular

Regular®

R egular

R egular

R egular

R egular

R e
fining
Loss,

%

4 .4 \  
4 .6 /
4 .7
3 .9 \  
4 .0 /  
5 .2
4 .1
4 .2  
6 .0

3 .6

3 .8

5 .6
4 .6  \  
4 .8 * /
6 .0

5 .1M  
5.2«*/
6 .4
4 .9 * \  
5 .1  / 

Regular® 6 .0
4 .5  1 
4 .7 6 /

Regular® 6 .3

Regular® 5 .9

Regular® 6 .0

4 .9

4 .9

T ype  of Soap Stock Form ed

Sm all am o u n t so ft foots over firm layer 

Soft foots over firm  layer

Some soft foots over firm layer 
Sm all am o u n t so ft foots ove 
Single firm  layer

Single firm  layer

Sm all am o u n t so ft foots over firm layer 

Negligible a m o u n t so ft foots over firm layer 

Some so ft foots over firm  layer 

Negligible am o u n t soft foots over firm  layer 35 

Small am o u n t so ft foots over firm layer 

Negligible a m o u n t soft foots over firm layer

Negligible am o u n t so ft foots over firm layer

Lovibond Color (5*A-In. Tube) 
B leached oil, 

Refined 6%  A.O.C.S.
oil fuller's earth

4 .6 * \ 
5 .1  /  
6 .0

4.6*1
4 .9  /
5 .9
4 .5  \ 
4 .7 * /

3 .3
4 .3 }
4 .5 /
5 .5
4.6*1

5.0*J

6 .0

4 .6

4 .8*

Sm all am o u n t so ft foots over firm  layer

Large a m o u n t so ft foots over firm layer 
Small am o u n t so ft foots over firm layer

Single firm layer

Small am o u n t so ft foots over firm layer

Negligible am o u n t so ft foots over firm layer 35

Small am o u n t so ft foots over firm layer

Negligible a m o u n t so ft foots over firm layer 35

Small am o u n t so ft foots over firm layer

Regular® 6 .1

r R Y R

35 5 .6 15 1.8
35 5 .0 15 1.4
35 4.1 15 1.2

35 5 .7 15 1.9
35 5 . 1 15 1.5
35 4 .0 15 1.2
35 5 .4 10 1.5
35 5 .0 10 1.2
35 3 .9 10 1 .1
35 6 .2 10 1.8

15 1.8
35 6 .0 10 1 .6

15 1.6
35 4 .3 10 1.2

35 10.3 20 4.6
35 7 .8 20 3.6
35 6 .9 20 2.9

35 9 .5 20 3.6
35 7 .4 20 2.9
35 6 .1 20 2.9

35 10.2 20 5.2
35 9 .2 20 4.1
35 7 .8 20 3.7

35 11.9 20 7.0
35 6.7

35 11.7 20 5.4
35 5.3

35 8 .8 20 4.2
35 4.1

35 10.5 20 5.2
35 8 .3 20 4.1
35 8 .1 20 3.3

35 13.6 20 6.8
35 11.6 20 5.3
35 10.1 20 4.7

35 20 .9 20 12.4
35 12.2

35 19.3 20 10.8
35 10.4

35 14.3 20 8.6
35 8.6

35 9 .6 20 3.5
35 9 .4 20 3.6
35 8 .2 20 3.2
35 6.1 20 2.3

35 15.8 20 8.4
35 8.2

35 12.9 20 7 .0
35 7 .0

35 10.9 20 6 .0
35 5 .8

35 2 9 .0 20 16.2
35 16.4

35 23 .2 20 14.2
35 14.3

35 18 .5 20 12.1
35 12.0

35 9 . l c 20 6 .4 C
35 6. l e

35 9 . 0 C 20 6. l f
35 • 6 .0 f

35 7.4« 20 5 .2 '
35 5 .0 f

* R egular refining procedure modified by  s tirrin g  90 m inu tes in  cold b a th  following add ition  of alkali.
* Oil cloudy, con tain ing  jelly-like m ateria l; sam ple rem elted  w ithou t decan ting ; all rem elts produced firm  foots w ith no jelly-like m a tte r.
* Color m easurem ents m ade in 1-inch color tubes; readings for s tan d a rd  5.25-inch tube  were beyond the  scale of th e  colorim eter (32 R ).

decreased to 10F-0.7/E a fter standing 145 days, and  a  second 
sam ple decreased from 20F-3.1.R to  20 F -2 .0 /i a fter standing 100 
days.

An experim ent on a sample having a characteristic odor showed 
th a t solvent-extracted cottonseed oil can be satisfactorily  de
odorized.

Exam ination of absorption spectra of solvent-extracted cotton
seed oil (Figures 6 , 7, and  8 ) suggests the possibility of using ab- 
«orption-spectrum  curves as an  indication for the  am ount of color
ing m a tte r present in a certain  lo t of seed or miscella. T h is type

of da ta  would m ake it  possible to predict, w ithin a certain range, 
th e  color of th e  finished oil, provided the oils are processed under 
com parable conditions.

Figure 6  show's absorption spectra curves in the visible range 
for solvent-extracted crude cottonseed oils. Curves 1, 2, and 
3 , representing the  crude oils from the  th ree d e -e m u ls if ic a t io n  
procedures, indicate a slight difference in absorption spectra. 
C urve 5  shows th a t the absorption spectra of the bleached oils 
from these th ree crude oils are coincident and negligible, an 
indication of alm ost colorless oils. C urve 4, representing the ab-
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WAVE LENGTH-MILLIMICRONS

F igure 7. A bsorption Spectra o f  Refined C ottonseed  Oil 
(in C om m ercial Hexane)

1250
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Figure 8. A bsorption Spectra o f  B lcached C ottonseed  
Oil (in C om m ercial Ilexane)

eorption spectra of the vacuum -dried crude oil from the miscella 
for the final heating experiments, is alm ost congruent w ith curve
3. T his illustrates th e  fact th a t  crude oils containing like 
am ounts of coloring m a tte r can be obtained from sim ilar lots of 
seed, provided norm al control is m aintained in  th e  preparation  oi 
flaked m eats and extraction.

Figures 7 and 8  give absorption curves of refined and bleached 
oils, respectively, for a control run  and for the highest heating 
experiment (240° F . for 3 hours). ' T he wide differences in  the 

j visible range betw een the absorption spectra of both  th e  refined 
and bleached oils from th e  control and heat-trea ted  runs indicate 
the am ount of color fixation caused by heat. T he absorption 
spectra for the u ltraviolet range is also included.

SU M M A R Y  AND C O N C L U S IO N S

Results of prelim inary experim ents determ ined the heating 
time and tem perature range required for dem onstrating the 
effects of hea t on solvent-extracted cottonseed oils obtained by 
low-temperature steam  stripping. T he da ta  indicated th a t  de- 
emulsification m ethods o ther th an  salting ou t should be investi
gated, and  , th a t  th e  official A.O.C.S. refining m ethods needed 
modification for solvent-extracted cottonseed oil. A second 
series of experim ents was conducted, therefore, for the  purpose 
of obtaining suitable de-emulsification and  refining procedures. 
Results from the first and  second series served as a basis for 
establishing conditions required for a  th ird  series in which a 
systematic study  was made of the effect of hea t on solvent-ex
tracted cottonseed oil.

Color fixation became objectionable for miscella from prime 
a cottonseed oil as follows:

M iscella 
H eating  T im e

15 min.
1 hr.
3 hr.

T em p era tu re  R ange, ° F .
Refined oil

180-210
150-180
150-180

B lcached oil
150-180 
150-180 

U nder 150

No appreciable difference was noted  in the refining losses of the 
various heat-trea ted  runs, although the control sam ples showed 
approximately 1 %  less refining loss.

An exam ination of absorption spectra of solvent-extracted 
cottonseed oil suggests the possibility of using absorption-spect rum 
curves to indicate the am ount of coloring m atter.

The following generalizations can be m ade in regard to  th e  re
fitting and bleaching of the solvent-extracted cottonseed oils in
vestigated: In  all samples of refined oil a  firm layer of soap stock 
"'as obtained, although present over this layer in  m ost cases was 
a suspension of flocculent foots ranging from a negligible am ount 
to 5% of the to ta l w eight of the soap stock. T he regular break 
method w ith the 90-m inute period of cold stirring  after th e  addi

tion of alkali tended to  give b e tte r soap stock form ation, a clearer 
unfiltered oil, an oil th a t filters rapidly, and a lighter colored re
fined and bleached oil; these advantages compensate, possibly, 
for higher refining losses. T he vacuum -drying and centrifuga
tion methods of de-emulsification, both giving better soap stock 
form ation, were more satisfactory than  the salting-out procedure. 
F u rther advantages of the vacuum -drying procedure were low 
m oisture contcnt which prevented appreciable increase in free 
fa tty  acid of the oil on aging, a shorter period for de-emulsifica- 
tion, and no loss of oil or phosphatic m aterial. Y et refining losses 
and  colors obtained with vacuum drying were comparable to those 
obtained w ith the other two methods, w ith an apparently  neg
ligible fixation of objectionable coloring m atter.

Solvent extraction of one prime lot of cottonseed produced a 
refined and bleached oil equivalent in quality  to high-grade 
hydraulic-pressed cottonsced oils.

The da ta  obtained supply necessary engineering inform ation 
for designing, installing, and operating soivent-ext.raction proc
esses.

T a b l e  V. R e f i n i n g  D a t a  f o r  H y d r a l m .i o P k e k s e i» 
C o t t o n s k e d  O i l

Lovibond Color (5V«-lncli Tube)

E xpt.

Free
F a tty
Acid,

Refining
Lye,
° Bé.

Re
fining
Loss,

Refined
oil

Bleached 
oil, 6%  

A.O.C.S. 
fuller's 
earth®

Bleached 
oil. 4%  

B.C. clay 
+  1% 

N uchar 
G FO °

No. % % Y R Y It Y  R
1 1.4 12(80% )

14(80% )
5 .3
5 .7

35
35

6 .8 \
6 .7 / 20 2 .3 15 1.7

2 1.3 12(80%)
14(80%)

5 .3
5 .7

35
35

6 .7 \
6 .8 /

20 1.9 15 1.6

3 1 .7 12(80% )
16(max.)
16 (8 0 % )'

6.0ft
7.0ft
0.9ft

35
35*
35

10.§1 
8 .6  

1 2 .8J
20 2 .4 15 1.6

4 1.3 12(80% )
14(80% )

4 .4
4 .4

35
35

6 .9 \
8 .0 / 20 1.7 15 1.5

5 1.1 12(80% )
14(80%)

4 .4
4 .8

35
35

6 .7 \
6 .1 / 15 1.5 15 1.4

6 1 .2 M 4 .1
4 .5

35
35

6 .2 \
6 .4 /

15 1.6 15 1.5

7 1 .0 4 .2
4 .2

35
35

8 . 6 \ 
8 .5 / 20 1.8 15 1 .4

8 1 .0 12(80% )
14(80% )

5 .0
4 .7

35
35

s . n
8 .0 / 20 2 .0 15 1.4

° 200-gram  sam ples hand led  according to  official A .O .C.S. method«, 
ft Refined oils con ta ined  gelatinous soaps.
* Refined b y  §low break ing  m ethod.
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Solubilization of Insoluble 
Organic Liquids by Detergents

JAMES W. McBAIN AND PAUL H. RICHARDS
S ta n fo rd  U niversity, Calif.

S o lu b iliz a tio n  is  a ttr ib u ted  to incorporation  o f  th e  in 
so lu b le  su b sta n ce  w ith in  and  u p on  th e  co llo id a l particles  
or m ice lles  o f  th e  soap or d etergen t. A lth o u g h  m a n y  in 
sta n ces o f  th is  a ction  have b een  reported , th is  is  th e  first 
a tte m p t a t  a sy stem a tic  in vestiga tion  o f  th e  ch aracteristics  
o f  an  in so lu b le  organ ic su b sta n ce  th a t d e term in e  th e  ex
te n t  to  w h ich  i t  is  so lu b ilized . A n u m b er o f  ca tio n -a ctiv e  
and  an io n -a c tiv e  d etergen ts have b een  used  w ith  a scries 
o f  a lip h a tic  and  arom atic  hydrocarbons, in  ad d ition  to  a 
n u m b er  o f  polar com p ou n d s. S u b stan ces o f  very low  
m olecu lar  w eigh t are freely  so lu b ilized , b u t th e  ex ten t o f  
so lu b iliza tio n  fa lls  o ff rapidly w ith  increase in  m olecu lar  
w eig h t or m olar  vo lu m e. Polar com p ou n d s are m ore  
read ily  so lu b ilized  th a n  hydrocarbons. A lth o u g h , in  
gen eral, th e  various d etergen ts show  parallel behavior, 
m erely  differing in  degree o f  so lu b iliz in g  pow er, an d  th e  
c a tio n -a c tiv e  d etergen ts are generally  b e tter  so lu b ilizers  
th a n  th e  a n ion -active  d etergen ts, th ere are n u m erou s sp e
c ific ities and  in flu en ces o f  stru ctu re , b o th  o f  th e  d etergen t  
an d  o f  th e  m ater ia l b e in g  so lu b ilized . Soaps and  d eter
g en ts  th a t  have in  co m m o n  th e  tw elve-carbon  paraffin  
ch a in  differ greatly  in  so lu b iliz in g  pow er, each  favoring  
particu lar c lasses o f  ch em ica l su b stan ces.

TH E  rem arkable phenomenon of solubilization (S) consists in 
th e  taking up, by even very dilute solutions of soaps and 

detergents, substances which are otherwise insoluble or very 
slightly  soluble in  the solvent medium. Indeed, i t  is probable 
th a t  any  substance can be m ade soluble in  any  m edium  by the 
use of a suitable solubilizing agent.

T he solubilized m aterial is in solution in the sense th a t i t  is not 
p resent as suspended or protected particles or emulsified drop
lets, b u t is incorporated in  the colloidal particles of the deter
gen t itself. I t  is therefore in solution in  the same sense th a t  the 
soap itself is in solution. A t least a portion of the solubilized 
m aterial has been shown by x-ray exam ination (1, 2, 5) to  be 
present in layers w ithin the.lam ellar micelles of the detergent.

As soon as the satu ration  value for solubilization is exceeded, 
any excess of the solubilized m aterial appears as suspended 
particles or droplets of emulsion and causes a  steep rise in turbid
ity . A t the suggestion of one of the authors (Richards), this 
point of sharp increase in tu rb id ity  has been used as an indicator 
for the maximum am ount of a given m aterial th a t can be solu
bilized by a given detergent solution a t  a  given tem perature and 
concentration.

T his comm unication contains the first system atic survey of the 
am ount of solubilization of different organic liquids as depending 
upon such factors as molecular w eight and structu ra l and chem
ical composition. D ecinorm al aqueous solutions of sodium 
oleate, potassium  laurate, and cation-active dodecylamine hydro
chloride have been used w ith all the organic liquids. • A number 
of m easurem ents w ith o ther synthetic detergents, Gardinol 
WA new, concentrated (containing sodium lauryl sulfate and 
salts), and the cation-active Em ulsol 607L and cetyl pyridinium 
chloride have also been included. M ost of the results follow gen
eral rules, b u t a few specific relations also appear.

M A T E R IA L S  AND M E T H O D

Dodecylam ine hydrochloride was prepared from a fairly pure 
dodecylamine obtained from Armour & Company, and was 
twice recrystallized from ethy l alcohol and washed with ether. 
Sodium oleate was prepared from Ivahlbaum ’s “ pure” oleic acid, 
and  a  10% solution in  acetone was cooled to  — 20° C. to  precipi
ta te  ou t linoleic acid. Oleic acid was recovered from the filtrate 
and  converted by  carbonate-free sodium hydroxide to  sodium 
oleate. Potassium  laurate  was a  K ahlbaum  preparation, recti
fied and purified by M . E . L. M cBain. Emulsol 607L was a 
purified specimen and was the lauryl ester of a-alanine hydro
chloride supplied by the Emulsol Corporation. Cetyl pyridinium 
chloride was used as purified and supplied by the Wm. S. Merrell 
Company. G ardinol WA new, conc., was used as supplied by 
the N ational Aniline & Chemical Com pany; unlike the others, 
the active substance, sodium lauryl sulfate, may be only one 
th ird  of th e  to ta l weight, and salts are present.
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T a b l e  I. S o l u b i l i z a t i o n  o p  O r g a n i c  L i q u i d s  b y  D e c i n o r m a l  
A q u e o u s  S o l u t i o n s  o p  D o d e c y l a m i n e  H y d r o c h l o r i d e  

a t  2 5  ° C .

Parnffinic liquids
1. n-H cxane
2. n -IIe p tan e
3. n-O ctane 
4: n-N onane
5. n-D ccane
6. n-D odecane
7. n-T etradecano
8. n-C otane
9. 2 ,2 -D im ethy lhu tane

10. 2 ,3 -D im othy lbu tane
11. 2 ,3 -D im ethy lpen tane
12. 3 ,3 -D im cthy lpen tane
13. 2 ,2 ,4 -T rim ethy lpen tane
14. 2 ,2 ,3 -T rim ethy lpen tane
15. D iisobutyleno
16. M ethy lcyclopen tane
17. Cyclohexane
18. 1 ,2 ,4-T rim ethylcyclo-

hexane
A rom atic liquids

19. B eniene
20. Toluene
21. N itrobenzene
22. E thy lbenzene
23. jj-Xylene
24. A m ylbenzene
25. p-C ym ene .

Po lar com pounds
26. M ethy l terf-buty l e th e r
27. M ethy l isobu ty l ketone
28. A m yl a ce ta te
29. Isopropy l icri-buty l

e th e r
30. O ctylam ino
31. n-O ctyl alcohol
32. 2-E thy lhexano l
33. L au ry l alcohol
34. Oleic acid
35. T rib u ty rin
36. T riolein

a Im m easurable.

Soly. 
in W ater, 

G ./100  
Cc.

T o ta l in 
Solution, 
M 1./100 

Co.

A m ount
G ram a/

100
Cc.

Solubilised
M ole/
mole

d e te rg en t

0.014 1 .00 0 .6 4 0 .7 5
0.005 0 .8 0 0 .54 0 .54
0.002 0 .4 8 0 .33 0 .29
0.000 0 .4 0 0 .29 0 .22
0.000 0 .24 0 .1 8 0 .13
0.000 0 .14 0.11 0 .0 6
0.000 0 .0 2 0 .0 2 0 .01
0.000 0 .0 0 0 .0 0 0 .0 0
0.000 0 .9 6 0 .0 3 0 .7 3
0 .000 0 .9 8 0 .6 4 0 .7 5
0 .000 0 .9 0 0 .03 0 .6 2
0.000 0 .8 0 0 .5 5 0 .5 5
0.000 0 .4 4 0 .3 0 0.27
0 .000 0 .4 8 0 .34 0 .3 0
0.000 0 .66 0 .4 8 0 .43
0 .000 0 .5 0 0 .3 7 0 .4 0
0 .000 0 .9 8 0 .73 0 .8 7

0 .000 0 .0 3 0 .0 2 0 .0 2

0 .070 0 .6 6 0.51 0 .6 5
0 .049 0 .5 8 0 .4 5 0 .4 9
0.190 0 .6 0 0.53 0 .4 3
0.014 0 .4 8 0 .4 0 0 .3 8
0.013 0 .44 0 .3 6 0 .3 4
0 .000 0 .2 0 0 .17 0 .1 2
0.000 0 .3 0 0 .26 0 .1 9

5 .120 9 .3 0 1 .80 2 .0 5
1.820 4 .5 0 1 .78 1 .78
0.173 2 .14 1.69 1 .45

0.050 0 .9 0 0 .6 2 0 .5 3
0 .020 0 .24 0 .1 7 0 .1 3
0 .059 0 .3 6 0 .24 0 .1 8
0.013 0 .5 8 0 .4 7 0 .3 6
0 .000 0 .1 0 0 .0 8 0 .0 5
0.000 0 .0 8 0 .0 7 0 .02
0 .000 0 .6 6  * 0 .6 8 0 .2 2
0.000 0 .0 0 0 .0 0

The thirty-six  organic compounds used were the purest ob
tainable. Some of them  were specially supplied by Shell Develop
ment Com pany. T hey comprise eighteen aliphatic hydrocar
bons, seven arom atic hydrocarbons, and a num ber of polar com
pounds.

A series of 10-cc. samples of soap solution were m easured into 
email glass bottles w ith plastic caps lined w ith platinum  foil, and 
known am ounts of th e  organic compound were added from a 
microburet reading to  0.001 cc. T hey were placed on a  gentle 
Bhaker overnight. T hereupon the tu rb id ity  was m easured in 
a Barnes turbid im eter (4). T his instrum ent, designed in  the 
laboratories of the American Cyanam id Company, m eas
ures the tu rb id ity  or scattered  light as a  percentage of the 
total light passed through a  1 -cm .-thick plane-parallel cell. 
The percentage tu rb id ity  of the detergent solution rem ains prac
tically constant un til a  sa tu ra tion  value for solubility is ju s t 
exceeded, w hereupon  the  tu rb id ity  rises
sharply and careful inspection reveals the --------------------------
presence of emulsified droplets.

All the experim ents when no t otherwise 
stated were conducted a t  25° C. in an air 
therm ostat which also contained the 
6haker. D ecinorm al solutions of deter
gent were employed. From  3 to  5 
hours were necessary to  reach th e  equi
librium point, and thereafter the results 
did no t change. T he turbid ities of the 
decinormal solution w ithout adm ixture 
were: dodecylamine hydrochloride 1 .2 , 
sodium oleate 4.9, potassium  laurate

1.2, cetyl pyridinium  chloride 1.4, and G ardinol WA new, 
conc., 1 .8 .

T he results are listed in  Tables I to  VI. The am ount of or
ganic liquid soluble in pure w ater a t  the same tem perature has 
been subtracted  from all results. In  Table I the organic liquids 
are num bered serially for comparison w ith later tables and w ith 
Figuro 1.

This paper is no t so m uch concerned w ith discussing the m echa
nism of solubilization as in discovering relationships between 
chemical na tu re  and am ount of solubilization. However, i t  m ay 
be recalled th a t solubilization by colloidal electrolytes differs from 
the hydrotropic effect of adding large quantities of concentrated 
solutions of a  good solvent in th a t  very dilute solutions of the 
detergent have as much effect as large additions, such as 30%  
or more, of a good solvent used to  change the liquid medium. 
Furtherm ore, solubilization is n o t due to  molecular so lu tion 'bu t 
to  incorporation w ithin or upon the colloidal particles of the de
tergen t (ff).

C O M PA R IS O N  O F  L IQ U ID S  S O L U B IL IZ E D  B Y  O N E  SO A P

T he outstanding result of this investigation is the finding th a t 
increase in  molecular ■weight w ithin any  homologous series mili-

T a b l e  I I .  S o l u b i l i z a t i o n  o p  O r g a n i c  L i q u i d s  b y  
D e c i n o r m a l  A q u e o u s  S o l u t i o n s  o p  S o d iu m  O l e a t e  

a n d  o f  P o t a s s i u m  L a u r a t e  a t  2 5 °  C .
Sodium Oleate Potassium Laurate

T o ta l in 
solution.

A m ount solubilised 
M o le /

T o ta l in 
solution,

A m ount so lubilised 
M olo /

L iquid
No.

m l./100 G ./100 mole m l./100 G ./100 molo
cc. cc. de te rgen t cc. cc. de te rg en t

1 0 .6 0.398 0 .4 6 0 .2 6 0 .1 5 6 0 .1 8
2 0 .5 0 .340 0 .34 0 .1 8 0.117 0 .1 2
3 0 .3 0 .210 0 .1 8 0 .14 0.096 0 .0 8
4 0 .2 0 .142 0.11 0 .1 0 0.071 0 .0 6
5 1 0.047 0 .05 0 .0 0 0 .045 0 .0 3
6 0 .0 2 0.015 0.01 0 .01 0 .008 0 .005
7
8

0 .0 0 0.000 0 .0 0 0 .0 0 0 .0 0 0 0 .0 0

9 0 .6 0 0.386 0 .4 5 0 .1 8 0 .1 1 6 0 .1 3
10 0 .0 0 0.394 0 .4 6 0 .2 0 0.121 O . l i
11 0 .5 0 0.350 0 .3 5 0 .1 6 0 .1 1 0 0 .11
12 0 .4 5 0.312 0.31 0 .14 0 .097 0 .1 0
13 0 .26 0 .178 0 .16 0 .0 8 0 .055 0 .0 5
14 0 .2 8 0.205 0 .1 8 0 .14 0 .110 0 .0 9
15 0 .6 0 0 .428 0 .3 8 0 .1 6 0 .114 0 .1 0
16 0 .3 2 0.244 0 .26 0 .0 4 0 .030 0 .3 2
17 0 .6 0 0.465 0 .5 6 0 .2 6 0.194 0 .2 3
18 0 .02 0.014 0.012 0 .0 2 0.015 0 .012
19 0 .7 0 0.594 0 .76 0 .2 8 0 .226 0 .2 »
20 0 .6 0 0.466 0.51 0 .2 5 0 .116 0 .1 3
21 0 .8 0 0.768 0 .6 2 0 .2 7 0 .183 0 .1 8
22 0 .5 0 0.419 0 .4 0 0 .3 0 0.214 0 .2 0
23 0 .46 0.383 0 .3 6 0 .2 6 0 .210 0 .2 0
24 0 .3 0 0 .257 0 .1 7 0 .0 6 0.051 0 .0 4
25 0 .4 0 0 .342 0 .2 6 0 .1 2 0.103 0 .0 8
20 9 .5 0 1.936 2 .2 0 7 .5 0 1.460 1 .66
27 4 .5 5 1.820 1 .82 4 .0 0 1.200 1 .2 0
28 2 .7 0 1.990 1.71 1 .20 1.038 0 .8 9
29 1.22 0 .858 0 .73 0 .2 4 0 .166 0 .14
30 0 .1 4 0.088 0 .0 7 0.014 0 .0 8 8 0 .0 7
31 1 .00 0.764 0 .5 9 0 .5 4 0 .385 0 .2 9
32 0 .75 0 .610 0 .4 7 0 .1 0 0.083 0.064
33 0 .2 5 0.206 0 .1 3 0 .0 6 0 .049 0 .0 3
34 0 .1 6 0.137 0 .0 5 0 .0 0 0.051 0 .018
35 . 1 .10 1.124 0 .3 7 0 .3 2 0.327 0.11
36 0 .0 0 0 .000 0 .0 0

T a b l e  III ."  S o l u b i l i z a t i o n  o p  O r g a n i c  L i q u i d s  b y  D e c i n o r m a l  A q u e o u s  
S o l u t i o n s  o p  E m u l s o l  6 0 7 L , C e t y l  P y r i d i n i u m  C h l o r i d e ,  a n d  G a r d i n o l

WA N e w ,  C o n c .

Emulsol 607L Cetyl Pyridinium Chloride
T o ta l in A m oun t solubilized T o ta l in A m oun t solubilised
solution, G ram s/ M o le / solution, G ram s/ M o le /

L iquid
No.

ml . /1 00 100 mole m l./100 100 mole
cc. cc. dete rgen t cc. cc. d e te rg en t

1 0 .3 8 0.235 0 .2 7 0 .6 6 0 .4 1 8 0 .4 9
5 0 .1 2 0.089 0.062 0 .25 0.193 0 .14

19 0 .7 0 0 .540 0 .69 0 .7 4 0.577 0 .7 4
20 0 .7 0 0.534 0 .5 8 0 .74 0 .588 0 .64
30 0 .35 0 .252 0 .2 0 2 .6 0 2 .0 0 1 .55
31 0 .95 0 .723 0 .5 6 1 .10 0.855 0 .6 6
34 0 .04 0.034 0.012 0 .2 2 0 .188 0 .065

G ardinol WA 
New, Cone.

T o ta l in G ram s
solu tion . solubilized
m l./100 p e r 100

cc. cc.
0 .3 4 0 .209

0 .3 0 0 Ü 9 2

I .Ö 8 •  * 042
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Figure 1. S o lu b iliza tion  o f  T h irty-five O rganic L iquids by A queous S o lu tion s  
o f F ive Soaps and  D etergen ts (Tw o A n ion -active  and T hree C ation -active)
T h e  data^ arc in c o m p le te  for tw o  o f  th e  d e tergen t« , an d  o n ly  th e  exp erim en ta l p oin ta  are in d i
cated . T h e  so lu b iliza tio n  is  expressed  in  gram  m o le s  so lu b ilized  per gram  eq u iv a len t o f  
d etergen t. M olecu lar w e ig h t and  th e  n u m b er  o f  carb on  a to m s are given  for each  com p o u n d .
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T a b l e  IV. C o m p a r is o n  o f  N u m b e r  o f  M o l e s  o f  O r g a n ic  
L i q u id  S o l u b i l i z e d  p e r  M o l e  o f  D e t e r g e n t "

.Liquid No. of
No. Atoms C ulIC l N aC u KCw Em ulsol CePy

1 6 0 .75 0 .46 0 .1 8 0 .2 7  0 .49
2 • 7 0.54 0.34 0 .12
3 8 0.29 0 .1 8 0 .0 8
4 9 0.22 0 .1 1 0.06
5 10 0 .1 3 0.052 0 .03 0.063  , 0. U
6 12 0.063 0.009 0.005
7 14 0.008 0.000
8 16 0.000
9 6 0.73 0 .45 0 .13

10 6 0.75 0 .46 0. 14
11 7 0 .62 0.35 0 .11
12 7 0 .55 0.31 0 .1 0
13 8 0.27 0 .16 0 .05
14 8 0 .30 0 .1 8 0 .09
15 8 0.43 0.38 0 .1 0
16 6 0 .4 0 0 .26 0.032
17 6 0 .87 0.56 0 .23
18 9 0.019 0.012 0.012
19 6 0 .6 5 0 .7 6 0 .29 0 .6 9  0.74
20 7 0 .49 0.51 0 .13 0 .5 8  0 .64
21 6 (1  N) 0 .43 0 .62 0 .18
22 8 0 .38 0 .4 0 0 .2 0
23 8 0.34 0.36 0 .2 0
24 11 0.12 0.17 0.04
25 10 0 .19 0 .26 0 .0 8
26 5 ( 1 0 ) 2 .05 2 .2 0 1.66
27 6 ( 1 0 ) 1.78 1.82 1.20
28 6 (3  O) 1.45 1.71 0 .89
29 7 ( 1 0 ) 0 .53 0 .73 0 .14
30 8 (1  N) • 0 .13 0 .07 0 .07 o !2Ó K55
31 8 ( 1  °} 0 .1 8 0 .59 0.29 0 .5 6  0 .6 6
32 8 (1  0 ) 0 .3 6 0.47 0.064
33 12 (1 0 ) 0.052 0.13 0 .03
34 18(2  0 ) 0.024 0.05 0.018 *o!0i2  0.065
35 15 (6 0 ) 0 .2 2 0 .37 e . i i
36 57 (6 0 ) 0.00 0.00

a C uH C l =  dodecylam ine hydrochloride, N aC u  «=» sodium  oleate, KCia =
potassium  lau ra te , emulsol ■=» 
chloride.

Em ulsol 607L, C ePy => cetyl pyrid in ium

ta tes strongly against solubilization. Substances of high molecu
lar weight are scarcely solubilized; whereas all the  compounds of 
low molecular weight so far investigated are freely solubilized.

As an  example, dodecylamine hydrochloride solubilizes the 
hydrocarbons w ith six carbon atom s to  the extent of 0.75 mole of 
hydrocarbon per mole of detergent; m ethylcyclopentane differs 
in being as low as 0.40 while cyclohexane is high, 0.87 mole per 
mole, an indication th a t configuration likewise has a decided in
fluence. Steric effects m ust interfere w ith close packing. Simi
larly the results for the hydrocarbons with eight carbon atom s, 
w hether paraffinic, branched-chain, or arom atic, all range be
tween 0.27 and 0.43 mole per mole, the highest being diisobuty- 
lene and the lowest the less sym m etrical 2,2,4-trim ethylpentane.

T a b l e  V. E f f e c t  o f  M o l e c u l a r  W e i g h t  a n d ' o f  M o l a r  
V o l u m e  o n  S o l u b i l i z a t i o n

No. Com pound
M olecular

W eight
M olar

Volume C nH C l N aC i. K C u
1 n-H exane 86.1 131.3 0 .7 5 0 .4 6 0 .18
9 2 ,2-D im ethy lbu tane 86 .1 133.7 0 .73 0 .4 4 0 .1 3

10 2 ,3-D im ethy lbu tane 86.1 131.1 0 .75 0 .45 0 .14
2 n-H eptane 100.2 147.1 0 .54 0 .3 4 0 .1 2

11 2 ,3 -D im ethy lpen tane 100.2 144.1 0 .6 2 0 .3 5 0.11
12 3 ,3 -D im ethy lpcn tane 100.2 145.1 0 .5 5 0.31 0 .1 0
3 n-O ctane 114.23 163.3 0 .2 9 0 .1 8 0 .0 8

13 2 ,2 ,4 -T rim ethy lpen tane 114.23 165.7 0 .2 7 0 .16 0 .05
14 2 ,2 ,3 -T rim ethy lpen tane 114.23 160.4 0 .3 0 0 .1 8 0 .0 9

carbons. (There is a  negative effect for nitrogen-containing com
pounds.) T his is especially m arked for those of low molecular 
weight, such as m ethyl ¿eri-butyl ether, m ethyl isobutyl ketone, 
and am yl acetate. However, here, too, differences in configura
tion are im portant. Two compounds w ith eight carbon atom s 
and one oxygen are 2 -ethylhexanol and n-octyl alcohol, and of 
these the former is solubilized to twice the extent of the la tter. 
These num bers have been, perhaps arbitrarily , corrected for na
tural solubility in water.

N o simple relation has y e t appeared between any single 
property of solubilized m aterial and the extent to which it  is 
solubilized by a given detergent. Solubilization appears to fall 
off a t  first linearly w ith molar volume and then to fall more 
slowly and asym totically to zero for the higher members. How
ever, closer exam ination shows th a t molecular volume m ay 
exert more influence than  molecular weight. This is illustrated 
in  Table V where hydrocarbons of identical molecular weight bu t 
different structure are compared. I t  is evident th a t a  branched 
chain can be solubilized to a greater extent than the s tra igh t chain 
of the same molecular weight.

However, molecular volume of itself does no t determ ine solu
bilization. Table VI compares groups of substances of similar 
molecular volume and shows th a t their degree of solubilization 
m ay differ greatly. T he extent of solubilization of an  organic 
chemical depends no t only upon low molecular weight, upon 
molecular volume, upon structure, and upon the presence or na
ture or position of any polar groups, b u t also som etimes upon a

T a b l e  VI. C o m p a r is o n  o f  S o l u b i l i z a t i o n  o f  G r o u p s  o f  
S u b s t a n c e s  o f  S i m i l a r  M o l e c u l a r  V o l u m e  b y  D o d e c y l a m in e  

H y d r o c h l o r id e , S o d iu m  O l e a t e , a n d  P o t a s s iu m  L a u r a t e

No. Com pound
M olar

Volume
M ole/M ole R atio  

Ći i H Cl N aC u  ICC»
17 Cyclohexane 108.5 0 .8 7 0 .5 6 0 .2 3
20 Toluene 106.7 0 .4 9 0 .51 0 .1 3
26 M ethy l teri-buty l e ther 118 2 .0 5 2 .2 0 1.66
22 E thy lbcnzene 122.5 0 .3 8 0 .4 0 0 .2 0
27 M ethy l isobu ty l ketone 125.0 1 .78 1.82 1.20

1 n-H exane 131.3 0 .7 5 0 .4 6 0 .1 8
28 A m yl a ce ta te 134.1 1 .45 1.71 0 .8 9
25 p-Cym ene

Isopropyl ieri-buty l e ther 
n -O ctyl alcohol

156.5 0 .1 9 0 .2 6 0 .0 8
29 157.3 0 .5 3 ' 0 .7 3 0 .1 4
31 157.8 0 .1 8 0 .5 9 0 .2 9

3 n-O ctane 163.3 0 .29 0 .1 8 0 .0 8
13 2,2 ,4 -T rim ethy lpen tane 165.7 0 .2 7 0 .16 0 .0 5
18 1,2,4-T rim ethylcyclohexane 164.9 0 .019 0 .012 0 .012
30 O ctylam ine 166.0 0 .13 0 .0 7 0 .0 7
24 A m ylbenzene 172.7 0.12- 0 .1 7 0 .0 4

5 n-D ecane 191.4 0 .1 3 0 .0 5 0 .0 3
33 L auryl alcohol 191.7 0 .052 0 .1 3 0 .0 3

8 n-C etane 293 .5 0 .0 0 0 .0 0 0 .0 0
34 Oleic acid 339 .6 0 .024 0 .05 0 .0 1 8
35 T rib u ty rin 295 .7 0 .22 0 .3 7 0 .11

The results are given in  Figure 1, where the num ber of moles 
of organic liquids solubilized by five detergents are graphed. 
The series for norm al hydrocarbons shows the effect of increasing 
molecular w eight in lowering the value for «-hexane from 0.75 
down to practically 0 for n-hexadecane. This im portan t effect 
of increasing molecular weight is p lo tted  for each of the deter
gents.

T he second outstanding generalization is th a t the polar com
pounds are much more extensively solubilized than the hydro

direct interaction w ith the detergent. T his m ust operate in the 
formation of certain acid soaps from fa tty  acid and soap; b u t in 
the present work a  good example is found in  the in teraction  be
tween octyl am ine and cetyl pyridinium  chloride. T his results 
in the abnorm ally high m ole/m ole ratio  of 1.55 and is evidenced 
in a  color change to  a  different tone of yellow observed in this 
solution.

COM PARISON O F D E TE R G E N TS

Five of the detergents are compared in T able IV. T he da ta  
show the num ber of moles of organic liquid solubilized by one 
mole of each of the detergents. Figure 1 likewise shows relative 
solubilizing power by the position of the lines connecting th e  
volumes solubilized by th e  respective detergents. In  general, the 
curves for the  different detergents show a definite parallelism.

However, it  is strik ing th a t they  differ in  solvent power. 
Dodecylamine hydrochloride, potassium  laurate, and Emulsol 
607L have the same twelve-carbon chain in common, bu t for
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hydrocarbons and m any other liquids, potassium  laurate  pos
sesses only a  small fraction of the solubilizing power of dode- 
cylamine hydrochloride. The cation-active detergents are be tter 
solubilizers th an  the anion-active detergents, although there are 
d istinct differences w ithin each group.

Cetyl pyridinium  chloride is ra ther like dodecylamine hydro
chloride in  spite of its  sixteen-carbon chain, b u t is usually more 
effective in solubilizing. In  some cases i t  is equaled by the 
twelve-carbon Emulsol 607L, b u t usually the la tte r  is far less 
effective and in one case falls even below the laurate.

Sodium oleate, w ith eighteen carbon atom s, exhibits in ter
m ediate values for the paraffinic and cyclic hydrocarbons bu t 
excels in solubilizing arom atic and polar compounds.

I t  is therefore clear th a t  neither the carbon atom  chain of 
the detergent nor its polar groups alone determ ine the solubilizing 
power, b u t th a t certain favorable and unfavorable combinations,

as well as occasional specificities, overlie the general regularities 
observed.
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Material or Heat Transfer between 
a Granular Solid and Flowing Fluid

P R E S E N T  S T A T U S  O F  T H E  T H E O R Y

E. W. THIELE
S tn n d a rd  Oil C om pany (Ind .), W hiting , Ind .

F h is  paper is  a review o f  th e  work so far reported  on  th e  
co m p u ta tio n  o f  th e  transfer o f  m ateria l (or h ea t) w h en  a 
fluid (liqu id  or gas) is  passed th rou gh  a bed o f  granular  
so lid , as in  th e  deco lorization  o f  liq u id s, th e  recovery o f  
volatile  so lven ts, regenerators on  furnaces, gas m asks, 
chrom atography, etc . For th e  transfer o f  a s in g le  m a 
teria l, w here eq u ilib riu m  b etw een  fluid and  so lid  can  be  
assu m ed , th e  prob lem  h as b een  com p lete ly  solved, and  
so m e progress has been  m ad e  for m u ltip le  transfer o f  m a 
teria ls. For th e  transfer o f  a sin g le  m ateria l w here th e  
rate o f  approach to  eq u ilib riu m  is fin ite , n u m erou s special 
cases have b een  solved, b u t for m ore th an  o n e  m ateria l 
transferred  l i t t le  h as b een  d on e. A t presen t th e  need  is  
for a b etter  exp erim enta l basis.

A N  O PER A TIO N  which recurs in m any branches of chemical 
engineering is th a t  in  which a fluid—gas or liquid—is 

passed through a  bed of granular solid for the  purpose of rem ov
ing som ething from, or adding som ething to, th e  fluid (or both). 
In  the oil and sugar industries, oils or sirups are passed through 
beds of adsorbents to  remove im purities causing color and other 
undesired effects. In  th e  recovery of volatile solvents, air 
charged w ith solvent vapor is passed over solid adsorbents. In  
leaching, liquids are passed through beds of solids to  rem ove some 
constituent of th e  solids. In  heat recovery in regenerators, air or 
o ther gas is passed through checker work in order to  transfer heat 
first from one gas to  th e  checker work and then  to  another gas.

There is no generally accepted term  for this broad class of 
operations; th e  term  “percolation” seems convenient and suit
able, though no t free from objection. T he un it operation of per
colation has been b u t little  discussed in chemical engineering 
texts. Nevertheless, for the las t quarter century, m aterial for a  
theory  of th e  operation has been accum ulating, and progress has

been especially rapid in th e  last few years. T he object of this* 
paper is no t to  m ake additions to  the theory, b u t to  direct a tten 
tion to  th e  scattered literature and to  summarize the results so 
far obtained, w ithout reproducing th e  derivations and  proofs. 
I t  does no t cover experim ental work. A review a t  this time- 
seems especially desirable since a  considerable am ount of work 
has been repeated, la te r investigators being unacquainted with 
w hat was done earlier.

I t  will be understood th a t percolation is here considered as a 
chemical engineering operation. There is a  large am ount of 
literature on th e  physical chemistry of adsorption, some of which 
furnishes a  necessary background to percolation as applied to  ad
sorption. B u t the calculation of th e  behavior of a gas mask, for 
example, requires som ething more, ju s t as the design of a  heat 
exchanger requires som ething more th an  knowledge of th e  con
ductivity , specific heat, and viscosity of the  fluid employed. I t  
is th is “som ething m ore” which constitutes th e  chemical engi
neering theory.

In  the interests of conciseness, some term s need to  be defined. 
A substance which passes from the fluid to  th e  solid, or vice versa, 
will be called a “solute” . T he equation or curve which defines 
the concentration of a  solute in  the solid as a function of the 
corresponding equilibrium concentration in  th e  fluid will be 
called an  “isotherm ” . T he direction of flow of the fluid will be 
assumed to  be downward. F urther, practically all authors 
assume th a t  th e  solid is contained in a  vessel of uniform cross 
section, and th a t a t  any cross section a t  a  given tim e the concen
trations in  solid and fluid are uniform, so th a t  there  is no loss in 
generality in basing all formulas on un it cross section. So far 
no au thor has taken  into account the hea t effects which accom
pany adsorption, so th a t  a  uniform tem perature is assumed (ex
cept where heat is the th ing transferred). Various cases of dif
fering degrees of complexity have been investigated.
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So far, nearly all the successful m athem atical developm ent has 
-concerned the transfer of a single substance (or heat) to  or from 
the solid. T his is of practical im portance in such eases as the 
recover}' of volatile solvents and m ust also form th e  basis of any 
m ore elaborate theory.

