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I D  A G I T A T O R

D  T Y P E  D O  Y O U  N E E D ?

PORTABLE MIXERS:—  ’/ . lo 10 
H.P. for rim olfachments lo open 
tanks. G e a r and direct drives. 
Many exclusive conveniences. 
Off-center positioning. Extend
ed bearing sealed against oil 
and grease leaks.

SIDE ENTERING MIXERS:— 1 to 
25 H.P. for horizontal use. Any 
size tank. Propeller type only. 
Many models and drives. In 
use on tanks up to 5 ,0 0 0 ,0 0 0  
gallons capacity.

T O P  E N T ER IN G  M IX ER S :—A 
wide range of sizes for large 
or small tanks— Va to 50 H.P. 
for vertical use on pressure or 
vacuum vessels. Integral mount
ing, turbine and propeller types.

Do you need a Propeller or Turbine Type? 

Do you need 1 / 40th or 50 H .P .?
There is one size and model of mixer which will best answer the require
ments of each individual mixing job. '‘L IG H T SIN ” and MIXCO Mixers 
and Agitators are available in sizes ranging from l/40th H.P. laboratory 
models to 50 H.P. agitators. Each size and model has a wide range of 
applications, but each also has definite limitations.

Perhaps you need a turbine type instead of propeller. If that is the case, 
Mixing Equipment Company have available a variety of turbines to meet 
every agitation requirement. The right type will greatly increase the 
efficiency of the process.

That is why it is advisable to have Mixing Equipment Company 
engineers recommend the equipment for your particular purpose. In some 
cases they have recommended doubling the size of the mixer with the 
result of cutting both mixing time and power consumption in half! Or it is 
possible to use a smaller mixer and thereby reduce installed H.P. and 
initial cost for simple blending.

You can depend upon Mixing Equipment Company engineers to recom
mend the right mixer for your job because all types are manufactured. 
Twenty-three years of experience has resulted in an organization, research 
facilities and skill which qualify Mixing Equipment Company as a leading 
authority in the whole broad field of agitation.

Mixing Equipment Company offers its services in the solution of any 
problem involving controlled recirculation of liquids to produce physical 
and chemical changes, as included in the table herewith.

■y O'-)

pfO

B lending
M iscible
Liquids

M ixing
Im m iscible

Liquids

Crystal
Size

Control

Gas 
Absorption  

& D ispersion

Suspension
of

Solids
Heat

Transfer

Sim ple M ix 
ing of solu
ble liquids  
as in reduc
ing concen
tration.

W a s h in g  o f  
Liquids 

Extraction 
Contacting 
CausticTrcat- 

ing 
Emulsions

Precipitation
E vaporation

Systems

H y d r o g e n a 
tion 

Aeration 
Gas Scrubbing 
Chlorination 
Gas Washing

Slurries 
Slaking Lime 
Suspension of: 

filter aid, 
activated 
carbon, 
Fullers 
Earth, 
Crystals 
while dis
solving.

Stills
Evaporators 
Reactor Ves

sels 
Heating 
Cooling

Ç.rtf'S nf*

o"''° L. awY«*® be 9 '‘

g h t n i n

vMIXCO^

T h ere  is a p rocess adapted  ag ita to r fo r every size and shape o f 
tan k  and  every o p era tio n ; fo r batch  o r  con tinuous o p era tio n . 
Because M ix ing  E quipm ent Co. p roducts inc lude  a ll types o f 
fluid ag ita to rs, you can ob ta in  from  them  an im partia l reco m 
m endation  fo r th e  m ost econom ical so lu tion  o f any p rob lem  
involv ing  fluid ag ita tion . M ixing E quipm ent Co. eng ineers w ill 
g ladly  assist you in  so lv ing  your particu lar ag ita tion  p rob lem .
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M IX IN G  E Q U IP M E N T  C O ., IN C .
1062 G arson  Avenue, R ocheste r 9 , N . Y. 