SIN G L E SO LU TE, E Q U IL IBR IU M  A SSU M ED

T he sim plest assum ption we can make is th a t a t  all times a t 
every point the distribution of the solute between fluid and solid 
is given by the  isotherm ; th a t is, equilibrium prevails a t  all 
points. T his case was discussed by D eV ault (6), Weiss {27), 
W ilson {29), and Wicke {28), who all assumed th a t diffusion is 
negligible in th e  vertical direction. T he trea tm en t by  D eVault 
is th e  m ost satisfactory.

L et V  =  volume of solution poured in to  column since initial tim e

Since th e  cross section is unity, we m ay imagine th a t th é  column 
is only partly  full of solid, and th a t all the  fluid (assumed to be a 
liquid) was initially  pu t in th e  column above the solid a t  the 
initial tim e. T hen  V  will be the distance th e  level of liquid has 
descended since th e  initial tim e. (If the fluid is a  gas, we m ay 
imagine it  to  be confined by a descending piston.)

L et x  = distance of any point in column under consideration 
from top  of solid 

c =  am ount of solute per u n it volume of solution, as a 
function of solution passed and position in column 

M  — am ount of granular solid per u n it volume of column 
b =  am ount of solute adsorbed on u n it am ount of solid, 

as a  function of solution passed and position in 
column

b — f(c) be th e  isotherm  of system under consideration; 
f ,  the  functional relation, m ay be expressible alge
braically or graphically 

a = pore volume per u n it bulk volume of granular solid; 
th a t  is, fraction of volume no t occupied by solid 
itself

T hen  D eV ault showed th a t:

(.dV/dx)c =  «  +  M f(c )  (1 )

■where/' (c) =  derivative o f/(c) w ith respect to  c

If the isotherm  is expressed by a  curve, / '(c )  is the slope of the 
tan g en t a t  the value of c in question.

T he right-hand side of E quation 1 m ay be looked upon as the 
derivative w ith respect to  c of the quan tity  ac +  Mb, which gives 
the to ta l solute in un it volume of th e  column, including both 
th a t adsorbed on th e  solid and th a t in the fluid in the interstices. 
I t  is a function of c, and the curve for i t  will in general be similar 
in character to  the curve for the isotherm as defined above. Then 
E quation 1 m ay be expressed in words as. follows: T he ra te  of 
•descent of th e  level in the  column, where th e  fluid has the con
centration c, is to  the ra te  of descent of th e  fluid in th e  em pty 
.space above the column as the ra te  of increase in the solute con- 
.centration in un it volume of fluid is to  the ra te  of concentration 
increase in un it volume of fluid plus solid, when the solute con
centration in the fluid is c, and equilibrium prevails.

As an example of the application of the equation, we m ay take 
the case of an adsorbent and liquid in which Freundlich’s equa
tion is obeyed for a solute. Let the isotherm (for concreteness) 
be b — c1/2, and le t the solute be uniformly d istributed  through 
the solid a t  the sta rt, th e  concentration being one in both  solid 
and liquid. L et th e  column be washed w ith pure liquid. Then 
the behavior of th e  column is shown in Figure 1. A t th e  s ta r t 
there  will be a discontinuity a t  the  top  of the column, where the 
value of c will pass from 0 to  1 in an infinitesimal space. Since 
for an isotherm of the Freundlich type, the slope is greater for low 
concentrations of c, i t  follows th a t the high concentrations will 
descend the  column faster: th an  th e  low concentrations. The 
result is a  d istribution of concentrations, as Figure 1 shows.

If  we now consider the reverse case, where the solid is free from 
solute a t  the s ta r t and is percolated w ith a  solution containing 
splute, obeying Freundlich’s equation, a  difficulty is encountered. 
As before, a t the s ta r t all concentrations between 0 and 1 will 
exist in an infinitesimal space a t  the top  of the column. B ut if 
we endeavor to  com pute by  E quation  1 the  concentrations in the 
column a t la ter times, ambiguous results will be obtained. A t a 
given point a t a  given time, the principle th a t the higher con
centrations move faster th an  the lower will give m ultiple values—

v o

F igure 1. In itia l U niform  C on
cen tration  o f  A dsorbate on  Solid , 
w ith  Pure Solvent Added a t Top o f  

Bed
F rcu n d lich  iso llic rm , eq u ilib r iu m  ut nil 

p o in ts , V  =* vo lu m e o f  so lv en t passed

high values from high concentrations descending rapidly from 
the top  of the column, and low values descending more slowly 
from lower down in the column. A m athem atical study  shows 
th a t wherever such an am biguity would arise from the application 
of E quation 1 , a  discontinuity will arise. In  the specific ease 
given, a boundary or "fron t” will descend the column; below 
this front the concentration is zero, and above it is th a t of the 
feed. This discontinuity m ust necessarily descend a t a  rate 
determ ined by m aterial balance. Figure 2 shows how th e  dis
continuity descends a t a  uniform rate. T he sharp boundaries 
observed in chrom atography give a  visual indication of the dis
continuity.
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------► CONCENTRATION IN FLUID
F igure 2. Solid  In itia lly  Free of
A dsorbate w ith  Solvent C onta in ing  

A dsorbate Added a t  T op o f  Bed
I so th erm  lin ea r  or curved  in  sa m e  sen se
as F rcu n d lich  iso th e rm , e q u ilib r iu m  a ta l l  

p o in ts , V  — vo lu m e o f  s o lv en t passed

Of course all columns are finite, and the concentrations of 
solute in the fluid a t  the bottom  layer are the concentrations in 
the effluent. T hus the theory  accounts for the sudden appear
ance of solute in the effluent, which constitutes th e  “break” in 
gas masks. I t  will be noted th a t the existence of these sharp 
boundaries depends on th e  curvature which is characteristic of 
adsorption isotherms. W ere th e  curvature reversed, no "b reak” 
would occur on adsorption, whereas one would appear on de
sorption.

I
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I t  is no t practicable to  discuss all the  different cases th a t  may 
arise because of different initial distributions of the solute in the . 
solid, changing concentrations in th e  feed, and different iso
therms, bu t they  m ay all be handled by Equation 1, subject to 
the qualification of the last two paragraphs.

There is one case, however, of special interest—th a t in which 
the isotherm is a straigh t line, a t least within the limits of con
centration being studied. Actually, considerable portions of 
certain adsorption isotherms m ay be considered as straight. 
Also, in the case of heat transfer, though th e  term  “ isotherm ” is 
an unfortunate one, the relation between the heat content of the 
solid and the fluid in equilibrium w ith it is substantially  linear 
because of the practical constancy of specific heats. In  the case 
of linear isotherms the derivative / '(c )  is a  constant, and hence 
all concentrations descend a t the same rate. This means th a t 
any pattern  th a t exists in the bed a t any tim e moves bodily down 
the bed, and similarly any changes in the composition (or heat 
content) of the feed are reflected in the developm ent of a  pattern  
in the solid. This has actually been observed in the case of heat 
transfer in solid beds, and is sometimes known as blowing the 
pattern  through th e  regenerator.

Le Rosen (11) noted th a t observation of ra te  of descent of the 
“break” as compared w ith ra te  of feed of th e  solution affords a 
convenient means for computing points on the adsorption iso
therm . Tiselius (22) also discussed the m aterial balance which 
gives the ra te  of descent.

H e a t  T r a n s f e r  C a s e . Anzelius (1), N usselt (16), Schumann 
(20), and Furnas (8) have discussed the case where th e  isotherm is 
linear, and the ra te  of transfer of solute between solid and fluid 
is proportional to  the difference betw een.the actual concentration 
in the fluid and the concentration corresponding to equilibrium ’ 
w ith the solid. T hey were concerned w ith heat transfer ra ther 
than m aterial transfer, bu t their results are equally applicable 
to the la tter, provided the conditions specified are m et.

Anzelius, Schumann, and Furnas confined themselves to  the- 
case where the initial concentrations in the solid and in the fluid 
are uniform, and where the concentration in any individual solid 
grain is uniform a t any one time. For this case F urnas reduced 
the problem to a series of charts which give the relation between 
the three dimensionless quantities involved. H ere the more- 
general trea tm en t of N usselt will be summarized:

L et t = tim e elapsed from beginning
s =  linear velocity of fluid in  column above solid 
a =  ra te  of transfer of solute from fluid to  solid, units of 

solute transferred per un it tim e per un it bulk 
volume of solid per un it difference in concentra
tion between actual concentration in  solid and 
equilibrium concentration in solid corresponding 
to  actual concentration in liquid 

b = g +  fee be the isotherm  for system  in region covered 
by formulas to  be given g, k  — constants 

m = a /M  
n — ak/s

TW O  S O L U T E S , E Q U IL IB R IU M  A SSU M E D

T he general case for more than  one solute has no t been solved. 
However, W alter (24), taking as a basis the exchange reactions 
of zeolites, and Gluckauf (9), s ta rting  w ith the Langm uir adsorp
tion isotherm, studied the case in which th e  equilibrium relation 
between dissolved and adsorbed solute is given by  equations of 
the form,

b, = ZjCl
1 +  zsCi +  ZiCi

and bi = z<c2

1  +  Z 6C i +  Z fC i

L et the initial concentration of the solute in the solid in the 
column be given by b =  g(x), where g is any function and may be 
purely arbitrary; c is to  be m easured from the level of the con
centration in the entering fluid, so th a t Co =  0 , and b is to be 
measured from the concentration in equilibrium w ith the entering 
fluid. Then N usselt’s result m ay be expressed in the form:

c =  r  6 nx ~m k j ;
1 g(e)I0[2 \/in n l(x  — e)]rff

where the subscripts to  b and c refer to  the two solutes, the z 
values are constants for the particular system  being studied, and 
the concentrations in the  fluid entering are assumed to  be con
stan t. Gliickauf does not give a  derivation or detailed results, 
and W alter’s results cannot be conveniently summarized because 
they  vary  widely, depending on the adsorbability of the two 
solutes and on w hether the solutes are being adsorbed or de
sorbed. I t  can be said, however, th a t  the character of the  results 
is generally similar to  th a t for a single solute. Moreover, while 
developed for particular laws of adsorption, i t  appears th a t the 
results should be applicable qualitatively to  system s obeying 
o ther isotherm s of types m et w ith in practice.

Offord and Weiss (16) also considered the case of two solutes 
in a brief note. W alter (24) and D eV ault discussed qualitatively 
the case of m ultiple solutes, b u t their conclusions hardly  go be
yond w hat can be deduced from the two-component cases and 
from known experim ental results.

There can be no question as to the validity  of the equilibrium 
theory  for those systems where the restrictions implied in the 
theory are realized. T he results of chrom atography are proof 
th a t th e  assumed conditions are realized in some cases. The 
question as to  the lim its w ithin which th is theory  is valid can be c 
answered only by a  study of those cases in which the neglected 
factors (particularly  ra te  of adsorption) are no t negligible.

N O N E Q U IL IB R IU M  C A S E S , S IN G L E  SO L U T E

The problem for the case of equilibrium m ay be considered as 
completely solved. This is by no means true for the  much more 
complex cases where equilibrium is no t a tta ined . However, 
various cases have been studied w ith more or less success.

where e is a  variable used only for the integration and /» is the 
Bessel function of zero order for an im aginary argum ent. Simi
larly,

b =  g(x)e~ il i  \_2\/m nl(x  — t)}<lt

where I \  is the Bessel function of the first order. N usselt does 
no t give a  derivation for the case where the initial concentration 
in the  solid is uniform and the concentration in the entering fluid 
varies; however, it  m ay be deduced from his trea tm en t that, if 
concentrations are measured from this initial concentration and 
c =  h(t) represents any arb itra ry  change in the concentration of 
the entering fluid w ith  tim e, then

emt h(()Ia[2 \ / m nx(t — e)]di

h(l)e ' 
k

n■ mt I
Jo

Z/ q em,h (* ^ i ih [2 -V m n x(t — <)]d‘

These formulas can be evaluated by  graphical integration for 
any values of x  and t, even when the functions g and h are repre
sented by curves for which no equations are available. I  hey 
m ay be used for the case of heat transfer, th e  quantities b and c 
being heat contents in th a t  case. T he quan tity  a, the heat trans
fer coefficient, m ust be expressed in term s of heat content differ
ence rather than  tem perature  difference, as is usual.
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In  his derivation, Nusselt assumes th a t the solute contained in 
the fluid in the pores is negligible. However, this restriction may 
be removed by placing t in the formulas by t \  equal to  t — 
(ax/s).

W alter (25) gave a similar derivation (based on constant feed 
composition and uniform initial distribution in the solid) and 
discussed some approximations which should simplify calcula
tions.

N usselt also considered the case where there is a  gradient in 
concentration between the inside and the outside of th e  grains, 
and developed a  stepwise method of solution, too elaborate to 
reproduce here and of doubtful utility. Wicke (28) also dis
cussed this case, w ithout giving any directly applicable solution.

Saunders and Ford (18) and T sukhanova and Shapatina (23) 
considered the hea t transfer case as discussed by Furnas; they 
introduced the properties of the fluid, which determ ine the heat 
transfer, into the dimensionless quantities involved. This, how
ever, does no t a lter the theory substantially.

As m ight be expected, where the ra te  of transfer is high relative 
to the ra te  of flow, the results in the case discussed approach the 
sharp boundaries characteristic of the equilibrium case; as the 
transfer ra te  decreases, the boundary becomes progressively 
blurred. T his m ay be illustrated by the curves of Figure 3, 
selected from those of Furnas. I t  m ay be pointed ou t th a t 
qualitatively the equations of subsequent sections lead to  similar 
curves.

In  addition to  the treatm ents already discussed, there is a  con
siderable body of work on the case of regenerators for hea t trans
fer, where the regular alternation of hot gas and air results in a 
final s ta te  in which the cycles repeat themselves w ithout change. 
M athem atical developm ents leading to exact solutions and 
approximations suitable for design are both available, b u t will 
not be analyzed here (10).

Z e o l i t e  C a s e . Thom as (21) considered the case of a uniform 
solid base exchange m aterial traversed by a  solution (whose 
entering composition is constant) containing an exchangeable 
cation. H e assumes th a t the ra te  of transfer of the cation to the 
solid from the solution is proportional to

rt(w — b)c — r2(co — c)

where )'i and r2 are the rates of the forward and reverse ex
change reactions, respectively, and uo is the initial exchange 
capacity of the zeolite. H e finds th a t:

/o(2 \ / rir->DE) enD
r  t\D

A
e~* /o(2 \ / riRt)<U

D u Domaine, Swain, and Ilougen (7) assumed th a t the ra te  of 
m aterial transfer is proportional to (w — b)2c. T he equation 
which they  derived can be evaluated only by tria l and error. 
However, they  provided charts by moans of which a solution can 
readily be found, once certain dimensionless quantities are 
computed.

h ^ V r ^ D E )  +  eriZ> f " D e~* h (2 V r tE e )d t  +  e'>B
J  o J o

where D  =  co(l — a x /s ) ; E = m xw/s

A similar formula applies to b. Thom as points out th a t  the 
formulas can be evaluated by series expansions.

C a s e s  o f  I r r e v e r s i b l e  R e a c t io n ' .  Several authors have 
discussed cases in which th e  reverse reaction is negligible in 
amount. B ohart and Adams (2) who were interested in the ad
sorption of chlorine on charcoal, and W alter (25), who was con
cerned w ith cases such as the zeolites where a  chemical reaction 
occurs, assume th a t the ra te  of m aterial transfer is proportional 
to (w — b)c. B ohart and Adams found th a t, assuming th e  usual 
constant input composition and uniform initial composition in 
the solid.

F igure 3. Solid  In itia lly  Free o f  
A dsorbatc, w ith  Solid  C on ta in in g  

A dsorbate A dded a t T op o f  Bed
Isoth erm  lin ea r , eq u ilib r iu m  n o t a t

ta in ed , V  => vo lu m e o f  so lv en t passed

C a s e  o f  C o n s t a n t  P a t t e r n . When a solute exhibiting the 
usual type of isotherm is being adsorbed from a uniform solution 
on a  bed initially free from solute, the curvature of the isotherm 
tends to produce a  sharp boundary, whereas the finite ra te  of 
m aterial transfer tends to  blur the boundary. U nder these cir
cumstances the boundary will, after a  certain tim e, assume a 
fixed gradient pattern , which travels down the column of solid 
w ithout substantial change. Wicke discussed th is situation, 
and  showed th a t throughout the bed the concentration on the 
solid is proportional to the concentration in the liquid a t  the 
same tim e and place. Assuming th a t th e  ra te  of transfer is 
proportional to  the degree of departure from equilibrium a t  each 
point, he presents a graphical method for computing the gradient 

pattern , given the isotherm  and the last- 
mentioned proportionality  factor.

M ecklenburg (IS) also m ade use of this 
concept to correlate the departu re  of an ad 
sorption bed from ideal behavior w ith known 
quantities. Specifically, if Cx is th e  th res
hold concentration in the effluent a t  which 
a  gas mask becomes useless, then  an actual 
gas mask adsorption layer.w ill be equivalent 

to an ideal gas mask (with perfectly sharp break) which is 
shorter by a  quan tity  equal to

Z s (  In —  —. -------f e ^
\  c — cr c — c /

£
Co

gfiCo*

eW  -  1 -f  <f

b
w

1 _  g r,c i

n
eriC(,( — I -j-

Walter gave a similar expression for b/w.

where c' is the concentration in the solvent corresponding to 
equilibrium with the actual concentration on the solid, and Z  is a 
function of certain properties of th e  adsorbent layer, which in 
practice is determ ined empirically.

E FF EC T  O F LO NGITUDINAL D IF FU SIO N

Almost all workers in the field have assumed th a t the effect of 
axial diffusion is negligible, and there is little  evidence th a t this 
type of diffusion is a  factor in the results obtained. However, 
Wicke made a careful analysis of the mechanism of axial mixing,
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an d  also reported th a t  in one set of experiments certain results 
a re  to be attribu ted  to  this cause. H e derived a formula for the 
case of a linear isotherm and uniform initial conditions in solu
tion  and solid. H e found th a t for adsorption,

c =  1 

Co 2

x +
2  - e r f

a  k  — ka

Vc
y  at -  erf

-f* k  — ka
yal

-f- k  — k a /

while for desorption,

c
Co

X +

erf
4“ k — ka

Vc
y at +  erf

a  +  k — ka
yal

-|- k — k a /  _

where y is an “effective” diffusion coefficient for the solute, em
bracing the effects of turbulence and the branching of stream s 
around the grains, and erf is th e  error or probability  integral. In 
these formulas c and Co are to  be measured from a level in the 
linear region of the isotherm, so th a t b =  kc.

C O N C E P T  O F  T H E O R E T IC A L  P L A T E S

While the concept of a  theoretical p late has generally been 
defined w ith reference to  countercurrent operations, M artin  
and  Synge (12) applied i t  to  percolation. They defined the 
heigh t equivalent to  a  theoretical p late as the distance along the 
colum n of solid between the level a t  which c has a particular value 
and  the point a t  which b has a  value corresponding to  equilibrium 
-with th e  particular value of c. Justification for this mode of 
tre a tm en t m ust rest on proof th a t the height thus defined is 
reasonably constant for a given fluid system, solid, and ra te  of 
feed. In  the hea t transfer case it  can be shown th a t  this condi
tion  is realized, and th a t  one of the dimensionless quantities 
em ployed by Furnas, axk/s, is in fact approxim ately equivalent 
to  the num ber of theoretical p lates betw een the top  and the 
po in t x. This m ay be verified by  examining th e  curves given 
b y  Furnas. W hether the plate  concept is applicable in other 
cases will require fu rther study.

M artin  and Synge m ade use of the plate  concept to study  a 
■special case, w ith linear isotherm, in which all the  solute is ad
sorbed on the  top layer of solid a t  the beginning and then  washed 
•down w ith solvent. T he equations are given in th e  original 
article (12). Consden, Gordon, and M artin  (5) extended the 
th eo ry  to  a  flat adsorber, as in  th e  case of a spot of solution on 
filter paper.

E X P E R IM E N T A L  W O RK

W hile review of the experim ental da ta  is beyond the scope of 
-this paper, th e  literature  is so scattered  th a t the following sum
m ary  of papers which have been encountered m ay  be useful. 
T h is  sum m ary is no t to  be considered exhaustive.

D a ta  on heat transfer from gas to  solid have been presented 
by  F urnas (8), Saunders and Ford  (18), and Tsukhanova and 
'Shapatina (23). Myers, Eastes, and U rquhart (14), and D u Do- 
maine, Swain, and Hougen (7) studied w ater softening. B ohart and 
A dam s (2) and Schilow, Lepin, and Wosnessensky (19) adsorbed 
■chlorine on charcoal. Wicke (28) adsorbed carbon dioxide on 
charcoal. M ecklenburg (13) describes experiments adsorbing 
chloropicrin on charcoal. Ponndorf and K nipping (17) adsorbed 
w ater and acetone vapor on silica and on charcoal. W eil-Malherbe 
(26) studied benzopyrene, dissolved in hydrocarbon solvents, on 

silica  and on alum ina. Cassidy (3) and Cassidy and Wood (4) 
.adsorbed lauric and stearic acids on carbon and silica gel. M artin

and  Synge (12) adsorbed  am ino acids d issolved in chloroform  on 
silica gel soaked  w ith  w ater.

P R E S E N T  ST A T U S

A t th e  p re sen t tim e  th eo ry  is ah ead  of experim en tal w ork in 
th is  field. T h e  equ ilib rium  th eo ry  of th e  perco lation  of m ultiple 
so lu tes is n o t well w orked ou t, b u t  i t  w ould seem  th a t  usable 
genera lizations a re  in  sigh t. On th e  o th e r  hand , v e ry  l ittle  ex
p e rim en ta l in fo rm atio n  is availab le  on  th e  equ ilib rium  relations 
w hen several so lu tes a re  p resen t. U n til such  in fo rm ation  is 
availab le, th e  case of m an y  so lu tes in  one so lven t, as in t he de- 
colorization  of oil o r sirup , can n o t be  calcu la ted .

In  cases w here th e  tran s fe r  ra te s  affect th e  resu lt, th e  various 
cases w hich  hav e  been  w orked o u t th eo re tica lly  should  provide a 
basis for reasonable  ap p rox im ations in  a lm o st a n y  case for a  single 
so lu te . B u t a ll th e  equ atio n s p resen ted  co n ta in  ra te  quantities, 
th e  va lues of w hich can n o t be  p red ic ted  a t  p re sen t. T h e  experi
m en ta l m a te ria l, th o u g h  considerable in th e  aggregate , is fa r too 
sc a tte re d  to  p e rm it a n y  useful corre lations to  be  m ade.

F o r m ore th a n  one so lu te, th e  effect of r a te  h a s  h a rd ly  been 
s tu d ied  a t  all, e ith e r th eo re tica lly  o r experim entally .
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H E  w ar period supply 
of bone m eal and other 

suitable phosphato carriers 
has been reported as less 
than the estim ated require
ments for domestic livestock 
feeding (5). S tim ulated  by 
the need for new sources of 
p h o s p h o r u s  in  livestock 
feeding, workers a t  The Uni
versity of Tennessee have 
been studying th e  n u tri
tional u tility  of fused tr i
calcium p h o s p h a t e ,  t h e  
Tennessee Valley A uthority  
product in tended for soil 
fertilization. T his m a t e 
rial, which carries n o t m ore th an  0.4%  fluorine, is the result 
of a therm al process by which the fluorapatite of th e  raw rock 
is decomposed and  85%  or more of the com ponent fluorine is 
expelled. T he m olten draw  is quenched and sized to  specifica
tion. Com plete expulsion of fluorine is deemed unnecessary, 
and possibly n o t desirable, when th e  fused tricalcium phosphate 
is to be used as a  fertilizer (7). I f  th e  phosphorus of th is 
product proves effective as a  nutritional supplem ent, the ques
tion arises as to  how m uch fluorine can be allowed in  the  product 
without a tte n d a n t m enace to norm al growth and  reproduction. 
The new product has been designated and defined as “ fused tr i
calcium phosphate, a  product composed chiefly of the alpha form 
of the com pound represented by the formula Caa(P0 4 )i” (5).

In  the fourth  report of th e  Com m ittee on Animal N utrition  of 
the N ational Research Council, M itchell (8) recommended th a t 
the admissible levels of fluorine in  a  m ineral m ixture for cattle  
should be considered ten ta tive ly  as 0.13% , and in  th e  to ta l dry 

! feed as 0.003%  (30 parts  per million). He considered 0.01%  
fluorine (10 0  p .p.m .), d ry  basis, to  be approxim ately th e  border- 

• line content for phosphates fed to  swine, sheep, and cattle . This
i recommendation was m ade on the  basis o f . experim ental work 
: done chiefly w ith  raw  rock phosphate which contains about 3.5%  
fluorine. T he com m ittee s ta tes  th a t these levels are ten ta tive  
*nd th a t additional studies are needed.

Phillips, H art, and  B ohstedt (11) reported  typical fluorine 
toxicosis in  dairy  cows when raw  rock phosphate was fed as 
0.625% of the grain mixture. Phillips el al. (10) s ta te  th a t  no 
■ojurious effects appeared for the first th ree years of th e  experi
ment in which rock phosphate was fed as 0.625%  of th e  grain 
fixture, b u t th a t  during th e  next two years there  was loss in 
height, appetite , and milk production.

Tolle and M aynard  (1%) founi! th a t a phosphatic lim estone con
fining 0.92%  fluorine was utilized as effectively as bone meal 
® bone form ation. They also found th a t a  group of anim als

fed 3%  phosphatic lime
stone, which furnished a  
to ta l of 0.03%  (300 p.p.m .) 
fluorine in  tho diet, con
tinued to reproduce and rear 
their young from five m a t
ings as satisfactorily as did 
a  group receiving ground 
limestone.

F raser ei al. (3) found th a t  
a  high proportion of th e  
phosphorus and  calcium of 
several fused phosphates,, 
containing 0.05 and 0.22%  
fluorine, was available for 
the nu trition  of th e  ra t; bu t 
their experim ents were no t 

designed to  te s t the toxicity of the m aterial.
B arrentine, M aynard, and Loosli (1) found th a t  a  therm ally 

defluorinated phosphate was slightly less efficacious th an  their 
calcium phosphate control, a t  very low levels. W hen th is defluori
nated  product was used to  raise the phosphorus content of the 
d ie t to  0.50%  or more, th e  phosphate was as effective as the: 
calcium phosphate in th e  form ation of bone.

Ellis et al. ($) ra te  a sam ple of fused tricalcium phosphate “ very 
good” , or 80%  as effective as bone m eal in  anim al feeding te s ts  
carried ou t by  four collaborating laboratories.

T he present experiments were designed to  te s t the suitability  
of fused tricalcium  phosphate fertilizer as a m ineral feed supple
m en t for anim als. Such su itability  involves (a) th e  physiological 
availability  of th e  phosphorus and (6) th e  toxicity  of th e  com
ponent fluorine.

C O M P O S IT IO N  O F  D IE T S

For th e  study  of effects of fused tricalcium  phosphate during 
th e  growing period, ra ts  were given four d iets th a t  differed, 
chiefly in  th e  nature  of th e  carriers of phosphorus and  fluorine. 
T he diets were designed to  be otherwise identical and adequate 
in  all respects for norm al grow th and developm ent, except tha t- 
phosphorus and calcium were brought to  levels near the  minim um 
for rapidly growing animals. A t th is m inim al level any  lack o f  
availability  of the phosphorus in the  te s t product is evident. 
Phosphorus contents ranged from 0.20-0.24%  and  calcium con
ten ts from 0.30-0.35% , giving C a /P  ra tio s from 1.4 to  1.7. The 
diets were modifications of control d iet 1 , which consisted of 
the following parts  per hundred: lactalbum in 18, starch  plus, 
yeast ex trac t 6 8 , Snow drift vegetable fa t 8 , Osborne and M endel 
(9) sa lt m ixture 4, and cod liver oil 2. D ie t 2 was th e  sam e as the 
control except th a t  phosphorus and  calcium were om itted  from 
the salt m ixture; th e  fused tricaloium phosphate was th e  chief' 
source of these elem ents and  constitu ted  abou t 1 %  of th e  to tal 
diet. The fused tricalcium  phosphate products used contained*

E x p er im en ts  described in  th is  paper w ere d esigned  to  
d is tin g u ish  betw een  th e  ph ysio log ica l availab ility  o f  th e  
co m p o n en t ph osph orus in  a TVA fused  tr ica lc iu m  p h os
p h ate  and th e  tox ic ity  o f  th e  unrem oved  fluorine. G row th, 
storage o f  p h osph orus in  w h ile  ra ts , and  reproduction  
through  several gen era tion s w ere th e  criteria . W hen  
fused  tr ica lciu m  p h osp h ate  o f  no  m ore than  0.3% fluorine  
co n ten t w as fed  to  th e  a n im a ls  over a 90-day period as 
1% o f their  d ie t , to  provide a to ta l phosp horus level o f  
0.2%, th ey  show ed norm al grow th  and  phosp horus reten 
tion . M easured by reproduction  th rou gh  th e  fou rth  gener
a tio n , th e  fused  p h osp h ate , fed  in  a d ie t w ith  a to ta l p h o s
phorus level o f  0.4% , proved75 to 93% as effective as a s ta n d 
ard m ateria l o f  estab lish ed  ph osp h oru s-feed ing  value.
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T a b l e  I. C a l c u l a t e d  F l u o r i n e  C o n t e n t  o f  D i e t s

F  C on ten t,
D ie t P .P .M .

O sborne and  M endel s a lt m ixt. 11
D icalcium  phosphate  13
Fused phosphate , 0 .04%  F  15
Fused phosphate , 0 .2%  F  32
Fused phosphate , 0 .3%  F  43
Fused phosphate , 0 .55%  F  67

0.04, 0.2, 0.3, or 0.55%  fluorine, and all were 80-mesh screenings. 
In d iet 3, where dicalcium phosphate was the chief source of 
phosphorus, th e  sa lt m ixture was modified so th a t its  phosphorus 
and calcium contents were approxim ately the same as those of 
the o ther diets. D ie t 4 was the same as the control except th a t 
sufficient sodium fluoride was added to  m ake the fluorine content 
identical w ith the percentages of fluorine furnished by the tr i
calcium phosphate in  the  variations of diet 2 .

D iets 1 and  2 were compared in  the  breeding experiments. 
Two varian ts of fused tricalcium phosphate were used in  diet
2 to  determ ine w hether products carrying 0.2 and  0.3%  fluorine 
can be fed to an  anim al throughout life, and to  succeeding genera
tions, w ithout v itia tion  of norm al reproduction. To distinguish 
between the effects of fluorine toxicity and phosphorus defi
ciency, the comparisons were m ade a t  two phosphorus levels. A t 
one level the phosphorus con ten t w h s  m ade 0 .2 %  of th e  to ta l 
diet, approxim ately th e  m inim um  for norm al grow th to  m atu rity  
if the phosphorus supplied is readily available; th e  second level 
of 0.4%  of the  to ta l diet -was in tended to  assure a supply of 
phosphorus adequate for growth, reproduction, and lactation.

T he fluorine content of every d ie t was calculated from the 
am ounts present in  the sa lt m ixture and in  th e  m ineral supple
ments, as shown in  T able I. Fluorine analyses of four of the 
to ta l diets were m ade by  G. A. Shuey of this sta tion , w ith th e  
following results: 15 p.p.m . for th e  control d iet containing Os
borne and M endel sa lt m ixture, 13 p.p.m . for th a t  containing 
dicalcium phosphate, 37 p.p.m . for th a t  containing fused tri
calcium phosphate df 0.3%  fluorine content, and  43 p.p.m . for 
the one designed to  contain a like am ount of fluorine in th e  form 
of sodium fluoride. T he analytical and  the calculated values 
indicate th a t  fluorine of the diets was derived solely from the 
sa lt m ixture and m ineral supplements.
. The level of the fused tr i-

narily about 1 %  bone m eal is added to the grain m ixture; this 
would be about 0 .8 %  of the to ta l dry feed, assuming th a t the 
grain m ixture constitutes 75%  of the ration.

Previous experim ents showed th a t the phosphorus in  the con
trol d ie t supplied by the Osborne and M endel sa lt m ixture was 
in  a  form readily available for norm al grow th and development. 
The group of ra ts  fed th is diet, therefore, served as a  criterion by 
which to  compare availability  of th e  phosphorus supplied as 
fused tricalcium phosphate and as dicalcium phosphate. The 
d ie t w ith dicalcium phosphate was included so th a t th e  fused 
te rtia ry  phosphate could be compared w ith th e  binary phosphate 
th a t had proved effective in the feeding of farm animals.

E X PER IM E N TA L  ANIM ALS

In  th e  growth experiments, five ra ts  of the same sex, age, and 
weight, and of identical nutritional and hereditary  history, were 
placed on each of the  four comparable diets. T he anim als were 
s ta rted  on experim ent a t  30 to  31 days of age. Feeding was con
tinued for 30 days, th e  period of m ost rapid growth, b u t was ex
tended to  60 and  90 days in which case additional series of five 
ra ts  each were fed 0.2 and 0.3%  fluorine phosphates. A quad
ruplicate feeding technique was used for equalization of food con
sum ption to minimize the variable due to  individual differences 
in  appetite. Body weights were recorded a n d ' the carcasses 
analyzed for phosphorus.

Three breeding experim ents were se t up a t  the following levels 
of phosphorus and  fluorine: (a) 0 .2 %  fluorine phosphate and 
controls a t  the 0 .2 %  phosphorus level, (&) 0 .2 %  fluorine phosphate 
and  controls a t  the 0.4%  phosphorus level, and (c) 0 .3%  fluorine 
phosphate and  controls a t  th e  0.4%  phosphorus level. A t each 
given phosphorus and  fluorine level (for example, 0.2%  P and 
0 .2 %  F ), four paren t breeding lots were started , each lo t consist
ing of two males and three females. Two lots were fed the control 
diet and two received the phosphate diet, the ra ts  on each control 
d iet being m atched w ith respect to  litte r and  weight with those 
of th e  corresponding phosphate diet. From  th e  young of each of 
the four paren t lots, two breeding lots were m ade up ; and from 
the young of each of these second generation lots, one breeding 
lot was se t up. T he young of the th ird  generation (th a t is, fourth 
generation rate) were weighed and killed a t  weaning. In the 
case of all breeding lots, the  females were m ated repeatedly over

calcium phosphate for the ex
perim ental d iets was chosen so 
th a t  th e  m ineral supplem ent 
would supply th e  phosphorus 
necessary to  bring th e  to ta l 
up to  approxim ately 0 .2 %, 
which is the m inim al level for 
normal grow th and bone de
velopm ent during th e  rapid 
growth of w hite rate. This 
m eant th a t abou t two thirds 
of th e  to ta l phosphorus was 
supplied by th e  fused trical
cium phosphate, th e  rem ainder 
being present in  the  lactal- 
bumin and  yeast ex trac t of the 
basal diet. Since all of the 
p h o s p h a t e s  used contained 
about 13%  phosphorus, i t  was 
necessary to  have them  consti
tu te  about 1 %  of the d ie t in 
order to  furnish tho desired 
to ta l of th a t  elem ent. In 
cidentally, th is is in accordance 
w ith the am ount of bone meal 
usually recommended in  the 
feeding of farm animals. Ordi-

T a b l e  II. P h y s io l o o ic a l  A v a i l a b il i t y  o f  P i io s p h o r u s  F e d  a s  F u s e d  T r ic a l c iu m  P h o s p h a t e  
a n d  a s O s b o r n e  a n d  M e n d e l  S a l t  M i x t u r e

- Indications from  G ro w th - -In d ica tio n s  from  Phosphorus S to rage-
F  in D u ra  G row th, gram s P  sto red , gram s

phos tion  of Fused Prob Fused P ro b 
phate , expt., Con phos abil Significance Con phos ab il

% days trol pha te ity of difference trol phate ity

0 .0 4 30 103 103 No difference 0.479 0.421 0 .1
0 .2 30 100 97 0 .5 N o t significant 0 .470 0.366 0 .01
0 .2 60 156 150 0 .5 N ot significant 0 .780 0.683 > 0 .0 5
0 .2 90 196 197 0 .5 N o t significant 1.059 1.042 0 .5
0 .3 30 110 95 0.01 Significant 0 .488 0.382 0.01
0 .3 60 154 152 0 .5 N o t significant 0 .916 0.814 0.01
0 .3 90 185 181 0 .5 N o t significant 1.184 1.143 0 .1
0 .5 5 30 112 98 0 .01 Significant 0 .464 0.332 0.01

Significance 
of difference

N o t significant 
Significant 
N o t significant 
N o t significant 
Significant 
Significant 
N o t significant 
Significant

T a b l e  I I I .  P h y s io l o g ic a l  A v a i l a b il i t y  o f  P h o s p h o r u s  F e d  a s  F u s e d  T r ic a l c iu m  P h o s p h a t e

a n d  a s  D ic a l c iu m  P h o s p h a t e “

-In d ica tio n s  from  G ro w th - 
G row th , gram s

— Indica tions from  Phosphorus Storage 
P sto red , gram s

F  in D u ra  D ical D ical
phos tion  of Fused cium P rob Fused cium
phate , expt., phos phos ab il Significance phos phos

% days ph a te phate ity of difference phate phate

0 .04 30 103 105 0 .5 N o t s ignificant 0.421 0.435
0 .2 30 97 90 0 .1 N o t s ignificant 0 .366 0.407
0 .2 60 150 145 0 .5 N o t .significant 0.683 0.695
0 .2 90 197 197 N o difference 1.042 1.057
0 .3 30 95 98 0 . Ï N o t significant 0 .382 0.411
0 .3 60 152 143 0 .0 5 Significant 0 .814 0.831
0 .3 90 181 180 0 .5 N o t significant 1.143 1.100

Prob
ab il
ity
0 .5

> 0 .0 5
0 .5
0 .5
0 .1
0 .5
0.01

Significance 
of difference

N ot significant 
N ot significant 
N ot significant 
N o t significant 
N o t significant 
N ot significant 
Significant

C on ta ined  0 .04%  fluorine.



lune, 1946 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 653

T a b l e  IV. P h y s io l o g ic a l  A v a i l a b il i t y  o f  t h e  P h o s p h o r u s  F e d  i n  t h e  C o n t r o l  D i e t
A l o n e  a n d  w i t h  A d d e d  F l u o r i n e

-Ind ications from G row tli-
F D ura- G row th, gram s

/— Indications from  Phosphorus Storage---- »
P sto red , gram s P roh-

len t0, expt., Con Control abil Significance Con- Control abil Significance
% days trol +  F ity of difference trol +  F ity of difference

0 .2 30 100 97 0 .5 N o t significant 0 .470 0.447 0 .1 N ot significant
0 .2 GO 150 155 0 .5 N o t significant 0 .780 0.803 0 .5 N ot significant
0 .2 90 196 200 0 .5 N o t significant 1.059 1.109 0 .1 N o t significant
0 .3 30 110 109 0 .5 N ot significant 0 .488 0.492 0 .5 N ot significant
0 .3 60 154 157 0 .5 N o t significant 0 .910 0.928 0 .5 N ot significant
0 .3 90 185 183 0 .5 N o t significant 1.184 1.186 0 .5 N ot significant
0 .5 5 30 112 108 0 .5 N o t significant 0.464 0.467 0 .5 N ot significant

° E q u iv a len t to th a t  in the  corresponding phosphate .

T a b l e  V . E f f e c t  o f  T o t a l  P h o s p h o r u s  o f  t h e  D i e t  o n  
R e p r o d u c t io n

Fused 
Tricalcium  
P hosphateC ontro l

C ontro l vs. 0 .2%  F  fused tricalcium  
phosphate  

M inim al P , 0 .2%  in d ie t 
A dequate P , 0 .4%  in  d ie t 
Increase 
% increase

C ontro l vs. 0 .3%  F  fused tricalcium  
phosphate  

M inim al P , 0 .2%  in  d ie t 
A dequate  P , 0 .4%  in d ie t 
Increase 
%  increase

No. No. No. No.
born raised born raised

891 473 450 290
978 691 761 445

87 218 311 155
10 46 69 53

416 205 334 230
549 308 592 414
133 103 258 ' 184
32 50 77 80

a period of one year and  three m onths (unless death  by accident 
intervened); th is is nearly the entire reproductive period in the 
white ra t. All young were given serial num bers and weighed a t  
b irth  and a t  weaning, a t  which tim e those no t used for breeding 
were killed. T his procedure involved sixty breeding lots, w ith 
repeated m atings throughout the reproductive period. In  a  digest 
of th e  breeding results, differences caused by accidental deaths of • 
m others were elim inated in  an  effort to  afford a clear and fair 
picture of those effects which m ight be a ttrib u ted  to  the use of 
fused tricalcium  phosphate.. F o r example, when a  female in  the 
control group died before the end of the breeding period, her 
length of life was noted and a female in the corresponding breed
ing lo t receiving fused phosphate was given credit only for the 
young born during a like period.

S tuden t’s ¿-test was used in  sta tistical analysis of the da ta  to 
establish the significance of differences in results obtained from 
the various diets. T he form ula used was th a t given by  Goulden
(4) for paired variates. T he term  "probability” used in Tables
II, I I I ,  and IV  represents the frequency w ith which the difference 
between tw o m ean values m ay be due to  chance alone and no t to  
any real difference resulting from the diets. W hen the prob
ability is 0.05 or less, the difference between the means m ay  be 
considered significant.

Dicalcium phosphate of low 
fluorine content is adm ittedly  
a safe and effective m ineral 
supplem ent for anim al feeding, 
and therefore was used as a 
standard  of comparison for the 
fused products of different 
fluorine content. T he results 
(Table I I I )  indicate th a t th e  
specimens of fused tricalcium 
phosphate tested  were as effec
tive as th e  dicalcium phosphate

__________________________  of 0.04%  fluorine c o n t e n t .
Moreover, any significant dif
ferences in the experim ental 

results were in  favor of fused tricalcium phosphate.
D i s t i n c t io n  b e t w e e n  F l u o r i n e  E f f e c t  a n d  I n a d e q u a c y  

o f  P h o s p h o r u s . T he da ta  of Table IV  indicate th a t  sodium 
fluoride exerted no adverse effect upon growth or upon phos
phorus storage when i t  was fed in am ounts corresponding to  those 
introduced through fused tricalcium  phosphate w ith a fluorine 
content as great as 0.55% . Hence, the differences noted in 
Table I I  m ay have been caused by a p a rt of the phosphorus of 
the fused tricalcium phosphate being present in a form n o t readily 
assimilable, ra ther than  by a toxic effect of fluorine.

R EPR O D U C T IO N

E f f e c t  o f  T o t a l  D i e t a r y  P h o s p h o r u s . T able V  compares 
the num bers of young born from and those raised by anim als 
fed phosphorus a t  two levels, designated as minimal and  ade
quate. Obviously, the increase in phosphorus level from 0.2 
to  0.4%  resulted in an  increase in num bers born and  num bers 
raised to  weaning, w hether the anim als had been fed th e  control 
d iet or one th a t  contained fused tricalcium  phosphate of either
0.2 or 0.3%  fluorine content. T he m ean increase in  num bers 
born for the control diets was 2 1 % ; for th e  phosphate diets, 
73%. The mean increases in  num bers of ra ts  raised were 48%  
for the  control diets and  67%  for the  phosphate diets. This 
dem onstrates th a t  an  adequate level of to ta l phosphorus is neces
sary  before poor reproductive performance can be ascribed to 
fluorine toxicity.

E f f e c t  o f  F u s e d  T r i c a l c iu m  P h o s p h a t e . T he d a ta  of 
T able V I  se t forth  the reproductive performances induced by the 
two sam ples of fused tricalcium  phosphate of different fluorine 
con ten t and by the Osborne and M endel sa lt m ixture. Since the 
anim als represented by the results in p a rt A  had  been on experi
m ent longer than  those in  p a rts  B  and C, the comparison between 
the groups is m ade on the  basis of percentages ra th e r than  to ta l 
numbers.

A t th e  phosphorus level deemed the m inim um  for grow th, the 
anim als on the 0 .2 %  fluorine phosphate d ie t produced 67%  as

P H Y S IO L O G IC A L  A V A IL A B IL IT Y  O F  P H O S P H O R U S

To compare the physiological availability of the phosphorus 
supplied as fused tricalcium phosphates w ith th a t of the Osborne 
and M endel sa lt m ixture, th e  results wore subjected to  statistical 
analysis, T able I I .  T he d a ta  indicate: (a) T he phosphorus of 
the fused tricalcium  phosphate of 0.04%  fluorine con ten t is as 
effective for grow th and phosphorus storage as th a t  of th e  Os
borne and  M endel sa lt m ixture. (6) T he phosphorus of the 
materials of higher fluorine content is no t quite so effective as 
th a t of the Osborne and  M endel sa lt m ixture, (c) Over the 60- 
and 90-day periods the slower growth ra te  and concom itant de
crease in  need for phosphorus gradually offset th e  differences in 
effectiveness. H ence th e  anim als fed the 0.3%  fluorine phosphate 
diet over a  90-day period show no significant differences in com
parison w ith control animals.

T a b l e  V I .  F u s e d  T r ic a l c iu m  P h o s p h a t e  C o m p a r e d  w it h  
O s b o r n e  a n d  M e n d e l  S a l t  M i x t u r e  a s  a  S o u r c e  o f  P h o s 

p h o r u s  f o r  R e p r o d u c t i o n

.4. M inim al phosphorus
C ontro l (O. & M. s a lt m ixture) 
0 .2%  F  fused tricalc ium  phosphate

( S r )
B. A dequate  phosphorus 

C ontrol (O. <fc M . s a lt  m ixture) 
0 .2%  F  fused tricalc ium  phosphate

O S S r )  “»
C. A dequate  phosphorus 

C ontro l (O. & M . s a lt  m ixture)
0.3%  F  fused tricalc ium  phosphate

( S r ) 100

No. Born No. Rais

844 490
568 391

67% ' 80%

909 641
770 479

85% 75%

623 377
488 350

iSCO 93%
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m any young and raised 80%  as m any as those on th e  control 
diet. T his performance tends to  support the grow th d a ta  in th a t 
the phosphorus of the tricalcium phosphate was less available 
th an  th a t in  the Osborne and  M endel sa lt m ixture. A t the higher 
phosphorus level the  anim als on the  0 .2 % fluorine phosphate 
produced 85%  as m any young as those on th e  control d iet and 
raised 75%  as m any. T he 85%  value would give th is phosphate 
m aterial a  ra ting  of “very good” in  relation to  the Osborne and 
M endel sa lt m ixture when appraised according to  the m ethod of 
Ellis et al. (2 ), who ra ted  as very good a  phosphate th a t was 80%  
as effective as bone meal, when grow th and bone ash were the 
criteria. A t the adequate phosphorus level, the  anim als on the 
0 .3%  fluorine phosphate d iet produced 78%  as m any young as 
those on the  control diet and raised 93%  as m any. A pparently 
when reproduction is the basis of comparison, th e  0.3%  fluorine 
fused phosphate is a satisfactory source of phosphorus to  ra ts.

SU M M A R Y  AND C O N C L U S IO N S

1. Eighty-m esh fused tricalcium  phosphate, containing 0.2" to 
0.55%  fluorine, was fed a t  a  m inim al d ietary  phosphorus level 
to  w hite ra ts  during the 30-day period of their m ost rapid growth. 
This was found to  be less assimilable th an  inorganic phos
phate  of th e  standard  Osborne and M endel sa lt m ixture. The 
difference in degree of assimilability was no t m anifest when the 
phosphorus dem and of the growing anim al was less—th a t is, 
during the 60- and 90-day periods. T he difference was less ap
paren t also when the level of to ta l phosphorus was raised from 
0.2 to 0.4%  in the breeding experiments. W ith such increases 
in phosphorus content, there were increases of 53 to 80%  in num 
bers born and raised on the phosphate diets.

2. W hen sodium fluoride was introduced into the  d iet to  pro
vide a  fluorine content equal to th a t fed as fused tricalcium  phos
phate, there  was no detrim ental effect upon growth of the ra ts  to 
m atu rity  or upon their bodily retention of phosphorus.

3. T he 80-mesh fused tricalcium  phosphate containing as 
m uch as 0.3%  fluorine proved as efficacious as th e  precipitated 
dicalcium phosphate in the prom otion of ra t grow th to  m atu rity  
and in phosphorus storage.

4. Eighty-m esh fused tricalcium  phosphate of 0.2 or 0.3%  
fluorine content was fed a t a  1 %  level, and the phosphorus con

te n t of the d iet was brought to 0.4% . T he fused m aterial proved 
to  be 78-85%  as effective as the phosphate of an Osborne and 
M endel salt m ixture when effectiveness was m easured by repro
duction, and 75-93%  when effectiveness was measured by  lacta
tion.

5. The d a ta  obtained indicate th a t  fused tricalcium  phosphate 
of 80-mesh containing no t more th an  0.3%  fluorine, was vir
tually  as effective as th e  control phosphate of the Osborne and 
M endel salt m ixture, when evaluated by  ra t growth and body 
storage of phosphorus during a 90-day period. W hen judged by 
reproduction and lactation, th e  fused phosphate proved from 75 
to 93%  as good as the sa lt m ixture. T he results also indicate 
th a t nutritional ineffectiveness of a phosphatic product should not 
be attribu ted  to  its fluorine content un til the  factor of low phos
phate  availability has been taken  into account.
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P r e s e n t e d  on tho  p rogram  of th e  D ivision of A gricu ltu ral and  Food Chem
is try  of th e  1 9 4 5  M eeting -in -P rin t, A m b r i c a n  C h e m i c a l  S o c i e t y .  This 
s tu d y  was conducted  in cooperation  w ith th e  Tennessee V alley A uthority .

VITAMIN CONTENT OF PEAS
Effect o f Freezing, Canning, and Dehydration

C. H. MAHONEY, E. P. WALLS, H. A. HUNTER, AND L. E. SCOTT
M aryland  A gricu ltura l E xperim en t S ta tio n , College Park, M d.

TH E  objective of th is investigation was to  determ ine, a t  the 
tim e of serving, some of the nu tritive  levels of peas. D irect 

comparisons were m ade on identical lots a t  the same stage of 
m atu rity , preserved by  canning, freezing, and dehydration. 
E igh t varieties of sweet peas were grown a t  th e  M aryland station  
during 1944. T he plots were large enough so th a t  they  could be 
harvested w ith commercial equipm ent and  threshed in a  standard  
viner. T he shelled peas were thoroughly m ixed a t  the  viner 
and then  separated  in to  the various sieve sizes. In  all cases the 
prevailing sieve size typical for th e  varie ty  was used for processing 
and  for v itam in determ inations. T he peas were thoroughly 
washed, cooled, and processed w ith in  2 hours. T he varie ty  D ark  
Podded Thom as Laxton was used in com parative studies of the 
three m ethods of preservation. Large samples of No. 4 sieve 
peas of th is varie ty  were taken  from th e  same lot for freezing, 
canning, and  dehydrating.

Blanching studies conducted several years ago a t  th is station 
indicated th a t  a  b e tte r quality  of frozen peas was obtained by 
blanching a t  190 ° F . th an  in  boiling w ater, and this tem perature 
was selected for the 1944 studies. Twenty-five to  th irty  pounds 
of peas were blanched in a  wire basket in  30 gallons of w ater in a 
steam -jacketed kettle  where the tem perature could be accurately 
controlled. T he peas were ag ita ted  during blanching and were- 
then  cooled im m ediately in  cold running w'ater.

Some lots of peas were blanched w ith steam . A special steam 
blanching box w ith a  w ater seal m ade i t  possible to  obtain a  
tem perature of 214° F . in  th e  center of 30 pounds of peas in a 
wire basket w ithin 30 seconds. All steam  blanching treatments- 
were m ade a t  214 0 F.

Samples for freezing were separated  in to  floaters and sinkers; 
in  a 13% brine after blanching in  w ater a t  190° F . for various 
times. T he peas were w’ashed and  packed in  one-pound, mois-
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C om p arab le  lo ts  o f  e ig h t varieties o f  peas were can ncd , 
frozen* and  dehydrated , and  ascorbic acid  w as d eterm ined  
on  th e  p rod u ct a fter 6 -m o n tli storage, before and  after  
cook in g . T here w as considerab le variation  in  ascorbic  
acid  levels am on g  varieties, and  an  in tera ctio n  betw een  
b la n ch in g  tim e  and  variety. C anned peas (considering  
b o th  peas and  liquor) had  a h igh er  ascorbic acid  co n tcn t  
th a n  frozen  or dehydrated  peas after 6- or 9 -m o n th  storage. 
D ehyd rated  peas con ta in ed  a b ou t on e th ird  as m u ch  
ascorb ic acid as frozen  or canncd  peas; w hen  stored  u n d er  
carbon d ioxide, th e y  had  a h igh er level th an  th ose  stored

under air or in  vacu u m . A scorbic acid reten tion  (dry 
w eigh t b asis) o f  th e  stored products (after cook ing), co m 
pared w ith  th e  orig in a l co n te n t , w as 58% for th e  canned  
m ateria l, 53% for th e  frozen , and 19% for th e  dehydrated . 
T h e caroten e c o n ten t o f  th e  frozen peas w as h igh er  th an  
th a t o f  th e  can n ed  or dehydrated  lo ts . T h e frozen  and  
canned  peas reta ined  a b o u t tw o th irds and  th e  dehydrated  
peas ab ou t on e h a lf  o f  th e  orig in a l th ia m in e  co n ten t. 
P rolon gation  o f  th e  storage period from  6 to 9 m o n th s  
resu lted  in  fu rth er  appreciable lo ss o f  ascorbic acid  from  
th e  frozen and  canncd  peas.

ture- and vaporproof containers and were frozen a t  —25° F . w ith 
an air b last of 1000 feet of a ir per minute. The samples were 
stored a t  th is  tem perature for one m onth and a t  0 ° F . for the bal
ance of the storage period.

Peas for canning were blanched for 3 m inutes in ho t water 
(190° F .), separated in 13% brine, cooled, and filled into No. 1 
cans. T he peas in the can were covered w ith boiling sugar-sa lt' 
solution (25 pounds of sugar and 15 pounds of sa lt in 100 gallons

T a b l e  I. E f f e c t  o f  B l a n c h in g  o n  A s c o r b ic  A c id  C o n t e n t  o f  D a r k  P o d d e d  
T h o m a s  L a x t o n  P e a s , b e f o r e  F r e e z i n g  a n d  a f t e r  6  M o n t h s  o f  F r o z e n  S t o r a g e

-A scorbic Acid
M in. of 

B lanch ing  
a t  190° F .

A fter
b lanch ing“ ,

Frozen 
6 m o.a , 

m g ./100  g.

R eten 
tion

D rained
pens®,

----- Cooked

Liquor®,

fro zen ------------

T o ta l,
R eten 
tion^,

in W ater m g . /100 g. % m g./100  g. m g./100  g. m g./100  g. %
0 2 3 .5  (81.0) . . . '
1 15.4 (80 .0) 4 .8 (7 9 .9 ) 19.1 3 .2 (8 2 .3 ) i ! i 4*3 19 ".6
1 .5 1 8 .8 (8 1 .4 ) 5 .2  (80 .0) 2 1 .0 4 .5  (83.5) 1.7 6 .2 30 .7
2 .0 1 8 .8  (81 .9) 1 2 .5 (8 3 .0 ) 59 .3 7 .2  (83.6) 3 .5 10.7 3 2 .6
2 .5 9 .4  (8 2 .G) 43 .5 5 .5  (83.8) 3 .0 8 .5 4 2 .7
3 .0 1 6 .7 (8 1 .2 ) 8 .5  (82.5) 3 9 .5 5 .2  (83.5) 2 .4 7 .6 37 .2

3 .0  (steam ) 1 8 .3 (8 2 .0 ) 9 .4  (82.0) 42.1 6 .7 (8 3 .5 ) 3 .3 10 .0 51 .9
Av. 1 7 .6 (8 1 .4 ) 8 .3 (8 1 .7 ) 37 .4 5 .4 (8 3 .5 ) 2 .5 7 .9 39.1
a F igures in paren theses ind ica te  p e r c en t m oisture.
& C alcu la ted  on m oisture-free basis.
c C alcu la ted  on basis of d ra ined  w eight represen ted  by  liquor.

of w ater); the cans were prom ptly sealed on a sem iautom atic 
closing m achine and processed for 25 m inutes a t  245 ° F.

Peas for dehydration  were likewise separated in brine, after 
blanching in ho t w ater (190 ° F.) for 3m inutes, and  were then placed 
on th e  drying trays a t  the  ra te  of 1.5 pounds per square foot. 
D ehydration was accomplished in a  two-stage central exhaust 
tunnel w ith a  tem perature in the prim ary end of 180 ° F. and 1200 
linear feet of a ir per m inute, and were finished a t  160° F. in the 
secondary tunnel.

M E T H O D S  O F  A N A LY SIS

T he concensus of the sta tion  workers in the northeastern 
region is th a t vitam in values should be expressed on the wet 
basis, and losses in term s of the fresh weight of the original fresh 
sample. I f  the purpose is to  discover when and where v itam in 
losses occur, this m ethod has definite advantages, as emphasized 
by the work of Clifcorn and Heberlein (2). However, the pu r
pose of the present study  was to determine the actual vitam in 
content of frozen, canned, and dehydrated peas when a given 
am ount of each was prepared for serving. Since every precaution 
had been taken  to  secure typical samples for all three methods 
of preservation from the same lo t of peas, i t  was believed th a t the 
actual content of vitam ins in 10 0  grams of peas prepared for 
serving would give the fairest evaluation of th e  effect of the 
preservation method on the nutritive level.

T he d a ta  in  thetables are presented onboth  the wet and dry basis, 
and the m oisture content is included for those interested in the 
loss of soluble solids during processing. T he reason for presenting 
the apparen t vitam in retention on a d ry  weight basis is to

facilitate comparison among various processing and storage 
treatm ents.

Excess m oisture was removed from both the freshly washed and 
the thaw ed frozen peas w ith paper towels before weighing for both 
m oisture and vitam in determ inations. M oisture content of all 
samples was determ ined in a  vacuum  oven a t  28 inches of vacuum  
and 70° C. The samples were left in the vacuum  oven for 14 
hours.

Ascorbic acid was determ ined by the
-------------------------- titra tio n  method of Bessey and  K ing ( /) .

M oore’s m ethod of carotene analysis was 
used as modified by Moore and E ly (6). 
Thiam ine was determ ined by the method 
outlined by Conner and S traub (3 )..

One-pound packages of frozen peas were 
placed in 10 0  ml. of boiling distilled w ater 
and cooked for 8 m inutes after boiling was 
resumed; the cooked peas were drained 
through a Büchner funnel for 2 m inutes, 
and the liquid portion was saved for analy
sis. T he canned peas were brought to  a  
boil and boiled for 2  m inutes; th e  propor
tion of liquor to drained peas had been pre
viously determ ined in  order to calculate 
the quan tity  of vitam ins in the  peas and 
liquor. T he dehydrated peas were soaked 

in distilled w ater for 2 0  m inutes and  then slowly simm ered 
for 35 minutes.

A SC O R B IC  ACID

E f f e c t  o f  B l a n c i ii n o  T i m e . T he retention of ascorbic acid 
in frozen D ark  Podded Thom as Laxton peas, stored 6 m onths, 
was determ ined before and a fter cooking for various blanching 
times a t  190° F . A t th is blanching tem perature after storage 
there was a higher level of ascorbic acid in peas a t  the  2 -m inute 
blanch than  a t either 1 or 1.5 m inutes (Table I). In  fact there 
was a much higher ascorbic acid level a fter 6-m onth storage in 
the peas blanched for 3 m inutes than  in those blanched 1 or 1.5 
m inutes. T his was probably due either to  failure of inactivation  
of enzymes or possibly to  regeneration. There was a decline in

T a b l e  II . E f f e c t  o f  B l a n c h in g  T i m e  o n  A s c o r b i c  A c id  
C o n t e n t  o f  E ig h t  V a r i e t i e s  o f  F r o z e n  P e a s  i n  S t o r a g e  

6  M o n t h s

A scorbic Acid (M g./lOO G. W et W t.) a f te r  W ate r 
B lanch  (190° F .) for:

V arie ty 1 min. 1 .5  min. 2 min. 2 .5  m in. 3 m in
T hom as L axton 10.51 11 .98
G lacier 13.94 12.94
T eton 4! i i 11 .60 8 .71
C anner K ing 13.94 12^92 10.86 9 .8 0
Shasta 14 .30 13.67 13.72 13 .22
No. 312 13.93 12.09 13. ie
D a rk  P odded  

T hom as L ax ton 4 .7 5 5 .2 0 12.47 9 .3 5 8 .5 4
E arly  H arv est 

S inkers 11.57 13 .20
F loa ters 8 .0 7 10.59
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T a b l e  III. A s c o r b ic  A c id  i n  E i g h t  V a r i e t i e s  o f  P e a s  a f t e r  6 - M o n t h  
S t o r a g e

Fresh  a t  H arvest Frozen, N o t Cooked C anned, N o t Cooked
M ois As M ois As R eten  M ois As R eten 
tu re , corbic tu re , corbic tion, tu re , corbic tion,

V ariety % acid° % acid® % c acid®«'* % M
G lacier 80.4 21 .9 81.9 13.9 69.1 82 .8 15.7 82 .0
T eton 78.3 10.6 78 .5 11.6 71.4 8 1 .8 11.0 79 .5
Shasta 80 .3 22 .5 80.4 13.7 61.1 82.9 15.1 77.3
Thom as Laxton 81 .3 18 .6 81 .0 10.5 55 .8 83 .7 12.7 78.1
C anner K ing 79 .7 20 .7 78.2 10.9 4 9 .0 82 .7 13.4 76 .2
Pride 82 .7 2 6 .8 8 1 .3 13.4 46.1 84 .3 17.6 72 .3
E arly  H arvest 
D ark Podded

7 8 .5 17.5 74 .2 11.6 5 5 .2 78 .8 15.9 91 .7

Thom as Laxton 8 1 .0 23 .5 8 3 .0 12.5 5 9 .3 84 .7 14.1 75.1

M ean re ten tion , % 58.4 79 .0

41 M illigram s per 100 gram s w et weight. 
b C alcu lated  on m oisture-free basis. 
c D rained peas.
J  Peas and  liquor.

T a b u : IV . V i t a m in  L e v e l s  i n  D a r k  P o d d e d  T h o m a s  L a x t o n  
P e a s  a f t e r  S t o r a g e  a n d  a f t e r  C o o k in g

A scorbic Acid 
M g./lOO G.

C arotene 
M g./100  G.

Thiam ine, 
M g./100  G.

tu re , W et D ry W et D ry W et D ry
T rea tm en t % w t. wt. wt. wt. wt. wt.

Fresh , unblanched 8 1 .0 23 .5 123.4 0.317 1.668
Frozen, 6 mo. 8 3 .0 12.5 73 .2 0Í378 1.98 0.184 1.082
Frozen, cooked (pea«

and  liquor) 7 3 .6 10.7 64.9
C anned , 6 mo. (peas

and  liquor) 84 .7 14.1 9 2 .8 0 .333 1.80 0 .168 1.098
C an n ed ,co o k ed  (peas

and  liquor) 8 3 .6 11.9 7 2 .0
D ehydra ted , 6 mo.

Air pack 5 .7 2 0 .8 2 2 .0 1.582 1.68 0 .7 2 0 0.764
COi pack 5 .6 25 .3 2 6 .8 0 .825 0.874
V acuum  pack 5 .6 2 3 .8 25 .2 0 .658 0.697

D ehydra ted , cooked
Air pack  (to tal) 6 8 .2 7 .0 21.1
COj pack  (to ta l) 65 .9 7 .1 20 .5
V acuum  pack  (to tal) 69.1 7 .6 23 .7

T a b l e  V . I n f l u e n c e  o f  L e n g t h  o f  S t o r a g e  o n  A s c o r b ic  
A c id  C o n t e n t  o f  F r o z e n  a n d  C a n n e d  D a r k  P o d d e d  T h o m a s  

L a x t o n  P e a s

______ Ascorbic Acid, M g. per 100 G ram s
6-m onth  sto rage 9-m on th  sto rage

W et D ry W et D ry
wt. wt. wt. wt.

Frozen, uncooked® 12.5 73 .2 9 .8 9 53 .78
Frozen, cooked6 10.7 64 .9 7 .0 9 35 .34
C an n ed ,uncooked  & 14.1 9 2 .8 11.27 67 .80
C anned , cooked&>c 11.9 72 .0 9 .19 61 .76

® T he ascorbic acid co n ten t of the original fresh peas was 23.5 w et and
123.4 d ry  basis.

b D rained  peas and  liquor. 
'  Boiled for 2 m inutes.

retention when the blanching tim e was extended beyond 2 

minutes. T he 3-m inute steam  blanch was approxim ately equal 
to the 2 .'o-minute w ater blanch.

Ascorbic acid determ inations on th e  frozen product after 0- 
m onth storage have shown th a t  the effect of blanching time 
varies w ith pea varie ty  (Table I I ) . T hus, th e  2-m inute blanch 
was optim um  for D ark  Podded Thom as Laxton and T eton; 
the 1-minute blanch was optim um  for C anner K ing, Shasta, 
and No. 312. T he 3-m inute blanch appeared to  be optim um  for 
Thom as Laxton and  E arly  H arvest, although the significance of 
these differences in  ascorbic acid m ay be un im portant. T he fact 
th a t the sinkers in  a  13% brine showed more retention  of ascorbic 
acid a fter th e  3-m inute blanch substan tia tes the general belief 
th a t more m atu re peas require longer blanch.

There is a  tendency among commercial packers to shorten 
blanching times in  an  effort to  im prove quality  of frozen veger 
tables. In  some cases overblanching has resulted in products of 
poorer quality , b u t these da ta  illustrate the fallacy of using the 
minimum blanch for products which are to  be stored for any  
length of time. The date  on varieties also show7 th a t there are

certain inheren t biological differences among varie
ties which necessitate studies to determ ine the 
optim um  blanch for each variety . F or this reason 
the d a ta  on minim um  blanching times are presented. 
However, where retention  comparisons are made 
(Table III) , only those ascorbic acid values from 
the 2 -m inute blanch arc used to  determ ine averages.

E f f e c t  o f  V a r i e t y . T able I I I  shows varietal 
differences in  ascorbic acid in frozen and in canned 
samples after 6-m onth storage. T he d a ta  arc pre
sented on both wet and moisture-free bases, and 
the to ta l solids m ay be determ ined from the mois
ture percentages. The retention was determined on 
the moisture-free basis of the original ascorbic acid 
content of the raw product.

T he retention of ascorbic acid after 6-month
------------- frozen storage varied from 46.1%  for Pride to

71.4% for Teton, w ith an average for the eight 
varieties of 58.4%. The retention in the drained canned peas 
after the same storage period varied from 41.0%  for Pride to 
'53.4% for Teton, w ith an average of 47.4. T he to ta l reten
tion of the canned peas (drained peas plus liquor) varied from 
72.3% for Pride to  91.7%  for E arly H arvest, w ith an average of
79.0. Glacier, containing a high level of ascorbic acid, and 
Teton, a  medium level variety , had high reten tion  in the frozen 
state . W ith one exception those varieties which had a high 
level in the frozen peas likewise had a  high level in the canned 
product.

E f f e c t  ok  P r o c e s s in g  M e t h o d . Ascorbic acid was deter
mined in frozen, canned, and dehydrated samples of D ark  Podded 
I*homas Laxton a fter 6  m onths. Analyses were m ade on the 
processed products before and after cooking, w ith the liquor and 
drained peas analyzed separately in each instance. The dehy
d rated  m aterial included samples packed in air, in carbon dioxide, 
and under vacuum  (Table IV ).

The canned peas before additional heating had a  higher as
corbic content (14.1 mg. per 100 grams) wrhen both drained peas 
and liquor were included th an  the uncooked frozen peas (12.5 
mg. per 100 gram s). T he canned peas and  liquor contained 
about 75%  of the  original ascorbic acid content after 6-month 
storage, expressed on a  moisture-free basis. The frozen peas 
contained about 60%  of the original content. P a rt of the differ
ence, on the d ry  wreight basis, can be ascribed to  loss of soluble 
solids in  the canned peas.

T he authors wish to  point ou t th a t the ascorbic acid figures 
presented shoilld no t be used by biochemists or nutritionists as 
measures of biologically active v itam in C, as dehydroascorbic 
acid was no t determined. However, previous w ork indicated 
the value of using ascorbic acid to m easure the influence of certain 
handling and storage m ethods on the deterioration of quality.

The dehydrated peas stored under carbon dioxide had a slightly 
higher retention  th an  those stored under vacuum  and a signifi
cantly higher retention than  those stored in air in  tin  cans. 
Ascorbic acid levels in the dehydrated lots am ounted to  about 
2 0 %  of the original content.

T he frozen, canned, and dehydrated samples were cooked to 
serve by  recom mended m ethods in  order to  compare the final 
nu trien t levels in  lots of peas processed by the several procedures. 
R etention  was determ ined on the d ry  basis, using the dry weight 
of the cooked drained product in each case. I f  the weights of the 
uncooked product had  been used, the results in  case of the frozen 
peas would have been approxim ately 15% lower because of dif
ferences in m oisture content. D irect comparison of the cooked, 
frozen and  cooked canned peas shows a  slightly higher ascorbic 
acid content in the canned product on both  fresh and moisture- 
free bases. T he cooked dehydrated samples contained approxi
m ately  one th ird  as m uch ascorbic acid as the cooked frozen or 
canned products. These results are som ewhat a t variance with 
those of Farrell and Fellers (4) on snap beans. However, they
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did not compare samples prepared from the same lo t of beans 
grown under the same conditions and harvested a t  the same 
time.

E f f e c t  o p  S t o r a g e  P e r i o d . Although m ost of the d a ta  re
ported here are for a 6-m onth storage period, a  few samples of 
frozen and canned peas were analyzed for ascorbic acid a t  the 
end of 9 m onths. T able V shows a  continued loss of ascorbic 
acid during the additional 3 m onths of storage in both  frozen 
and canned samples.

CAROTENE ANI) TH IA M INE

Table IV  shows the carotene and thiam ine contents of certain 
of the samples. U nfortunately the original carotene content of 
the fresh peas was no t obtained. Analyses after 6-m onth storage 
of the frozen, canned, and dehydrated products gave carotene 
contents of 1.98, 1.80, and 1.68 mg. per 100 grams, respectively, 
on a moisture-free basis. T he thiam ine content of the frozen

a n d  canned  sam ples w as a b o u t th e  sam e o r s lig h tly  above 1.0 m g. 
p e r 100 gram s (m oistu re-free  basis) T h e  th iam in e  level of th e  
d e h y d ra ted  sam ples w as 0.87 m g. for th e  carbon  d ioxide pack , 
0.76 m g. for th e  a ir  pack , an d  0.70 m g. for th e  v acu u m  pack. T h e  
o rig ina l th iam in e  c o n te n t of th e  fresh peas w as 1.67 m g. pe r 100 
gram s.
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Temperature Efficiency in Distillation
M E L V IN  N O R D , N ortl & C o m p a n y , In c .,  K ey  p o r t ,  A'. J.

IN T H E  fractional distillation of binary system s in p late col
umns, the tem peratu re  on a  plate m ay be used as a measure 

of the plate  efficiency. The equation for the transfer of heat 
across th e  liquid-vapor interface is:

q =  H S (T n >  -  - r - M c  § (1 )

This equation follows im mediately from the definitions of H, the 
over-all coefficient of heat transfer, and of c, the specific heat. 
In tegration  betw een the limits T  =  T\ (tem perature of vapor 
entering the plate) when t =  0, and T  = T» when I =  t  (vapor 
leaving the plate) gives

T , -  T t  

T l - T ,

- H S r
M c V (2 )

where E t is called the tem perature efficiency. T his quan tity  
was first defined by Carey (1).

T he derivation for the equation for diffusion efficiency (with 
vapor-film resistance controlling) follows. The equation for dif
fusion of a binary  system  (3) is:

- d p  a apApB
(u a  -  Mb)

d x  M  a M  b  

Defining th e  molal ra te  of diffusion per un it area as 

N a =  paUa /M a

and the diffusivity as

D  =  1V T * /a P  

and applying the perfect gas law,

' p a J M a  =  P a / R T

Then: ^ 2 4  =  1{J .
d x

Now: • P  = Pa +  pb

and for equal-molal counterdiffusion

N b =  - N a 

Therefore: - d p A / d x  =  R T N a / D

or integrating from p ,  to p i ,

(VbN a -  PaN b)

(3)

(4)

(5)

(6 )

(7)

(8 )

(9)
(1 0 )

N ä R T L

xr D P , 
R T L  ;

Pi)

V i )

The diffusion ra te  can also be expressed as 

N a =  - d ( V ’y )/S d t

( 1 1 )

(1 2 )

(13)
Combining E quations 12 and 13, integrating from y„ -  y t a t 
t = 0  to  y„ =  7/j a t  / =  r, and dropping subscripts,

V t  -  V i  

V i  -  V i
=  E d  —  1

- D P S t/ R T L V 1
(14)

This equation defines the local diffusion efficiency, E d , first used 
( by M urphree (A).

The sim ilarity between the equations for tem perature ef
ficiency and diffusion efficiency is apparent. Perry  (5) has pre
sented experimental da ta  to  indicate th a t  these two quantities 
are nearly equal. We shall now derive the analytical relation 
between these two quantities.

Combining Equations 2 and 14,

log (1 -  E t) _  H /M c
log (1 -  Ed) D P  /R T L

Now, by definition,

kg = N  a / ( P a  P i )

for equal-molal counterdiffusion of a  binary  system, 

k„ =  D /R T L

from E quation 11. T hus, E quation  15 m aj' be w ritten  as

H / M c  

m  =  ~KP~

From  the Chilton-Colburn equation (2),

* A-p

we obtain

H  (cpD  y / »  
M cP  \  k„ )

( cpD \~  
\  k„ )

(15)

(16)

(17)

(18)

(19)

(2 0 )
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According to  Sherwood (6) (cp/kit) for all gases is approxim ately 
0.74; therefore,

(ß/pD)2' 3
0.74 (2 1 )

T he q u an tity  (ij/ pD) is approxim ately constant for all tem pera
tures and pressures and  is usually between 0.67 and 0.75 for m ost 
gases'. These two lim its give

1.01 >  m >  0.94 (22)

Substitu ting  these values of m  in  E quation  15, we find th a t 
E d  and E t  are usually w ithin 0 -5%  of each other.

T hus, the near-equality  of the point tem perature efficiency 
and  the poin t diffusion efficiency in  binary  system s is prim arily 
a  consequence of the Chilton-C olbum  equation. T his conclusion 
does no t apply  to  m ulticom ponent system s; in  fact, th e  diffusion 
efficiency of each com ponent is; in general, different from th a t of 
the others.

N O M E N C L A T U R E

c =  specific heat of vapor 
D => diffusivity 

E d — local diffusion efficiency 
E t = tem perature efficiency 

g =  subscript referring to  vapor phase
II =• over-all coefficient of hea t transfer from vapor to  liquid

i  =  subscript referring to  liquid-vapor interface

k„ =  film coefficient of diffusion 
hn — therm al conductivity 
L  =  diffusion film thickness 

I I /M e  
m D P /R T L  
M  — molecular weight

N a = molal ra te  of diffusion of com ponent A  per un it area 
P  — to ta l pressure

Pa  — partia l pressure of com ponent A  in vapor 
q = ra te  of heat transfer 

R  =  gas constant 
<S =  interfacial area of bubble 
t =  time

T  =  vapor tem perature 
T l  = tem perature  of liquid on plate 
u a  = velocity of diffusion of com ponent A  
V ' =  moles of vapor in bubble 

x  =  diffusion path  length 
y  =  mole fraction in vapor 
a  =  coefficient of resistance to diffusion 
n =  gas viscosity 

p a  =  partia l density of component A  in vapor phase 
r  — to ta l tim e of contact on p late
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Peptization of Peanut and 
Cottonseed Proteins
E F F E C T  O F  D IA L Y S IS  A N D  V A R IO U S  A C ID S

T H O M A S  D . F O N T A IN E 1, G E O R G E  W . IR V IN G , J R .1, A N D  K . S . M A R K L E Y
S o u th e rn  R egional Research Laboratory, U. S . D ep a rtm e n t o f  A gricu lture , New O rleans, La.

P EAN UTS and cottonseed are poten tial sources of vegetable 
proteins for industrial utilization. Previous publications 
(£, 3, 5, 8) have emphasized the  m ost suitable conditions for 

extracting  the proteins from solvent-extracted seed meals w ith 
sodiujn hydroxide and inorganic sa lt solutions. Investigations on 
the extraction  of peanu t and  cottonseed meal proteins by acids 
have no t been extensive. Some da ta  are available on the pep ti
zation of peanu t m eal proteins by hydrochloric acid (3) and of 
cottonseed m eal proteins by sulfuric acid (8 ), b u t no greater acid 
concentration was used in  either instance th a n  was necessary to 
reach a pH  value of 1.5. W ith increased emphasis on fiber 
production from various proteins where relatively high concen
tra tions of acids are commonly employed in  the precipitating 
bath , i t  has become desirable to  ascertain  the solubility charac
teristics of peanut and  cottonseed proteins in  relatively concen
tra ted  solutions of different acids.

Approxim ately 90%  of the protein  of peanut m eal is extracted 
by  w ater (pH  6 .8 ). I t  has been inferred th a t th is high aqueous 
ex trae tab ility  can be explained b y  th e  presence in  peanu t meal 
of na turally  occurring salts (10) and  lecithin (7) which are re
ported to  be responsible for the  high w ater solubility of soybean 
m eal proteins. However, th is explanation is inadequate  for all 
seed m eal proteins since cottonseed m eal proteins, for example, 
a re  only sparingly soluble in  w ater under th e  same conditions (8).

1 P resen t address, A gricultural R esearch  C en ter, Beltsville, M d.

The purpose of th e  present investigation is to  dem onstrate the 
effect of the dialyzable m eal constituents upon th e  extraetability 
of peanut and  cottonseed m eal proteins, and to  present da ta  con
cerning th e  solubility characteristics of the proteins in these meals 
and  of th e  isolated proteins in  different acid solutions. While the 
protein  solubility d a ta  presented m ay be found useful in select
ing satisfactory  conditions for th e  industrial processing of peanut 
and  cottonseed proteins, i t  is appreciated th a t the kind of acid and 
its  concentration m ay no t be th e  only, or even the m ost impor
tan t, factors to  be considered in  such instances. In  the produc
tion of pro tein  fibers, for example, th e  precipitating b a th  usually 
consists of a  com bination of acids together w ith inorganic salts 
and  organic compounds which exert pronounced effects upon 
protein  solubility.

M E A L S  AND P R O T E IN S

P e a n u t  M e a l . A composite sam ple (£) of a Pearl varie ty  of 
peanuts (w hite skins) grown in 1943 was used in  this work. The 
peanuts were m echanically shelled, cracked, and  flaked in the 
early  sum m er of 1944, and  th e  flakes were batch-extracted by a 
continuous flow of cold Skellysolve F  (a naph tha  solvent boiling at 
30-60° C .) .  Residual solvent was rem oved by  aeration a t  room 
tem perature, and the extracted  flakes were ground to  produce a 
fine meal of the following composition: m oisture 1 0 .6 %, nitrogen 
9.08% , ash 5.14% . _ .

C o t t o n s e e d  M e a l . Fresh cottonseed m eats received from a 
Mississippi mill in  1943, were cracked, flaked, and extracted m a
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JJa ta  are p resen ted  to com pare th e  p ep tiza tio n  behavior  
o f  th e  p rote in s o f  p ea n u t and  co tton seed  m ea ls , p roteins  
o f  th e  corresponding d ia lyzed  m ea ls, and  iso la ted  pro
te in s . W h ile  th e  sh apes o f  th e  p H -p ep tiza tio n  curves for  
co tto n seed  and  p ea n u t m ea ls  differ, th e  response o f  the  
p rotein s to  th e  rem oval o f  d ia lyzab le m ea l c o n st itu e n ts  is 
th e  sa m e in  b oth  cases. T h is show s th a t th e  p resence o f  
n a tu ra lly  occurring  su b stan ces in  b o th  m ea ls  decreases 
m arkedly  th e  p ep tizab ility  o f  th e  m ea l n itrogen  a t  certain  
a c id  pH values b u t exerts no effect a t  a lk a lin e  pH  values. 
D ata  concern in g  th e  p ep tiza tio n  behavior o f  th e  p rotein s  
o f  p ea n u t and  co tton seed  preparations in  re latively  co n 
cen tra ted  so lu tio n s  o f  various acids are p resen ted . H y
droch loric  and  su lfu ric  acid s exh ib it th e  broadest w orking

range o f  con cen tra tion  for p rotein  p recip ita tion  (1.0 to
5.0 /V); th e  a m o u n t o f  p rote in  p recip itated  by e ith er  acid  
is p ractica lly  co n sta n t w ith in  th is  range. In  general, 
acetic  and  phosp horic  acid s are poor p rotein  p recip ita tin g  
a g en ts w h ile  m on och loroacetic  acid  com pares favorably a t
1.0 to 3.0 N  acid  co n cen tra tio n  w ith  hydroch loric  and  s u l
fu ric  acids. T rich loroacetic  acid  is  a s lig h tly  b e tter  pro
te in  p rec ip itan t th a n  h ydroch loric  or su lfu r ic  acid , b u t is 
effective over a narrow er range o f  acid  co n cen tra tio n  (0.5 
to  2.0 N ). A t co n cen tra tio n s o f  tr ich loroacetic  ac id  above
2.0 N , as m u ch  as 95% o f  th e  prote in s o f  p ea n u t or c o tto n 
seed  m ea l m ay b e so lu b le . T h is  is  an  e ssen tia l con sid era
tio n  in  in sta n ces  w here tr ich loroacetic  acid is  u sed  as a 
q u a n tita tiv e  p rotein  p rec ip itan t.

large Soxhlet-type extractor w ith ethy l e ther '. Residual solvent 
was rem oved by  aeration a t  room tem perature, and  hull particles 
were rem oved from the oil-free m eats by means of a  R aym ond 
separator mill. T he m eal had the following composition: 
m oisture 11.5%, nitrogen 8.21% , ash 8.70%.

P e a n u t  P r o t e i n . P eanu t meal was extracted  w ith a dilute 
sodium hydroxide solution, and the ex tract (pH  8.0) was removed 
by centrifugation. T he protein was precip itated  a t  pH  4.5 by 
the addition of hydrochloric acid, and the protein was recovered 
by centrifugation. T he m oist protein was suspended in  w ater 
(thym ol added), transferred to cellophane (Visking) m em branes, 
and  dialyzed against running distilled w ater a t  4° C . for 3 days. 
T he protein  suspension was then  removed from the m em branes, 
and  the protein was dried by lyophilization (9). T he dried pro
tein had the following composition: m oisture 10.4%, nitrogen 
15.43%, ash 0.31% , to ta l phosphorus 0.645%, and  inorganic 
phosphorus 0.014%.

C o t t o n s e e d  P r o t e i n . E th y l e ther-ex trac ted  cottonseed 
m eal was extracted by occasional stirring w ith sodium hydroxide 
solution for 30 m inutes, and  the ex tract (pH  11.0) was rem oved 
by centrifugation. T he protein was precip itated  a t  pH  4.0 by the 
addition of hydrochloric acid, and the protein was then  treated  
by the m ethod described for peanu t protein. T he dried protein 
had th e  following composition: m oisture 10.64%, nitrogen 14.0%,

* S ubsequen t ba tches of th e  sam e flaked m eats were ex trac ted  w ith Skelly- 
solve F , Skellysolve F  followed by  e th y l e ther, and  e th y l e th e r followed by  
chloroform . T h e  p H -p e p tiz a tio n  curve show n in F igure 1J? for ether-ex
tra c ted  m eal is rep resen ta tive  of a ll th e  cottonseed  m eals, regardless of 
so lven t or com bination  of so lvents used for rem oving the  oil.

ash 0.22% , to ta l phosphorus 1.164%, and inorganic phosphorus
0.013%.

PR O CEDURES FO R D ETER M IN IN G  NITROGEN

A .  T he procedure for determ ining the percentage of to ta l 
m eal nitrogen peptized has been given in detail (3) b u t m ay  be 
described briefly as follows: 2.5-gram portions of the meal, con
tained in separate 20Q-ml. screw-cap centrifuge bottles, were 
trea ted  w ith 10 0  ml. of w ater containing sufficient sodium hy
droxide solution or acid solution to  give the final pH  value de
sired. The suspensions were allowed to  stand  for 3 hours a t  room 
tem perature w ith occasional shaking and  were then clarified by 
centrifuging. T he pH  values of the centrifuged solutions were 
determ ined by a glass electrode, and to ta l nitrogen was deter
m ined on duplicate aliquots by either the semimicro- or miero- 
K jeldahl m ethod. All of the nitrogen values reported in this 
paper were calculated on the basis of the to ta l volume of solvent 
added in each case.

B. T he procedure for determ ining the percentage of to ta l 
nitrogen peptized for dialyzed m eal samples follows: 2.5-gram 
portions of the meals were transferred to cellophane mem branes 
w ith 50 ml. of w ater and dialyzed a t  4° C. against running dis
tilled w ater for 48 hours. T he contents of the m em branes were 
transferred to  1 0 0 -ml. glass-stoppered graduated  cylinders, and 
th e  volumes were ad justed  to  10 0  ml. by adding w ater and  suffi
cient sodium hydroxide solution or acid solution to  give the final 
pH  values desired. T he rem ainder of th e  procedure was exactly 
as described under A  except th a t, in  calculating th e  percentage 
of to ta l nitrogen peptized, the to ta l nitrogen of the dialyzed meal 
was considered to  be equal to  th e  to ta l nitrogen of the original

A .  P ea n u t p rep aration s B . C otton seed  p rep ara tion s

Figure 1. H ydrochloric A cid -S od iu m  H ydroxide p H -P ep tiza tion  Curves S how ing  P ercen tage o f  T ota l N itrogen  P eptized



meal m inus th a t  lost during dialysis. T he nitrogen lost during 
dialysis was calculated as the difference betw een the to ta l nitrogen 
contained in  the’original meal and the average value obtained by 
analyzing several samples of m eal after dialysis.