P lease send  m e th e  lite ra tu re  check
□  B-76—Side E n tering  M ixers 
P  B-78—T o p  E n tering  M ixers 
H B-75—P ortab le  M ixers
F  B-69—A ir D riven M ixers 
L  B-77—Laboratory  M ixers
□  M i-11—O p era ting  D ata Sheet

N am e......................... —

Company___
A ddress.........

M IX IN G  E Q U IP M E N T  C O M P A N Y ,  INC.
1 0 6 2  G A R S O N  A V E N U E  •  R O C H E S T E R  9 ,  N E W  Y O R K
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o f  C h e m i c a l  I n d u s t r i e s

"At the Chemical Show, we will ex
hibit the latest developments in glass- 
lined steel and stainless steel process 
equipment, some of which are des
cribed below. If you can be in attend
ance, we suggest that you examine 
these units carefully to see how they 
can be most helpful to you. If you can
not be there, please write us. We shall 
be glad to send you our latest catalogs 
or oth er te c h n ica l inform ation re
quired."

GEORGE F. KROHA 
Vice-President

N ew  o r im p ro v e d
P f a u d le r  p ro c e s s  e q u ip m e n t  in c lu d e s :
GLASS-LINED ROTARY DRYERS — One of the newest 
developments in glass-lined steel equipment is Rotary 
Dryer Shells fully equipped with porcelain flights in
side with traction rings and gearing on the outside. 
This scale model duplicates larger production equip
ment which is already in successful operation. Units 
of this type are intended for the drying or crystalliza
tion of solids and semi-solids. The anti-friction prop
erties of the glass-lining facilitate movement of the 
product and corrosion resistance is also improved.

HIGH PRESSURE GLASS- 
LINED REACTORS—This 
new Pfaudler line is meet
ing difficult service con
ditions successfu lly  in 
many phases of war pro
duction. A 500-gallon unit 
will be displayed, fully 
equipped with glass-cov
ered impeller agitator and 
adjustable baffles suitable 
for incorporating gas into 
a liquid, mixing products 
of heavy viscosity, or in
corporating solids into a 
liquid. Built for maximum internal pressure of 125 
P.S.I. coincident with jacket pressure of 90 P.S.I. 
See it in operation!
GLASS-LINED JACKETED PIPE HEAT EXCHANGER —
Developed for the polymerization of concentrated sul
phuric acid, low-boiling hydrocarbons and tertiary 
butyl alcohol in the manufacture of butadiene. Units 
of varying capacity can be built to meet your require
ments; maximum lengths, 10 feet.
GLASS-LINED ISOMERIZATION TOWERS —A section 
of an actual glass-lined tower built for internal pres
sure of 300 P.S.I. will be on exhibit to permit your in
spection of a new type of forged flange as well as 
means of supporting bubble-cap plates. Intended for 
the isomerization of butane and pentane, general re
action work and gas absorption. Glass-lining is fully 
resistant to fluid acid accelerators.

Varying degrees of dry
ness can be accomplished 
by the application of prop
er drying apparatus.

STAINLESS STEEL REAC
TORS— Representative of 
a new line of standard 
stainless steel reactors will 
be a 200-gallon jacketed 
closed unit equipped with 
motor-driven agitator. It 
is built with an all-welded 
stainless steel liner with 
c a rb o n  s t e e l  jacket .  
E q uip ped  with am ple  
flanged openings in top 
head to permit wide range 
of processing.

GLASS-LINED CHEMICAL VALVES —
This new line embraces glass-lined 
flush, in-the-line, and relief valves. 
Flush valves are equipped with por
celain seats and are tested up to 
90 P.S.I.
GLASS-LINED LABORATORY AUTOCLAVE — Intended 
for experimental and pilot plant work in handling cor
rosives where pressures as high as 500 P.S.I. are in-|| 
volved. Equipped with motor-driven anchor type glass- 
covered agitator. Built for high temperature heating.
GLASS-LINED EVAPORATING PANS —These standard, 
jacketed glass-lined evaporating pans are intended 
for the crystallization of CP salts and provide maximum 
protection against impurities. A 12-gallon unit will be 
displayed; also made in 60- and 150-gallon capacity.