C. The procedure employed for determ ining the percentage 
of to ta l nitrogen peptized in experiments w here 'the isolated pro
tein was used was exactly as given under A  except th a t only 1.25 
grams of protein were trea ted  w ith 10 0  ml. of solvent.
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both  the dialyzed and  undialyzed meals. These results might be 
taken  to  indicate th a t  a  substance (or substances) is removed by 
precipitation and  dialysis of the protein  which is n o t rem oved by 
dialysis of the m eal itself, and  th a t th is hypothetical substance 
exerts a slight peptizing effect on the protein over the entire pH 
range. W hile th is possibility cannot be ignored, it appears more
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A . P ea n u t m ea l: HC1 Q» HjSO* CCljCOOH Q ; d ia lyzed  p ea n u t  
U X ,  H iSO i C i iso la ted  p e a n u t p ro te in : HC1 A

B . P e a n u t m ea l: IIjPO* ▲ , CHjCOOH • ,  CIIjClCOOH Q
m e a l: IIC1 !

Figure 2. A cid p H -P ep tiza tion  C urves, S how ing  P ercentage o f  T o ta l N itrogen  P eptized  for P ea n u t Preparations

PETTIZATION O F M EALS AND PR O TEIN S

T he hydrochloric acid-sodium  hydroxide pH -peptization  
curves for peanut meal, dialyzed peanut meal, and  isolated pea
nu t protein  are Shown in Figure 1 A . T he effect of the  removal 
of dialyzable solids, am ounting to 23%  of the m eal and  including 
5%  of the nitrogen and  71%  of the ash, on th e  peptization  of the  
peanut m eal proteins is striking. I n  th e  pH  range 0.9 to  4.5, 
removal of naturally  occurring salts and  o ther dialyzable con
stituen ts  results in  a  m arkedly increased peptization  of the pro
tein, th e  greatest increase being in  th e  pH  range 2.5 to  4.0 where 
the am ount of nitrogen peptized is tw o to  six tim es greater th an  
th a t peptized in  th e  undialyzed meal. T he zone of minim um 
peptization is narrowed considerably. On th e  alkaline side of the 
minimum peptization zone the curves for th e  dialyzed and un
dialyzed m eals are practically  superimposable.

These results indicate ra th e r convincingly th a t  the salts and 
o ther dialyzable constituents of the peanut are no t responsible for 
the high degree of w ater peptizability  of peanut m eal protein a t 
pH  values above th e  isoelectric range of the proteins, and  th a t 
the presence of these substances in  th e  m eal actually  decreases 
the peptizability  of the protein  in  th e  acid range. T he possibility 
th a t lecithin and  o ther nonprotein substances, which would not 
be rem oved by  dialysis, m ay  influence th e  peptization  values 
obtained in  the  alkaline pH  range, cannot be elim inated on the 
basis of these results.

T he  peptization  curve for isolated peanu t protein  (Figure 1 A) 
approaches th e  curve for the dialyzed m eal m ore closely in  the 
acid range (pH  2 to  4) th an  does th e  curve for th e  undialyzed 
meal. On the alkaline side of th e  isoelectric range, however, the 
curve for the  protein  departs considerably from th e  curves for

likely th a t  the low peptizability  of th e  isolated protein  compared 
to  th a t  in  the dialyzed m eal is due to  partia l denaturation  of the 
protein during the  lyophilization process, w ith  concomitant 
lowering of its  solubility. T h a t denaturation  during lyophiliza
tion m ay occur is borne ou t by  electrophoretic da ta  obtained on 
whole protein, which dem onstrate th a t  even the m ild conditions 
employed in  th e  lyophilization process m ay  result in  significant 
changes in  the mobilities of the protein com ponents (6 ).

T he results for cottonseed m eal and  dialyzed cottonseed meal 
(Figure 12?) reveal th a t  th e  effects of th e  rem oval of dialyzable 
m eal constituents on the peptizability  of the protein are, in 
general, sim ilar to  those observed in  the case of th e  peanut, al
though the shapes of th e  pH -pep tiza tion  curves for cottonseed 
and peanut preparations differ considerably. Dialysis of cotton
seed m eal results in  the loss of 33%  of th e  meal solids, including 
7%  of th e  m eal nitrogen and  65%  of th e  ash. T he peptizability 
of the proteins in  dialyzed meal is m uch greater th an  th a t of the 
undialyzed m eal in th e  acid range (pH  0.75 to  2.5), while in the 
alkaline range (pH  7.0 to  11.5) th e  peptization curves are nearly 
superimposable. D ialysis of the m eal does no t affect the shape 
or broadness of th e  curve in  the isoelectric range, and the differ
ence in  q u an tity  of nitrogen peptized can be accounted for by the 
7%  of original m eal nitrogen rem oved on dialysis. The zone of 
minim um peptization  is several pH  units broader in  the case of the 
cottonseed m eal2 th an  in  th e  peanut meal.

T he peptization curve for isolated cottonseed protein (Figure 
IB ) approaches th e  dialyzed m eal curve more closely in the acid 
range (pH  0.75 to  3.0) th an  does the undialyzed meal curve. 
W hen it  is considered th a t  a t  least 15% of the nitrogen of dialyzed 
cottonseed m eal rem ains in the  m other liquor when the protein is
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precipitated a t  pH  4.0 for the purposes of isolation, it  is possible 
th a t this soluble fraction is, in part, responsible for the rather 
broad and unusually shaped isoelectric zone for the undialyzed 
meal.

From these results i t  is evident th a t salts and  o ther dialyzable 
constituents of cottonseed meal decrease the peptizability  of the 
proteins in  th e  acid range (pH 0.75 to  3.0) b u t exert little  or no 
effect a t  o ther pH  values. I t  would also appear th a t, if lecithin 
is responsible for the high w ater peptizability  of peanut and soy
bean proteins, a  similar peptization effect m ight be expected in 
the case of cottonseed proteins. This is obviously no t true.

EFFEC T  O F VARIOUS ACIDS

Owing to  the current emphasis upon the production of fibers 
and o ther industrially  useful m aterials from proteins, it would be 
expected th a t an understanding of the peptization behavior of 
peanut and cottonseed meal proteins in the presence of relatively 
high concentrations of different acids would be one of the pre
requisites for developing satisfactory processing conditions. I t  
is obvious th a t the solubility da ta  presented for proteins in solu
tions of a  single acid cannot be used directly to  predict the solu
bility behavior of these proteins under conditions which involve 
the use of acid m ixtures or acids together w ith inorganic salts a n d / 
or various organic compounds.

A num ber of strong acids were investigated, such as hydro
chloric, sulfuric, and trichloroacetic, and weaker acids, such as 
acetic, phosphoric, and monochloroacetic, which m ight be used 
for extraction and precipitation of proteins and in protein fiber- 
precipitating baths. In  th e  case of m ixtures of protein w ith 
strong acids, values approxim ating pH  0.5 are a tta ined  a t  rela
tively low acid concentrations, and consequently the pH  values 
of m ixtures which contain higher concentrations of strong acids 
have little  significance. T he pH  values are more significant, 
however, in  th e  case of th e  weaker acids where concentrations 
approaching 5 N  are required to  a tta in  a  pH  value of approxi
m ately 1.0. Acetic acid, the weakest of th e  acids employed, 
yields a pH  of only 2.3, even in 5 N  concentration. F o r these 
reasons the peptization  da ta  are presented graphically, using both 
the pH  and acid concentration scales (Figures 2, 3, and 4).

Figure 2 A  shows th e  pH -peptization  curves for peanu t meal 
dialyzed peanu t meal, and  isolated peanu t protein  w ith strong 
acids. Of first consideration is the difference between the  actions 
of hydrochloric acid and  sulfuric acid which m ust, in  part, repre
sent a specific effect of the sulfate ion. However, a  much greater 
percentage of the protein of dialyzed m eal is peptized by both  
acids as compared to  th e  peptization  of the proteins of undialyzed 
meal. This increased peptization  is due to  the rem oval of dialyz
able constituents which suppress protein  solubility; hence the 
specific difference betw een the sulfate and chloride ions is no t 
so great as i t  appears a t  first. T he pH -pep tiza tion  curve for iso
lated peanu t protein  w ith hydrochloric acid approaches th a t  for 
the dialyzed meal. I t  can be concluded, therefore, th a t  in  the 
pH range betw een th e  isoelectric zone and pH  0.5, the action of 
strong acids on the proteins of the undialyzed m eal is no t in  s tric t 
accord w ith th a t  found in  the case of th e  isolated proteins; th is 
conclusion is valid only if enough of the meal constituents which 
are responsible for the norm al suppression of solubility are re
moved during the preparation of the protein (4). T he effect of 
trichloroacetic acid on th e  peptization of the m eal proteins will be 
discussed in  a  la te r section.

Figure 2 B  gives the unusual pH -peptization  curves for the pro
teins of peanu t m eal in  the weaker acids. W hile a  completely 
satisfactory explanation of their behavior cannot be provided, 
all three of the weak acids cause the same sequence of events, 
even though the pH  values a t  which changes in  peptization occur 
vary, depending upon the na tu re  of the acid. As th e  concentra
tion of each weak acid is increased, a  peak in  th e  peptization 
curve is first obtained, followed by an  ab rup t decrease in peptiza

tion as the acid concentration is further increased and, finally, 
by an  increase in peptization a t  the highest acid concentration. 
This behavior appears to  be characteristic of peanut m eal p ro
teins w ith the weaker acids. I t  indicates also th a t the weaker 
acids in high concentrations should no t be reliable precipitating 
agents for peanut protein when they are used alone.

p H
F igure 3. Acid p ll-P e p tiz a tio n  Curves S how ing  P ercen t
age o f  T ota l N itrogen  P eptized  for C ottonseed  P reparations
C otton seed  m ea l: IIC1 0 »  H 3SO4 © , CCIaCOOH Q , IIjPO« A ,  CHj- 
COOII 0 ;  d ia lyzed  c o tto n see d  m e a l: I1C1 X ;  iso la ted  co tto n seed  

p ro te in : IIC1 A

C ottonseed and peanut proteins are intrinsically different, yet 
their over-all peptization characteristics in  solutions of strong 
acids are sim ilar in m any respects, as the da ta  of Figure 3 show. 
H ydrochloric acid peptizes a greater percentage of the nitrogen, 
of undialyzed cottonseed m eal th an  dqes sulfuric acid, b u t the 
difference is no t so great as in  the case of peanu t meal. The 
proportionately  greater peptization  a t  pH  1.1 of the nitrogen of 
dialyzed cottonseed m eal and isolated protein, as compared w ith 
th a t of th e  undialyzed meal, dem onstrates th a t  the presence 
of a na tu ra lly  occurring, dialyzable meal constituent(s) decreases 
the acid peptizability  of the m eal proteins. T he effect of the 
w eak acids, phosphoric and acetic, on the proteins of cottonseed 
m eal (Figure 3) is unlike their effect on th e  proteins of peanut 
m eal (Figure 2B), in  that- no sharp m axima or m inim a appeal in 
th e  solubility curves for cottonseed meal.

As already indicated, pH  values below 0.5 are no t reliable for 
showing th e  effect of relatively concentrated acid solutions on pro
teins. Accordingly, in  Figure 4 da ta  for bo th  th e  peanu t and 
cottonseed preparations are extended for the strong acids by 
p lotting the concentration of th e  acid against the percentage 
of nitrogen peptized; data  for the weaker acids are also included.

D ISC U SSIO N

Since a  large p art of the work reported  in  this paper deals with 
the peptization of the proteins as they  occur in  the m eals ra ther 
than  w ith the  isolated proteins, i t  is im portan t to  observe th a t 
a t  certain  pH  values the isolated proteins and  the  proteias in  the 
meals yield different peptization values. T his factor is note
w orthy from th e  standpo in t both  of selecting suitable m ethods 
for extracting  the proteins from the  meals and  of devising uses 
for the isolated proteins. W hen th e  effect of relatively high con
centrations of various acids on th e  proteins is considered, i t  is 
likewise im portan t to  know, in predicting th e  behavior of the 
protein, w hether th e  proteins in  the meals and  in the dialyzed 
m eals yield essentially th e  same peptization values as do the
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isolated proteins. In  th is connection it  is significant th a t there 
are no differences in  th e  shapes of the strong acid peptization 
curves (Figure 4) for the proteins of peanu t meal, dialyzed peanut 
meal, and  isolated peanut protein. T he same is true  for the cor
responding cottonseed preparations. Furtherm ore, since there is 
no appreciable difference between the actions of. sulfuric and hy-

d a ta  for th e  proteins of soybean m eal in  relatively highly con
centrated  acid solutions are no t available in  th e  literature to 
m ake possible a detailed comparison w ith the proteins of peanut 
meal, b u t such da ta  as are available can be considered compara
tively. T he proteins of peanut m eal are peptized to  approxi
m ately the same extent in dilute hydrochloric and phosphoric

NORMALITY OF ACID NORMALITY OF ACID

A . P ea n u t m on li HC1 o .  H i S O i  © ,  CCliCOOH © ,  H , T O i  A .C H .C O O H  B .  C otton seed  m ea l: HC1 X ,  H i  SO. © ,  CCljCOOH © ,  HjPO, A. 
9 ,  ClIiClCOOH 3 (  dia lyxed p e a n u t m ea lt HC1 X i iso la ted  p ea n u t CUjCOOII 0 ;  d ia lyzed  cotton need  raeal: JI Cl X ; iso la ted  cottonscod 

p rote in t H Cl A  p ro te in : HCI A

F igure 4.. Curves Show ing P ercen tage o f  T o ta l N itrogen  P eptized

drochloric acids a t  concentrations greater th an  1.0 N , both are 
equally  good precipitating agents for the proteins of peanut and 
cottonseed a t  acid concentrations of 1.0 N  or above.

T he action of trichloroacetic acid on proteins is of theoretical 
im portance since this acid is generally though t to  be nearly spe
cific for th e  quan tita tive  precipitation of proteins. From  the 
d a ta  in Figures 2A , 3, and 4 i t  is apparen t th a t  trichloroacetic 
acid  is a  good precip itant for the proteins of peanu t and  cotton
seed only under certain  lim ited conditions. Thus, in  the case of 
peanut m eal which has been trea ted  w ith trichloroacetic acid, a 
constan t m inim um  protein solubility occurs in the  range 0.5 to
2.0 N  trichloroacetic acid. T his is the critical range since an in
crease in acid concentration to  4.0 N  results in  the  peptization 
of more than  95%  of the m eal nitrogen. A sim ilar trichloro
acetic acid solubility phenom enon has been reported in  the case 
o f soybean m eal (1). T he range of m inim um  solubility for the 
proteins of cottonseed m eal in this acid is even narrow er than  for 
peanu t m eal— namely, 0.5 to  1.0 N  trichloroacetic acid. As was 
found to  be true  w ith peanu t meal, higher trichloroacetic acid 
concentrations result in the peptization of increased am ounts of 
nitrogen, as m uch as 95%  of th e  nitrogen of cottonseed meal 
being soluble in 4.0 N  trichloroacetic acid.

M onochloroacetic acid, a  weak acid which was investigated a t  
high concentrations for peanu t m eal only (Figure 4A ),  yields re 
sults which parallel those for hydrochloric and  sulfuric acids 
over the concentration range 1.0 to  3.0 N , and then  deviate to  ap
proach th e  results obtained for trichloroacetic acid.

T he proteins of peanut and  soybean meals show, in  general, 
th e  sam e alkaline peptization  behavior. Sufficient peptization

acid solutions as are the proteins of soybean meal (11), bu t not 
nearly to  the ex ten t of the la tte r  in dilute sulfuric or trichloro
acetic acid solution (11). T he peptization of the proteins of soy
bean m eal does no t appear to  decrease a t  higher concentrations of 
hydrochloric and sulfuric acids (11) so rapidly as th a t of the 
proteins of peanut meal.
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MAY'S HEADLINES
Events during th e  M onth, of In te rest to 
Chemists, Chemical Engineers, Executives

e v ie w e Á  lî  tin a t e

i[ M a y  2. Civilian Production Adm inistration discloses peni
cillin shipped ou t of country  in April is five and one-half times 
as much as m onthly exports of all drugs and medicines from this 
country in 1938, b u t m ust continue under a llo c a tio n .^ ^ U n i
versity of Chicago places order w ith G E for 10 0 ,0 0 0 ,000-volt 
betatron designed for x-ray and atom ic research. ~ ~ B r i t is h  
Labor G overnm ent proposes to  vest absolute control of atom ic 
research developm ent and use in M inistry of Supply. ~ '~ 0 \v c n s  
Corning Fiberglas announces extremely lightweight Fiberglas 
vehicle insulation which was developed for use in m ilitary air- 
c ra f t .~ ~ W m . B. S tout, aircraft and autom obile designer, dis
plays “car of the fu ture” w ith Fiberglas body.

1[ M a y  3. W. E. Cake, director of p lantations U. S. R ubber Co., 
predicts M alayan rubber crop will reach 50 per cent of potential 
capacity by end of y e a r .~ ~ C P A  freezes governm ent stockpile 
of cadmium as result of 45 per cent cut in ou tpu t owing to  strikes. 
~ ~ Im p e r ia l  Chemical Industries of London plans £9  million 
expansion in its  dyestu fT s.~ ~S ecre tary  of Commerce Wallace 
appearing before a  Senate Commerce subcom mittee asks govern
m ent aid to industry  to  prom ote industrialization of undeveloped 
areas, particularly  in South and W e s t.~ ~ R e se rv e  Officers Asso
ciation of N . Y. adopts resolution urging U. S. to  w ithhold all 
information on atom  bomb from o ther nations.

1f M a y  4 . Farrington Daniels, director U niversity of Chicago 
M etallurgical L aboratory, says scientists there have completed 
plans for producing power from atom ic reactions.

If M a y  5. E vans Clark, executive director T w entieth  C entury 
Fund, says it  plans broad study of cartels under supervision 
of business men, economists, and leaders in labor and agriculture.

i  M a y  6 . Wm. L. Laurence, of the New York Times, receives 
Pulitzer Prize of S500 for his eye-witness account of atom  bombing 
of Nagasaki and for 10 articles published in New York Times on 
development, production, and significance of atom ic b o m b .~ ~  
Secretary K rug announces program for centralizing govern
ment’s petroleum  policy and  for continuing informally wartime 
relationship w ith petroleum  industry . ~ ~ R .  J. D earborn, chair
man P a ten ts and  Research Com m ittee NAM , urges Senate 
passage of Lanham  T rade-M ark Bill which would modernize 
American trade-m ark laws and  pro tect consumer and m anufac
turer.

H M a y  7. House A ppropriations Com m ittee recommends 
$150,000 for an thracite  research laboratory  authorized by 
Congress in 1942 b u t never bu ilt because of w a r .~ ~ H o w a rd  E. 
Fritz, vice president in charge of Goodrich’s research, says as 
result of 1 0  years’ research and discovery of carbon white, bright- 
hued synthetic  rubber tires are now p o ss ib le .~ ~ P res id en t 
Truman authorizes S tate  D epartm ent to  send invitations to  1 1  

foreign nations, including th e  Soviet Union, which are members 
of U nited N ations’ Atomic Energy Commission, to send ob
servers to atom ic bomb tes ts  a t Bikini.

S M a y  8 . Office of In ternational T rade, D epartm ent of Com
merce, says potassium and ammonium compounds, paste, p a in t 
colors, lead arsenate, and lead acetate  will require individual 
licenses for export effective M ay 1 4 .~ ~ E x e c u tiv e  Order term i
nates Petroleum  Adm inistration for War.

M a y  9. Roger Adams, head of chem istry departm ent, Uni
versity  of Illinois and chairm an Board of D irectors ACS, receives 
Theodore Wm. R ichards M edal of S o c i e t y ’s  N ortheastern  Sec
tion a t  M IT .~ ~ C e Ia n e se  Corp. says CPA has approved its  
application to build addition to plastics p lan t a t Belvidere, N. .1. 
~ '~ S e n a to r  M illard E. Tydings, speaking before American 
Society of M echanical Engineers, urges destruction of all atom ic 
bomb plants.
IT M a y  10. A 14-ton G erm an V-2  rocket, the second ever to  be 
fired in this country, roars into th e  ionosphere from W hite Sands 
Proving Ground, Las Cruces, N . Mex., and climbs alm ost 75 
miles as a large p a rty  of m ilitary and naval men and scientists 
witness th e  shape of things to c o m e .~ ~ G le n n  H . Haskell, presi
den t U. S. Industria l Chemicals, Inc., says new commercial 
method for synthetic production of m ethionine has been per
fected by  company and will reduce costs by about 97 per c e n t .~ ~  
R alph E. P e ttit, developm ent engineer of Alcoa, says oompany’s 
m etallurgists have developed process so th a t  alum inum  can be 
produced in lasting colors of red, green, blue, yellow, gold, and all 
interm ediate shades and m ay also be chromium plated  or polished 
to a high reflective finish.

It M a y  11. President T rum an, accepting honorary degree a t  
Fordham  University, urges education for use of atom  bomb in 
peace.
II M a y  12. W ar Assets A dm inistration offers Magnesium 
R eduction Co.’s p lan t in  Luckey, Ohio, for sale for produc
tion of magnesium m etal and magnesium alloys by the ferro- 
silicon process.

Í  M a y  13. Jo in t A rm y-N avy T ask Force reveals 77 vessels 
to  be attacked  w ith atom ic bomb a t  B ikini A toll will be in 
form ation resembling a  huge pinwheel w ith th e  Nevada a t th e  
bull’s -e y e . '~ ~ J . P . Staples, general m anager P ittsburgh  Corning 
Corp., says company plans to  build two plan ts a t  Sedalia, M o., for 
production of glass block and F o a m g la s .~ ~ R . S. Wilson, vice 
president Goodrich T ire & R ubber, urges adoption of generic term  
to replace “synthetic rubber” . ~ ~ W .  S. S. Rodgers, chairm an 
Texas Co., says com pany has acquired site on Delaware R iver for 
construction of its first m ajor E a s t C oast re f in e ry .~ ~ D . H arold 
Copp, in structor in physiology U niversity  of California, says 
medical benefits of a  single atom ic fission product, radioactive 
carbon 14, will be g reat enough to  justify  atom ic energy project 
co s t.~ ~ C o m m erc ia l Solvents closes its  m ain p lan t a t  Peoria,
111., because of coal and corn shortages.

T M a y  14 . M aryland Section ACS announces establishm ent of 
Remsen Memorial Lectureship in honor of Ira  R em sen .~ '~ L in u s
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Pauling, California In s titu te  of Technology, is selected by 
N ational W illard Gibbs Ju ry  to  receive 35th award of Willard 
Gibbs Medal.
5 M ay 15. Sherwin Williams announces resin coatings for D D T  
crystals which m ake th is pest killer more efficient and longer last
ing. ~ ~ E n r ic o  Ferm i tells George W estinghouse Centennial 
Forum  an atom ic oven can run  as ho t as m an wishes.

If M a y  16 . J. R obert Oppenheimer, U niversity  of California, 
tells W estinghouse Centennial Forum  th a t establishm ent of an 
atom ic developm ent au thority  would be proper place to  s ta r t 
world governm ent. ~ ~ D e p a r tm e n t  of Justice files an titru s t suit 
against In ternational Nickel Co. of C anada and its American 
subsidiary, In ternational N ickel Co., Inc., asking complete 
separation of American subsidiary from paren t C anadian com
pany. ~ ~ O ffic e  of W ar M obilization and Reconversion imposes 
severe restrictions on consum ption of industrial alcohol and 
places source products under allocation.

f  M a y  17. B ernard M . B aruch begins active preparations for 
first m eeting of Atomic Energy Commission of U N .~ ~ A rn o ld  
E. Pitcher, general m anager of D u P o n t’s plastics departm ent, 
says company will begin construction of new plastics factories 
near Parkersburg, W. Va., w ithin th e  m o n th .~ ~ W illa rd  H . 
Dow, president, says Dow Chemical will im m ediately resume 
production of magnesium a t its seaw ater p lant, Freeport, Tex. 
~ ~ I s a d o r  Lubin, U. S. delegate to  Economic and Em ploym ent 
Commission, proposes full investigation by  U N  of peace use of 
a to m .~ ~ B il l  to  set up atom ic energy control in C anada is 
introduced in C anadian Parliam ent.

11 M a y  18. Counsel for Libbey-Owens-Ford and o ther flat 
glass companies, defendants in a  su it brought by A ttorney 
G eneral M ay 23, 1945, denies all charges of restra in t of trade and 
an titru st law violations. ~ ~ P re s id e n t  T rum an, in message to  
m oderator of General Assembly of Presbyterian  Church in U. S., 
says atom ic age has ended one age and begun another— “the 
new and unpredictable age of the soul” . AGS aw ards 60 ACS 
predoctoral fellowships aggregating nearly $ 10 0 ,0 0 0  to students 
of chem istry and chemical engineering whose train ing was inter
rupted  by<ihe war.

If M a y  19. Joseph W. B arker, president Research Corp., an
nounces grants am ounting to  S175.000 to  28 universities and 
colleges, in honor of Frederick G. Cottrell, for a year’s research in 
chem istry and physics. ~ ~ N a t io n a l  Com m ittee on Atomic 
Inform ation says its  W ashington headquarters will serve as base 
of operations for national organizations, including educational, 
business, church, labor, and women’s groups, to  join in country
wide campaign to  inform average citizen about atom ic energy.

H M a y  20. Suprem e C ourt agrees to  review an titru s t suit 
brought by  G overnm ent against N ational Lead, T itan  Co., and 
D u P o n t.~ '~ G eo rg e  W. M erck, receives M edal for M erit from 
Secretary of W ar Patterson  for his direction of the W ar Research 
S e rv ice .~ ~ D o w  Chemical sets up new laboratory  to continue 
and greatly  expand m etals and cathodic protection research pro
gram begun 6  years ago.

H M ay 21. Chem ists’ Club N . Y. awards honorary memberships 
to  Wm. Cullen, a  director of Im perial Chemicals, L td ., Sir 
R obert Robison, Oxford U niversity, M aximilian Toch, president 
Toch Bros., Willis R . W hitney, formerly vice president and 
director of research G E .~ ~ U .  S. D epartm ent of Agriculture 
places 3-day lim it a m onth on distillers’ use of grain during June 
and July.

If M a y  2 2 . R oyal D utch  airliner takes 2 0 ,0 0 0 ,0 0 0  units of peni
cillin to  N etherlands on its  opening New Y ork-to-A m sterdam  
se rv ic e .~ ~ E a s tm a n  K odak reveals th a t radioactive by-products 
of a  single bomb explosion spread in  a  few days over an  area 
about the size of A ustralia. ~ ~ G e n .  Carl A. Spaatz says the new 
B-36 bom ber will fly 1 0 ,0 0 0  miles w ith  an  atom ic bomb.

If M a y  23 . Thom as D. Jolly, vice president and chief engineer 
Aluminum Co. of America, says company plans to  build 3 3 0 ,0 0 0 ,-  
0 0 0  p lan t near D avenport, Iowa, for rolling alum inum  sheet and 
plate.

11 M a y  2 4 . Roger Adams in first Remsen Memorial Lecture 
delivered before M aryland Section, ACS, a t  Johns Hopkins, 
predicts power produced from coal burned in mines.

1f M ay' 2 6 . Carroll A. H ochwalt, director of central research 
M onsanto Chemical, says company is inaugurating academic 
leave for its scientists to  re tu rn  to  universities of their choice for a 
year of study  a t  full s a la ry .~ ~ N a tio n a l Fertilizer Association 
reveals m anufacturers are planning substan tial expansion pro
grams to  m eet growing dem ands for their products. ~ ~ L .  S. 
H itchner, executive of Agricultural Insecticide & Fungicide 
Association, says lack of insecticides and fungicides seriously 
threatens farm crops.

1f M a y  27 . N ational Fertilizer Association says its  members 
are planning to  increase production facilities from 1 0  to  6 5  per 
c e n t .~ ~ H . V. Lauer, field supervisor of raw  m aterials Carnegie- 
Illinois Steel Corp., a t  N ational Association of Purchasing 
Agents annual m eeting in  Chicago predicts th a t development of 
coal chemicals is still far from its p e a k .~ ~ D ia m o n d  Alkali re
veals plans for establishing central research and development 
departm ent near Cleveland and a central engineering depart- 
m ent.'~ -~W . A. Iliginbotham , chairm an Federation of Atomic 
Scientists, in speech before organization meeting of National 
Comm ittee on Atomic Inform ation, says a t  least two major 
secret weapons are in existence which scientists believe are 
potentially as dangerous to  m ankind as atom ic b o m b .~ ~ Ju lian  
Huxley, executive secretary preparatory commission United 
N ations Educational, Scientific, and C ultural Organization, on 
v isit to  U. S., proposes th a t Atomic Energy Control Commission 
deal with practical applications of atom ic energy, civilian and 
m ilitary, while UNESCO  occupies itself w ith atom ic develop
m ents in  pure s c ie n c e .~ ~ R . P. Dinsmore, vice president Good
year T ire & Rubber, tells newsmen a t dinner in D etro it preceding 
autom obile industry’s golden jubilee celebration th a t automobile 
tire lasting 10 0 ,0 0 0  miles will be developed from improved syn
thetic ru b b e r .~ ~ J o h n  I. Collyer, president B. F . Goodrich, says 
supply shortages m ay cut tire production.

If M a y  2 8 . W ar and N avy D epartm ents and leading scientists 
and research institu tions endorse revised d raft of N ational Sci
ence Foundation legislation when hearings begin before House 
subcom m ittee on In te rsta te  and Foreign Commerce. Secretary 
o? W ar Patterson tells comm ittee Office of Scientific Research and 
Developm ent “more th an  any one agency contributed to victory 
in W orld W ar I I ” .~ ~ O n e  hour broadcast by two dozen men and 
women, officials and scientists, urges sovereignty pool by UN 
for atom ic energy control. ~ ~ W a r  Assets A dm inistration offers 
F ro n t Royal, Va., sulfuric acid p lant, leased and operated during 
the w ar by General Chemical, for sa le .~ ~ S e c re ta ry  of Commerce 
Wallace welcomes technical mission from Belgium, here to  discuss 
technical inform ation blacked ou t from th a t country since 1940.

If M a y  3 0 . George E . Folk, special advisor to  the National 
Association of M anufacturer’s com m ittee on patents and re
search, says N A M  favors R epresentative M ills’ bill for creation 
of a  N ational Science F o u n d a tio n .~ ~ J . M. Tucker, director Du 
P o n t’s Jackson Laboratory, says construction of addition to 
laboratory a t  D eepw ater Point, N . J., will begin s o o n . '--"•''Inter
nationa! Telephone and Telegraph Corp. is building a new re
search laboratory, constructed largely of alum inum  and other 
pressed or extruded m etals, Carl B randt, vice president George A. 
Fuller Co., contractors, announces.

U M a y  3 1 . B ritish Atomic Scientists Association re c o m m e n d s  
in ternational control of atom ic energy by a U N  agency in memo
randum  for submission to  Atomic Energy Commission of UN.



•  During the past fifteen years, the research staff of 
Universal Oil Products Company has developed and 
brought into commercial production many catalysts 
for the Petroleum Industry. Cracking, dehydrogena
tion, polymerization, hydrogenation, aromatization, 
isomerization, and many other petroleum processes 
utilize catalysts which have been developed during 
this era of intensive catalyst research.

It has been our experience that many of these cata
lysts, developed specifically for a petroleum process, 
can be used directly or with slight modification, in 
other processes. We are therefore offering UOP cat
alysts, in commercial and pilot plant stages of de
velopment, to industrial and academic investigators.

UOP technologists will be glad to discuss your prob
lems with you in strictest confidence and assist you 
in applying UOP catalysts to your specific needs. 
Write today.

liniUERSnL OIL PR0DIICT5 I0II1PI1I1V
310 S. M l CH I G AN AVEN UE { g j  C H .C A G O  4, IL L IN O IS , U .S.A .

L A B O R A T O R IE S :  R I V E R S ID E ,  I L L I N O I S  

U N I V E R S A L  S E R V I C E  P R O T E C T S  Y O U R  R E F IN E R Y
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Sedttoc f «aporation Losses at Process Piaflts with .

. . for use on tanks that are filled and emptied several times a year

the
H O R T O N

F L O A T IN G
R O O F

The Norton Floating Roof is only 
one o f several types o f lank ro fs  
and tanks built by' the Chicago 
Bridge $ Iron Company to re
duce evaporation losses. Others 
include Horton Lifter Roofs, 
Hortonsplieres, Ilortonspheroids 
and Hemispheroids.

Flat-bottom storage tanks with 
the improved Horton Floating Roof 
provide chemical and process plants 
and the petroleum industry with an 
efficient means of preventing evap
oration and reducing fire hazard dur
ing the handling of volatile liquids.

The Ilorton Floating roof has a 
double deck which insulates the 
liquid and eliminates practically all 
“boiling.” This means that it can 
be used to stop practically all evap
oration loss from liquids of rela
tively high volatility.

The Horton Floating Roof rides on 
the liquid at all times—traveling up 
and down as the tank is filled and

emptied. This “blanketing” of the 
liquid in the tank at all levels pre
vents evaporation losses due to 
daily breathing and also reduces 
corrosion on the underside of the 
roof.

A close-fitting seal effectively 
closes the space between the deck 
and tank shell and prevents evapo
ration loss from occurring at that 
point.

These features and many more 
are found only in the improved Hor
ton Floating Roof. Write our near
est office for a copy of Bulletin d 
which contains complete details or 
quotations on installations.

C H IC A G O  B R ID G E  & IR O N  C O M P A N Y
~  j .....................2482 M c C o rm ic k  B ld g .
N ew  Y o r k 6 ...................................................................................3374 —  165 B ro a d w a y  B ld g .
P h  Had el oh ¡a 3 .................. .............................1636-1700 W a ln u t  S tre e t  B ld g .

15 ....................................................... .......................... 2253 G u i ld h a l l  B ld g .
B irm in g h a m  1 ...........................................  ..........................1574 N o rth  F i f t ie th  S tre e t
D e t ro it  26 ? !  .V .V .V .V .V .V .V : . ... .. .. ....................................... ’ 539 L a fa y e t te  B ld g .

P la n t s  In  B IR M IN G H A M , C H IC A G O  a n d  G R E E N V I L L E ,  P A .

703 A t la n t ic  B M J ;
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H o u sto n  1 ............................................................................................................  163S H u n t  BM *-
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A t la n ta  3 ................................................. ....................... i9R7~22 B a t te r y  S tre e t  ?
S a n  F ra n c is c o  ............................................................... 1267-22 W m . f o x  BM fl.
Lo s  A n g e les 14 ...............................................................................................
In  C a n a d a  H O R T O N  S T E E L  W O R K S , L im ite d , F o r t  E r ie , n -
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The use of capacity ratings should 

prevent high costs and breakdowns. L i C l U i C i1  l l j  C—'lic ix .le z  Q wen taw  ft

M " :  years ago a  book was published covering the 
advances m ade in several scientific fields during the 

pieceding year. In  the chapter on Electrochem istry a 
noted au thority  reported on storage batteries. A t th a t 
particular time there was a wave of proposals by the 
chronic corner-store inventors to pep up or revitalize all 
sorts of devices by adding a patented or secret restorer. 
A wide variety  of useful equipment was listed for im
provement by these miraculous additive agents, and the 
lead storage b a tte ry  was not overlooked. Several of 
the secret bu t highly publicized revitalizers were bottles 
of 98% sulfuric acid. By increasing the acid concen
tration, a small increase in energy would be taken from 
the battery  until additional sulfate deposits offset the 
advantage. Now and then some of these quick re
storers were based upon good theory and chemistry. 
One of the more popular remedies contained-5 ounces of 
salt cake (at a dollar a  package); it was to be added to 
the ba tte ry  several hours before charging to  make sure 
it was completely in solution. This treatm ent brings 
about, real improvement in the energy output of a  badly 
sulfated lead accumulator. Relatively large doses of 
phenol and other chemicals, more or less effective, were 
offered in order to reap a tremendous profit from the 
th rifty  or uninformed.

1 hese popular specialties received due comment by 
the author-scientist. He was against all such practices. 
They were, one and all, to be condemned. Thus far 
we have no quarrel with this advice; .but the authority  
went on to explain his point, if memory serves us accu
rately, with the following touching comparison: After 
a horse has given his best willingly throughout a life of 
long days filled with heavy tasks and has come to his 
teeble end, it  is neither humane, fair, nor effective to 
attem pt to improve his strength  by beating or by in
jecting stim ulants. We cannot believe th is advice is 
applicable or useful in any  study  of storage batteries, 
lead or otherwise. No trace of a soul or o ther human 
emotion is to be found in any  combination of metals 
and electrolytes—a t least not in modern ones. If one 
accepts this as true, the au tho r’s advice seems errone
ous. If one can pep up a battery , originally costing 

ve dollars, and obtain a  10% life increase by adding 
ten cents’ worth of strong acid, it seems worth while 
even if the b a tte ry  is eventually discarded. Our only 
objection would be against charging excessive prices for 
the treatm ent.

— __ 69

•There is no intention in this discussion of being dis
respectful toward any au thor’s teachings; we use this 
example only to  clarify a policy often used in operating 
and replacing p lan t equipm ent. Some engineers are 
overcautious in the use of equipm ent, and some, of 
course, err the other way. The proper policy is some
w hat dependent on the equipm ent involved. D uring 
the processing of any piece of standard  equipm ent, such 
as electric motors, centrifugal pumps, and agitators, i t  
is logical to fix the load a t no less than  the limit, or full 
rating, of th a t  equipment. If some error has been 
m ade and a breakdown occurs, a new un it can be 
secured a t  once; but with all special or built-to-order 
equipm ent, one m ust be more careful. A wise course 
would be to load such equipm ent to 95, 90, or even 85% 
of rating to make certain breakdowns are avoided. 
N ot only would replacement of one piece of equipm ent 
cause a serious delay, bu t m ight stop production in the 
plant. Furtherm ore, one can accept the ra ted  capacity 
of standard  equipm ent with considerable confidence, 
for ratings are set by a large group of research and de
sign experts who have'a background of actual experience 
gained from thousands of field tests.

Equipm ent classified today  as special will become 
standard  as soon as sufficient knowledge is gained from 
experience with m any field tests. One can hasten the 
accum ulation of exact da ta  on the fine points of equip
m ent performance by continually using the products'of 
one m anufacturer ra ther than by try ing  all types avail
able. S tandardization within the purchaser’s engineer
ing departm ent has m any  advantages and will perm it 
intelligent loading of equipm ent to the maximum. As- 
one becomes acquainted w ith relatively new equipment, 
one m ay discover th a t  the real capacity is greater th an  
the rated capacity; the m anufacturer has been con
servative. After reliable d a ta  have been accum ulated 
to substantiate these findings, the higher capacity 
should be used by the p lan t engineer. I t  is n o t neces
sary th a t the m anufacturer of the equipm ent be con
vinced of the wisdom of using the new rating. His 
viewpoint is understandably different; he is expected to 
form ulate a  rating for average conditions and not for the 
most efficient applications possible.

A skillful p lant engineer is able to  assemble equipm ent 
or a  process with all un its loaded to  a real capacity; 

he thereby reduces appreciably the capital cost of the 
p an t. He \\ ill be safe in (Continued on page 70)
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doing this under three conditions: first, when the
equipment is all standard and easily replaced; second, 
when special equipment is protected by spare capac
ity or units; third, when the equipment is such that 
a breakdown merely stops production or use of the 
unit without endangering life or property. For ex
ample, a small hoist, lifting a 2-ton basket of yam 
spools out of a dye vat, could create quite a mess and 
might scald a workman if the hoist failed.

A more serious example also comes to mind. Several 
years ago the managers of a foundry decided to manu
facture equipment for the chemical industry. They 
supplied a ball mill to a clever purchasing agent for 
$2900,' to meet the same grinding capacity the plant 
engineer expected from a Marcy mill costing $6500. 
It is interesting to compare the two mills briefly. The 
first was a Vs-mch-thick sheet-steel shell riveted to the 
flange on two cast iron ends, which carried the cast iron 
shafts all in one piece. The mill turned in two simple 
bearings which required two 6-foot cement piers as 
foundations. The mill was driven by a large cast iion 
gear, keyed to the shaft outside of one main bearing and 
a pinion gear on a jack shaft, with a belt pulley. This 
shaft also required two cement supporting piers. The 
drive from the motor was through an 8-inch belt. It 
was apparent to any chemical engineer that the §2900 
mill was a batch mill, whereas the Marcy mill was a 
continuous mill. It was likewise clear that the cheaper 
mill would not do one-half rated capacity, at best, con
sequently a second similar mill had to be purchased. 
The two mills required a new main drive shaft and a 
larger motor. The equipment finally cost about $8500, 
including shaft and motors. The Marcy mill was 
equipped with a common base and motor, and a pinion 
gear engaging a fully machined steel gear mounted 
directly on the steel body of the mill. The mill was 
also equipped with an alloy steel, replaceable liner, and 
special alloy steel ball load.

The history of operations of the two mills is worth 
noting. The batch mills were built by joining the steel 
shell to the ends with taper head rivets inserted from 
the inside. The first row of balls at the end of the mill 
wore a round groove in the steel shell which removed the 
entire tapered head and allowed the rivets to fall out. 
About forty days after the mill was started, it broke m 
two at the driven end seam, tore loose from the cement 
piers, and rolled along the floor to the building wall. 
An operator barely escaped being crushed. Later t le 
Marcy mill was installed and gave excellent perform
ance at rated capacity. Nothing could have prevente 
the crackup of the batch mill because of its fundamenta 
design faults. However, when equipment appears to 
be too light or runs at high speed, it must not be loade 
to capacity. This invites a breakdown, intcn up s 
production, and perhaps causes serious injuiy. °* u 
nately, the equipment of experienced manufacturers is 
usually reliable, efficient, and accurately rated.
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Even if LaBour Type G had to be 
and repacked like other pumps, it 
still be the ideal pump for many chemical 
applications.

It's faster in self-priming—four times 
fast as older types oi LaBours which, until 
Type G came along, were unchallenged 
champions in this respect.

It's more efficient—pumps more 
per unit of power input than any previous 
LaBour self-priming pump, and they were 
recognized everywhere as tops in the in
dustry.

It's just as simple as any 
only one moving part.

AND—Type G doesn't have 
packed, ever, because it has no 
gland, no mechanical seal of

LaBour Type G is another reason, 
especially good reason, for 
a time-proved fact: If 
nothing else will do.

t h e  l a b o u r  c o m p a n y , i n c
Elkhart Indiana, U.S.A.

v‘ .
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HIGH-STRENGTH NICKEL-BASE ALLOYS FOR CORROSION RESISTANCE

HASTELLOY Alloy Is Used 
for Isomerization Tank Linings

• This 63-foot isomerization tank is strip-lined 
with H a s t e l l o y  alloy B, which effectively resists 
the hydrochloric acid formed when the alum i
num  chloride catalyst hydrolyzes.