A s ta ff  o f P fa u d le r  S a le s  E n g in ee rs  w ill be  in  a tte n d a n c e  
t h r o u g h o u t  t h e  sh o w  w h o  w ill  b e  g la d  to  go  over yo u r  
im m e d ia te  p r o b le m s a n d  sh o w  y o u  w h a t  c a n  b e  a c c o m 
p lish e d  w ith  P fa u d le r -b u ilt  p ro cess e q u ip m e n t  to d a y .
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P h y s i c a l  

C h a r a c t e r i s t i c s  

o f  6  T y p i c a l

C E L I T E *  

F I L L E R S

IF YOU HAVE A PROBLEM with regular or war
tim e fo rm u la e — th e  chances are  good th a t  
Celite Filler can provide the solution you have 
been searching for. T h a t’s because of the unique 
characteristics of these inert, diatomaceous silica 
fillers. Celite Fillers provide high absorption, light 
weight, large surface area, low refractive index, 
and superior suspension.

♦Amorphous, diatomaceous, opaline silica

A Celite Filler, for instance, can raise the m elt
ing point of your product, i t  can increase its tough
ness, or its bulk. I t can improve absorption. Or it 
can, as in the case of m atch heads—even control 
the ra te of combustion. And help cut costs, too.

W hatever you make— paint, paper, asphalt prod
ucts, household cleansers, ca ta lysts—you should 
consider Celite M ineral Fillers in your formulae. 
Johns-M anville will be glad to recommend the 
right ('e lite  Filler for your particular requirements. 
Write Johns -Manville, 22 E. 40 St., New York 10, N. Y.

JOHNS-MANVILLE C E U T E  M I N E R A L  F I L L E R S



INDUSTRIAL a n d  ENGINEERING CHEMISTRY

ON I ORLD TODAY
^ e c U n o io K U f,

Penicillin Progress. Still topping the list in production 
priorities, penicillin rapidly approaches the stage of sub
stantial output. N ot that this vital drug can be expected  
in satisfactory output for m any m onths yet, but at least 
progress has been accelerated to a striking degree. For 
month after m onth the output of the drug has increased at 
a rate approaching 100%  each 30 days. T hat trend m ust 
continue into the future before the extraordinary demand  
created by premature news of its miraculous power can be 
met with reasonably adequate supplies. Two conclusions 
are obvious. Production was minuscule when the public 
generally first learned of it, and expansion of production 
facilities has proceeded with the utm ost speed.

Developm ents in this field tum ble over one another in 
such rapid succession that no adequate estim ate of the 
entire situation is possible now. Rather the best available 
at present are no more than snapshots of continuing action 
likely to change at any moment. Here are a few facts 
gleaned by I. & E. C. Editors from reliable sources and 
believed accurate at the time of writing.

Projects of eighteen companies for the production of 
penicillin have received approval and the necessary high 
priorities from W PB covering equipment. These projects 
are in the various stages of completion. Present expecta
tions are that full production by the units now under 
construction will be reached by late spring of 1944. Then, 
or soon thereafter, penicillin may be expected to be avail
able in sufficient quantities to permit its use by the civilian  
medical profession.

M eanwhile no effort is spared to improve the produc
tivity of equipm ent in terms of potent drug. Conditions 
for growing the mold are under constant, continuing 
scrutiny with a view to promoting its optim um  growth. 
Unrem itting studies of strains of the mold and related 
organisms seek to select the best from the point of view of 
output of potent penicillin. Three m ethods of growing 
mold are in use: surface culture, typified by the bottle 
technique; bran culture, in which the mold is grown on 
bran m oistened by nutrient medium; and submerged 
culture, where the mold is grown in aerated medium  
contained in commercial fermenters. Each of these 
methods has its advocates.

The preferred culture medium is corn steep liquor to 
which other required nutrients are added. N o difficulty is 
anticipated in securing supplies of medium since the corn 
processing industry is cooperating fully with penicillin 
producers.

After the mold has grown to its optim um  extent, the 
problem is to separate the potent principle from the 
culture medium and to concentrate the product. Ad
sorptive processes are employed in the first concentration 
step, and the penicillin m ust then be removed from the 
adsorbent and concentrated still further. Huge volumes 
of culture medium enter the processing steps and yield 
tiny quantities of final delicate product. The delicacy 
of penicillin requires that its solution be concentrated at 
low temperature by evaporation of water from the frozen 
state. The technique em ployed is som ewhat similar to 
that of drying blood plasma. Like blood plasma, peni
cillin can be stored without deterioration only when 
com pletely dry. Recent im provem ents in the capacities 
and efficiencies of diffusion pumps to  operate at extremely 
high vacuum  and handle huge volum es of vapor are con
tributing to this industry.

The concentrating and desiccating problems are serious 
because the mold produces a dilute solution. Penicillin’s 
potency is expressed in Oxford units, determined by a 
technique resembling that em ployed to determine the 
accustomed phenol coefficient of germicides. The culture 
medium after optim um  growth of the organism may have 
100 or more Oxford units per ml. A crystalline sodium salt 
of penicillin is reported to possess a potency of about 2000 
Oxford units per mg. In other words, the extrem ely deli
cate drug must be concentrated some 20,000 times.

Synthesis is yet in the future. The preparation of a 
crystalline sodium salt of penicillin was announced by 
Squibb within the past m onth. This work has been 
independently duplicated and confirmed by two other 
laboratories, and hence seems reliable. Researches look
ing to the elaboration of its structure are proceeding but 
under a certain handicap because of the small quantities 
of material that can be spared for research purposes. Ob
viously the importance of any successful synthesis of the

(<Continued on page 8)

¿nl&upAetatiae truuiUUtf. cU tje ll {¡M. ch em H li, ch em ica l 
execu tla ei i*i the- ch em ica l psioduclntj. a*td ch em ica l cosUu*

e+ u jln eeA l, a m i  

comUtmlmf. im L*il>Uei

f



I N D U S T R I A L  AND E N G I N E E R I N G  C H E M I S T R Y Vol. 35, No. 12

T a k e  a

5 OBl*AR»**e
f o r  e x a m p l e

Wvw o o d p a n . ^ r Ä
erSl seals • /  * tr0\ knobs.

s . ; = r ; - - R“b'berized fabrics.

T H E R M E X /

You can beat present schedules on war orders and 
get more business with Thermex high frequency heat
ing. Here is one of the miracles of electronics that 
is practical and available for war production now!

Thermex heats any non-metallic product in seconds 
or minutes— instead of hours or days. Uniformity 
of the heat is not affected by thickness of the 
material. This is because heat is generated inter
nally by molecular friction, and is therefore uniform 
at any point in the high frequency field.

Thermex units are available in a wide range of 
capacities for almost any requirement. Application 
engineering advice is prompt and without obligation.

Buy Another War Bond This Week

THERMEX
T H E  F I R S T  IN D U S T R IA L  

H I G H  F R E Q U E N C Y  D IE L E C T R IC  
h e a t i n g  e q u i p m e n t

THE GIRDLER CORPORATION

T h e r m e x  D iv is io n L o u is v i l le ,  K e n t u c k y

f f E A T o R

d i e l e c t r i c  m a t e r i a l s

f a s t e r ,  b e t t e r



SECTION 
THROUGH DRYER 
NEAR FEED END

SECTION NEAR 
DISCHARGE END

Accurate Uniform Drying... Dehydration

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

December, 1943 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

g M S  R O T o - lo u v r e  
j L £ i ¥ K ~ D E L /  H E A T  DRYER

D R IE S  U N IF O R M L Y — every particle of m ate
ria l is subjected  to  the sam e uniform  trea tm en t, 
elim inating “ sp o tty ” results.