H a s t e l l o y  alloy, used for applications such as 
this, elim inates shutdown tim e for replacements 
because its high resistance to corrosive sub
stances means longer life of equipment.

H a s t e l l o y  alloys are available in m any forms 
and can be fabricated into a wide variety of chem i
cal-processing equipm ent. Our engineers will be 
glad to help you select the right grade to solve 
your problem of corrosion, heat, wear, or abrasion.

For further information, write for the booklet 
‘ ‘H a s t e l l o y  High- Strength Nickel-Base Corrosion- 
Resistant Alloys.”

HASTELLOY Alloys Offer 
These Advantages:

1. R e s is ta n c e  to  h y d ro ch lo ric  ac id , cold 
o r  h o t, d i lu te  o r c o n c e n tra te d .

2. R e s is ta n c e  to  s u lp h u r ic  ac id , co ld  or 
h o t,  d ilu te  o r c o n c e n tra te d .

3. R e s is ta n c e  to  ox id iz ing  a g e n ts  such  
a s  fe r ric  c h lo r id e  a n d  w e t ch lo rin e .

4. R e s is ta n c e  to  a b ra s io n  a n d  w ear.

5. H ig h  s t r e n g th  a n d  to u g h n e s s .

6 . V arie ty  of fo rm s— c a s tin g s , w eld ing  
ro d , m ill fo rm s , o r  fa b r ic a te d  eq u ip 
m e n t .
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SPEED S  OUTPUT . . 

IM PR O V ES  Q UALITY
o f  c irm n m

1 . Sturch is mechunicolly dew atered by means of a rotary vacuum filter.

2 .  ° r  " "  ” a,ch «  *o conveyor of dryer
,hc '° 'm of n  cubes. with a  moisture content-©f 78 .5%  IB.D.W.B.).*

3 .  ? X '°  of ,i,e !,0,eh «''«>■ ond breaking the filter
co le  into / j  cube», .1 is possible to dry storch rapid ly—t.'ius preventing

Bone Dry Weiflht Bom.

fmrll ° nd a “ uri: 9 ,*orou9h dr*"'3- Hoving been broken up into
smell pieces, it is possible for oir to circulóte through the bed  of m aterial on
215 F ó ' t ’h°er'endmPer0,UreJ aVerase 180 F' ol beginning of the cycle and

4 .  SIa ' ch ,e a »'> dryer with a  moisture content of 13.6%  (B.D.W.B.I. Capacity 
o f dryer shown is about 460 0  pounds (C.D.W.t) pe r hour. 

tCommercial Dry W eight.
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The physical characteristics of starch make it 
a difficult product to dry in large scale pro
duction. Dried too fast— or with temperatures 

that are too high— case hardening results 
and the dispersibility of the starch in liquid 

is ruined. Yet, with all of these factors to 

overcome, Proctor engineers have developed 

this continuous system that cuts drying time 

for starch down to a matter of minutes from 

12 hours. Not only that, the system assures a 

starch that is free from surface baking or case 

hardening. Naturally, this greatly increases 

the output capacity over that which was pos
sible with old-fashioned kiln drying. Dried 

starch is cleaner, contains far less impurities

Close -up  shows Z i"  cubes o f  

starch .. .  the form in which it 

enters the d rye r , afte r having 

been  scored on the filter. C ir

culation o f  heated  a ir  through 

the bed  o f these cubes p ro 

motes rap id , uniform d ry ing.

and has a better color than starch dried by 

less recent methods. Accurate control of final 
moisture content is assured, and this is an 

important factor. This Proctor continuous dry
ing system for starch represents one more 

major contribution of Proctor engineers to 

more efficient production in the process indus
tries. The entire system is the outgrowth of a 

problem that came to Proctor research 

laboratories a few years ago. If you have a  

drying problem, you’ll be on the right track 
by consulting Proctor engineers now!
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Bailey Pyrotron 
Recorder-Confroller

Looking for Better Temperature instruments?
. . .  Then check these features of Pyrotron 
Electronic Resistance Thermometers. . .

FUNDAMENTAL ACCURACY

Bailey Pyrotron Resistance Elements are made of 

highest purity platinum— the material used by the 

Bureau of Standards in establishing basic standards 

for temperatures from — 190°C to +660°C.

THREE TYPES OF CONTROL

Pyrotron Controllers may operate: on-off electrical 

systems by either electronic' relays or electric con

tacts, modulated electronic systems, or air-operated 

systems. Two temperatures may be recorded on the 

same chart and controlled by a single instrument.

FACTS PUT INTO USABLE FORM

Bailey Pyrotrons may be arranged to put temperature 

facts into convenient usable forms. If two or more 

temperatures are related, they may be recorded as 

continuous records on the same chart for easy com

parison. The average of several temperatures or the 

difference between two temperatures may be 

recorded as a single continuous record which may be

retransmitted to a distant point or used to actuate 

a control system.

EASY INSTALLATIO N

Bailey Pyrotrons do not require careful leveling or 

protection against vibration. Three ordinary copper 

wires are all that is needed to connect each tempera

ture sensitive element with the recorder. Power may 

be taken from any 115 volt 60 cycle circuit.

MINIMUM MAINTENANCE

The absence of galvanometers, batteries and stand

ardizing equipment, together with the use of inter

changeable unit assemblies, reduces Pyrotron main

tenance to the vanishing point.

ABUNDANT POWER

A  separate motor drive for each temperature fur

nishes abundant power to o p e ra te s  recording pen, 

a controller and an alarm switch.

For the full story on this unusual electronic resistance ther

mometer which is suitable for ranges between  — 100 F 

and 1200°F, ask for Bulletin No. 2 3 0 -A .  P-9

BAILEY METER COMPANY
; R O A D  • • • C L E V E L A N D  10 ,  O H I O10 2 3  I VAN H O E  R O A D
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Flow measurement and a new tempera
ture time cycle controller are discussed. ' L i c i u i e 1  L

1
0 4 I A .  M tuic,L

¿ 7 <-ow is one of the commonest and m ost im portant quantities
t "which th e  instrum ent engineer is called upon to m easure and 

control. Chemical plants, petroleum refineries, and power plants 
m ake extensive use of m any typos of equipm ent to  measure and 
control flow. T he present discussion will be lim ited to the oldest 
and m ost widely used class of flow sensitive devices, the differen
tia l pressure type.

Sextus Julius Frontinus, who was inspector of the public foun
tains in Rome about 106 B .C ., noted th a t the am ount of w ater dis
charged through an orifice in a  given in terval of tim e depends no t 
only on th e  size of the orifice b u t also 011 th e  hydrostatic head. 
Benedetto Castelli (1577-1644) concluded th a t the ra te  of flow 
was proportional to  the hydrostatic head. However, Torricelli, 
whom wc more often associate w ith the barom eter, deduced in 
1643 th a t  th e  ra te  of fluid flow was proportional to  the square root 
of the head. H is reasoning was based on Galileo’s experiments 
w ith falling bodies. T he square root relation was confirmed ex
perim entally by various workers shortly  thereafter.

Daniel Bernoulli (1700-1782) showed th a t for a fluid in motion, 
the sum of the kinetic energy, the potential energy, and the pres
sure energy was constant along a given streamline. T his relation 
is expressed by Bernoulli’s fundam ental equation of hydrody
namics:

-  + V ~  + hip 2  g
4-lYl

2  g +  h2

where P i, P 2, =  'pressure, lb ./sq . ft.
p =  density, lb ./cu . ft.

Vi, Vt — velocity, ft./sec.
g — acceleration due to  gravity, ft./sec./sec, 

lh, hi =  height, ft.

Torricelli’s  theorem sta tes the relation between velocity of dis
charge from an orifice in th e  bottom  of a  reservoir and the hydro
static  head. F or th is case Vi, the  velocity in the  reservoir, m ay be 
considered zero, Pi equals P 2 since both  are equal to  atm ospheric 
pressure, and hi, the  reference level, is zero. U nder these condi
tions, Bernoulli’s equation reduces directly to

V  = \/2 g h

which is Torricelli’s theorem. I ts  derivation from Bernoulli's 
equation established its  correctness, so th a t it  displaced the incor
rect linear relation of Castelli. I t  is interesting to  note th a t about 
seventeen hundred years were required to  develop the correct rela
tion between flow and head after the initial observation th a t they 
were related.

Although th e  basic theory upon which flow m easurem ent de
pends has long been known, m any factors are involved which 
cannot readily be calculated. T he Brown Flowmeter Engineer
ing H andbook by Louis Gess and R. D . Irwin, published by 
Brown Instrum ent Company, is an excellent trea tm en t of the 
practical use of flowmeters. The opening chapter gives a  simple 
account of the  principles of orifice flowmeter measurem ent. I t  
discusses the  effect of flow disturbances produced by elbows, 
valves, and o ther fittings. C harts give the minimum lengths of

stra igh t pipe above and below the orifice as a function of the  
ratio  of orifice to  pipe d iam eter for various arrangem ents of 
fittings. C hapter 2  discusses the th in-platc orifice and th e  
various types of pressure tap s used w ith it. Brown flowmeters 
of various types are described in the next chapter. D etails o f 
m eter body design and interchangeable-range tubes are covered. 
Mechanical, pneum atic, and electrical types for a wide range of 
conditions are described. C hapter 4 contains useful d a ta , 
mostly in tabu lar form, for approxim ating an orifice ra tio  and 
differential pressure. The m ethods described arc rapid and suf
ficiently accurate for prelim inary purposes. S tarting  with 
Bernoulli’s equation, the fifth chapter derives th e  universal for
mula for flow m easurem ent; these relations are fu rther developed 
in the next chapter to give working equations suitable for cal
culation of practical problems. Some of the complexities in
volved in measuring gas flows are covered in chapter 7. R eyn
olds num ber and its relation to  coefficients of discharge are next 
discussed. Because of th e ’need for viscosity d a ta  in Reynolds 
num ber calculations, the following chapter gives definitions of 
absolute and kinem atic viscosity, and tables and form ulas for 
converting readings-of common types of viscometers in to  ab 
solute units. A .P.I. and Baumo specific gravity  conversion 
charts and formulas are also included. Then come four chapters 
on orifice calculations for steam , water, oil, and gas flow'; de
tailed accounts are given of the m ethods of making orifice cal
culations, including all necessary formulas and tables. C hapter 
14 summarizes the equations developed in earlier sections of the 
book and defines all symbols used. C hapter 15 discusses the 
calculation of correction factors needed when operating condi
tions such as tem perature and pressure change. T he book 
closes w ith a  discussion of integration m ethods to obtain volum e 
from flow' rate.

This handbook is a  complete account of m ethods of com puta
tion involved in the selection and use of flowmeters. I t  contains 
com paratively little inform ation on m ethods of installation and 
m aintenance of the equipm ent once i t  is chosen. N o one work
ing in the field can afford to be w ithout a copy.

C y c le  Jlo t j. G o + tb u d le x .

T he Foxboro Company, Foxboro, M ass., recently p u t on the 
m arket a unique tim e cycle-tem perature controller. T his in
strum ent (Figure 1 ) will bring the process tem perature up to  a 
desired value a t a  predeterm ined ra te  of rise, control i t  a t  th is 
value for a  given length of time, and then shu t off the heating  
medium. As the illustration show's, the instrum ent is flush- 
m ounted w ith all its  accessories, such as gage, control setting  
knobs, electrical switches, and signal light's, in a  moistureproof 
steel cabinet.

The desired ra te  of rise is secured w ith a  constant speed m otor 
linked to  the lower index pointer to  drive i t  upscale a t  a  uniform 
rate. The m aximum ra te  is approxim ately 24 m inutes to  cross a 
s tandard  1 2 -inch chart scale. (Continued on page 76)
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'Rubber Lined STEIL
...F O R  HANDLING, STORING 
AND TRANSPORTING ACIDS

R u b b e r- lin e d  tanks 
being ru n  into W est
ern 's huge steam cur
in g  tank.

A pplying one of five 
coats o f rubber ce
m e n t re q u ire d  to  
bond rubber to steel.

Fabrication of rubber-lined steel tanks and con
tainers, of all sizes and shapes, is one of the 
many specialties of Western Pipe & Steel Com
pany. A pioneer in steel fabrication, Western 
has developed unmatched facilities. It was one 
of the first companies in the West to engage in 
the production of rubber-lined steel products.

New synthetics are broadening the uses to which 
rubber-lined steel can be put, and are opening 
many new possibilities for handling, storing and 
transporting acids and abrasives.

W rite Western's Los Angeles office for in
formation about rubber-lined steel, also, 
stainless steel and other alloy linings.

Figure 1. Foxboro Cycle Log Controller

To obtain  slower rates, the current to th is m otor is interrupted 
for a given fraction of each half-m inute period. T hus the actual 
m ovem ent is a  series of very small steps ra th er th an  an ab
solutely sm ooth curve. However, the steps are so small th a t the 
curve is, for all practical purposes, continuous.

T he in terrup ter consists of a  microswitch in the circuit of the 
constant speed m otor operated by a circular off-center cam 
m ounted on a standard  2 r.p.m . motor. T he microswitch is 
tu rned  on and off once each half m inute by  a cam follower riding 
on th is cam. T he ratio  of off to  on tim e is varied by positioning 
the microswitch w ith the  setting  knob on th e  front panel.

T he holding-period lever arm  is friction-driven by  the chart 
drive mechanism. W hen th e  arm  is a t  zero, an  auxiliary nozzle 
is uncovered to  bleed all air from the  control circuit, and a mer 
cury sw itch is .ro tated  to  tu rn  on th e  red signal light indicating 
the end of a complete cycle. T he four knobs a t  the right of the 
instrum ent control th e  tem perature  a t  which th e  ra te  of rise 
function is to  sta rt, the  ra te  of rise, th e  holding tem perature, an
the  length of the holding period.

A djustm ent of the holding period autom atically starts ttie 
control action. If the pen is below the  poin t a t which the rate 01 

rise function is to  sta rt, th e  control valve will open wide unti e 
tem perature reaches th e  point. D uring th is period none o i 
indicating lam ps will be on. T hen th e  tem perature wiU rise a 
th e  desired ra te  un til the  hold tem perature is reached. * 
period is indicated by  a yellow light. W hen th e  hold cmpi 
tu re  is reached, th e  yellow signal hglit is turned off an a g 
one is tu rned  on. A t the  completion of th e  hold period, the steam 
is tu rned  off. T he yellow light is tu rned  off and a red -• 
tu rned  on to  indicate completion of th e  cycle. I  his sj s e 
nates th e  use of program  cams and results in a very exi 
strum ent.

WESTERN PIPE & STEEL C O M P A N Y  
of CALIFORNIA

F a b r ica to rs  • Erectors  
P. O . B o x  2015, Term inal A n n e x  
5 717  San ta  Fe Ave., Los A n ge le s  54  
2 00  Bush  Street, S a n  Francisco 6

F I V E  P L A N T S  S E R V I N G  T H E  W E S T
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long Tube Film Type Evaporator Long Tube Vertical Recirculation Evaporator Vertical Tube Forced Circulation Evaporator

Submerged subc Forced Circulation Evaporator

. . . should be considered in any evaporation problem.

Conkey evaporator equipment comprises a modern line o f  
pressure and vacuum evaporators in single and multiple 
effect.

Designs provide for maximum accessibility, minimum en
trapment losses, high heat transfer and automatic control.

Conkey evaporators are fabricated from the usual materials 
o f construction; also in special metals and protective 
coatings to prevent product contamination. Design and 
construction assure long-time, trouble-free operation with 
low maintenance and supervision costs.

Other General Am erican  
Equipm ent

FILTERS

DRYERS

THI CKENERS
CA L C I N E R S

KI L N S

T U R B O - MI X E R S
DEWAT E R ER S

T A N K S

T O W E R S
A General American engineer will be glad to go into de
tails with you.

Cleneral merican
T R A N S P O R T A T I O N  C O R P O R A T I O N
p r o c e s s  e q u i p m e n t  • 

SALES OFFICE:

513a Graybar Bldg., New York 17, N. Y. 

WORKS: Sharon, Pa.; East Chicago, Ind.

s t e e l  a n d  a l l o y  p l a t e  f a b r i c a t i o n

OFFICES: Chicago, Louisville, Cleveland, 

Sharon, Orlando, St. Louis, Salt Lake City, 

Pittsburgh, Washington, D. C.
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Yes, or alike as two telephone handsets made by the 

same process. Yet, pins or handsets — no two could 

ever be made exactly alike. Dimensions, weight, per

formance— all vary every time due to variables in 

manufacture. How can these variables be controlled?

Back in 1924, Bell Laboratories’ mathematicians and 

engineers teamed up to find out, forming the first group 

of quality-control specialists in history. They invented 

the now familiar Quality' Control Chart, designed in

spection tables for scientific sampling. They discov

ered that test data mathematically charted in the 

light of probability theory were talking a language 

that could be read for the benefit of all industry.

Western Electric, manufacturing branch of the Bell 

System, applied the new science to its large-scale 

production. In war, it was used by industrial and gov

ernment agencies of the United Nations in establish

ing and maintaining standards for military matériel. 

A  Quality Assurance Department, a novelty back in 

the nineteen-twenties, has come to be indispensable 

to almost evety important manufacturer.

Scientific quality control is one of many Bell Labora

tories’ ideas that have born fruit in the Bell System. 

The application of mathematics to production helps 

good management all over the industrial world — and 

furthers the cause of good telephone service.

B E L L  T E L E P H O N E  L A B O R A T O R I E S
E X P L O R IN G  A N D  IN V E N T IN G ,  D E V IS IN G  A N D  P E R F E C T IN G  F O R  C O N 

T IN U E D  IM P R O V E M E N T S  A N D  E C O N O M IE S  IN  T E L E P H O N E  S E R V IC E .
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CORROSION INFORMATION
. . .  available to all

T N  working out the design of equipm ent, 

engineers can proceed on the basis of , 

well-established and consistent mechani

cal p roperties of th e ir materials.

H ow ever, w h ere  co rro siv e  e n v iro n 

m ents are to be encountered in  use, an 

uncertain ty  often appears as to how these 

m aterials will perform . For corrosion re

sistance is not a fixed  p roperty  — but, 

ra ther, one th a t varies greatly w ith m edia 

and operating conditions.

To help you elim inate—or m in im ize— 

th is uncertain ty  of selection, T he In te r

national Nickel Company offers its ex

perience, facilities and accum ulated data.

The corrosion engineering research — 

started  by I n c o  over 38  years ago — has 

helped p u t m etal selection upon a scien

tific footing. Laboratory studies, p lant 

tests, outdoor and m arine tests have 

yielded a fund of corrosion data to guide 

designers and buyers of equipm ent.

I n c o  originally undertook this research 

because one of the principal m arkets for 

Nickel is in  alloys designed prim arily  to

resist corrosion. T hroughout the years, 

the guiding aim of the program  was to 

usa N ickel A lloys where they  belonged  

. .  . and to best advantage.

Carrying out this aim  m ade it necessary 

not only to establish w hat Nickel Alloys 

could do, bu t also to discover how they 

would perform  relative to o ther m ate

rials. Guided by th is inform ation, I n c o ’s 

corrosion engineers can m ake recom m en

dations for Nickel Alloys in  specific ap

plications.

I n c o  corrosion engineering research 

can be pu t to work for you in  th ree ways:

B y applying to your particular problem  the. 
information recorded on over 30,000 corro
sion data sheets.

By carrying out specially-developed tests in 
your own plant.

B y undertaking studies o f general corrosion 
problems at I n c o  Laboratories and  I n c o  

Field Test Stations.

I n c o  corrosion engineers will m ake I n c o ’s 

corrosion inform ation as read ily  avail

able to you as if i t  were in  your own files.

ADI  M A H

THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y.

I

Succeeding advertisements w ill discuss in detail the corrosion research activities carried on by The International N ickel Company



This is Why the Nash is the 
Most Simple Compressor

INLET
PORT DISCHARGE

PORT

INLET
d is c h a r g e

discharge
P O R T IN LE T

PORT

ROTATION i $  C LO C K W ISE

t & e

T here are no m echanical com plications in a Nash Com pressor. 
A sing le m oving elem ent, a round rotor, w ith sh rouded  blades, 
form ing a series of buckets, revolves freely  in an  ellip tical casing 
containing any  low  v iscosity  liquid. This liquid, carried  w ith  the 
rotor, follows th e  ellip tical contour of the  casing.

The m oving liqu id  therefore recedes from the  rotor buckets at 
the  w ide p art of the  ellipse, perm itting  th e  bucke ts  to  fill w ith 
gas from th e  stationary In le t Ports. As the  casing narrows, the 
liqu id  is forced  back  into the  ro tor buckets, com pressing the  gas, 
and delivering  it through the  fixed O utlet Ports.

N ash C om pressors p roduce 75 lbs. p ressure in  a single stage, 
w ith capacities to 6  m illion cu. ft. p e r day  in  a single structure. 
S ince com pression is secured  b y  an en tire ly  d ifferent principle, 
gas pum ping  problem s difficult w ith ordinary  pum ps are often 
h an d led  easily  in  a Nash.

Nash sim plicity  m eans low m aintenance cost, w ith original 
pum p perform ance constant over long periods. Data on these 
pum ps sen t im m ediately on request.

No internal wearing parts.
No valves, pistons, or vanes.
No internal lubrication.
Low maintenance cost.
Saves floor space.
Desired delivery temperature 
autom atically m aintained.
Slugs of liquid entering pump 
w ill do no harm.
75 pounds in a single stage.

M A C H  E N G I N E E R I N G  C O M P A N Y
n  A 9 m  3 2 6  W I L S O N ,  SO.  N O R W A L K ,  CONN.

Vol. 38, No. 6
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The rental of m unicipal sewage systems 

can becom e a convenient means for in 

dustry to d ispose  o f its liqu id  wastes. c ly . ¿ J 'i''a x& ld  ^ y P tn td o c L

0 /fJ  ^  equipm ent becomes more readily available so th a t 
m unicipalities can expand and modernize their sewage dis

posal systems, we will hear considerable discussion on th e  subject 
of taxing those industries which purge their w astes into city 
sewage system s. Industry  often places a serious burden upon 
sewage works. I t s  increased w ater volume m ay necessitate a  
larger processing p lant. The toxic substances introduced by in
dustry  into th e  public sewers are of even greater im portance. 
These m aterials interfere seriously w ith the bacterial processes 
utilized in m odern disposal plants. The increasing complexity 
and m agnitude of industrial w aste problems, 011 one hand, and 
the refinement and sensitivity of the sewage trea tm en t processes 
on the  other, create problems which m ust be solved before new 
sewage installations can be properly designed. P ast experience 
clearly indicates the im portance of regulating th e  discharge of 
industrial wastes into public sewer system s to keep the trea tm en t 
of these residues under positive control.

In  large comm unities which have a  diversified group of rela
tively  small industries, the volume of trade  waste is not an appre
ciable percentage of the to ta l sewage load. I t is not, therefore, 
necessary to  consider pretreatm ent of the industrial w aste before 
it is added to  th e  public sewer. In  sm aller cities, however, where 
the trade  w aste volume is proportionally substantial, real diffi
culties are encountered. This is particularly  true  if the wastes 
are toxic substances and the industrial activ ity  comes from only 
a few types of industry.

E q u ity  to  all concerned in disposition of w aste products is 
essential. A control board should be established to  determ ine 
the effect of trade  waste upon the sewage trea tm en t plant. 
Furtherm ore, a m unicipality should no t encourage a new industry  
to settle  w ithin its  boundaries until a  careful appraisal has been 
made oi th e  com patibility of the w aste from the r p v  industry 
with the m ethod of operating the public sewage plant. Cities 
should also consider th e  effect of expansion in existing industries.

Cooperation w ith ra th e r th an  persecution of industry  should be 
the basis for abatem en t of trade and sewage wastes. A good 
example of w hat no t to do is reported from a small N orth  D ako ta  
city. T he spent w aters from a potato  dehydrating  p lan t had be
come extrem ely detrim ental to  th e  operation of the local sewage 
plant. Lack of previous knowledge, according to  reports, had led 
to th is difficulty. Cooperative study  of the problem was lacking. 
The m unicipality adopted a  ruling prohibiting the dum ping of 
the waste into the sewer system  until the company had indem ni
fied th e  city  against dam age claims. The company closed the 
plan t and moved to  another city.

On the o ther hand, there are numerous examples of cooperative 
study which benefited all concerned. In  a  tow n of 3000 the ex
cessive flow and screenings a t  th e  sewage disposal p lan t were 
due to a  large leather processing p lant. T he  company received 
hides in carload lots from slaughterhouses. Removal of the hair 
and fleshings from these hides required a  considerable volume of 
wash water. F or m any years a portion of the fleshings was re
moved from a  hand-raked bar screen, b u t sm aller pieces and 
hair w ent through to the tanks and formed trem endous layers of 
scum. The num ber of operators required far exceeded the normal 
needs of such a small community. After a  friendly discussion the
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m anufacturer was persuaded to install a  fine screen in his p lan t to 
remove hair and fleshings. The p lan t foun(J a  m arket for this 
m aterial which paid for the screen and continues to  be profitable. 
The city installed a com m inutor a t  th e  sewage p lan t to  m acerate 
the remaining fleshings. Now this disposal p lan t is operating 
v ith  a norm al labor force. In  mijny cases m unicipalities have 
found i t  expedient to accept the un treated  w aste of an industry  
into the sewage system  in regulated am ounts th roughout the 
24-hour day.

In  1929 F rank  A. M areton sta ted :

W here the sewage is tre a ted , th e  cost of operation  and  m ain tenance  oi the  
sew age tre a tm e n t p la n t is influenced by  th e  ch arac te r of th e  sewage, in c lu d 
ing  in d u stria l wastes, ground w ater, and  o th e r leakage. C erta in  industria l 
w astes m ay add  a considerable burden  of expense because of th e ir  charac te r, 
w hereas re la tive ly  clean rinse w aters, a lthough  of s im ilar volum e, would no t 
involve a  corresponding cost. To m eet th is condition , i t  is possible to  se t 
up  th e  following: a  schedule of charges based n o t only upon the  volum e of

■ dom estic sewage o r in d u stria l w astes, b u t  also on th e  degree of pollution as 
m easured by  re la tiv e  am o u n t of suspended m a tte r , th e  biological oxygen de- 
m and, o r som e o th e r facto r.

Some years ago F. H. W aring reported as follows on sewage 
rentals in Ohio:

In  m aking up a  sew er ren ta l schedule, special allow ances . . . .  should  be 
m ade for certa in  unusual prem ises served— for exam ple, in d u s tria l estab lish 
m ents where liquid w astes a re  ad m itted  to  th e  sewers. F o r th e  la t te r  p rem 
ises v a ria tions  in charges in accordance w ith th e  volum e m ay be supp le
m ented by  fu rth e r varia tions in accordance w ith th e  s tren g th  of th e  in d u s
tria l sew age as com pared with the  dom estic sewage.

H am m ond, Ind., has a  san itary  d istrict of about 27 square 
miles. W ithin its boundary are some seventj'-five principal 
industrial establishments. Since 1942 all san itary  sewage origi
nating w ithin the d istrict has received complete treatm ent, 
and a  comprehensive program has been in progress for the  satis
factory handling and disposal of all local trade  wastes. W ith the 
possible exception of the w astes from a corn products p lant, all 
industrial wastes w ithin th e  d istrict are being received for com
plete trea tm en t a t th e  sewage trea tm en t p lan t or are being 
handled in  some other m anner satisfactory to  the. district. The 
volume of sewage received averages about 24 million gallons per 
day  from an estim ated population of 70,000. The population 
equivalent for the domestic sewage and industrial waste averages 
around 160,000. Because some of the industries have been active 
011 war- projects, the character of the industrial residues is ex
pected to  change; b u t the city  does no t antic ipate  difficulties in 
handling the norm al industrial activ ity  of the  san ita ry  district.

A t Cedar Rapids, Iowa, a  packing p lan t paid th e  cost of con- 
stiuetion  of the public disposal p lan t and gives a  yearly  sum 
tow ard its operating cost. Sim ilar-agreem ents on the basis of 
yearly  charges to  industry  have been worked ou t w ith creameries 
and laundries in Boulder, Colo., w ith grain elevators, creameries 
and food industries in Traverse C ity, Mich., and in Sioux F alls’
S. D ak., Phoenix, Ariz., and Orville, Ohio. Freehold, N. J., has ■ 
established special ra tes for industrial wastes delivered by a 
separate sewerage system  to  the trea tm en t p lant. In  Los 
Angeles, H. F. G ray reports th a t  industries m ust apply  for a 
perm it to  discharge liquid waste into the  sewers. This perm it 
m ay be refused if th e  waste is found (Continued on page 82)
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heating units absorb all 
expansion and contrac
t io n  s t ra in s  w ith o u t  
damage. W idely used in 
heating and drying proc
esses. Rugged enough for 
h ig h  p ressure  se rv ice .
Suitable for low and in ter
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ab le , sa fe , e c o n o m ica l. M e ta l l ic  
bonding, complete tinning give high
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tection from corrosion.

Other Aerofin designs have solved cooling, 
condensing, refrigeration and a ir conditioning 
problems as varied as the chemical industry 
itse lf:

N O N -F R E E Z E  C O ILS  
permit modulation of steam to any 
quantity without danger of freexing

D IR E C T  E X P A N S IO N  C E N T R IF U G A L  H EA D ER  C O ILS  

for all types of gaseous refrigerants

C O N T IN U O U S  T U BE  W A T E R  C O ILS  
for water or liquid refrigerants

C L E A N A B L E  T U BE  C O ILS  
with removable header for quick recon
ditioning, least interruption of service

S P E C IA L  C O ILS  
for special applications

For long, low-cost service consult Aerofin 
. . . good insurance against costly mistakes.

S P EC IF IED  BY  L E A D IN G  E N G IN E E R S

A e r o f i n
C O R P O R A T I O N
420 South Geddes St., Syracuse, New York

C H IC A G O  • D E T R O IT  • C L E V E L A N D  
N E W  Y O R K  • P H IL A D E L P H IA  • D A L L A S  • T O R O N T O

objectionable. W hen the trea tm en t requirem ents of the  waste 
are found to  be above th a t of norm al hum an sewage, a  charge 
is made to  the  producer of the waste, based, according to a pro
posal of Gray, upon the assessed valuation of the industrial plant.

M ost of the agreem ents m entioned have been based on yearly 
or some o ther negotiated charge. In  the past three years two 
m unicipalities have assessed sewer service charges 011 the basis of 
th e  volume of waste and the strength  and character of its con
stituents. Buffalo, N . Y., is reported to  be the first city to  apply 
such regulations. T he service was s ta rted  in February, 1943. 
As reported by Symons and Crane in the M arch, 1944, issue of 
Water Works and Sewerage, the following form ula is used for cal
culating the charge applied:

R F P e (C -  Nc) +  F P , (S -  N ,)

where R  
F  
Pc 
C 
Nc

P .

S
N ,

* ra te  of special charge, cen ts/1000  cu. ft. of w aste volum e
■ fa c to r for converting  p .p .m . to  lb ./1000  cu. ft.
* c o n tra c t price of chlorine, c en ts/lb .
= concen tration  of chlorine dem and of w aste, p .p .m .
= norm al d ry  w eather chlorine dem and  of raw  sewage, p .p .m . of

sew age received a t  tre a tm e n t works 
= cost in  cents of chem icals for sludge conditioning, and  of power 

for solids disposal resu lting  from  1 lb . of suspended solids 
received in raw  sewage a t  tre a tm e n t works

■ concen tra tion  of suspended  solids in w aste, p .p .m .
- norm al grit-free suspended solids of raw  sew age as received a t

tre a tm e n t works, p .p .m .

T he fac to r P c m ay v a ry  from  y ear to  year according to  th e  co n trac t price for 
chlorine, and  the  fac to r P ,  m ay  v a ry  according to  th e  price  of chemicals 
and  pow er involved in the  disposal of solids, as de term ined  from  operations 
for the  previous vcar or previous tw o years. T h e  fac to rs  C an d  S  may be 
established  by  analysis (periodic o r otherw ise) to  ob ta in  average concentra
tions to  be applied for a n y  agreed length  of tim e.

Average sewage results a t  Buffalo are 5.6 p.p.m . chlorine do 
m and and 157 p.p.m . suspended solids. T he special charge for 
1000 cubic feet of w aste am ounts to  0.136 cent for each p.p.m. 
chlorine dem and and 0.00305 cent for each p.p.m . suspended  
solids determ ined by  the sewage analysis. I t  has no t appeared 
economically feasible to  apply a  special charge when the rate is 
less th a n  1 cent per 1000 cubic feet of w aste volume. The ap
plication of these charges has b.een successful so far in Buffalo. 
W hen questions arise, cooperative and friendly negotiations have
solved the problem.

In  February, 1944, New Brunswick, N . J., passed an ordinance 
based on the premise th a t all wastes should be trea ted  a t the 
m unicipal p lan t w ithout p re trea tm en t by industry. The ordi
nance s ta ted : “T he charges for factory effluents or industria 
wastes discharged into the city  sewers or tribu taries thereoi 
shall be fixed and determ ined according to  flow, suspended  
solids, and chlorine dem and, according to  the following schedu e 
of rates: S22.00 per million gallons, S5.00 per ton  of sludge, 
and $5.00 per 100-pound chlorine dem and.” Chester Pau ua, 
m ayor of New Brunswick, reported in J u l y ,1944, th a t "if indus
trialists are willing and do cooperate, m ost industrial wastes can 
be handled in adequately designed sewage trea tm en t plants con
structed  for the trea tm en t of domestic sewage; b u t i n  this cooper
ation the industrialists m ust be prepared to  pay their full sliar 
of th e  cost of the p lan t enlargem ent and p lan t operation.

In  E ngland the  responsibility for sewage disposal was tran - 
ferred from th e  local authorities to a national board m • 
Since th a t  tim e all new discharges of factory effluent toise\ 
have been assessed on the basis of the actual cost of p u n iiq # »  • 

There appears to  be am ple justification for combining 
posal of industrial residues w ith municipal sewage in a  C01 

processing p lant. T he to ta l cost should be low er in sue i a 
operation. W hen industries have to  pay  service charge 
will be more inclined to  use every m eans available to 
over-all load on processing plants. T his will tend to me  ̂
forts to  find uses for wastes. T he entire program appears g ‘
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many a p p lic a tio n s  for Republic 
ENDURO Stainless Steel. Others 
include heat exchangers, condens-

,n m any  w a y s

R epublic E N D U R O  Stainless S tee l-th e  metal which 
possesses exceptional resistance to intense heat and 
severe corrosion—is the ideal material for many different 
types of high temperature equipment.
ENDURO possesses high creep strength —and resists 
scaling in  h igh  temperature applications—thereby 
effecting substantial savings in both equipment main
tenance and replacement costs.
For complete details about ENDU R O  Stainless Steel, 
including a list of the many different analyses and their 
corresponding physical properties, write directly to:

R E P U B L IC  STEEL  C O R P O R A T IO N
Alloy Steel Division • Massillon, Ohio

G E N E R A L  O F F I C E S  '  C L E V E L A N D  1, O H I O
E x p o rt D epartm en t: Chrysler B uild ing , N e w  York 17. N e w  York

! These stainless steel blower fans,
! used for high temperature oper- 
\ ations in the chemical processing 
\ industry, re p resen t b u t one o f

---- o - . condens- "
, ers, evaporators, k e ttle s , tubing, \ 

valves and drums.

Oiher Republic Products include Carbon and ,

R e * .  U . S .  P i t .  O ff.
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Alloy Cliilled-Iron Cone for CrusherBatch Type Carborizing R etort

Alloy T ube Support Castings
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Alloy-Iron Housing for Pum pH earth Plates for Enameling Furnace

CAST by B& W

for long-run performance
A s  vital parts of many different kinds 
of process equipment, B&W Alloy Cast
ings are demonstrating outstanding ability 
to resist abrasion, corrosion and oxida
tion, and to retain high strength even at 
elevated temperatures.

Operating in just about every kind of 
tough service, they are helping to keep 
production up by keeping down costly, 
time-consuming repairs and replacements. 
Their long-life characteristics have been 
proved over and over in service tempera
tures up to 2000 F, and under conditions

requiring high creep strength, consistent 
with long-term stability.

B&W can supply castings in practically 
any weight and shape required, and the 
wide range of analyses available assure 
lasting service satisfaction in any set of 
adverse conditions in which process equip
ment is operated. B&W Castings are prod
ucts of B&W’s own modern foundries.

Our broad experience gained in helping 
to solve a large variety of problems with 
B&W alloy castings, may save you time, 
trouble and expense later on.

Water-Tube Boilers, for Stationary Power Plants, for 

Marine Service . . . Water-Cooled Furnaces . . . Super

heaters . . . Economizers . . Air Heaters . . . Pulverized- 

C°al Equipment . . . Chain-Grate Stokers . . . Oil, Gas 
and Multifuel Burners . . . Seamless and Welded Tubei 

and Pipe . . , Refractories . . . Process Equipment.

as
Sr*C£T U c
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Model 4 Portable
Handy for lab fires

Light in weight,simple to operate, 
the Kidde Model 4 H and Portable 
Extinguisher is especially useful 
in fighting the  sm all inciplept 
blazes th a t  m ay break ou t in p lan t 
la b o ra to rie s , w here  fla m m a b le  
liquids are  frequently used.

The simplicity of operation of 
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Standard methods of presenting facts 

aid chemical plant management and also 

improve em ployer-em ployee relations. c=~~̂ £¿ c u S keJ. l?ij ~r}̂ \Jaliel e t  v o n e a u u c i n u

/ J akgk sum s are  sp e n t y early  by  the. chem ical in d u s try  for 
collccting d a ta , w ith  th e  ex p ec ta tion  th a t  figures speak  for 

them selves an d , therefo re , will b ring  a b o u t im p ro v em en ts  o r 
will correc t u n d esirab le  conditions. H ow ever, unsound  theories 
w hich c an n o t be su p p o rte d  b y  s ta tis tic a l in fo rm a tio n  a re  o ften  
given p reference o ver carefu lly  th o u g h t o u t plan's. T h is  is due 
to th e  fa c t th a t  poorly  p re sen ted  s ta tis tic a l  d a ta , v a lu ab le  though  
th ey  m ay  be, a re  n o t accep ted  b y  m an ag em en t a s  p roof th a t  
conditions n eed  to  be  changed. T h e  m an n er of p re sen ta tio n  
is u sua lly  m ore im p o rta n t th a n  th e  fac ts  p resen ted . I f  th is  w ere 
generally  realized  b y  m an ag em en t a n d  em ployees, m ore em phasis 
w ould be  p u t  u p o n  th e  p ro p er p re sen ta tio n  of facts, an d  m ore 
th o u g h t w ould bo g iven  to  s ta n d ard iz in g  th e  m eth o d  of p re sen t
ing a  p rob lem . I t  is  som etim es co n ten d ed  th a t  th is  ty p e  of 
s ta n d ard iza tio n  re s tr ic ts  ind iv idua lism . T h is  is n o t tru e  unless 
the  s ta n d a rd iza tio n  is carried  to  th e  ex trem e. S tan d ard iz in g  
the  m eth o d  of p resen tin g  fac ts  gives a n  em ployee th e  assu rance  
th a t  his w ork  w ill bo ju d g ed  on  th e  b asis of accom plishm en ts and  
no t on  th e  basis of th e  form  in  w hich h is re p o rt is p resen ted . 
M anagem en t, on th e  o th e r han d , can  m ore easily  w eigh th e  m erit 
of various suggestions su b m itte d  because s tan d ard ized  rep o rts  
can be  com pared  d irec tly . A n o th er a d v an tag e  of un ify ing  
m ethods of fac t p re sen ta tio n  lies in  th e  exclusion of tr ick  m eth o d s 
used to  fo rw ard  one p o in t of view.

A t th e  s t a r t  of a  p ro jec t m an ag em en t m u s t decide on th e  e x te n t 
to w hich  s ta n d a rd iza tio n  is to  be  carried . C o n sid e ra tio n  m u st bo 
given to  th e  e lem en t of tim e. I t  is considered  good p rac tice  to  
p lan  a  s ta n d a rd iz a tio n  p rogram  com plete ly  b u t  to  p u t  i t  in to  
effect g rad u ally . Possible re sen tm en t is th u s  red u ced  and  
em ployees can  becom e g rad u ally  a cq u a in ted  w ith  th e  new  p lan .

T h e  id ea  of s ta n d a rd iz in g  th e  p re sen ta tio n  of fac ts  is n o t new. 
E v ery  p la n t  o r every  d e p a rtm e n t w ith in  a  p la n t  follows a  certa in  
p ractice  w hen v e rb a l o r w rit te n  re p o rts  a re  m ade . A p lan tw id e  
s ta n d ard iza tio n  p ro g ram  tak e s  in to  considera tion  th ese  e s ta b 
lished p ractices, selects those  found  m o st su itab le , classifies them , 
and  describes in  d e ta il w hen  a n d  how th ey  should  b e  used.

M etU ocLi. o f S ia n c h z 'u lig lttÿ

M an ag em en t can  e ith e r assign  th is  ta sk  to  a  person  or to  a  
com m ittee  rep resen tin g  m an ag em en t an d  em ployees. T h e  
w riter recom m ends th e  co m m ittee  because em ployees a re  m ore 
inclined to  coopera te  in  a  new  p lan  if th e y  h a d  a  p a r t  in  e s tab 
lishing it.  M an ag em en t shou ld  n o t  d raw  up  fo rm s an d  issue 
in stru ctio n s w ith o u t f irs t consu lting  those  w ho will h av e  to  carry  
ou t th e  now p lan . N o  one w ould th in k  of s ta n d ard iz in g  jo b  pe r
form ance w hich  describes in  d e ta il th e  fu n c tio n s of a  job , w ith 
ou t first o b ta in in g  th e  op in ion  of a n  experienced w orker. W hen 
it com es to  s ta n d a rd iz in g  fa c t p re sen ta tio n , how ever, m anage
m ent o ften  ta k e s  th e  p o in t of view, t h a t  i t  shou ld  decide  how 
reports a re  to  be  m ad e  a n d  th a t  personnel need  n o t  be consulted. 
A lthough em ployees should  hav e  no  voice in  decid ing  on th e  ex
te n t to  w hich  s ta n d a rd iza tio n  shou ld  b e  carried  ou t, th e y  can 
c o n trib u te  to  th e  success of th e  new  p lan  b y  offering suggestions 
reg ard ing  th e  tech n iq u e  to  be followed.

I t  is im p o rta n t to  know  w hy c e rta in  fac ts  a re  p resen ted  and  
w h a t re la tio n  th e y  hav e  to  th e  issue. ' T h erefo re , th e  pu rp o se  
of p resen ting  each  fac t should  be c learly  s ta te d , th e  a d v an tag e s  
to  be gained b y  accep tin g  i t  should  be clearly  o u tlined , an d  i t  
should  be p resen ted  in  such  a  w ay  a s to  su p p o rt th e  c laim s m ade. 
R egard less of w hether fac ts  a re  p resen ted  v e rb a lly  o r in  w riting , 
th e  following p o in ts m u s t be  g iven  co n sid era tio n  in  o rder: 
purpose, idea, claim , facts in  su p p o rt of claim . A s a n  exam ple  a  
c e rta in  p ro jec t (N o. 1985) will be described :

P urpose. T o reduce waste caused by washing products A, B, C, 
and D.