H A N D L E S  G E N T L Y — the R oto-Louvre design 
entirely  elim inates cascading and  avalanching— 
gentle rolling action preserves th e  desired form of 
m aterial.

M IN IM IZ E S  " D U S T I N G " —the R oto  Louvre 
D ryer gives you “ continuous aerated  m ass d ry ing” 
which re ta in s m ateria l in  a com pact bed  y e t exposes 
every partic le to  in tim ate  con tac t w ith  th e  transfer 
medium.

B U IL T  F O R  S E R V IC E —no moving p arts  w ith 
in  th e  dryer shell—nothing to  get o u t o f order— 
longer service life—keeps m aintenance and repair 
costs low.

A large volum e o f dry hot air easily pene
trates th e relatively th in bed o f m aterial 
near the feed end o f the dryer for maximum  
heat transfer where greatest evaporation  
can take place. As the material m oves for
ward th e bed becomes thicker and th e air 
passages get smaller so th at a reduced vo l
ume o f heated air w ill penetrate th e  bed— 
thus preventing overheating.

N O  O V E R H E A T IN G —highly hea t -sensitive m a
terials are exposed to  an  efficient h igh-tem perature 
transfer m edium  w ithou t overheating—therm al 
in p u t is reduced autom atically  to  p reven t a  surplus 
of hea t from  raising the tem perature.

H IG H  E F F IC IE N C Y —you get m axim um  v a 
porization and p rom pt rem oval of th e  m oisture
laden exhaust gases.

O C C U P IE S  S M A L L  S P A C E —often  less th an  
50%  of the  floor space is needed over th a t  of con
ventional-type drying equipm ent of com parable 
capacity.

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

L I N K - B E L T  C O M P A N Y
£ Chicago 9, Indianapolis 6, Philadelphia 40 
' Atlanta, Dallas 1, San Francisco 24, Minneapolis 5 

Toronto 8

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

drug will require that details, when known, be at least 
temporarily witheld from publication. Meanwhile, the 
action of the story continues.

('Continued on page 10)

A Little K nowledge. Seldom has the grave danger of a 
little knowledge been so clearly dem onstrated as in the 
report, w idely headlined in the daily press throughout the 
country, that penicillin can be grown in the kitchen. The 
report stem s from a statem ent made by Dr. Julius A. Vogel, 
plant physician for Jones & Laughlin Steel Corporation, 
before the Industrial H ygiene Foundation at M ellon In
stitute in Pittsburgh on Novem ber 10.

Dr. Vogel was quoted in news despatches as stating 
that he had succeeded in growing the penicillin mold 
in kitchen equipm ent from a culture obtained from 
Allegheny General Hospital, using ordinary cornstarch 
cooked for half an hour. The mold itself without 
further treatm ent, he stated, could be used directly on 
open wounds to destroy surface pyogenic infections. 
Furthermore, the speaker was reported to have recom
mended that all physicians use this method of treatment 
with home-grown mold to avoid scarcity and high cost of 
the refined drug.

The result of publication of this report has been a titanic 
furor already headed toward grievous consequences. 
Several vital points were neglected in thus extending, even 
by inference, an invitation to all and sundry to slap a 
crude mold culture on their open wounds. The original 
audience to whom the suggestion was made consisted of 
physicians, but laym en, reading of the sim plicity of the 
method, feel fully capable of employing it. Serious 
difficulties are experienced by expert fermentologists in 
securing in itially pure strains of Penicillium  notatum, in 
keeping cultures pure, and in growing it under optimum  
conditions which encourage it to produce penicillin. These 
troubles are multiplied a thousand fold if the operation 
is to  be conducted by an inexpert person under the un- 
sterile conditions of an ordinary kitchen. Furthermore, 
wild molds and sundry bacteria that m ay become enmeshed 
in the culture create perils to the patient likely to be far 
more grievous than those of the wound treated in usual 
orthodox manner. D eath seems invited to v isit a patient 
subjected to  such thoughtless treatm ent.

W ater Freshener. M ost serious of all problems of 
mariners from ancient tim es has been thirst, particularly 
that of the shipwrecked adrift in open boats. Today’s 
global war and transoceanic air transport m agnify the 
problem and increase the number of its potential victims 
by subjecting aviators to hazards of the sea. Tales of 
heroism seldom  can om it thirst as the prime peril.

Only now does a partial solution of this ancient problem  
become possible. The developm ent of ion-exchange 
substances capable of rem oving both positive and negative 
ions of a dissolved salt from solution has finally reached a 
point of marine u tility . W ithin m onths the m ost satis-

A F T E R  T H E  W A R . . .  

N E W  H O R I Z O N S !
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th e  g a p  o c c u p ie d  b y  war. 

A n d  P A L M E R  w ill g iv e  
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h ave an im portan t p la c e  
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m o m eters rem em b er:

— EASY-READING "RED-READING-MERCURy"

— GUARANTEED ACCURACY

—  BU ILT F O R  L O N G  LIFE
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C H E M I C A L  F I E L D

M E T A L  I N D U S T R I E S

•  B l a n k e t i n g  m e t a l s  t o  a v o i d  

n i t r i d i n g  a n d  s c a l e

P r o d u c i n g  s o d i u m  h y d r i d e  

l o r  d e s c a l i n g  s t e e l s
4

B r ig h t  a n n e a l i n g

W E L D I N G

•  A t o m i c - a r c  h y d r o g e n  

w e l d i n g

•  O x y - h y d r o g e n  w e l d i n g

•  If  your average hydrogen requirem ent# are 1000 cubic feet 
p e r  h o u r  or m ore, a  G irdler H ydrogen P la n t is a very profitable 

in v e stm en t. Y ou are assured of a  steady supply  of h ig h -p u rity  
hydrogen—m ade from available m aterials a t low cost. O peration 

as p ractically  autom atic. M any m ore advantages. • • • W rite 
for B ulletin# N o. 103 and 104.

Processes for G as Manu
facture, Purification, Sepa
ration, and Dehydration.. . .  
Consult Girdler for your 
problems concerning H y
drogen Sulfide, Carbon  
Monoxide, Carbon Dioxide, 
Natural G as, Refinery 
Gases, Hydrogen, Nitrogen.

The Girbotol Process, an exclusive 
Girdler development, is adaptable 
to the removal of hydrogen sul
fide from liquid hydrocarbons.

•  H y d r o g e n a t i o n  o f  f a t s  a n d  

o i l s

•  H y d r o g e n a t i o n  o f  o r g a n i c  

c o m p o u n d s

H y d r o g e n o l y s i s  o f  c a r b o n  t o  

o x y g e n  b o n d s

*  H y d r o g e n o l y s i s  o f  c a r b o n  t o  

c a r b o n  b o n d s

•  H y d r o g e n a t i o n  a c c o m p a n i e d  

b y  h y d r o g e n o l y s i s  o f  n i t r o  

g e n  t o  o x y g e n  b o n d s

•  P r o d u c t i o n  o f  h y d r o g e n  a n d  

c a r b o n  m o n o x i d e  m i x t u r e s

•  P r o d u c t i o n  o f  h y d r o g e n  a n d  

n i t r o g e n  m i x t u r e s  f o r  a m 

m o n i a  s y n t h e s i s
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factory substances of this class available could produce 
only the equivalent of their own weight of fresh, potable 
water from the sea. Thus no advantage could be realized 
by science and engineering over the time-tried expedient 
of mariners to  carry with them  a flask or a keg of water. 
The intricacy and bulk of distilling equipm ent, always con
sidered a possible safety measure, confine its use to rela
tively large vessels if it  can be used for rescue at all.