I dea. T o install a  new type of screening device. A t p resent the 
washing loss on products A, B, 0 , and D am ounts to  approxim ately 
S% . T his loss is caused by scraping of the p roduct against th e  per
forated screens during the washing process. Previous a ttem p ts to 
reduce this loss by  cutting down the speed of mixers and thus lower
ing the  centrifugal action have not been successful. P ro ject 19S5 
suggests installing a  new type of screen in the center of the tan k  and 
connecting it w ith the  outlet by means of a  pipe (a draw ing m ay be 
presented here).

C laim s. I t  has been found th a t the new type of screen reduces 
waste from S to  1.5%. Y early savings are estim ated a t approxi
m ately $8500. W ashing tim e is no t affected by the new type of 
screen. Cost of installation will no t exceed $500 per tan k . The 
quality  of products is not affected by the new process.

F a c ts  in  S u p p o rt o f  C laim s. Statistics show the  saving of m a
te ria l which results when products are washed w ith the  new type of 
screen. A detailed breakdown of figures used to arrive  a t  a yearly  
saving of S8500 is given. S tatistics show conductivity  of the  products 
during various stages of washing w ith present and proposed screens. 
Installation  costs are broken down. Statistics or samples a re  shown 
to  prove th a t quality  of product is no t affected by the  new type  of 
screen.

I t  is im p o rta n t t h a t  o n ly  one id ea  be p re sen te d  a t  a  tim e  an d  
th a t  th e  claim s m ade  be d irec tly  connected  w ith  th is  idea. I f  th e  
idea, for in stance, proposes th e  in sta lla tio n  of one screen, y ea rly  
sav ings can n o t be  e s tim a te d  on th e  a ssu m p tio n  t h a t  all screens in  
use  a t  th e  p re sen t tim e  w ill be changed. A lthough  th is  is com 
m on  sense, th e  n u m b er of v io la tio n s found  in  re p o rts  su b m itte d  
d a ily  to  m anagem en ts is  surprising .

E m ployees m ay  fa il to  m en tio n  fac to rs  whifch a re  d isa d v an tag e 
ous. L itt le  is gained  b y  p roposing  one im p ro v em en t a t  th e  ex 
pense of a n o th e r. P rov isions shou ld  th ere fo re  be m ad e  to  give 
m an ag em en t th e  assu rance  th a t  th e  new  proposa l does n o t  con
ta in  undesirab le  featu res . C om m on p rac tice  is to  d em an d  th a t  
em ployees answ er th e  question , "D o es  th e  p ro p o sed  id ea  hav e  
a n y  d isad v an tag es?” T h e  w rite r  h a s  fo u n d  th is  m e th o d  ra th e r  
u n sa tis fac to ry  because th e  q u estio n  is n o t  specific enough . I t  is 
recom m ended  th a t  m an ag em en t in s is t upo n  a  com parison  of all 
facto rs w hich a re  com m on to  th e  p re sen t m e th o d  a n d  th e  p ro 
posed one. W here  no  p re sen t m e th o d  ex ists, a ll fa c to rs  of th e  
proposed m eth o d  shou ld  b e  ev a lu a ted . T h e  p re sen ta tio n  of 
tab les, g raphs, a n d  c h a rts  shou ld  be con tro lled . T h e  source from  
w hich th e  ta b u la tio n  is tak e n , for exam ple, shou ld  be g iven  to  
e lim in a te  m islead ing  conclusions. A nyone w ho w orks w ith  s ta tis 
tic s  is fa m ilia r  w ith  m an u fa c tu re rs ’ s ta te m e n ts  w hich are  techn i
cally  co rrec t b u t  a re  p resen ted  in  such  a  m an n e r a s  to  be m isleading.
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T he H a rd in g e  C o u n te r-C u rre n t C lassi
fie r is a slow ly ro ta tin g  d ru m  w ith  a  sp ira l 
a tta c h e d  to th e  in n e r  su rface  w h ich  revo lves 
w ith  th e  d ru m . M ateria l for c lassifica tion  is 
fed  in  a t o n e  e n d  ab o v e  th e  p u lp  level, a n d  as 
th e  C lassifie r ro ta te s  th e  co a rse  p a rtic le s  th a t 
se ttle  ou t a re  m oved  fo rw ard  b y  th e  sp iral, 
a n d  a re  re p e a te d ly  tu rn e d  o v er in  th e ir  
fo rw ard  m otion.

T he fines m ix ed  w ith  th e  co a rse  p a r 
tic les  a re  th e re b y  re le a se d , re floa ted , a n d  
w ash ed  b a c k  to w ard  th e  overflow  en d  by  
w ash  w a te r  in tro d u c e d  a t th e  oversize  d is
c h a rg e  en d . T he fines, w ith  th e  w ash  w ater, 
overflow  th ro u g h  a n  o p e n in g  a t th e  C lassi
f ie r 's  opposite  en d .

T he sa n d  o r oversize  is d e w a te re d  a n d  
e le v a te d  by  b u c k e ts  to a h ig h e r  e lev a tio n  so 
th a t th e  C lassifie r m ay b e  o p e ra te d  in  c lo sed  
c irc u it w ith  an y  su itab le  ty p e  of g r in d in g  m ill, 
w ithou t use  of a u x ilia ry  con v ey o rs  o r o th e r 
e q u ip m en t. O n ly  o n e  m oving  p a r t  is in  c o n 
ta c t w ith  th e  p u lp . S in ce  se ttled  so lids a re  
co n tin u a lly  iu rn e d  o v er a n d  w ash ed  b y  the  
c o u n te r-c u rre n t ac tio n  of th e  w ash  w ater, 
o v e ra ll e ffic iency  is u n u su a lly  h ig h .

T he C lassifie r s ta rts  u p  u n d e r  fu ll load , 
e v e n  a fte r b e in g  sh u t d o w n  for m an y  hours, 
w ithou t a n y  difficu lty  w h a tev e r.

A sk  nearest office 
for information.HARDINGE

C O M P A N Y ,  IN C O R P O R A T E D  * YO RK, PENN.
N E W  Y O R K  17— 122 E. 42nd St. • 205 W . WacVer Drive— C H IC A G O  & 

S A N  F R A N C IS C O  5— 50 Howard St. • 200 Bay S i — T O R O N T O  I .

P l o s i t  M c u M Â X fe jM e s it

M isrep resen ta tio n  is u su a lly  accom plished  b y  pu rpose ly  e lim inat
ing  a n  im p o rta n t facto r. T h e  s ta te m en t, for exam ple, “ investi
g a tio n  revea led  th a t  X  p ro d u c t outsells o th e rs” , is technically 
co rrec t if a  canvass tak en  in  a  c e r ta in  te rr ito ry  rev ea led  th a t  fact. 
H ow ever, fa ilu re  to  m en tio n  th a t  th e  co u n t was ta k e n  in  on ly  one 
te rr i to ry  is m islead ing ; th e  pub lic  assum es t h a t  th e  c la im  ap
plies to  all te rr ito rie s  w here th e  p ro d u c t w as sold. I n  scrutinizing 
techn ica l rep o rts , one freq u en tly  finds t h a t  c laim s a re  based  on 
s im ila r techn iques. T h erefo re , m an ag em en t shou ld  stipulate 
th a t  w ork ing  p ap ers  be su b m itte d  to g e th e r w ith  final tabula tions.

Ghasiti.

G rap h s a re  in ten d ed  e ith e r to  show a  ten d en cy  or to  enab le  the 
read e r to  v isualize th e  id ea  q u ick ly  w ith o u t h av ing  to  go through 
vo lum inous tab u la tio n s . I f  g rap h s a n d  c h a rts  do n e ith e r, they 
shou ld  n o t be ' used . O ccasionally  o p tica l illusions a re  used to 
m ake  a  v a lu e  a p p ea r g re a te r  th a n  i t  a c tu a lly  is. V ertical lines, 
for exam ple, m ak e  space a p p e a r  w ider a n d  h o rizo n ta l lines 
sm aller. A w h ite  sq u a re  ap p ea rs  larger th a n  a  b lack  one. When 
s ta n d a rd s  a re  being developed for th e  p re sen ta tio n  of facts, opti
cal tr ick s  shou ld  be ta k e n  in to  consideration . Since graphic 
rep re se n ta tio n  is f req u en tly  used  in  th e  chem ical in d u stry , a 
b rief lis t of suggested  ru les follow s:

1. Avoid using areas or volumes when representing quantities.
2. A ch art should be arranged to  read from left to right.
3. Figures for the  horizontal scale should be placed a t the bot

tom  and those for the  vertical scale a t the  left of a  c h art. If  necessary 
a  scale m ay be placed a t top  and righ t also.

4. W henever possible the num erical da ta  from which the chart 
was m ade should be included, either on the ch art or in tabu lar form 
accompanying it.

5. A column of figures relating to  dates should be arranged with 
the earliest date  a t  the top; separate columns, each relating to a dif
ferent date, should be arranged so th a t  the column for the earliest 
date is a t  the  left.

6. W hen charts are colored, green should be used to indicate 
desirable features and red for undesirable.

7. For curves drawn on arithm etic  coordinates the vertical scale 
should be selected so th a t the  zero lino will show on the  chart. If 
th is is impossible, the bottom  line should be slightly wavy to indi
cate th a t the field is broken and does not reach zero.

S. W hen curves are draw n on logarithm ic coordinates, the 
bottom  and the top lines of the  ch art should be some power of ten on 
the  vertical scale.

9. C urves should be draw n heavier th an  coordinate lines so that 
the  curves m ay be clearly distinguished from the background.

10. W henever possible a  vertical coordinate line should appear 
for each point plo tted  on a curve so th a t  the vertical lines will show 
the  frequency of the  da ta  observations.

11. If  there  are no t too m any curves, i t  is desirable to  show at the 
top  of the  ch art the  figure for each point plo tted  in a curve; if these 
figures a re  added (to show yearly  or o ther to ta ls), they  may be useful 
to  the reader.

1 2 . T he title  of a  ch art should be complete and clear so that 
m isin terpretation  will be impossible.

O nly  a  few' concerns hav e  a tte m p te d  to  s tan d ard ize  the  verbal 
p re sen ta tio n  of facts. D e ta iled  desc rip tio n s of how verbal re
p o rts  shou ld  be  m ad e  p ro b a b ly  re s tr ic t  freedom  of expression. 
H ow ever, i t  is  ad v an tag e o u s  to  m an ag em en t an d  employees if 
a  l is t  of d o ’s a n d  d o n t’s is developed  w hich  includes h in ts on ho« 
to  p re sen t a  p rob lem  convincingly . T h e  im portance  of usmg 
co rrec t E ng lish , p resen tin g  th e  p rob lem  in  ISgical sequence, 
n o t  be ing  rep e titio u s, av o id ing  arg u m en ts , an d  draw ing con
clusions p e rta in in g  on ly  to  th e  su b jec t a t  han d , a re  a  few of t  t  
m an y  fac to rs  w h ich  should  be  m en tioned . M anagem ent may 
also  p rov ide  lec tu res to  tra in  em ployees in  th e  proper presenta 
t io n  of v e rb a l reports .
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Con'P0"''' Oe

C U T S  T H E  C O S T  O F  S T U F F  A N D  T H I N G S

Chemists have learned to mix the unmixables. It wasn’t so only a gén
ération ago. Solids and liquids and gases which formerly remained strictly 
aloof from each other, today can be united under high pressure and heat.

They produce a myriad of low-cost miracles. The lustrous yet washable 
gowns; the beautifully stockinged leg; brilliant plastics; weed killers; 
quick drying paints; fireproof lumber—all are facts of life grandma 
didn’t know about. All are results of high pressuring molecules.

Members of Dresser Industries engineer high-pressure equipment for 
this large scale chemistry. Pumps that push these hot mixtures around 
under hundreds of pounds pressure per square inch. Compressors that 
squeeze chemical activity into the more reluctant substances at 5000 
pounds pressure. Storage tanks that hold half a million cubic feet of 
temperamental gas ready and waiting under a tight lid at 100 pounds 
to the square inch.

But the compressors and pumps and vessels are themselves made of 
elements which tend to unite chemically with the contents under heat and 
pressure. Licking corrosion in high-pressure equipment has been one of 
Dresser Industries’ contributions to lower-cost luxury. As chemistry thinks 
up new problems, Dresser Industries, Inc., creates the equipment that 
is First to Be New— Last to Wear Out. .ration-
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<§. BARRETT BASIC CHEMICALS...

A w a te r-w h ite  ke to n e  w ith  e x c e p tio n a l so lven t p o w er. H ie  
in d u str ia l ap p lica tio n  of c y c lo k ex an o n e  is  b a se d  la rg e ly  on  
its p o w erfu l so lven t ac tio n  fo r a  w id e  v a rie ty  of m ateria ls  
in c lu d in g  c ru d e  ru b b e r , som e of th e  sy n th e tic  e lastom ers, 
n a tu ra l a n d  sy n th e tic  re s in s  a n d  gum s, ce llu lo se  e th e rs  an d  
esters, a n d  e sp ec ia lly  fo r m an y  v iny l c h lo r id e  po ly m ers  an d  
copolym ers.

s p e c if ic  g r a v i t y :  0.941 to 0 .9 4 5  a t 2 5 °C /1 5 .5 °C  

REFRACTIVE INDEX! 1.446  to  1.451 a t 2 5 °C  

d i s t i l l a t i o n  RANGE: 5 Jo to  9 5 % ; 2 .5 ° , in c lu d in g  155.6  C 

c o l o r :  W a te r  W h ite  

a c id i t y :  N eutra l

e ffe c t  o n  m e ta ls :  N on-corrosive

re s id ue  f r o m  e v a p o r a t io n :  N one

FLASH POINT (A pproxim ate): 4 7 °C  (U 6.6°F)

SOLUBILITY IN WATER (A pproxim ate): 8-9%  a t 20°C

c o n t a in e r s :  T an k  c a rs , 5 0 -5 5  g a llo n  
n o n -re tu rn a b le  s tee l b a r re ls  

a n d  sm all co n ta in e rs .

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. 38, No. 6

T H E  B A R R E T T  D I V I S I O N
A LLIED  C H E M IC A L  &. D Y E  C O R P O R A T IO N  

40 Rector Street, New York 6, N. Y.

In-Canada: The Barre« Company, Ltd., 5551 St. Hubert Street, Montreal, Que.



KARBATE
b r a n d

HOW DO 
YOU LIKE
T H A T ?__
IT DEFIES 

M E  !

HEATER SUP
PORTED BY  

CO N N ECT IN G  
P IP IN G —  j

HEATER CONNECTED TO 
FLAN G ED  N O ZZLE

IN
STUFFING

B O X

HEATER
SUPPORTED

HEATER CON- 
NECTED TO

FLAN G ED
N O ZZLE

USE THIS

BAYONET
HEATER
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XJnit of Union Carbide and Carbon Corporation 
T h e  words "N ational” and "K arbate” a re  registered I I I Bj 9  

trade-m arks of N ational Carbon Company, Inc. ■ '  '  '

30 East 42nd Street, N ew  Y ork 17, N . Y. 
Division Sales Offices: A tlanta, Chicago, Dallas, 
Kansas City, N ew  Y ork, Pittsburgh, San Francisco

•  T h is  “K a r b a t e ” B a y o n e t  H e a te r  
is  id e a l  fo r  th e  h e a t in g  o f  ch lo rid es , 
f lu o rid e s , s u lp h a te s ,  a n d  a lm o s t  a ll  
o th e r  c o r ro s iv e  s o lu t io n s . ( T h e  b a y 
o n e t  d e s ig n s , s h o w n  a t  r ig h t, a r e  a ls o  
u se fu l fo r  c o o lin g  s o lu t io n s .)

M a d e  o f  “K a r b a t e ” im p e rv io u s  
g ra p h ite ,  th is  h e a t e r  is  c h e m ic a lly  
in e r t ,  a s  w e ll  a s  r e s i s t a n t  to  th e r m a l  
a n d  m e c h a n ic a l  sh o ck . I t  w ill n o t  
r u s t  o r  c o rro d e . A n d  “K a r b a t e ” im 
p e rv io u s  g r a p h ite  p r o v id e s  h ig h e r  
ra te s  o f  h e a t  t r a n s f e r  t h a n  m o s t  
c o m m o n ly -u se d  m a te r ia ls .

T h is  h ig h ly  a d a p ta b le  h e a t e r  is 
l ig h t  in  w e ig h t, s im p le  to  in s ta l l .  I t  
is n o w  in  s to c k  in  v a r io u s  s t a n d a r d  
s izes—r e a d y  fo r  im m e d ia te  d e liv e ry . 
O rd e r  n o w  a n d  k e e p  h a n d y  fo r  a n y  
n u m b e r  o f  a p p lic a t io n s  a r o u n d  th e  
p la n t .

F L A N G E S -
OR OTHER
SUITABLE
M E A N S

FOR OTHER T Y P E S  
OF HEATING JO BS, 
USE- THE “ KARBATE” 
PLA TE-TYPE  
HEATER!

HEATER SUPPORTED I hi 

STUFFING B O X

SEND FOR 
THIS CATALOG
F o r m ore d e ta ils  of 
th e  “K a rb a te ” B ay 
o n e t and th e  P la te -  
T y p e  H e a te rs , send 
for C a ta log  Section  
M -8804.



CHEMI CAL
D I I I  ■  ‘

The operating engineer considers P E R F O R M A N C E  the "proof of the 

pud ding” and rightly —  because freedom from shutdowns means steady 

production.

M ost Buffalo Pumps are bought on a perform ance basis, because they 

have an established reputation for long life and low m aintenance costs.

This bulletin gives much useful 
data on the specification of ma
terials when handling various 
chemicals. Send for your copy 
today, ask for Bulletin 982.

If you se lect or buy pum ps, get Buffalo recom m endations on your 

requirements. N o  obligation —  no salesman unless you want to talk to 

one of our engineers.

BUFFALO PUMPS, INC.
153 Mortimer Street

Canada Pumps Ltd., Kitchener, O nt.
Buffalo, N. Y.
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oAo/Âers
T A  N  K S

I IT PAYS TO CUT 
THIS COUPON

H ere’s a coupon w ith  top value for th e  holder— 

your gas holder.

From  it  y o u ’ll get positive in form ation  ab o u t the  in te rna l 

condition  o f your wet-seal gas holder— inform ation  th a t  will 

save you m oney in reduced m ain tenance  and  rep lacem ent 

costs. Y ou’ll be able to  safeguard failures due to  corrosion, 

m isalignm ent or im proper lubrication .

T he coupon m ethod  of in te rn a l inspection is only one of 

th e  steps in  th e  S tacey  B ro th ers  G as H older Inspection 

Service. B ased on scientific survey , thorough  exam ination , 

labo ra to ry  te s ts  and  engineering s tu d y , w e’ll give you a 

com prehensive re p o rt and specific recom m endations to  

help you insure m axim um  life for your holder.

N ow ’s the  tim e to  le t us give you  th is  personalized 

annual inspection  service. M any  p rom inen t operators 

a lready  have en tered  the ir con trac ts  w ith  us for th e  1946 

season . . . and  we’ve served some of th em  y ear a fte r year. 

T heir co n trac t renew als are  your b e s t assurance of our 

ab ility  to  give you  p ro m p t, econom ical and efficient inspec

tion . M ay  we discuss your requ irem ents w ith  you?

S T A C E Y  B R O T H E R S  GAS C O N S T R U C T IO N  CO.
One o f the Dresser Industries  

S5S5 VINE STREET • CINCINNATI 16, OHIO

C oupons are  c u t  w ith  a special disc- 
c u tte r  like th is . An A rchim edean 
screw  holds the c u tte r  in  position , 
clam ps th e  ru b b e r  sealing  base  rin g  
tig h t a g a in s t th e  ho lder shell, and 
p rev en ts  th e  coupon  from  falling  in to  
(he ho lder a f te r  i t  is  cu t.

T h is  a n d  m a n y  o th e r  fea tu res  o f 
S tacey  B ro th e rs  G as H o ld er In sp ec 
t io n  Service a re  described  in a  16-page 
illu s tra te d  ca ta lo g , n u m b er 1-44. 
W rite  us for your copy .
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There are m any reasons — sound reasons — for 
the increasingly wide use o f the Sperry Plate 
Filter Press. Industry has found that this filter 
press offers special advantages which increase 
the efficiency and reduce the cost o f filtration.

One of the foremost is its versatility. The 
Sperry Plate Filter Press will handle any kind 
o f filterable mixture, including viscous sub
stances. It  can perform low, medium or high 
pressure filtration. It can use wire, wool, asbes
tos, glass, vinyon, filter paper, pulp and virtu
ally all types of filter cloths. The simplest type 
of filter cloth can be used — in fact the cloth 
can be cut direct from the roll. Cloths are 
easily removed and replaced.

Advantageous, too, is the simple construction 
of the Sperry Plate Filter Press. This means 
that its first cost is low, and that maintenance 
and operating expenses are kept to a minimum. 
It also assures ease of operation.

The Sperry Plate Filter Press can be used 
with precise temperature control. It can be 
used to separate emulsions. It will handle hot 
liquors without vaporizing. It will filter with
out exposing the liquid to the atmosphere.

I f  you have a filtration problem, why not 
discuss it with Sperry engineers? We invite 
you to submit samples o f your material for a 
complete analysis, we will then give unbiased 
recommendations . . .  all w ithout obligation.

FR EE . . .  Valuable data and 
charts on industrial filtration 
in  th is booklet.W rite Sperry 
fo r your copy — today!

Western So/« Representative 
B. M  P ilha ih y  

1 033  Merchants Exchange Bldg. 

i o n  Francisco 4, Colit. Phone Do 0 3 7 3
2 05  E. 42nd  St., N e w  York City 17, N . Y. 

Phone: M U rray  Hill 4 -3581
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S h o w n  h e re  a re  tw o  1 5 ,0 0 0 -g a llo n  ru b b e r- lin e d  b a rg e  ta n k s . 10 ft. in  d ia m e te r  
x  2 7  ft. lo n g . W e ig h t  2 7 ,0 0 0  lb s . e ach . R u b b e r- lin e d  by M a n h a tta n  w ith  acid - 
p r o o f  r u b b e r  fo r  co n v ey in g  su lp h u ric  acid  so lu tio n .

T a n k s  l ik e  th e se  a re  easily  h a n d le d  in  M a n h a tta n ’s g ia n t  ta n k - l in in g  v u lcan ize r, 
w h ic h  is  15 ft. in  d ia m e te r  a n d  tak e s  a n y th in g  th a t  can  be  s h ip p e d  o n  a r a i l 
ro a d  flat car.

B e lo w  is  a n  in s ta l la t io n  c o n s is t in g  o f  a n u m b e r  o f  ru b b e r- l in e d  p la t in g , a c id  
d ip  a n d  r in s e  ta n k s  l in e d  by M a n h a ttan  fo r  u se  w ith  a H a n so n -V a n  W in k le - 
M u n n in g  e lev a to r-ty p e , fu ll-a u to m a tic  co n v ey o r. "

M a n h a tta n  h as  d e v e lo p ed  a  sp e c ia l ru b b e r- to -m e ta l b o n d  th a t  c a n n o t  b e  m e c h a n i
cally  se p a ra te d . R e g a rd le s s  o f  c o n tra c t io n  a n d  e x p a n s io n  o f  m eta l u n d e r  ra d ic a l  
te m p e ra tu re  c h a n g e s , M a n h a tta n ’s ru b b e r  l in in g  c o m p o u n d  c lin g s  secu re ly , 
d o e s  n o t  c ra c k  o r  o x id ize .

M a n h a tta n  ru b b e r  l in in g s  re s is t  a b ra s io n  a n d  sh o c k  a n d  e lim in a te  s tra y  c u r
re n ts . T h e y  p ay  fo r  th em se lv es  m any  tim es  o v e r  in  sa v in g s  o n  m a in te n a n c e . A  
te x tile  f in ish in g  p la n t  r e p o r ts  o v e r  2 5 y ears c o n s ta n t  se rv ice  in  a  b a tte ry  o f  10 o n e -  
th o u s a n d  g a l lo n  c h em ica l s to ra g e  ta n k s  w h ic h  a re  s ti ll  g iv in g  sa tis fac to ry  se rv ice .

LOWER YOUR O PER A T IN G  COSTS

A v ail y o u rse lf  o f  th e  se rv ice s  o f  M a n h a tta n ’s 4 0  y e a rs ’ e x p e r ie n c e  in  ru b b e r  l in in g  
p ro b le m s  in  th e  m eta i f in ish in g , p la t in g , c h em ica l p ro c e s s in g  a n d  a llie d  in d u s tr ie s .
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Porocel 

as ca ta lyst  

in acetal  

formation

The production of acetals by the reaction of alco

hols with aldehydes has been successfully catalyzed 

by Porocel. Typical of these reactions is that of ethyl 

alcohol with propionaldehyde by the simple liquid 

phase percolation of the reactants through Porocel.

The ability of Porocel to promote dehydration 

reactions has been noted in many applications. 

Alcohols react with ammonia in its presence to 

produce amines. Porocel may also be used to con

vert glycerol to acrolein, acetone to mesitylene 

and fatty acids to esters or nitriles.

Dehydration with Porocel is a continuous process, 

giving the producer all the cost-saving advantages

of this method. Further savings are made possible 

by the low initial cost of Porocel and the ruggedness 

of the granules, which do not deteriorate under 

severe conditions of temperature, flow, regenera

tion and handling.

Our research staff and engineers are studying 

the catalytic action of Porocel in many dehydration 

reactions. The facts they have assembled may help 

you improve your own process or reduce costs. 

W e shall be g lad  to place them at your disposal 

without obligation. Just write Attapulgus C lay Com

pany (Exclusive Sales Agent), 260 South Broad 

Street, Philadelphia 1, Pennsylvania.

POROCEL c o r p  O R A T I O N  .  B A U X I T E  A D S O R B E N T S  A N D  C A T A L Y S T S



I F  y o u  h a v e  a  p r o b l e m  t h a t  m a y  b e  

s o l v e d  t h r o u g h  t h e  u s e  o f  a  c a t a l y s t  

- a n  a d s o r b e n t - a  d e s i c c a n t - F i l t r o l *  

e n g i n e e r s  w i l l  g l a d l y  h e l p  y o u .

F o r  y e a r s ,  F i l t r o l  h a s  m a i n t a i n e d  i t s  

l e a d e r s h i p  a s  t h e  o u t s t a n d i n g  m a n u f a c 

t u r e r  o f  t h e s e  h i g h l y  a c t i v a t e d ,  c h e m i 

c a l l y  t r e a t e d  m a t e r i a l s  f o r  t h e  p e t r o l e u m  

i n d u s t r y ,  t h e  f a t t y  o i l  r e f i n e r ,  t h e  d r y i n g  

o f  l i q u i d s  a n d  g a s e s ,  a n d  i n  p r o t e c t i v e  

p a c k a g i n g .

W i t h  v a s t  n e w  m a r k e t s  o p e n i n g  u p  t o  

A m e r i c a n  b u s i n e s s ,  b a s e d  o n  t h e  s c i e n 

t i f i c  a d v a n c e m e n t s  m a d e  d u r i n g  t h e  w a r ,  

w e  w i l l  g l a d l y  h e l p  y o u  w i t h  o u r  k n o w l 

e d g e  a n d  m a n u f a c t u r i n g  “ k n o w  h o w ”  

in  t h e  f i e l d  o f  c a t a l y s t s ,  a d s o r b e n t s  a n d  

d e s i c c a n t s .

O P E N I N G

IsSSl 8 * 1

F I L T R O L  C O R P O R A T I O N

G e n e ra l O ff ic e s:  6 3 4  S o u th  S p r in g  Street, Los A n g e le s  14, 

C a lifo rn ia  • P la n ts :  V e rn o n ,  Ca lif., a n d  Ja ckson , M is s is s ip p i

I S »

• ADSORBENTS • DESICCANT!
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a d v a n c ed  w e l d in g  
t e c h n iq u e  MEANS

t a n k  c a r s  
p ro ce ss in g  

e q u i p m e n t  

s to ra g e  ta n k s

T h e  service life  you  can exp ect from tank cars, processing equi] 
m ent, and bulk storage tanks is in  direct proportion to the lastin 
q u alities of the w e ld in g  techn iq ues em p loyed  in  their manufactur

More than 30 years exp erien ce  lie s  b eh in d  (XOf^ advanced  weldir 
m ethods — resulting in  the d evelop m en t of precision  m achines ar 
facilities today recognized  as foremost in  the industry.

Q /C /f) "U nionm ell" subm erged arc w eld in g , for instance, is aul 
m atically  controlled  to produce sm ooth, consisten t w elds. Similarl 
inner and outer w elds are effectively  jo in ed  and overlapped  
provide greater strength and durability .

Stringent inspection  in  accordance w ith I.C.C., and A.S.M.E- U-i 
and U-69 specifications assure the superiority of Q ,C ,£  conslructic 
that results in  greater safety, longer service life. \

C X /C /f " /AMERICAN CAR AND FOUNDRY COMPAQ
New York • Chicago • Cleveland • Philadelphia • Pittsburgh • Washington • St. Louis • San Franc
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are installed here —

Another 'Fact of the Matter' Example 

of G-B Equipment Use

FJLrfficiency, reliability, consistent performance, low  operational 
and maintenance costs have been for years outstanding and 
recognized characteristics o f GOSLIN-BIRMINGHAM multiple- 
effect EVAPORATORS for the concentration o f sulphate and 
soda pulp mill black liquor and spent sulphite acid liquors.

G-B EVAPORATORS may be found in most pulp mills 
throughout the country. The general acceptance o f G-B equip
ment is a tribute to experience and to the performance records 
o f GOSLIN-BIRMINGHAM products.

GOSLIN-BIRMINGHAM MANUFACTURING CO.,
BIRMINGHAM ALABAMA
3 5 0  M A D IS O N  A V E  N EW  Y O R K  

. C H I C A G O  S A N  F R A N C I S C O  N E W  O R L E A N S
IwwlMwiWlllliMlMlllllllllllllMlilittiifciiiM



. . . f o r  h ig h  p r e s s u r e  s t e a m  p ip in g ,  f o r  e x a m p le .
From  bo ile rs  to  tu rb in es  to  p ro cess  steam  a n d  conden
sa te  lines, a ll  p ip in g  m a te r ia ls  fo r th is  system  a re  avail
a b le  from  C rane . A ll valves a n d  fittings, p ip e , fabricated 
p ip in g , a n d  accessories can  be se c u re d . . .  o n  o tie  single 
o r d e r . . .  from  yo u r C ran e  B ran ch  o r  W h o lesa le r.

O N E STA N D A R D  O F  Q U A L IT Y  
O N E R E S P O N S IB IL IT Y  

O N E S O U R C E  O F SU PPLY

T h is  d ia g ra m  is  bu t o n e  sm all exam ple  o f  th e  big ad 
van tages o f  s ta n d a rd iz in g  o n  C ra n e —the w o rld ’s great
est lin e  o f  qu a lity  p ip in g  m ate ria ls . I t  sh o w s h o w  speci
fy ing an d  o rd e r in g  can  be sim plified  fo r  a n y  piping 
system —p o w er, p rocess, o r  h e a tin g . H o w  C rane can 
assum e a ll re sp o n s ib ility  fo r  m a te ria ls  to  h e lp  you avoid 
in s ta lla tio n  tro u b les . H o w  C ran e  assu res  un ifo rm  de

p e n d a b ility  th ro u g h o u t p ip in g  system s.
N o t u n til you k n o w  th e  complete Crane line 

w ill you  k n o w  w h a t i t  c an  g ive  you in  service 
a n d  sav in g s . K e e p  yo u r C ran e  C a ta lo g  handy.

C R A N E C O ., G en e ra l Offices: 8 3 6  South  Mich
ig a n  Ave., C h icago  5, 111. Branches and Whole

salers Serving A ll Industrial Areas.

(Right) BIG VALVE DESIGN 
IN SMALL STEEL VALVES 
—the unusual feature of these 
Crane 600-pound small globe 
valves is that nothing was 
sacrificed in their exception
ally compact design. They 
stand out fo r  durability and 
easy m ain tenance  under  
toughest conditions at tem
peratures up to 850° F. Ideal 
for drips and drains. Globe 
and angle patterns in sizes 
up to 2 in. See your Crane 
Catalog.

E V E R Y T H f N Ô  F R O M  .  .

V A L V E S  .  F IT T IN G S  

P IP E  • P L U M B IN G  

H E A T IN G  • P U M P S
C R A N E

F O R  E V E R Y  P / P f N 6  S Y S T E M

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. 38, No. 6

ONE ORDER TO CRAN E...
Covers All Piping Materials



a c t iv a t e d  carbon

U*Gh C°Ke 4 Chem,
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Air Conditioning 

Solvent Recovery 

Gas Purification 

Deodorization 

Decolonization 

Fractionation 

Isolation of Organic 
Chemicals or Drugs 

Catalysis or 
Catalyst Carriers

T h e  techno logy  o f m o d ern  m anufactu ring  em braces, in  
ever in c reasin g  degree , ap p lica tio n  o f  the science o£ 
chem istry  as w ell as the m echan ical forces o f  physics. 
L ikew ise the accom plishm en t o f  a physical ac t th ro u g h  a 
chem ical m edium  becom es m ore  and  m ore  co m m o n  
practice . Solving p ro b lem s o f a d so rp tio n  is a typ ical 
sam ple o f  th is m ethod .

O f the various adso rp tive  m ateria ls, A ctivated C arb o n  
has p roved  to  be exceptionally  adap tab le  an d  versatile . 
I t  has h ig h  adsorp tive  capacity, is chem ically  stab le, 
read ily  reg en era ted  and  can be m ade in  a variety  o f  fo rm s 
and sizes to  m eet specific needs. M oreover it  can  be 
p ro d u ced  relatively econom ically  o n  a  to n n ag e  basis  fo r  
la rge  scale app lica tions.

I f  your m anufacturing  p rocess req u ires  the use o f  an  
a d so rb e n t you shou ld  investigate  the  m erits  o f  A ctivated 
C arbon . P ittsb u rg h  C oke & C hem ical C om pany  has the  
techn ica l "k n o w -h o w ”  an d  the p ro d u c tio n  facilities to  
he lp  you. A sk us to!

CompanyPittsburgh Coke &
Grant Building Pittsburgh, Pennsylvania
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TRAPS A N D  A FTERCO O LERS

W O N 'T  STO P A IR -LIN E C O R R O SIO N

IN STRU M EN T M A IN TEN A N CE

IS  R U N N IN G  H IG H  (O R IFICE TRO UBLE)

A IR -M O T O R  D IA P H R A G M S

DETERIO RATE T O O  R A PID LY

If the compressed a iry o u  use for so m any ¡purposes were 
dr)— really dry—you w ouldn’t have to worry so much 
about equipm ent corrosion, line freezing, contamina
tion of product, clogging of orifices, deterioration of 
diaphragms, lubricant-loss in air tools, and such. But it 
isn’t! T h e  mere removal of water (with traps or after
coolers) doesn’t remove water vapor.

And th a t’s where KEMP desiccation comes in.
A KEMP dryer chemically adsorbs both  water and 

water vapor from air, as it passes through generous 
activated-gel towers. A nd along with the moisture, it 
stops water-borne dirt and oil (carried over from com
pressor or picked up  in transit).

Compressed air is too valuable a tool in the chemical 
industries ivhen dry and clean to allow to become a 
nuisance through moisture and dirt.

Let us help you do som ething about it.

R EA LLY  D R Y -T O  - 3 0 ° F  DEW  PO IN T

. . . for the  p ro tection  of pn eu m atic  instrum ents, 
valves and  tools—how ever long  the a ir  line  o r cold 
its env ironm ent. T h e  d u ly  of this m odel is 100 cu- 
ft. pe r m in u te  (free a ir) en te rin g  a t 70°F  an d  pres
sures up  to 8o p.s.i. A sim ple th row  of th e  lever, and  
set of the  tim er, starts au to m atic  reactivation  (by 
steam ) w ith o u t in te rru p tin g  a ir  flow. Econom ical, 
sim ple, a n d  effective—all the  way to —30°F  dew poin t.

D E P T .  K-F lta

T hf. C. M . K e m p  M fg . Co .
405 E. O liver S treet, B altim ore  2 , Md.

Send m e your new 48-page illustra ted  booklet on
“D ynam ic Dryers” .............................................................. . D

Send a field-enginer to “ talk  turkey” (no obliga
tion, of course)..........................................................................U

NA M E_____________________________ I---------------------------

P O S IT IO N __________ ;_______________  ______ - — —

I  COM PANY. 

I  PLA CE____
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t h e  t e s t ,  t u b e s  o f  s c i e n c e

When your new product development or 
new process calls for the use of alkalies, 
SOLVAY, the largest makers of alkalies in 
America, is a source you can trust. The 
quality of Solvay products—backed by in
tensive research and extensive experience 
—has resulted in 65 years of continuous 
leadership in our field.

This extensive knowledge of the abilities 
and possibilities of alkalies worked out by 
¿he SOLVAY Technical Staff is at your

service to help you in new product devel
opment. We will welcome the opportunity 
to work on your chemical problems, in 
strict confidence, or co-operate with your 
own research staff.

We are working at the limit of our ca
pacity trying to keep abreast of orders . . .  
determined that as always in our long his
tory the quality of every product shall be 
of the finest. To be sure of qual
ity, be sure to specify SOLVAY.

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

4 0  R ecto r S tre e t
B R A N C H  S A L E S  O F F IC E S :

N e w  Y o rk  6 , N . Y.

Bpston • Charlotte • Chicago • Cincinnati • Cleveland * Detroit • Houston 
New Orleans * New York • Philadelphia • Pittsburgh * St. Louis • Syracuse

S o l v a y

I n d u s t r y ’s  s o u rc e  
f o r  q u a l i fy  a l k a l i e s



WASTE SMELTER GAS
SPENT ACID

SULPHUR

SULPHUR 
BEARING ORES

IRON SULPHATE 
SOLUTIONS

HYDROGEN  
SULPHIDE GAS

REFINERY ACID SLUDGE

Practically any source o f su lphur or sulphur com pound avail
able to  a refinery o r chemical process p lan t is "g rist to the m ill” 
for a CHEM ICO sulphuric acid plant.

CHEM ICO engineers select the process to  suit available raw 
m aterials and local requirem ents, erect and initially operate the 
p lan t and train  the operating crew.

W ith  a single contract and a single responsibility, you receive 
a complete sulphuric acid p lant, specially designed fo r your 
particular conditions and needs, and w ith an overall perform ance 
guarantee.

T he CHEM ICO organization has specialized in  this field for 
over 30 years, and m ore than  600 installations all over the w orld 
have conclusively dem onstrated that "C H EM IC O  Plants are 
Profitable Investm ents.” Y our inquiry is invited w ithout obli
gating you in any way.

C H E M I C A L  C O N S T R U C T I O N  C O R P O R A T I O N
EM PIRE STATE BLDG., 350 FIFTH A V E ., NEW  Y O R K  1, N. Y .
European Technical Repr.; Cyanamid Products, Ltd., Berkhamsted, Herts., England 

Cables: Chemiconst, New York

CHEM ICO  PLANTS are PROFITABLE INVESTMENTS

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. 38, No 6

CHEMICO PROCESSES
use any of these sources for producing
STRONG, CLEAN SULPHURIC ACID
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W eldELH everything-
T A Y LO R  FORGE & P IP E  W O R K S, G e n « » .0 « c e ,&w U :C h ic ag o ,P .O .B <*485

ew York Office: 50 Church Street .  Philadelphia Office: Broad Street Station Bide.

WefdELLS alone
c o m b in e  th e s e  f e a t u r e s :

•  Seamless— g re a te r  s tr e n g th  
and uniform ity.
•  Tangents—keep weld away from  
zone of highest stress— simplify 
lining up.
•  Precision quarter-marked end*

— simplify layout and help ijvsure 
accuracy.
•  Selective reinforcement —  pro
vides uniform  strength.
•  Permanent and complete identi

fication marking—saves time and 
eliminates errors in shop and field.
•  Wall thickness never less than 

specification minimum—assures full 
strength and long life.
•  Machine tool beveled ends—pro

vides best welding surface and ac
curate bevel and land.
•  The most complete line of Weld
ing Fittings and Forged Steel 

Flanges in the W orld— insures 
complete service and undivided re-

•  W hen you th in k  o f a reducing tee you always picture 
i t  as reducing in  the branch. B ut this one, for the peculiar 
purpose it serves, had to be made the other way around. 
I t ’s a seamless, carbon-moly forging, five inches in  the 
run ivith a seven-inch branch— an "increasing” tee, so to 
speak; one more example of those k inks that are found  
so abundantly in  the Taylor Forge bag o f tricks.

T h e know -how  acquired d u rin g  m any years of p erfo rm in g  these 
special— often  extrem ely difficult— m an u fac tu rin g  operations, has a 
m ighty  im p o rtan t bearing  on o u r standard  line o f W eldELLS, W eld 
in g  Tees and o th e r T ay lo r Forge W eld in g  F ittings.

I t  means tha t in  developing  W eldELLS we did no t have to ask w hat 
k ind  of fittin g  is easiest to  m anufacture. Instead we asked w hat com 
prises the ideal fitting , and  then , w ith  every special facility  and process 
at our com m and, m ade th a t conception a reality .

T h a t is w hy W eldELLS have tangents . . . w hy they have ex tra  re in 
forcem ent w here service stresses are g reatest . . . w hy they have such 
extrem ely accurate dim ensions . . . w hy they have the features listed 
opposite  . . . why, in short,
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Pressed Steel Tank Company
M a n u fa c tu re rs  o f  H a c k n e y  P rodu c ts

General Offices and Plant: 1451 South 66th Street, Milwaukee 14, Wisconsin 

1313 Vanderbilt Concourse Building, New York 17 208 South LaSalle St., Room 2075, Chicago 4

558 Roosevelt Building, Los A ngeles 14 21 3 Hanna Building, Cleveland 1 5

C O N T A I N E R S  F O R  G A S E S ,  L I Q U I D S  A N D  S O L I D

f o r  t h e i r  

e x t r a  s t r e n g t h  

e a s e  o f  c l e a n i n g

W h e r e  s h i p p i n g  r e q u i r e m e n t s  d e m a n d  d u r a b i l i ty ,  
s t r e n g th  a n d  e a s e  o f  c l e a n i n g  . . . y o u ’l l  f in d  th e  

H a c k n e y  R e m o v a b le  H e a d  S e a m le s s  S te e l  B a r re l .  
T h i s  s tu r d y  c o n ta i n e r  is  m a d e  f r o m  a  s in g l e  s h e e t  o f  

o p e n - h e a r th  s te e l ,  p r e s s e d  a n d  c o ld - d r a w n  i n to  a  s e a m le s s  
s h e l l  w i t h  i n t e g r a l  b o t to m .  I t  i s  b i lg e d  to  s h a p e  b y  th e  

H a c k n e y  M e th o d ,  i n c r e a s in g  i ts  r i g id i t y  a n d  m a k i n g  i t  m o re

r e s i s t a n t  to  b lo w s  a n d  a b u s e .
T h i s  b i l g e d  s h a p e  m a k e s  t h e  H a c k n e y  B a r r e l  e a s y  to  h a n d le ,  

t o o — w h i l e  th e  T o g g le - t i t e  o r  B o l t  c lo s u r e  p e r m i t s  e a s y ,  q u ick  
o p e n in g  a n d  c lo s in g  o f  t h e  r e m o v a b le  h e a d .  W ith  
'  su c h  o u t s t a n d i n g  f e a tu r e s ,  i t  is  o n ly  n a tu r a l  th a t  

H a c k n e y  R e m o v a b l e  H e a d  B a r r e l s  s h o u ld  be  
f ir s t  c h o ic e  w i th  s h i p p e r s  f o r  t h e  t r a n s p o r 

t a t i o n  a n d  s t o r a g e  o f  p a in t s ,  v a rn is h e s ,  
i n k s ,  c h e m ic a ls ,  g r e a s e s ,  s o a p s ,  etc. Be 
s u r e  to  w r i t e  f o r  f u l l  d e ta i l s  — a n d  see 
h o w  y o u r  h a n d l i n g  a n d  s h ip p in g  can  
b e  im p r o v e d ,  to o .

The Hackney B arrel above is equipped w ith bolt-type closure. This 
single bolt of alloy steel results in a strong, rig id  closure—easily and  
quickly operated w ith  speeder wrench. Cadmium p la ting  prevents rusting.

B arrel Cover a t right illustrates the Hackney Toggle-tite closure. The  
handle perm its quick opening an d  closing. When handle is in closed 
position, barrel is locked positively air-tight. Closing mechanism is cadmium  
p la ted  to prevent rusting. Rolling or stacking is not interfered w ith by 
locking mechanism.



Special Technical Manuals
Available now . . .  extensive op
erating data on the'M etal Fluo- 
borates in the technical manuals 
outlined here. For copies, write 
o r phone the nearest General 
Chemical Sales and Technical 
Service Office listed above.

lead-Tin Ailoy Plating m a n u a l l t -1
Full description of the practical, economical fluobor- 
ate method for plating lead-tin alloys in any desired 
ratio (particularly low-tin ranges) with high degree 
of uniformity and minimum of control measures.

Zinc Fluoborate manual zf- i
Covers high-speed plating with Zinc Fluoborate elec
trolyte from which zinc is deposited at higher rate 
than from other acid baths. Also explains rank and 
barrel plating on cast or malleable iron.

C o p p e r  F l u o b o r a t e  m a n u a l  c f - i
Ready soon. Comprehensive details on Copper Fluo
borate electrolyte which'deposits copper at higher 
rate than any other known acid baths . . . without 
addition agen ts .. .w ith  unusual simplicity of control.

Metal Fluoborates bulletin m s -A
General information on Metal Fluoborates plus spe
cific operating data on plating with Lead, T in, and 
Cadmium Fluoborate.

June, V1946

G E N E R A L  C H E M I C A L  C O M P A N Y
40 RECTOR STREET. NEW YORK 6, N . Y.

Sale, and Technical Service Offices: Atianla . Baltimore . Boston . Bridgeport (Conn.) . Buffalo 
Charlotte (N. C.) . Chicago • Cleveland . Denver . Detroit . Houston .  Kansas City . Lös Angeles 
Minneapolis . Äew York ■ Philadelphia . Pittsburgh .  Providence (lt. I.) . San Francisco . Seattle 

St. Louis . Utica (N. Y.) . Wenatchee .  Yakima (Wash.)
In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee, Wls.

In Canada: The Nichols Chemical Company, Limited . Montreal . Toronto . Vancouver

Progress and im portant advancem ents in 
modern electroplating lie ahead w ith the 
b ro a d e n in g  use  o f G e n e ra l C h em ica l 
M etal Fluoborate Solutions. Today—flu
oborate baths are proving outstanding for 
many lead, tin , lead-tin alloy, copper, zinc 
and other applications. Tom orrow —M etal 
F luobora tes ho ld  s ti ll  g re a te r  prom ise  
since their superiority  to ordinary baths 
is indicated both by the unusual charac
teristics of the fluoborate electrolyte and 
by the type of deposits obtained.

T o  the e iectroplater, the M etal 
Fluoborates, generally, offer such 
advantages as: 1 . Concentrated so
lution  form ; no m ixing o r dissolv-

preparation  and ease of control. }. Sta
b ility  of com position, high conductivity, 
and good covering power. 4. Fine-grained 
deposits o f good color. 5. H igh-speed op
eration, w ith practically 100%  anode and 
cathode efficiency.

These advantages can mean real econ
omy, efficiency, and convenience in your- 
plant. So investigate the JMetal Fluobor
ates now by writing for technical data 
and trial samples of the products that 
interest you. As always, General Chemi
cal’s skilled Engineering and Technical 
Servicemen are available to assist you in 
preparing for test or full-scale runs.
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Are Super Refractories L im ited to
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S U PER  refractories are usually con
sidered in terms o f  super heats. 
Often overlooked is the fact that 

unique properties o f  super refractories 
by C A R B O R U N D U M  are an advantage 
in low  temperature applications.1

The oil fired vacuum still shown here, 
with its 500 gallon cast iron pot, is one 
o f many examples. A  low  350°C. is the 
temperature to which charge is heated.

W ith a thermal conductivity 1 1  to 12  
times that o f  ordinary refractories, the 
C A R B O F R A X  silicon carbide arch radi
ates heat to the pot far faster. Combus
tion chamber temperatures are lower. 
W orking temperature is reached with a 
reduced heat head. Gases surrounding 
the kettle are not destructive as they, 
too, are at lower temperatures. Heat con
trol is greatly simplified and the setting 
life is extended materially.

H avin g a m echanical strength seven 
to eight times greater than fireclay a 
C A R B O F R A X  arch usu ally  can be 

. made half as thick— often less. This pro
vides a further aid to rapid heat transfer 
and heating up speed.

A n exceptional resistance to spalling and

c rack ing  assures lo n g  service from  
C A R B O F R A X  arch. R ep lacem en ts  
few — m a in te n a n c e  exp en se  is low .

C o n tro lla b le  off-take p o rts  are lin ed  w ith  
M U L L FR A X -S  co n v erted  k y an ite  brick. 
T hey , to o , easily w ith s ta n d  tem p era tu re  
flu c tu a tio n s w ith o u t c rack ing  o r  spalling .

T o  p ro v id e  a d d it io n a l  im p ro v e m e n ts , 
o u r  en g in ee rs  reco m m en d ed  th e  ju d i
c ious use o f  in su la tin g  firebrick. T h is  re
duced  th e  o v era ll w e ig h t o f  th e  se ttin g , 
cu t h ea t capacity  and  sh o rten ed  tim e  o f  
h e a tin g  a n d  co o lin g .

In  service o v e r five years th e  p o t  is s till 
in  use. F o rm erly , p o ts  lasted  a b o u t six 
m o n th s . T h e  se ttin g  rem ain s u n to u ch ed . 
S peed  o f  h e a tin g  an d  c o o lin g  is 
a b so lu te  c o n tro l a t a ll tim es. W o rth w h ile  
fuel savings, to o , h av e  been  effected.

H e re  is a n o th e r  case clearly  illu s tra tin g  
th e  benefits ach ieved  th ro u g h  en g in ee r
in g  serv ice  a n d  su p e r  re fra c to rie s  by 
C A R B O R U N D U M . Y ou , too ', m a y  
p ro f it  by  th is  c o m b in a tio n  fo r lo w  te m 
p e ra tu re  o p e ra tin g  ranges. W rite  D ep t. 
E -66, T h e  C a r b o r u n d u m  C o m p a n y , 
R e f ra c to r ie s  D iv is io n , P e r th  A m b o y , 
N e w  Jersey .

SUPER REFRACTORIES
by C A R B O R U N D U M

TRADE MARK

’'Carborundum”, ''Carbojrax" and Mullfrax” are registered trademarks which indicate 
manufacture by The Carborundum Company
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THIS PRACTICAL "SLIDE-RULE" 
WILL HELP YOU SELECT THE RIGHT

from standard  K wik-W ays to  highly 
specialized types resistan t to  acid, ab ra 
sion, tem perature extrem es, m oistu re .. ; 
for application on any shape or kind 
of commercial surface. No rivets, bolts 
or screws required. T hey  can be pro
duced in any  size, design or num ber 
of co lors. W rite  to d a y  fo r th e  new 
M eyercord Decal Selector to  help you 
specify the righ t Decal. Please address 
y o u r in q u ir ie s  to  D e p a r tm e n t 90'6. /  * n ^ W T / p y  

/  * DBCORA TP
/ ¿ i f * » « * ?

fS S & H D l
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MEYERCORD DECAL NAMEPLATES
D on’t take a  chance on ju s t “any D ecal” 
to do your product identification job. 
Conditions, type and use of surface 
should determ ine the kind of Decal and 
adhesion m ethod. M eyercord techni
cians have prepared this Decal Selector 
to assist in the selection of the right 
D ecal. . .  for use as tradem arks, instruc
tions, p a ten t data , e t c . . . . particularly  
on  d i f f i c u l t  s u r f a c e s .  T h e r e ’s a 
M eyercord  Decal for every  surface,



June, 1946 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

_______ 3 P E R  C E N T O P ' t o t a l  f l o w 0 ' ,0 50 60 706090100

RANGEABILITY
w i t h  UNIFORM CHARACTERISTICS

W ith  th is u n iq u e  v a lv e , y o u  n o w  c a n  b e  su re  th a t  th e  
e x tra o rd in a ry  sen sitiv ity , a c c u ra c y , a n d  d e p e n d a b ility  
of p rec is io n -en g in eered  co n tro lle rs  a re  tra n s la te d  in to  
m a tc h in g  v a lv e  p e rfo rm an ce .
_  The u n iq u e  c h a rac te ris tic s  of th e  Foxboro  S tab ilflo  
C on tro l V a lv e  a re  g ra p h ic a lly  r e v e a le d  in  th e  c h a rt 
a b o v e ; . . equal increm ents in controller output (and
va lve  lift) produce equ al percentage changes in flow. 
T hus u n d e r  co n stan t p re s su re  d ro p  cond itions a n d  o n  a  
sem i-logarithm ic  sca le , th e  line  p lo tted  is  s tra ig h t.

This a c h ie v e m en t w a s  m a d e  p o ss ib le  b y  tw o m a jo r  
Foxboro  d ev e lo p m en ts  in  v a lv e  d esig n . . . .O THE IN V E R T E D  T Y PE  0 W IDE R AN GE V-PORT 
MOTOR . . .B y  reversing the usua l VALVES . . .  This outstanding de
position of d iaphragm  a n d  spring, 
F o x b o ro  engineers p r a c t ic a l ly  
elim inate a ll sources of friction in  
the action of the motor. Anti-fric- 
tion bearings a re  unnecessary . 
The suspended  construction of the 
v a lve  motor requ ires no guides. 
A special flexible coupling b e 
tw een the valve  stem a n d  the d ia 
phragm  motor allow s the stem  to 
estab lish  norm al alignm ent.

This self-aligning motor w ith its 
floating action is an  exclusive fe a 
ture of Foxboro Stabilflo Valves.

velopm ent corrects the common 
faults of control valves of conven
tional types. Almost a n y  k ind of 
port opening can  produce eq u al 
p ercen tage  flow changes within a  
lim ited range, but Foxboro's WIDE 
RANGE V-PORT VALVE extends 
the limits to the full stroke of the  
motor. The g rea ter the range- 
ability  possessed by  a  valve, the 
g re a te r  its ab ility  to hand le  u n 
u su a l conditions. Hence, the 50 
to 1 rangeab ility  m eans that the 
Stabilflo Valve insures sa tisfac
tory control a t  a ll dem ands.

Since the success of an y  control system  m ay depend  a s  m uch on the
per orm ance of the valve  a s  on the control instrument, it w ill p a y  you
n f Z a t a  Th ° dv° nta g e s  of Stabilflo Valves. W rite for complete

M a s s  U  S  A  *  i >0r°  ComP any' 4 0  N epoaset Ave., Foxboro,M ass., U. S. A. B ranches m  principal cities.

A U T O M A T I C  
C O N T R O L  V A L V E S
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There’s a REX 

to Fit

Most Exacting Application

•  R e x -T u b e  i s n ’t a  cu re -a ll, o f  co u rse .
B u t w ith in  its  c a p a c ity  th is  ru g g e d , 
flex ib le  m e ta l h o s e  w ill  h a n d le  effi
c ie n tly  a n d  e c o n o m ic a lly  ju s t a b o u t 
a n y th in g  y o u  g iv e  i t  to  d o . T h e re  a re  
sizes a n d  ty p e s , fo r  e x a m p le , th a t  r a n g e  
f ro m  o il  can  sp o u ts  . . .  to  h e a v y -d u ty  
tu b in g  u se d  in  s te a m in g  o u t  t a n k  cars.

P ro d u c t io n  m e n  th ro u g h o u t  in d u s 
try  k n o w  th a t  m a n y  o f  th e ir  e x a c tin g  
p ro b le m s  can  b e  so lv e d  w ith  R e x -T u b e  
o r  w ith  th e  o th e r  flex ib le  m e ta l h o se  
p ro d u c ts  in  th e  c o m p le te  C .M .H . lin e , 
in c lu d in g :  R e x -W e ld , R e x -F le x  S. S., 
A vioflex  a n d  C e llu lin e d . W e  k n o w ' w e  
c an  h e lp  y o u , to o ! W r i te  to d a y  fo r  
B o o k le t  E -1 4 4 .

M  -
Flexible Metal Hose for Every Industrial Use J & jJ !crf tm l l  r \

CHICAGO mCTRL HOSE C o rp o ra tio n
I  1  6  I  B  mnvuuooD, I llin o is

P lan tst  M a y w o o d  o n d  Elg in, III.
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THE COST IS VERY LOW — in itia l  in v e s tm e n t is m o d e ra te  an d  th e  p la n ts  q u ic k ly  p a y  fo r 

th em se lv es . S o lv e n t is u su a lly  re co v e red  a t  a c o s t o f  less th a n  one  c e n t 
p e r  p o u n d .

•

A COMPLETE SOLVENT-RECOVERY PLANT to  m e e t th e  specific re q u ire m e n ts  o f  y o u r  p ro cess  can  

b e  d es ig n ed  a n d  su p p lie d  b y  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 . 

I h e  e q u ip m e n t m a y  b e  co m p le te ly  a u to m a tic  in  o p e ra tio n .

F o r fu r th e r  in fo rm a tio n  w rite  fo r  th e  b o o k le t 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 h p o k a t io .n  

S o lv e n t R e c o v e ry "  (F o rm  4410). UnH o f  Union Carbide and  Carbon Corporation

DS3
30  East 4211(1 Street, New York 17 , V  Y.

COLUMBIA

SOLVENT RECOVERY CATALYSIS GAS AND AIR PURIFICATION

ALL TYPES OF VAPORIZED SOLVENTS CAN BE RECOVERED — alone o r in  c o m b in a tio n , in  

v e ry  low  c o n c e n tra tio n s , a n d  in  th e  p resen ce  o f  w a te r  v a p o r.

RECOVERY IS EFFICIENT — o fte n  b e t te r  th a n  99 p e r  c e n t o f  all so lv e n t p assed  th ro u g h  th e  
ad so rb e rs  is reco v ered .
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REACTIONS

T he K inetics

Gas Phase R eactions 
Involving Atoms and Radicals

B y E. W . R .  S T E A C IE
N ational Research Laboratories, Ottawa

AM ERICAN  CHEMICAL SOCIETY 
M O N O G R A PH  NO. 102
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composition Reactions. 
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Photochemical Reactions. 
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I llu s tra ted
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You don’t have fo start your syntheses 
from “ coal, air and water.”  If your syn
thesis involves any of these structures, you 
can save yourself many process steps by 
consulting Mallinclcrodt. Compounds of 
these families, among others, are available 
now for investigational purposes.
C O O R  ~

Esters of 
substituted malonic acids

C O O R "

A
RHC C O

W a xy  organic carbonates

Substituted oxazolidones

R'2C — NR"

Particulars will be gladly furnished

MALLINCKRODT
? 9  'W ea /tA  c j?  ¿ P e îM tc e  

Mallinckrodt' St., St. Louis 7, Mo 
CHICAGO . PHILADELPHIA

CHEMICAL WORKS
¿ c  ^ / im n ic a /

72 Gold St., New York 8, N. Y. 
LOS ANGELES . MONTREAL
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W h e n  tem pera tu res are  ex tra  high and pressures 

are  excessive, th a t ’s the tim e to  usé G A R LO C K  

7021 Com pressed Asbestos Sheet Packing. G askets 

c u t from  7021 give superior service on pipe lines and  

o th e r equ ipm ent handling  gasoline, oil, gas or steam  

a t  high tem pera tu res and  extrem e pressures. T ough, 

y e t  resilient, G A R L O C K  7021 is econom ical and  

efficient u n d er severe conditions.

Thicknesses from 
1/04" to 1/4". Sheets 
40" x  40" and  larger.

Here! a new  | * P * E

CONTROLLED AGITATION

REACTOR FOR PRODUCTS THAT

CHANGE CONSISTENCY 

DURIN G PRO CESSIN G!

i t  No step bearing 
required in ta n k ...  
wide spaced a n t i
friction bearings on 
vertical shaft elim 
inates need.

->
i t  V ariable Speed 
A g i ta t io n  allow s 
processing over wide 
range of viscosities.

T H E  GA11LOCK PA C K IN G  COM PAN Y 
PA LM YRA, N EW  YO RK

I n  C anada: T he Garlock Packing Com pany 
o l C anada L td ., M ontreal, Que.

INDUSTRIAL
P R O C E S S  E N G I N E E R S

" S p e c i a l  a n d  S t a n d a rd  Process E q u ipm ent  

E n g in e e re d  to Y o u r  Requ/rem enfs

5204 HUDSON AVE., WEST NEW YORK, N. J.

i t  M ade of any w eldable 
metal—A.S.M.E. Code.

V ariab le  sp e e d  ag ita tio n  m ay b e  th e  a n sw e r to 
yo u r  p ro c ess in g  p ro b le m !—T h is  new  I * P * E  
k e ttle  is b u ilt  in  sizes u p  to  3000 g a l. a n d  each  
in s ta lla tio n  is e n g in e e re d  to  y o u r  ow n  specific  
m a n u fa c tu r in g  re q u ire m e n ts .

I * P * E  a l so d e s ig n s  a n d  b u i ld s  c o m p le te  
e q u ip m e n t—for re s in  es te rif ic a tio n , c o n tin u o u s  
n e u tra liz a tio n , c o n tin u o u s  o rg a n ic  p ro cess in g , 
p a in t  a n d  v a r n i s h  m a n u f a c tu r e ,  e tc .—a n d
D E L IV E R S  O N  T IM E .

L e t I * P * E  an a ly ze  y o u r  p ro d u c tio n  p rocess , 
m a k e  su g g estio n s  to  h e lp  s tep  u p  y o u r  o u tp u t. 
W e c an  p o in t to  e n g in e e r in g  p ro b lem s solved, 
a tte m p te d  by  few  o th e r  m a n u fa c tu re rs . W rite , 
p h o n e , w ire  to d ay  !

i t  “ T ailo red” to your own 
manufacturing process.

i t  T ro u b le -fre e !  No O il 
Leaks on Vertical Shaft.
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,

n o r t h  AMERICAN PHILIPS C M pANY, INC. DEPT. V-6, 100 EAST 42NO STREET 
NEW YORK 17, N. Y.

H ANY research laboratories have found\ N o r elc o  
X-ray equipment invaluable in eliminating \  existing'";, 
"blind spots.”

Striking to the heart of substances by penetrating their1 
atomic structures, X-ray diffraction and spectromeçic; : 
equipment provide a means of analysis which produces^ 
results not attainable through other media of physical', 
investigation.

Other spectrographic means are unable to present the 
same data—only X-ray analysis can reveal the ultimate 
structure— the state of combination of elements.

Built by pioneers in X-ray diffraction and spectrometric 
equipment, the N o r e l c o  X-ray Spectrometer has proven 
its value in research and development laboratories and in 
production control divisions of large and small industries. 
Through the use of automatic recording, routine analysis 
is simplified; human error eliminated. For complete infor
mation on how these X-ray Diffraction and Spectrographic 
research tools can be of aid to you, write for details.

N o r e l c o  products include: Quartz crystals, cathode 
ray tubes, industrial and medical X-ray equipment, fine 
wire, diamond dies, tungsten and molybdenum products.

.i belsoreico A -ray Diffraction apparatus, wiiix 
four camera pputtmis, permits diffraction 

\ patient exposures in any or a ll of the four 
positions at one time. I t  h  compact aiid con- ■ 
venteni to operate. Norelco. X -ray Diffraction 
apparatus serves in research and  •-iroduction 
control tvork, *'
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Opportunities for Technical Men 
and Refinery Engineers

n o w  w ith

THE STANDARD OIL CO. (OHIO)
•fa Refinery Process Engineers ★  Industria l Engineers
■jc Refinery M echanical Engineers Layout, Design and

Refinery M eta l Inspectors E stim ating Engineers
•fa Refinery Chemists ★  D raftsm en

N o w  is  y o u r  c h a n c e  to  a d v an c e  w ith  th is  co m p a n y  s fast 
e x p a n d in g  o p e ra t io n s  —  to  jo in  a c o m p a n y  th a t  b e liev es 
in  ta k in g  g o o d  c a re  o f  i ts  p e o p le .

A ll p o s i t io n s  l is te d  a re  in  O h io  —  a n d  a re  open now! 
S ta r tin g  sa la r ie s  f ro m  $ 2 5 0 0  to  $ 4 8 0 0 , d e p e n d in g  o n  
b a c k g ro u n d .  A g e s 2 5  to  4 5 . W e  w il l  h e lp  you  find a 
h o m e . A ll a p p lic a t io n s  k e p t  c o n fid e n tia l.

G o o d  te c h n ic a l  e d u c a tio n  w ith  g ra d u a te  d e g re e s  re q u ire d  
fo r  m an y  o f  th e s e  o p e n in g s .  T h r e e  to  five y e a rs ’ refinery 
e x p e r ie n c e  d e s ira b le  fo r  se v e ra l o f  th e  p o s it io n s . Several 
m e n  w a n te d  w ith  a b ility  to  a ssu m e  m a n a g e m e n t r e s p o n s i
b ility .

E x p e r ie n c e d  d ra f ts m e n  n e e d e d  a lso .

S ta te  fu lly  y o u r  e d u c a tio n a l q u a lif ica tio n s  a n d  e x p e r ie n c e . 
W r ite  a t o n c e  to  —

M r. J. P. Jones 
The Standard O il  Co. (O H IO )

17 8 2 -K  M id la nd  Bldg. Cleveland 15, Ohio

< .-------------------------------- --------------------------------------i

T h e  high  a d so rb en t cap ac ity  o f D riocel is n o t lim ited  to  i ts  first 
use. T h is  inexpensive a c tiv a te d  b a u x ite  d esiccan t can  b e  regen
e ra ted  a n d  reused  over an d  o v er—a n d  p roduce  d ry  gases a n d  
liqu ids every  tim e. D riocel is being  used econom ically  to  d ry :

Feeds to a lkylation and other cata ly tic  processes.

N atura l gas, liquefied petroleum gas, pipeline gasoline, etc. 

H ydrogen  and hydrogen sulfide, air, hydrocarbon gases, etc. 

Liquid organ ic  chemicals.

R efiners a n d  chem ists—a n d  our ow n resea rch  s ta ff—are  co n stan tly  
finding new  ap p lications . Y ours m ay  be one o f  th e  processes 
D riocel c an  im prove. W e’d  b e  g lad  to  d iscuss i t .  W rite  A ttap u lg u s  
C lay  C o m p an y  (E xclusive  Sales A g en t), 260 S o u th  B road  S tree t, 
P h ilad e lp h ia  1, P en n sy lv an ia .

P O R O C E L  C O R P O R A T IO N

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

Important new engineering features in I. B. Locomotive justment minimize wear and strain on mechanism.. 
Cranes assure easier handling.of capacity loads with One-piece cast steel bed insures longer life. Monitor- 
greater all-around efficiency. Air-operated controls type cab allows operator 360° visibility. Write for
respond sensitively and are within quick, easy reach complete information. . • • j
of operator. Anti-friction bearings at all essential | g m ake s a  com plete  lin e  o f  h e a vy -d u ty  m a te ria ls  h a n d l in g

points reduce maintenance to a minimum. Rotating eq u ip m ent, in c lu d in g  the tu rn o ve r  d u m p e r  (a b o v e  r igh t) that

and travel friction disc clutches with one-point ad- e lec trica lly  lifts a n d  d u m p s  100 -ton  coa l ca rs  like  toys.

I N D U S T R I A L  B R Q W H H O I S T  B U I L D S  B E T T E R  C R A N E S
IN D U S T R IA L  B R O W N H O IS T  C O R P . •  B A Y  C ITY, M IC H .  •  District O ffices: N e w  York, Ph ilade lph ia , C leve lond, C h ic a go  •  Agenc ie s: Detroit, 
B irm ingham , Houston, Denver, lo s  A nge le s, S a n  Francisco, Seattle, V ancouver, B.C., W in n ip e g , C a n a d ia n  B row nhoist Ltd., M ontrea l, Quebec.

Vol. 38, No. 6
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MIDWEST PLANT

Strategically located in various parts of the country, all of the four 
Midwest plants are of definite benefit to every Midwest customer.

Undoubtedly the most important advantage is the better piping that 
results from the continuous exchange of information and experience 

between the four plants. For example, if Passaic develops a new and 
valuable technique or method, the information is made available at 

once to St. Louis, Los Angeles, and South Boston. When Los‘Angeles 
finds a better way to control grain size in forged lap joints, the other 
plants are immediately informed. Regardless of which plant fabricates 

your piping, you get the benefit of the combined experience of all 
four plants.

Other advantages are greater flexibility in meeting delivery require
ments . . .  a better understanding of regional conditions . . . source 

of supply close to the job.

Midwest is logically your first source of piping— whether you want a 
simple bend, a welded header, or a complete and complex piping 

job for a large plant fabricated and erected with undivided re
sponsibility.

MIDWEST PIPING & SUPPLY COMPANY, INC.
Main Office: 1450 South Second Street, St. Louis 4, Mo.

Plan!*: Si. Louis, Passa ic  (N. J.) and Los A n ge le s  • Subsid iary: Lum sden & V an  Slone Co.,
South Boston 27, M a ss . • Sa les Offices: N e w  York 7 — 30  Church St. • Chicago 3 — 645 
Marquette Bldg. • Los A nge le s  3 3 — 520  Anderson  St. • Houston 2 — 229  Shell Bldg. • Tulsa 

3 — 533  M a y o  Bldg. • A tlanta 3 —  Red Rock Bldg. • South Boston 27— 4 26  First St.

4 PLANTS ARE 
BETTER THAN 1

P I P I N G  F A B  R I C A  T O R S  A N D  C O N T R A C T O R S
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PHYSICAL
PROPERTIES

C h e m ic a l  f o r m u la ................... ............. S O :
M o le c u la r  w e i g h t . . ..........................6 4 .0 6
C o lo r  (gas a n d  l iq u id )  . . . . . .C o lo r le s s
O d o r    ...............C h a ra c te r is t ic ,  p u n g e n t
M e lt in g  p o in t  —103.9° F . ( —7 5 .5  C .)  
B o il in g  p o i n t . . .  .1 4 .0 °  F . ( —10.0° C .)  
D e n s ity  o f  l i q u id  a t  8 0 °  F .

(8 5 .0 3  lb s .  p e r  c u . f t .)
S p ecific  g rav ity  a t  8 0 °  F .................. 1 .363
D e n s ity  o f  ga£ a t  0°  C . a n d  7 6 0  m m :

2 .9 2 6 7  g ra m s  p e r  l i t e r  
(0 .1 8 2 7  lb .  p e r  c u . f t .)  

C r i t ic a l  te m p e r a tu r e
314 -82° F . (1 5 7 .1 2 °  a )  

C r it ic a l  p re s s u re
1141 .5  lb s . p e r  sq . i n .  a b s .

S o lu b il i ty .......................... S o lu b le  i n  w a te r
P u r i t y ................... 9 9 .9 + %  (b y  w t.)  S O 2

(HaO less th an  0.01%)
’«'REG. U . S . PAT. OFF.

S en d  fo r y o u r  copy o f 
“ L iq u id  S u lfu r D iox ide”  
— a tre a tise  o n  th e  p ro p 
erties , characte ris tic s, a n d  
in d u s tr ia l uses o f  L iq u id  
S u l f u r "  D iox ide— w ritte n
by  th e  A n su l T e c h n ic a l 
Staff*

Brand Name
Indopol

L-10
Indopol
H-100

Indopol
W-300

Mean molecular weight 330 780 940

Viscosity S.U. seconds 
at 100°F. 114

at 210°F. 40.6 942 3330

Specific gravity 60 °/60°F. .831 .881 .894

Refractive index (20/d) 1.4655 1.4918 1.4959

Color, N.P.A. 2 2 3

Pour point (ASTM)°F. -65 +20 +  35

Weight, Ibs./U.S. gallon 6.92 7.34 7.44

Intermediate grades are also available.

INDOPOL
(IN D O IL  Polybutene)

The INDO POLS are synthetic high molecular weight 

mono-olefins. They are light in c o l o r — stable— compatible 

with waxes, natural and synthetic rubbers, solid poly- 

butenes, etc.— miscible with hydrocarbon and chlori

nated hydrocarbon solvents— miscible with many ethers 

and esters— insoluble in the lower alcohols and ketones. 

Uses include electrical insulating compositions, adhesive 

products, coating and laminating compositions for paper 

and other films.

SEND FOR BULLETIN 12

Chemical Products Department 
910 SOUTH MICHIGAN AVENUE CHICAGO 80, ILLINOIS

•  P r e - m ix in g  o f  w a te r  a n d  l iq u id  SO> 
. .  . a c c o m p l i s h e d  t h r o u g h  th e  u se  o f  
m e te r s  a n d  a  s in g le ,  A n s u l- d e s ig n e d  
v a lv e  in s ta l le d  a t  th e  j u n c tu r e  o f  th e  
w a te r  a n d  S 0 2 s u p p ly  l in e s  . . .  p e r m i ts  
c o n s ta n t  c o n t r o l  o f  th e  H 2S 0 3 a t  a n y  
d e s i r e d  c o n c e n t r a t io n .

I f  y o u  h a v e  n e e d  f o r  a n  S 0 2 m ix in g  
sy s te m  f o r  a  sp e c if ic  a p p l i c a t io n  in  y o u r  
b u s in e s s ,  A n s u l  te c h n ic ia n s  w i l l  p la n  o n e  

f o r  y o u .

S T A N D A R D  O i l  C O M P A N Y  ( I N D I A N A )

It describes the above  and  
other grades.

A L S O  A V A IL A B L E

A liphatic  H ydrocarbons— Bulletin 10 

1N D O N EX  Rubber Plasticizers— Bulletin 13 

Petroleum Sulfonates

C H E M I C A L  C O M P  A N Y
INDUSTRIAL CHEMICALS DIVISION, MARINETTE, WIS. 
Eastern Office: 60 E. 42nd St., New York City



FOR VERTICAL TURBINE
WORK— the com plete line of 

F airbanks-M orse  a n d  Pom on a  

turbine pum ps. A t  h om e — and  

w ell-p roved— in farm  or factory.

IF YOU’RE AFTER a n y  o f these a d v a n ta g  

see your Fa irbanks-M orse  dealer or call the 

nearest Fa irbanks-M orse  office.

Fa i r b a n k s  -M o r s e

A  n a m e  w o r t h  r e m e m b e r i n g

diesel Lo c o m o t iv e s  - diesel en g in es  - m a g n e t o s  - g e n e r a t o r s  • m o t o r s  . pu m ps

SCALHS - STOKERS - RAILROAD MOTOR CARS and STANDPIPES ^  FARM EQUIPMENT

Impartially Yours . .
for lower cost fluid-handling

When you are after lower cost liquid-moving, 
you want 100%  impartial advice from men 

with second-to-none records of applying the 
right pump to all types of water-handling jobs! 

For this kind of engineering service— and for a . 
complete line from which you may choose— there’s no 

substitute for Fairbanks-Morse. Here’s a single 
source for all your centrifugal, turbine, and special 

pumping needs— one "pump store” to simplify 
your pump-selection and servicing problems 

to the vanishing point!



122 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. 38, No. 6

OIMIH» MOOUCIt 
»NCf wo» .

POWER OPERATED 
R-S VALVE

f i o a t  s w it c h

175 P»' 
M A X .  
IMLET

WCICMTi 3*,i L B S . I
INCLUDING MOUNTING BRACKET

„»ST PR‘ce \
5 5 0 . 0 °

A. 5TARBIRD  EQ U IP M EN T

C O M P A C T - L I G H T W E I G H T
Separate housings for pressure and electrical controls make possible 

adjustments in the pressure system without disconnecting (or exposing) the 
electrical circuit.

Incorporates explosion*proof Micro switch. Underwriters' Listed for haz
ardous locations Class I Groups C & D, Class II Group G; these listings are 
for atmospheres containing vapors of ethyl ether, gasoline, alcohol, ace
tone, petroleum, naphtha, lacquer solvents, as well as natural gas and 
grain dust.

Electrical connection; Vs-inch female pipe tap.S!ngle pole, double 
throw switch. 10 amperes at 125 Volts A.C.
Pressure Connection: W-inch female NPT. Various models provide 
uniform pressure control from 25 to 2500 PSI. Minimum differential 
adjustment 20 PSI, maximum 200 PSI. Special applications requir
ing greater sensitivity should be referred to our engineering depart
ment.

Other George A. Starbird Pressure Operated Switches provide a com
plete line of pressure control from 30 inches of vacuum to 5,000 PSI.

A D D IT IO N A L  DETA ILS A N D  C A T A LO G  FR O M  . . .

/r0 /7/*0 /?/?r/£ 7JV
M anufacturers o f G EORG E A. STARBIRD Equipment 

950  North .Highland Avenue, Los Ange le s 38, California

it  Impermeable to 
practically all 
acids and caustics 

it  Highly resistant to 
oils and greases

VALVE D I V I S IO N

R-S PRODUCTS CORPORATION
G erm antow n A ve. & B erk ley  S t. • P h ila . 4 4 ,  Pa.

L-NEOPRENE / * ■

¿«ux GLOVES
For Every Industrial Use

T * -  by the diaS.ram’jiseV afv V ^hfa C£"Î°°ainS 1power-operated, slow -acting st0 ragc tank . R  s * yalv es
constan t w atcï .jL i |5 nS o(  autom atically P hydraulic cyl*

¥ SrÄ r • Ä U '.'S a  «■=»

jss. ««- «' '“pt
S K 5 S S S — --------

V  617 Extrem ely s low ' a a ' “ | J a oie T he  h a “ 11
N O - 6 »  w U h elec tric  drive ¡>.1»

w h e e l  o n  a  g m a n u al o p e r a t i o n

. i n  c a s e  o f  P ° ^ r  
f a i l u r e .  N o t e  t h e  
e x t e n d e d  l e v e r  f o r  
o p e r a t i o n  o f  s i s t e r  
v a l v e  i n  p a r a l l e l

h t C a n  b e  a d ap ted  
t o  e levated  o r  su b 
z e r o  te m p e ra tu re s .
15  t o  9 0 0  ps i-  

W r i t e  f o r  d e 
t a i l e d  i n f o r m a t i o n
a n d  C a t a l o g  N o .  
l 4 - B .

4  P O P U L A R  S T Y L E S
★ N o . 5 7 6 0 - 5 ,  18" LONG 
EXTRA LONG GAUNTLET 
GAUGE .030 TO 040
SIZES 10. 11

★ N o . 5 7 3 7 - 2 ,  14" LONG 
LONG GAUNTLET 
GAUGE .030 TO .040 
SIZES 9-10-11-111/2-12

★ N o . 5 7 0 5 - 5 ,  11" LONG 
SHORT GAUNTLET 
GAUGE .020 TO 025
SIZES 9-10-11

★ N o . 5 7 0 2 - 5 ,  IOV2” LONG 
LIGHT DUTY
GAUGE .010 TO .012 
SIZES 7-8-9-10-11

SEIBERL1NG LATEX PRODUCTS CO.
A K R O N ,  O H I O

200 - 5th Ave. Bldg., New York Merchondise Mort, Chicago

REQUEST SAMPLES 

AND PRICES
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Specify STAINLESS for 
protection of product

OU T S T A N D IN G  for protection against corrosion 
and product contam ination, stainless steel tubing 

has w on an im portan t place in  the production and proc
essing o f Am erica’s foods, beverages, chemicals, oils, and 
other process products.
Stainless steel tub ing  has no cracks o r  crevices and be
cause the w alls are stainless steel straigh t through, daily 
scouring only adds to  its polish and keeps it  brighdy 
clean and  sanitary. Since i t  has no coatings to  wear 
th rough  stainless steel tubing develops no pockets to 
harbor bacteria. "

OBE for 
Stainless Steel Tubes 
of uniformity and quality

Since stainless steel tubes are available in  m any analyses, 
care should be taken in  selecting the stainless steel tubing 
of the righ t alloy fo r a specific application.
Globe stainless steel tubing is available polished inside 
and out in both seamless and welded (G low eld) types
W ith  G lobe’s wide experience in  supplying industry  w ith 
stainless steel tub ing  of uniform ity  and  quality  you can be 
sure of safety and sanitation w hen you specify "G LO B E.”
W rite  fo r Bulletin N o . 115 giving com plete inform ation 
on Globe stainless steel tubing.
GLOBE STEEL TUBES CO., M ilwaukee 4, W is., U. S. A.

★ Pressure Tubes

★ Condenser & Heat 
Exchanger Tubes

^Seam less Stainless - 

Steel Tubes

"k Globeiron High Purity 

Iron Seamless Tubes 

★ Gloweld Welded Stain

less Steel Tubes 

Mechanical Tubing
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1500 WALNUT ST., PHILADELPHIA 2
A wholly owned subsidiary of W eliboch Engineering and Management Corporation

Ô ÿXJSte  IN LARGE 
CAPACITIES FOR INDUSTRIAL USE

O zone is an exceptionally good re
agent for removing color from natural 
waters.

Final increments of color can be removed 
by oxidation with ozone where they will not 

yield to any other commercially available 
chemical.

O zone is also an excellent bleaching agent for paper 
pulp, textiles, certain oils and waxes and many chemicals 

which contain oxidizable impurities causing color.

O zone plants capable of producing any Quantity 
of ozone at moderate cost are now available.

Write for complete information.

O Z O N I Z E D  O X Y G E N  O R  A IR  
Concentrated source of active oxygen 
Leaves no residue 
Aqueou s or non-aqueous media 
Suggested for oxidation, o ion ide  formation, rscission 

of double bonds, bleaching, catalysis, disinfection, 
odor control

OZONE PROCESSES
I N C O R P O R A T E D

EXPORT TO

S w i t o e f t l c i i i A

The Swiss market offers 
interesting possibilities

Send us your offers

ALBERT ISLIKER & CO.
Zurich  Loewenstrasse 35 a

Cables: Islikerco

Importers of Chemicals 
and Raw Materials 

for a Century

FOR UNIFORM QUALITY IN 
HEAT-TREATED METALS

B & G Rapid Quenching Systems enable you to accurately 
control quench oil tem peratu re. . .  avoid excessive sub-standard 
rejects: Bring your quenching problem  to the B & G Industrial 
Engineering Department.

COMPLETE UNE OF
Oil Coolers • Quench Tanks • Strainers • Centrifugal Pumps

• Temperature Control Valves . . . available as individual

items or completely assembled into one self-contained unit.

m m
Q U E N C H I N G  

S Y S T E M S
BELL & GOSSETT CO., Dept. o-I5r 

Morton Grove, IIU



HOSKINS M ANUFACTURING CO.
4 4 4 5  LAWTON, DETROIT 8, MICHIGAN

ELECTRIC HEAT TREATING FURNACES • 
.  PYROMETERS ♦ WELDING WIRE 

SPARK PLUG ELECTRODE WIRE

HEATING ELEMENT ALLOYS •
• HEAT RESISTANT CASTINGS 

■ SPECIAL ALLOYS OF HICKEL

THERMOCOUPLE AND LEAD WIRE 
ENAMELING FIXTURES 

PROTECTION TUBES

ability. They carry an accuracy guarantee o f  ± 5 °  
from 32° F. to  660° F., and at tem peratures
above 660° F. And, because H oskins Cbrom el- 
Alumel Therm ocouples need n o t be packed in  the 
p ro tection  tube, they are m ore sensitive to  slight 
tem perature fluctuations w ithin the furnace.

So, if  accurate tem perature is a p roblem  in  your 
plant, see that your pyrom eters are calibrated for 
Chromel-Alumel couples and, o f course, m ake sure 
you’re  using Chrom el-Alum el extension leads.

Complete technical inform ation is contained in  
our C atalog-5 8R. Copies are available upon request.

Fine durability plus a h igh  degree o f sustained 
accuracy have established H osk ins Chromel-Alumel 
T herm ocouples as standard equipm ent on m ost 
pyrom eters being m anufactured today.

W ith  the single exception of costly platinum, 
Chrom el-Alum el couple w ire provides m ore accu
rate tem perature readings over longer periods of 
time at h igher tem peratures than any other therm o
couple materials.

H oskins Chromel-Alumel couple w ire may be 
used from  sub-zero tem peratures up to  2500° F. 
w ith utm ost assurance of accuracy and depend-



Vent connection for removal 
of dust and fumes generated 
during mixing operation

Large gross capacity for 
receiving bulky materials 
also permits dilution of 
finished batch

H a rd  faced 
trough \ 
surfaces , / i

Vear proofed 
»lade faces

Charging dpç/i

H o o d  and m ix in g  
cham ber assemblies 
re m o va b le  w ithout 
disturbing main frame 
or drive installation
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H O W  T H E S T R U T H E R S  W E L L S

Struthers Wells Northmaster Intensive Mixers are avail
able in  working capacity from 1 p in t to 400 gallons for 
Rubber and Pigm ent Dispersion and for Mixing, Com- f
pounding, Plasticizing and Processing all types of heavy j
and tenacious materials requiring m ax im um  strength, I
durability  and efficiency of equipm ent. Mixers are \
arranged for heating or cooling by means of jackets, or x-
may be constructed for spray cooling—in  accordance 
w ith ASME Code requirements. Trough heads are 
equipped w ith renewable, wear resisting steel liners.
M ixing Chamber walls are protected against excessive 
wear and contam ination  by the application of Stellite, 
Colmonoy or other hard facings, best suited to the 
materials being processed.

Write today for descriptive, technical Bu lletins . M ix in g  chamber con 
structed of plain or 
stainless steels

I• ■*' ..... """
This d ia g ra m m a t ic  v ie w  show s the m ix in g  ch am b e r Cleaning position
•in pos it ion  fo r  c le a n in g  o r inspection. C h a m b e r s  can  

'b e  ro ta te d  to a n y  position  w ithin 1 8 0 °  limits.