Recently announced ion-exchange agents possess such 
potency that they  are able to extract practically the dis
solved salts from four times their weight of sea water with
out revivification. Thus, a great step has been taken 
in promising life to those cast adrift at sea.

Facts First. When picturing the future, habit and 
im agination dictate that the sky shall be darkened by fleets 
of cargo planes carrying all manner of goods to remote 
points. It is an interesting speculation but scarcely a 
tenable view. H. W. Prentis, Jr., past president of the 
National Association of M anufacturers and head of Arm
strong Cork Company, stated the facts succinctly and 
vivid ly to the American Institute of Chemical Engineers:

There is nothing at present in the aviation picture to justify 
such giddy flights of the imagination. The airplane industry 
is obviously destined for remarkable development. The use of 
airplanes for passenger travel, mail, and express will be vastly 
increased, but to envision aircraft as a postwar substitute for 
steamships, railroads, and motor trucks in the transportation 
of ordinary freight is to ignore the economic facts of the situa
tion. For example, to transport 100,000 long tons of freight 
monthly from San Francisco to Australia by steamship would 
require 44 ships, 3200 men for their crews, and 165,000 barrels of 
fuel oil. To do the same job by airplane, 10,022 four-engined 
transport planes, 120,765 men in the flight crews, 8,996,000 barrels 
of gasoline, and 85 large tank ships to carry the gasoline would 
be needed. Hence, although we shall see many wonders of in
dustrial and commercial development in the postwar years, the 
nation should guard itself against fanciful dreams of Aladdin-like 
advances that will immediately and automatically solve all its 
employment problems during the years immediately following 
the cessation of hostilities.

Progress betw een W ars. If ever there was a sublime 
example of progress by the chemical industry in the in
terim between world wars, it  is the recent Departm ent of 
Justice action in indicting four manufacturers of labora
tory reagents for conspiracy under the provisions of the 
antitrust act to fix prices and elim inate competition. 
We are not comm enting on the guilt or innocence of the 
indicted, but once upon a time, long ago in the first World 
War, the problem was one of getting reagent chemicals, 
come high prices, conspiracy, cooperation or any other 
violations of laws, statutes, and local ordinances. Who 
knows, next tim e we may see firms indicted for conspiracy 
to keep up the prices of synthetic rubber. Progress is 
wonderful; tim e levels all things.

(iContinued on page 14)

^ P I P I N G
S T R A I G H T  L E N G T H S  
o r  P R E F A B R I C A T E D  

A S S E M B L I E S
F o r m e d  a n d  W e l d e d  f r o m  
Stainless Steel and A lloy Sheets

DIAMETERS 4 "  and up 

WALL THICKNESSES #19 GAUGE to W

W orking from your own specifications— 
or from complete layouts designed for 
you by our own engineers— we can pro
vide complete piping installations. We 
have the experience, the men, the tools 
and techniques requ ired  to  produce 
welded alloy pipe in straight lengths, 
bends, coils and prefabricated assemblies. 
We also supply fabricated fittings, includ
ing tees, crosses, ells, reducers, etc. Pip
ing can be furnished with built up Van 
Stone joints and back-up steel flanges. 
For quick action, send us your specifica
tions— or consult with us about your 
immediate requirements.

AIL ORDERS SUBJECT TO GOVERNMENT 

PRIORITY REGULATIONS

S. BLICKMAN, i n c .
1206 GREGORY AVENUE, WEEHAWKEN. ■ N. J. 

TANKS ♦ KETTLES • CONDENSERS •  AGITATORS 

EVAPORATORS • PANS • VATS • CYLINDERS

S t a i n l e s s  s t e e l  
w elded process p ip 
in g  w ith  b u i lt - u p  
V an  Stone jo in ts .