Compression ram In lower
most operating position con
fines materials to intensive 
mixing xone

N o te  h o w  the 6 0 0  p o u n d  ba tch  o f  synthetic 

ru b b e r  h a s  b een  com p le te ly  p ro c e sse d  a n d  

m a stica te d  a fte r  se ve ra l m inutes treatm ent in 

this new  typ e  o f  In te rna l M ix e r.

W ork ing  position
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cylinder for 
operating 
compression 
rams

Compression
rams
jacketed for 
Heating or 
cooling V

Charging
hopper '

Therm o
couple
element
for
accurate
temper
ature
control

Dum pinq position

STRUTHERS WELLS

¿ ? o l p o i a t i o n  

N O R T H M A S T E R  D I V I S I O N
TITUSVILLE, PENN A.

¡Plants a t Titusville, Pa. and  Warren,Pa. 
Off i ces  in P rincipal C ities

Water
spray
chamber
heating or
cooling
jacket

The a b o v e  d ia g ra m m a t ic  v iew  a n d  the three actua l 
p h o to g ra p h s  sh o w  h o w  the m ix in g  c h a m b e r  is ro ta te d  
to a n  u p s id e -d o w n  posit ion  o r  to a n y  othe r position  

within 1 8 0  limits fo r d isc h a rg in g , in spection  a n d  c le a n 
in g  o p e ra tio n s.
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NILES STEEL PRODUCTS DIVISION  
REPUBLIC STEEL CORPORATION  

N ILE S , O H IO

METAL B A R R E L S  A N D  D R U M S

I L L C O - W A Y  de-ionized water 

replaces distilled water

I L L IN O I S  W A T E R  T R E A T M E N T  C O M P A N Y

8 5 2 -6  C e d a r  St., R o c k fo rd ,  I l l in o is  

7 3 1 0 -J 6 E m p ire  S ta te  B ld g .,  N e w  Y o r k  C ity

a t n v e n t  e n g ' n 6 E R ' N G  
w a t e r  t r e a t s

D o n ’t  t a k e  c h a n c e s  w ith  p ro d u c t c o n tam in a tio n . U se 
b a rre ls  a n d  d ru m s o f E n d u ro —th e  lu s tro u s  m e ta l th a t  is 
in e r t  to  m ost chem ica l a n d  fo o d  p ro d u c ts—th a t  is san ita ry  
a n d  easy to  c le an —th a t  is re sis tan t to  c o rro s io n —th a t  is 

to u g h  a n d  s t ro n g —th a t  is eco
n om ical to  use  because i t  lasts 
so lo n g .
T h e  R e p u b lic  S T E V E N S  L ine 
offers a  ty p e  a n d  size fo r  every  
chem ical a n d  fo o d  p la n t  need. 
W rite  us fo r  l ite ra tu re .

The solid head drum  at th e  lef t  
and the patented Ringlox* drum  
shown above are but two of the 
m an y  s t y l e s  i n  t h e  com plete  
Republic S T  E VE N  S Line.
* U .  S . P a ten t  N o .  1 7 9 2 2 8 1

In a p h arm aceu tica l p lan t, p u r e  w a t e r  is  
o b ta in e d  fro m  th e  a b o v e  u n i t  (250 g p h )  . . . th e  
s e c o n d  i n s t a l l a t i o n  o f i l l c o - w a y  D e - io n iz in g  
e q u ip m e n t  fo r  th is  p a r t i c u la r  c o m p a n y .

C o s t  o f th e  w a te r  is 1 %  to  1 0 %  of th e  c o s t  oi 
s te a m  d is t i l la t io n .  H u n d re d s  of c h em ica l, cos
m e tic  a n d  in d u s t r ia l  p la n t s  a re  o b ta in in g  p u re  
p ro c e s s  w a te r  f ro m  s p e c ia l ly  b u i l t  il l g O-w .w  
e q u ip m e n t  o f th is  ty p e .

N o  fu e l, no  c o o lin g  w a te r  r e q u ire d ,  n o  p e r io d ic  
d is m a n tl in g  fo r  c le a n in g . P u r i t y  m e te r  show s 
q u a li ty  o f w a te r  a t  a ll  t im e s . F lo w  r a te s  fro m  12 
u p  to  ¡300,000 g a llo n s  p e r  h o u r .

W r ite  fo r  l i t e r a tu r e  to d a y  !
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eems like everybody’s asking about 

minum Alloy equipment”

“ Surprising how our alloy departm ent has 

grown. There were three more inquiries in the 

mail today for aluminum tanks alone.” The 

speaker was Sales Engineer for John Nooter 

Boiler Works Company of St. Louis. His obser

vation checks with th a t of Alcoa and m any 

others supplying the processing industries.

Chemical producers, synthetic rubber manu

facturers, processors of petroleum products 

have all learned these facts about equipm ent 

made of Alcoa Aluminum Alloys: Processes are 

m ade more efficient. Products are higher in 

quality. Operations are speeded up. Products 

are protected when stored and shipped in Alcoa 

Aluminum containers.

For help in designing your equipm ent in 

aluminum alloys best suited to  each use, call the 

nearby Alcoa office. Or write A l u m in u m  

C o m p a n y  o f  A m e r ic a , 2154 Gulf Building, 

Pittsburgh 19, Pennsylvania.

Assembling an aluminum processing tank 

at John Nooter Boiler Works Co., St. Louis



N ĘK A Ł®  ELECTRIC

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

1 to 1000 hp

CONVHETE s m c i o s u k

for prOTE T nus AGAINST dirt, DUS 
I and weather
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____________

T R ilC lA D
-----RtO.wa».'»*'-----

v --__w ith emphasis on
, t <~1ad o p e n  m o to r

I n  1 9 4 0 ,  G .E . in t r o d u c e d  « .  ^  ^  ̂  p n U c lio , ,  S in c e  th e n ,

the feature that industry wan ^  other integral-horse-
m o re T ri-C lads have gone m to

pow er m oto r. ■. . „ aew  line of T ri-C lad  m otors- t o , «11,
•Today, we are ready « *  ^  ^  ^  ^  ln  b o ,h

enclosed, fa,,-cooled motors u

standard and most Spendable motors. They
We believe that these are tndu y atmosph eres-.n  tron

are d e s ig n e d  s p e c i a l l y  ̂  ^  atmospheres. The.r

dust, outdoors, in hazardou J  ^  ^  ^  motor use.
scope of application ts as w . ^  ^  lo n g e t llfe

safeguarded against « f '  them  economical-m otors fo r use on

- — - r  — s — 5i N walmost every jod.
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6th and Cayuga Sts., Philadelphia 40, Pa. * 
Philadelphia's Oldest Thermometer Manufacturer

. I I .  t u b e s
for easy reading

Now at last a thermometer whose accuracy is not 
readily  discounted by careless reading.
F W stands for Full W idth. The mercury column 
is magnified to the full width x
of the tube. The meniscus cuts 
straight across a yellow  tube 
back of equal width. Philadel- 

I phia Industrial Thermometers
I with F W tubes come closer %b' o*eAo*'<v>
ft to the ideal “m istake proof” i  ’
■ instrum ent than  an yth in g  %
H  yet devised. %  a**®** ca*'®-§¡§3» % r  ft*-
H  For further information use \  C<*
WA the coupon.

EQ U IP M EN TP R O C E S S IN G

M IX E R

If  fractional or sim ple crystallization is your 
m ethod o f p roduct separation or purification it 
may pay y o u — as it is now  paying several Hicks 
clients— to consider a m odern d istillation m eth
od for tha t purpose :

The saving in labor costs alone, in these instan
ces, soon pays fo r  the new units. And additional 
possible advantages to  you are continuous p ro 
duction , purer p roduct and g reater yield.

T o  investigate will cost you noth ing . For 
practical inform ation on any distillation or p roc
ess p rob lem  w rite  — jgy

Capacities from 1 to 234 cu. ft. per charge. Agitator mike-up 
relieves end-load strain on outboard roller bearings. Inlet and 
discharge gates centrally located. Flush-fitted or sealed cov
ers. Packing glands conveniently situated on Mixer body. 
Designed by experienced engineers and built to specifications, 
Robinson Equipment is available for all processing require
ments . . . mixing, grinding, sifting, crushing, blending, etc. In
quiries invited I

s i n c e  0
/ < ? - / / JgF 

S. D .H IC K S  ôc S O N  C O M P A N Y
1671 HYDE PARK. AVE.. BOSTON 36. MASS

R O B I N S O N  M A N U F A C T U R I N G  C O
Plant: Muncy, Pa.

SALES REPRESENTATIVE

M ERCER-ROBINSON COMPANY, INC.
N E W  YO RK OFFICES 3 0  CHURCH ST., NEW YORK 7, N.Y.
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USE THE 
RIGHT TYPE 
V&LVE5 FOR 
THE SERVICE

JENKINS 
3- POINT 
FORMULA

p la c e  WIVES
CORRECTLY

IN THE U N E

"  CHOOSE j 
HKKINSYilYES 
POR LIFETIME]

ec o n o m y

A Good "Lead” to 
Lower Valve Costs

By choosing Jenkins Valves, you not only get valves 
made with extra endurance that means extra economy.

Y ou also get the experienced advice of top-rated 
valve specialists, Jenkins Engineers, on any question, 
of selection or placement. W rite for Booklet No. 944  
on installation.

Base your valve buying on the 3-Point Formula, 
and make sure o f the extra value that means lowest 
cost in the long run.

Jen k in s B ros., 80 W hite  S treet, N ew  Y ork  13; B rid g ep o rt; 
A tlan ta ; B o sto n ; P h ila d e lp h ia ; C hicago. Jen k in s Bros., L td., 
M o n trea l; L ondon, E ngland.

J E N K I N S ^ S a L
LOOK FOR THIS FAMOUS D IA M O N D  MARK

Jenkins U-Bolt Gate Valve
I t s  P a te n te d  B o n n e t 

Saver B ushing, H e a v y  
D uty  B ody and B onnet, 
and Easy A c c e s s ib i l i ty  
a re  th ree  of six teen a d 
v a n c e d  f e a tu r e s  th a t  
red u ce  care and  guard  
against w ear. C om pare 
it, featu re  fo r  featu re , 
and  you’ll agree i t ’s tops 
in  its c la ss!

Sizes i/i" to  3". W ork- 
ing  P re ssu re  u p  to 125 
lbs. steam  or 175 lbs. 
O.W .G. B ronze M ounted  
o r A ll I ro n -S c re w e d  or 
F langed .
ONE OF OVER 600 EXTRA 
VALUE VALVES MADE BY 

JENKINS  VALVE 

SPECIALISTS

V A L V E S
S I NCE !  86 4  « THE MARK OF TRUSTWORTHY,-VALVES.

B R O N Z E  * I K O N  * * S T E E L  * C O R R O S I O N - R E S I S T I N G  A L L O Y S  . . .  1 2 5  T O  6 0 0  I B S .  P R É S S U S E  . . , O V E R  6 0 0  P A T T E R N S  

F O R  Ê V E R V  I N D U S T R I A L ,  E N G I N E E R I N G ,  M A R I N E ,  P L U M B I N G - H E A T I N G  S E R V I C E
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S.tMFSi

LI4UJPQMETER

L/QU/DS WORTH STOR/A/G ARE

G O  V E R N M E N T - O W N E D

CHEMICAL 
PLANT

FOR SALE OR LEASE
T he W a r A ssets A dm in istra tion , a  d isposal 
a g en cy , inv ites  p ro p o sa ls  for th e  p u rc h a se  or 
le a se  of th e  fo llow ing p ro p e rty  in  th e  in te re s t 
of c o n tin u e d  em ploym ent. This p la n t w as 
a c q u ire d  by  a n  a g e n c y  of th e  G o v e rn m en t for 
p ro d u c tio n  in  th e  w ar effort, a n d  is now , or 
shortly  w ill be , d e c la re d  su rp lu s  to G o v e rn m en t 
n eed s . L isting  of th is  p la n t by  n am e  of lessee  
is for id en tifica tio n  p u rp o se s  only, a n d  h as  no  
c o n n e c tio n  w ith  th e  le s se e 's  ow n p lan ts  or 
facilities.

This P lan t w as c o n s tru c te d  for th e  w ar-tim e 
p ro d u c tio n  of su lp h u ric  a c id  (basis 100% ) a n d  
has  a n  a n n u a l c a p ac ity  of 160,000 n e t tons. 
P ro d u c tio n  of th is  p la n t w as u se d  by  th e  A m eri
c a n  V iscose C o rp o ra tio n  a n d  o thers. S u lp h u ric  
a c id  is u se d  in  th e  m an u fa c tu re  of su p e r
p h o sp h a te , am m onium  su lp h a te , rayon , iro n  
a n d  stee l p ick lin g , p igm en ts, p e tro leu m  refin ing , 
a n d  m any  o th e r im p o rtan t p ro d u c ts .
F r o n t  R o y a l ,  V i r g in ia  ( P l a n c o r  2092)
G e n e r a l  C h e m ic a l  C o m p a n y

L A N D  approx . 10 acres.

B U IL D IN G S : Total a rea  —  12,000 sq. ft. consisting , of 
Blower Building, Shop, A dm inistration , Sulfur C rush ing , 
G a rag e , an d  O il H ouse. Blower B uilding (3800 sq. ft.).
Steel fram e, tran s ite  covered .

M A C H IN E R Y  A N D  E Q U IP M E N T : P rocess E quipm ent 
—  V arious functional units m ade  u p  of tools, pum ps, 
tow ers, p ip ing , valves, e tc .

U T IL IT IE S : C om plete.

T R A N S P O R T A T IO N : Sid ing by  Norfolk & W este r R.R.

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

G e n e ra l in fo rm ation  is av a ilab le  from  yo u r 
n e a re s t  W a r A ssets A d m in is tra tio n  O ffice. For 
sp ec ific  d a ta  co n tac t th e  office in d ic a te d  below .
A ll d a ta  c o n ta in e d  h e re in  a re  n ecessa rily  a b b re 
v ia ted  a n d  su b jec t to c o rrec tio n . T hey  a re  no t 
in te n d e d  for use  as a b asis  for n ego tia tion . 
W AR ASSETS ADM INISTRATION re se rv e s  th e  
u n q u a lif ied  r ig h t to  re je c t an y  o r a ll p ro p o sa ls  
o r offers re c e iv e d  for th e  ab o v e  p ro p e rty .

W a r  A s s e t s  
A d m in is t r a t io n

E n d  of E a s t  4 th  S t . ,  So. R i c h m o n d  24, V i rg in ia  
P h o n e  7-3491

THIS VERTICAL PUMP
FOR HANDLING CHEMICALS

Oleum, Concentrated Sulphuric and Mixed Acids, 
are successfully handled in a practical manner 
by Taber VERTICAL Pumps, because:

( ? )  Liquids handled do not come in contact with 
pump stuffing box.

(2 )  To compensate for non-lubricating properties of 
liquid or other chemical solutions pumped, lar
ger bearings are used.

( 3)  Repacking interruptions are reduced to the low
est minimum.

(4)  Dam aging vibration is prevented by the larger 
shaft diameters.

FOR COMPLETE INFORMATION PLEASE WRITE « 1 1 , .  w  O O T
ON YOUR LETTERHEAD FOR HELPFUL TABER B U l ie T M  V - O J /

TABER PUMP CO., 293 Elm St., Buffalo 3,N.Y.

f ° r “¿ « ‘ '¡ " '( „ m a " «Taber Pumps

___ ;■

, MEASURING

THE LlßUIPOMETER CORP.

38-13 SKILLMAN AVE., LONG ISLAND CITY, I.N.Y.



P. o .  Box 2634 

Houston 1, Texas

U j m t  i s . e â p o n ô i b t u t ÿ

In Process, Engineering 

Fabrication & Erection
\

O f  P l a n t s

★  NATURAL GASOLINE PLANTS *  RECYCLING PLANT!

★  COMPRESSOR STATIONS ★DEHYDRATION PLANTS

★  GAS TREATING PLANTS *  VAPOR RECOVERY PLA

★  FRACTIONATING AND TREATING OF REFINERY VAP

★  REFINERY UNITS ★CHEM ICAL PLANTS
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BA

A t

1  \i  \ v

f..........

BE(
; 481 M a in  Sir

>44th G

LANCES REPAIRED
A l l  w ork guaranteed; 
parts available; balances 

'7X > insured while in our fac- 
;j \  tory. Send for price list. 

ij \ Free use of special ship- 
/ \ ping crates w ith complete 

| ^  / J  packing materials, etc.

— i Two to Three Weeks 
Delivery

: ker b a l a n c e s , i n c .
Repair Department 

eet N ew  Rochelle, N . Y.

eneration of Service and Integrity“

LA W A LL & HARRISSON
Biological A ssays  —  Clinical Tests 

Chemical —  Bacteriological —  Problems 
Organic Synthesis 

Pharmaceutical and Food Problems 
Research

1921 Walnut St. Philadelphia 3, Pa.

FOSTER D. SNELL, INC.
O ur staff of chemists, ensineers and 
bacteriologists with laboratories for 
analysis, research, physical testing and 
bacteriology are prepared to render you 

Every Form of Chemical Service
305 Washington Street " Brooklyn, N . Y.

C. L. MANTELL 
Consulting Engineer

Electrochemical Processes and 
Plant Design

601 W. 26th St., New York, N. Y.

S P E C T R O G R A P H IC  S E R V IC E S  A N D  S U P P L IE S  IN C . ¡j 
Research —  Consulting —  Testing —  A na lysis  

Composition of Minerals, Structure, Physical Properties, 
Metals, Chemicals 

* Spectrographic A n a ly s is— X-Ray Diffraction 
Optica l Crystallography —  Petrography 

Metallography —  Metallurgy 
Spectrographic Electrodes and Standards to O rder 

Laboratory— 21 M ad ison  A ve ., Saratoga Springs, N .  Y. 
Lester W . Strock, Ph.D., Director

THE BIRD-ARCHER CO.
Engineers and Consultants 

on Water Conditioning Problems
I Surveys Plant Studies Analyses ;

400 Madison A ve., New York, N . Y.

M E T C A L F  & E D D Y
Engineers

Industrial Waste Treatment 
Water Supply and Water Purification 

Stream Pollution Investigations 
Laboratory

Statler Bldg. Boston 16, Mass.

IV A N  P. TASHOF
Attorney and Counselor at Law

Patents
Specialists in the Protection of Inventions Relating to 

the Chemical and Metallurgical 
Industries

M un sey  Building Washington, D. C.

R E S E A R C H  on Contract Basis

J. BJORKSTEN, Ph.D.
Chemists

B J O R K ST E N  L A B O R A T O R IE S

185  N . W abash Ave. 

C h icaso  1, 111.

C O N S U L T IN G
Rubber Technologist 

Natural and Synthetic Rubber 
R. R. O L IN  L A B O R A T O R IE S  

Complete Rubber Testing Facilities 
Established 1927  

P. O .  Box 372, A k ro n  9, O h io  
Telephones: H E  3724 , FR 8551

THE WESTPORT MILL

Westport, Conn.

Laboratories and Testing Plant ol 
The DORR C O M PA N Y  

»

Chemical, Industrial, Metallurgical and Sanitary 
Engineers

Consultation — Testing — Research — Plant Design

Descriptive brochure, "Testing that Pays Dividends’* 
upon request

ROBERT CALVERT
Chemical Patents 

U. S. and Foreign Applications 
Interferences — Reports 

1 55  East 44th Street, N ew  York 17/ N .  Y. 

Telephone: M urray H il 2 -4 980

HARRY PRICE
Chemical Patents

Suite 2 61 8  Graybar Building 
4 20  Lexington A Ve. 

N ew  York 17/ N . Y.

| GUSTAVUS J. ESSELEN, INC.

Chemical Research 
and Development

857 Boylston Street Boston, Mass.

"T o d a y 's  Research Is Tomorrow 's Industry*'

Founded 192 2

FOOD RESEARCH 
LABORATORIES, i n c .

Research, Analyses, and 
Consultation for the 

Food, Drug and A llied  Industries

4 8 - 1 4  Thirty-Third Street 
L o n s  Island C ity 1, N e w  York  
Telephone - ST illw e ll 4 *4 814

Descriptive Brochure Ava ilab le  on Request

PROCESS &  INSTRUMENTS
C O N S U L T A N T S  IN  

A U T O M A T IC  A N A L Y S I S  
P R O C E S S  D E V E L O P M E N T  

H IG H  V A C U U M  E N G IN E E R IN G

6 0  G R E E N P O IN T  A V E .  B R O O K L Y N  22. N  Y. 

Established 1891

SAM UEL P. SADTLER &  S O N , INC.

Consulting and Analytical Chemists 
Chemical Engineers

W e  render many chemical services 
for industrial clients.

2 10  S. 1 3th St., Philadelphia 7, Pa.

"N o th in g  Pays Like Research”

I Harvey A .  Sell, Ph.D. Earl B. Putt, B.Sc.

SEIL, PUTT &  RUSBY
Incorporated

Consulting Chemists
Specialists In the analysis of 

Foods, Drugs and O rgan ic  Products 
1 6  E. 34th Street, N ew  York, N .  Y. 

Telephone — M U rra y  H ill 3 -6368

y o u *  A * u v c w u i c e m e * t t  

° f

PROFESSIONAL SERVICES

may be inserted in this sec
tion. Here you can carry 
your message to the readers 
of the leading publication 
of the chemical process 
industries.

•

Rates upon request 

•

INDUSTRIAL AND 
ENGINEERING CHEMISTRY

A d v e r t i s in g  O f f ic e  

330 W est 42nd Street New Yoik 18, N. Y.

E. W. D. H U FFM A N , Ph.D.
Microanalytical Laboratories

Organic/ Inorganic —  Quantitative/ Qualitative 
Precision Analyses —  Special Analytical Problems

Majestic Bldg. Denver, Colorado

Research for Industry

SCHAEFER CHEMICALS, INC.
Consulting Chemists

; Research on all problems related to Synthetic O rgan ic  
j Chemicals. Fine O rgan ic  Chemicals made to order.

I 1 4809  M ichigan A ve . Dearborn, M ich.
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Q U A L I T Y  
E N D U R A N C E  

D E P E N D A B I L I T Y

Varied experience in the design and 
production of Pumps of all types for Oil 
Field Service, McGOWAN Pumps will 
give you the ultimate in efficient service. 
Our engineering department is avail
able for information on installations and 
requirements.

IMMEDIATE DELIVERY 

W RITE TODAY FOR OUR CATALOG 200.

LaMOTTE COMBINATION 
CHLORINE and pH OUTFIT

i .  HE red u c tio n  of m e c h a n ic a l a n d  p ro cess in g  costs 
h a s  n e v e r  b e e n  a s  im p o rtan t a s  n o w — in fact, it 's  the  
o rd e r of the  d a y  for ev e ry  p la n t in  the  ch em ica l field.

T hat's  w h y  th e  long  se rv ice  fe a tu re s  b u ilt in to  
T ren tw eld  s ta in less  s tee l tu b in g  is of p ositive  in te re s t 
to e n g in ee rs , p a r tic u la r ly  w h e re  th e re  is a  h ig h  tem 
p e ra tu re , h ig h  p re ssu re , or co rrosive  ap p lica tio n . In 
this field, Trent e x p e rie n c e  is a s  w id e  a s  it is d e e p . 
T rent e n g in e e rs  a r e  fam ilia r w ith  th e  m a n y  ty p e s  of 
s ta in le ss  a lloys, know  the  p ro p e rtie s  a n d  c h a ra c te r 
istics th a t reco m m en d  e a c h  o n e  for a  specific  a p p li
ca tion .

P lease  feel free to g e t the  full story, p a r tic u la r ly  in 
te rm s of y o u r  ow n d es ig n  req u irem en ts . T rent h a s  
the  sp e c ia liz e d  m a c h in e ry  a n d  e n g in e e r in g  k n o w l
e d g e  to h a n d le  a n y  tu b in g  p ro b lem  from  Vs" d iam 
e te r  to 18" d iam e te r. W rite for te ch n ica l d a ta  bu lle tin , 
o r e v e n  b e tte r, a d d re ss  D ept. 11 for 
specific  in fo rm ation  on  y o u r p a rtic u - f tU tWT 
la r  p rob lem s. v S A c u v

A ll n e c e ssa ry  e q u ip m e n t for b o th  c h lo rin e  a n d  
p H  tests in  a  com pact, flex ib le  u n it for u se  in  
lab o ra to ry  o r fie ld  w ork. C a n  b e  su p p lie d  to 
h o ld  from  2 to 8 sets of co lo r s tan d a rd s , with, 
c o rre sp o n d in g  in d ic a to r  so lu tions a n d  n e c e ssa ry  
g lassw are . A ny  d e s ire d  p a r t  of both, th e  ch lo rin e  
a n d  p H  ra n g e s  m ay b e  co v ered . U nit c a n  also 
b e  e q u ip p e d  w ith  O -T olid ine-A rsen ite  R eagen t 
if d e s ired . A p p licab le  to  a ll typ es  of re se a rc h  
a n d  in d u s tr ia l pH  a n d  ch lo rin e  con tro l w ork. 
P rice s  v a ry  a c c o rd in g  to size a n d  ra n g e  co v ered . 
W rite  for in fo rm ation  a n d  repo rts .
H  y o u  d o  n o t  h a v e  th e  "L a M o tte  A  B  C o f  p H  C o n tro l" , 
a c o m p le m e n ta r y  c o p y  w i l l  b e  s e n t  u p o n  r e q u e s t  w ith -  
o u r  o b lig a tio n .

LaMotte Chemical Products Company 
Dept. F Towson 4, Md.

Sales Office - 6 6 4  N. Michigan Ave 
Chicago, 11, 111.    _—

Mill at 
East Troy, Wisconsin
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Write for the new Acme brochure on 
process plant equipment: Distillation 
arid Extraction Equipment; specially 
designed Drying and Evaporating Sys
tems; Heat Exchangers, Spray Drying 
and many other types of installations 

used in the process industries.

T h ro u ^ b  th e  a p p lic a tio n  o f a  fr e s h  v ie w p o in t, m a n y  a  
d iff ic u lt  e n g in e e rin g  o r  p ro d u ctio n  p ro b le m  lia s  b een  
so lv ed . A t  A c m e  y o u  w ill  fin d  n o t o n ly  th e  f r e s h  
v ie w p o in t, b u t  a lso  th e  e n g in e e rin g  sh ill ,  th e  e x 
p e rie n ce , a n d  th e  fa c ilit ie s  to  in s u r e  a  p ra c t ic a l, 
so u n d  so lu tio n . Y  e a rs  o f  re se a rc h  a n d  fie ld  a p p lic a 
tion , w ith  a  g re a t  v a r ie ty  o f  p ro d u cts , h a v e  e q u ip p e d  
u s to  m eet th e  ch a lle n g e  o f  a  n e w  p ro b le m  m o re  
s w if t ly  a n d  e ffic ie n tly .

F e e l f r e e  to  c a ll on  A c m e  a t  a n y  tim e  to c o lla b o ra te  
in  th e  d e v e lo p m e n t  o f  y o u r  n e w  p r o c e s s ,  o r  to  
im p ro v e  y o u r  p re se n t o n e ï

ACME COPPERSMITHING & MACHINE CO., ORELAND, PA., U. S. A.



tf-nxim the ZâvtanX 2bedJz
< 1  h e  100-ounce p y ram id  of a lum inum  th a t  caps th e  W ashing- 

/  to n  M o n u m en t was p laced  th ere  in 188-1. T w o y ears  la te r  
C harles M a rtin  H a ll discovered th e  cryo lite  e lectro lysis process 
th a t  changed  a lu m in u m ’s s ta tu s  from  precious m eta l to  com m er
cia l m ateria l.

★  A p lastic  com pound now  m ark e ted  by  G enera l E lectric  is used 
to  jo in  an d  seal tu b es  of various m ate ria ls . T u b es  m ad e  of th e  
com pound a re  sw elled in  a  “ d ila to r” so lu tion  arid th e n  app lied , 
w hen th e y  sh rin k  to  form  a  t ig h t fit.

ic  A rm y  research  is accorded  top-level s ta tu s  in  a  recen t re
o rgan ization , an d  now ran k s  alongside th e  Personnel, In telligence, 
Supply , a n d  T ra in in g  a n d  O perations sections of th e  G eneral 
Staff.

★  P ro d u c tio n  of ny lo n  stock ings in  F eb ru a ry , 1946, was m ore 
th a n  2.25 m illion dozen p a irs  as com pared  w ith  a  to ta l of only 
a b o u t 3.25 m illion in  th e  la s t four m o n th s of 1945. E x p o rts  were 
less th a n  2 %  of th e  o u tp u t.

ic  S yn th e tic s  a re  being  u sed  to  som e ex ten t in th e  m an u fac tu re  
of s traw  h a ts , b u t  m ore sisal, baku , an d  b a llib u n tl m u st be  im 
po rted  before  straw’s again  becom e plentifu l.

ic  P revious estim a te s  th a t  th is  n a tio n ’s p o tash  reserves will la s t 
on ly  100 to  150 y ears a re  based  on th e  a m o u n t of soluble sa lts  in 
the  fields now  developed, accord ing  to  th e  A m erican P o ta sh  In s t i
tu te . E stim a te d  reserves, th a t  include p o ten tia l resources of 
soluble sa lts  in  o th e r  fields an d  insoluble ores, w ould be enough to  
las t m ore th a n  1000 y ears a t  th e  p re sen t ra te  of consum ption.

ic  In  a  ty p ica l y e a r U n ited  S ta te s  cem eteries purchase  betw een 
20 an d  25 m illion dollars w o rth  of fertilizer, greenhouse stock, and 
insecticides.

ic  P ro d u c tio n  of c as t iron  soil pipe, in d ispensab le  in  th e  con
s tru c tio n  of new  housing, fell from  565,000 to n s in  1941 to  165,000 
tons in  1944. F o recas t for 1946 is 330,000 tons, less th a n  th e  e s ti
m ated  need.

i c  R u b b e r e s ta te s  of th e  fu tu re , p lan te d  en tire ly  w ith  h igh yield 
trees, w ould hav e  a  reasonable  chance’ of producing  ru b b e r for 4 
cen ts a  p ound  a n d  selling i t  p ro fitab ly  a t  7 to  8 cen ts p lus tra n s 
p o rta tio n  costs, based  on p re sen t m o n e ta ry  exchange. P re sen t 
price of n a tu ra l  ru b b e r f.o .b . th e  U n ited  S ta te s  is 22.5 cen ts a 
pound . S y n th e tic  prices a t  th e  end  of 1945 w ere : G R -S , 18.5 
cen ts; neoprene, 27 cen ts; a n d  B u ty l, 15.5 cen ts (now u p  to  18.5).

ic  D ried  strep to m y c in  is ob ta in ed  b y  vacu u m  ev ap o ra tio n  of an 
aqueous so lu tion  of th e  p ro d u c t a t  a  p ressu re  of 0.0005 to  0.00005 
a tm o sp h e re  (0.007 to  0.0007 p o u n d  pe r sq u a re  inch).

i c  T e n  to  tw e n ty  gallons of sap  o rd in arily  can  be  o b ta in ed  from  a 
su g ar m ap le  tree  in  a  season, and  25 to  50 gallons of sap  a re  re
qu ired  to  m ake 1 gallon of m ap le  sirup .

ic  T h e  P a te n t  Office m ain ta in s  a  reg is te r of p a te n ts  offered by  
th e  ow ners for sale or license. S im plified d escrip tions of th e  in 
v en tio n  a re  p rin te d  in  The Official Gazette o f  the U. S . Patent Office. 
E leven  th o u san d  p a t
en ts  hav e  been placed 
in  th e  reg is ter, w hich 
is o p era ted  w ith o u t 
charge, since Ju n e ,
1945.

i c  F ifteen  pe r cen t of 
U n ited  S ta te s  ru b b er 
requ irem en ts  can  be 
satisfied  on ly  w ith  n a 
tu ra l ru b b e r; 7 5 %  can 
be satisfied  e ith e r w ith  
n a tu ra l o r syn th e tic .

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
40 CH AT HA M R O A D  • SUMMIT,  N. J.

N O W . . .  2  TYPES TO MEET MOST PULVERIZING NEEDS

• A typical No. 6 MIKRO-ATOMIZER In
stallation. For large production operation.

G rin d in g  your product finer than you have ever 
pulverized it before, may bring you amazing results in 
terms of a smoother, greatly improved product. It may 
also open the w ay to the development of new products.

The MIKRO-ATOMIZER represents the very latest 
successful development in a mechanical screenless 
pulverizer capable of producing microscopically fine 
powders as low as 1 to 25 microns (under 325 mesh) 
in size. Revolutionary and new in design, this mill 
provides results not previously obtainable in any 
mechanical pulverizer.

Compact and highly efficient, the MIKRO-ATOM- 
IZER is engineered to operate on an entirely new  

grinding principle. This permits 
guaranteed performance as to 
minimum particle size control, 
capacity and power.

The purchase of a MIKRO-
ATOMIZER may be the means
of greatly improving your
product. Write today for new
Advance Bulletin and a free

v. ,  ,es* y ° ur material in one of
No. 5 MIKRO-ATOMIZER
for small quantity produc- these new mills, 
tion, pilot plant and 
laboratory work.

140
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You can be sure of higher

CORROSION-RESISTANCE, positive NON-ABSORPTION 

with LAPP CHEMICAL PORCELAIN
tifically inspected at the p lan t before the clay goes 
in to  production.

I f  you’ve had trouble w ith  ceram ics on a p ro b 
lem  ceramics should solve—it w ill pay you to 
experience the difference in  LA PP Chem ical P o r
celain. LAPP Insulator Co., Inc., Chemical 
Porcelain Division, LeRoy, N ew  Y ork.

CLAY PIBACKDOOR

W hether a ceram ic successfully solves your p roc
essing problem s may be decided by the qualities 
of the body itself. LA PP Chemical Porcelain is 
different from  ord inary  ceram ics because it  offers 
all the “ natura l” advantages o f ceram ics devel
oped to tbeir highest degree. Com plete corrosion 
resistance to  all acids (except H F), positive non
absorption, added m echanical strength  and purity 
are plus advantages o f  LA PP Chemical Porcelain. 
These are m ade possib le  by its extra dense, hom o
geneous, thoroughly vitrified body. P roducing  that 
body depends, first o f  all, on  the k ind  and quality 
of clay used. T h a t’s why LAPP has gone as far as 
necessary—even to  England— to obtain carefully 
selected clays that m eet rig id  LA PP specifications 
for plasticity, im purity content, acidity and other 
im portan t properties. And every carload is scien-

LABORATORY QUALITY IN PLANT PRODUCTION WITH

VALVES • M P I AND FITTINGS .  RASCHIG RINGS • TO W ÏRS • KETTLES .  FILTERS • SPECIAL SHAPES
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DRYERS
a continuous low cost method of drying liquid materials

>M the drums of these B U F L O V A K  Dryers, 

valuable food material comes in continuous 

sheets, reclaimed from a by-product.

Other installations, serving many industries 

proven that drum drying is easier, quicker, 

more profitable , and occasionally the only prac

tical way of drying liquid materials.

It is a continuous, direct, one-step operation 

from liquid to dry material, that may be profitably 

applied to a wide range of products, including 

chemicals, pharmaceuticals, dyes and food prod

ucts. The materials are almost limitless in their 

physical characteristics ranging from dilute, heat- 

sensitive pharmaceuticals to corrosive crystal- 

forming chemicals. Such a range requires 

types of dryers with special modifications in 

ing devices, drives and material handling.

BUFLOVAK EQUIPMENT

Among the many important B U F L O V A K  war

time developments of drum drying is an A uto

matic Control, that increases drying capacity and 

further simplifies operation by maintaining the 

correct-liquid level between the drums.

Another development is the new Vacuum Dou

ble Drum Dryer that accomplishes entirely new 

results for many heat-sensitive materials.

In ever increasing variety, products are being 

dried profitably on drum dryers. The B U F L O V A K  

Research Department will gladly conduct a dry

ing test .of your material and recommendations 

be made on proven performance facts.

316.

of BLAW-KNOX CO.
1549 FILLMORE AVE., BUFFALO 11, N. Y.

NEW YORK 17 
295 Madison Ave.

CHICAGO 4 
1636 Monadnock Bldg.

ST. LOUIS 3, MO. 
2217 Olive St.

OAKLAND 12, CALIF. 
1706 Broadway



HIGH V O L U M E  FILLERS -  B U L K Y - FINELY DIVIDED

RANGE OF PROPERTIES 
DICALITE FILLERS

Colors . . . gray white, buff, white

Particle S ize... from all through 
150 to trace on 325 screen

Weight (loose)... 8-13 lbs. cu. ft.

Surface area ... 20,000
to 100,000 sq. ft. per lb.

Porosity . . . approximately 9 0 %

The above data gives the ranges of the 
m any g rades of D icalite ava ilab le  for 
f i l le r  use. C o m p le te  d a ta  on sp e c if ic  
materials on request.

Dicalite mineral fillers supply needed bulk without material 
weight increase. They can add strength, toughness, and 
abrasion resistance to a product; can reduce the heat and 
electrical conductivity. Besides these physical effects, Dica
lite fillers very often aid in manufacturing operations as 
well. Two typical examples: they improve pigment disper
sion and speed grinding in paint manufacture; they improve 
fiber formation and increase the drying rate in making 
paper and paperboard products.

Note the range of properties at left. A  wide range of 
standard grades of Dicalite are available. A  Dicalite Engi
neer w ill g ladly analyze your fille r needs and tell you how 
to take advantage of the economy and operating benefits 
offered in so many cases by Dicalite materials.

THE DICALITE COMPANY
C H I C A G O  1 1  •  N E W  Y O R K  5  • L O S  A N G E L E S  1 4



1 .  Right o ng le  reducer shown
bolted  to common support. C an  b e  furnished with Vee -be lt drive or 
d irect connected. 2 .  For loose covered tanks with bent stacks— note neat 
accessib le  construction and  hea vy  Timken bearing  member. 3 .  Com pact 
ve rtica l design  permits location o f other fittings on tank top. M a y  be 
furnished with other types o f  speed  reducers. 4 . Usually furnished with 
sq uare  b ase  for open  tanks. A lso  furnished for nozzle  mounting (also 
usual style for pressure vessels) where external steel supports a re  not 
w anted. 5 .  N ote  simple— “4  b o lt " mounting and  sep ara te ly  supported 
sha ft— connected to speed  reducer b y  FLEXIBLE C O U P L IN G .

M I X C O  AGI T AT OR S
W h e re  to use th em —W herever you have a 
job of m ixing or agitation in  an open tank of 
any practicable capacity, by all m eans let 
M ixing Equipm ent Co. Engineers assist you 
in  engineering a “Ligbtnin” o r “Mixco” T op  
Entering M ixer specifically to your job. T hat 
is the one positive way in w hich you can be 
sure that all factors (such as specific gravity, 
viscosity of materials* time and pow er con
sum ption, results required, etc.,) w ill be 
taken into consideration to determ ine the p ro p er equipm ent for 
an  efficient, econom ical installation.

Available in  1 to 50 H .P . for ag itating liquids up to 20,000 
centipoises at m ixing tem peratures, “Mixco” T urb ine—A gitator 
M ixers are the m ost com plete line o f m ixers available. These 
extend the scope and range o f the w ell-know n “L igbtnin” P ro 
peller type mixers. A w ide variety of p ropellers and turbine type 
im pellers are available to obtain maximum efficiency on various 
m aterials under specific conditions and requirem ents.

The Basis of Our Recommendations
Twenty-five years of experience have resulted in  an organization, 
research facilities and skill w hich qualify M ixing Equipm ent 
Company as a leading authority in  the w hole broad field of 
agitation.

M ixing Equipm ent Company offers its services in the solution 
o f any problem  involving controlled  recirculation of liquids 
to produce physical and chemical changes, as included in the 
follow ing table.
M I X I N G  E Q U I P M E N T  
C O M P A N Y  O F F E R S
C o m p le te  c o v e ra g e  o f  in d u s tr ia l  
a re a s  w ith  se rv ice  fo r  b o th  ia -  
d iv id u a l u se rs  a n d  e n g in e e rs  o r  
e q u ip m e n t m a n u fa c tu re rs .

A ssu m p tio n  o f  re s p o n s ib i li ty  
f o r  s e l e c t i o n  o f  m ix e r  s i z e ,  

t ty p es , p e r fo rm a n c e  c h a ra c te r-  
j is t ic s  w i th in  l im its  o f  e x is tin g  
I  te c h n o lo g y .

-  i > - -  -

pressure o r vacuum 
vessels.lntegra! mount
ing, all Impeller Types, 
Rad ia l Turbines and 
Propellers. Illustration 
a b o ve  for open  tank.

B lending
M iscib le
L iquids

M ixing
Im m iscib le

L iquids

C rystal
Size

C o n tro l

G as 
A b so rp tio n  

an d  D ispersion

Suspension
o f

So lid s

Heat
T ran sfe r

S im p le  M ix - 
in n  o f  jo lu - 
b le  l iq u id s  
a s  in  red u c 
ing  con cen 
tra tio n

^ a s l u n g  o f  
L iqu ids 

E xtraction  
C onuctin jc  
C austic  T rea t-

Em ufsions

P rec ip ita tio n
E v a p o r a t io n

System s

H yidifogcna 
tio n  

A eration  
G asS crubb ing  
C h lo rin a tio n  
G as W ash ing

f lu r r ie s  
S lak ing  Lime 
Suspension  of: 

filter aid. 
activated 
c a rb o n . 
F ullers 
E arth.
C ry  s u is  
■while d is 
so lv ing

'Sufis'
Evaporators 
R eac to r V es

sels 
H ea ting  
C ooling

P O R T A B L  
M IXERS: '/» to 1 

H.P. fo r  rim a 
tachments to op« 

tanks. G e a r  an 
direct drives. M a r  

e x c lu s iv e  co n ve r  
ie n c e s .  O f f - c e n t«  

positioning. Extende 
b ea ring  sealed  aga in  

oil and  g re a se  leaks. 

L A B  M I X E R S  — L ittl 
b ro th e r s  to  " L ig h ln in  

Portables. 4  m odels- 
ElectrJc and  A ir Driven. D< 

scribed in Bulletin B77 .

S ID E  ENTERINi 
M IXERS: 1 t 
2 5  H.P. for hoi 
izontal use. An 
size tank. Prc 
pe llo rtypeonh  
M a n y  m o d e l 
and  drives. 1 
use on tanks u 
to 5 ,0 00 ,0 0  
ga llons capa 
city.

J"M IX IN G  EQUIPMENT CO ., INC.
U 1062 Garson Ave., Rochester 9, N. Y.

m Please send me the literature checked:
: □  B-66 and B-76 Side Entering-Mixers
8  □  B-78—T op Entering Mixers ' .
1  □  B-7 5—Portable Mixers {Electric and A tr  Driver. 
’ □  B-77—Laboratory Mixers
I  □  Mi-11—O perating Data Sheet
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Jjf: Title.................................................. .....  -..................
gjfj Company________ ___ ___________ ____ _________
$g A ddress................................ ................................... .........*-