PLATE No. 707»

'•  S p e c ia l  p ip e  
B affles and noz 
zles a re  e le c tr ic  
a l ly  w e lded  on 

PLATE No. 7071
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TUBE TURNS STEEL 
BEFORE FORGING

TUBE TURNS STEEL 
AFTER FORGING

U RGENT three-shift war plant schedules 
demand uninterrupted piping service—  

yet they impose triple duty on vital piping 
arteries. Fittings and joints bear the brunt 
of this wear and strain.

Tube Turns’ exclusive manufacturing 
process actually improves on the top quality 
seamless steel tubing from which these 
fittings are forged. Proof lies in the 100X  
photomicrographs shown here. The finer 
grain quality in the Tube Turns metal

and greater resistance to wear and corro
sion. Even better proof lies in the long, 
unfailing service Tube-Turn Welding Fit
tings are rendering in thousands o f war; 
plants today.
TUBE TURNS (Inc.) Louisville, Ky. Branch Officesi, 
New York, Chicago, Philadelphia, P ittsburgh, Cleveland, 
Dayton, W ashington, D. C., Houston, San Francisco, 
Seattle................Distributors located in principal cities.
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ÿ r t d u d û i i a l  I Q e fa a e r u z tù w

GENERAL ÉÉ ELECTRIC

N ot bullets, but surgical shock, 1ms killed 
many a soldier in the wars of the past.

Shock is a breakdown of the blood circu
latory system. Blood vessels contract. Cir
culation slows down, almost stops. I f  shock 
is too severe, death results.

Today, when a soldier is wounded, blood 
plasma is injected into his circulatory 
system. The plasma acts as a sort of pump 
primer . . . fills up the collapsed veins and 
arteries. . .  starts the system working again. 
B y thus counteracting shock, plasma saves 
lives and reduces suffering.

The whole blood you give a t a Red Cross 
blood donor station goes through much 
processing before it gets to  the front as 
plasma. A t many points throughout the

processing accurately-controlled refrigera
tion must be used.

To provide this refrigeration, General 
Electric has developed dependable refrig
erating equipment that is more efficient, 
more compact and more flexible—to meet 
difficult war conditions.

This Ls only one of the many ways General 
Electric Refrigeration and Air Conditioning 
are helping to make a better world.

General Electric Company, A ir  •Condition
ing arid Commercial Refrigeration Divisions, 
Section 4312, Bloomfield, New Jersey.

Hear the General Electric Radio Programs: The “ HOUR OF CHARM," Sunday 10 P. M., E WT, N B C . .  .“ THE WORLD TODAY" News, Every Weekday 6:45 P. M„ E W T, C B S
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E V E N  A T  E X T R E M E  T E M P E R A T U R E S

+ 500”-

Buy another war bond today.

Efficient Heat Transfer

Investigate Votator* at once if you require heat transfer of liquids or 
viscous materials at temperature extremes. Votator* operates more effi
ciently at extreme temperatures than conventional heat transfer equipment. 
This feature— coupled with almost instantaneous action and continuous 
flow— offers an invaluable solution to many urgent war processing prob
lems. In addition, Votator* provides a closed system and many other 
operating advantages available in no other equipment. Let us send you our 
data questionnaire. Your answers will enable us to furnish specific infor
mation that may be a revelation to you.

T H E  G I R D L E R  C O R P O R A T I O N
V o t a t o r  D iv is io n  •  L O U I S V I L L E , K E N T U C K Y

NOTE: Votator operates effic ien tly  at 
the high temperatures required for
greases, resins and varnishes . . . and 
at the low temperatures required for 
c r y s ta l l i s a t i o n  o f  h y d r o c a r b o n s .
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F o r W a r t im e  E x p a n s io n  
O f  In d u s t r ia l  L a b o r a t o r ie s

Typical Alberene-equipped industrial laboratory

Your war research program may call for the de
sign and installation of a complete new labora
tory. On the other hand, only additional pieces of 
equipment may be required — or you may have to 
transfer your laboratory to a new location. Expert 
in the design, fabrication and installation of 
Alberene Stone equipment for every laboratory 
need, an Alberene engineer can aid you in the 
swift and satisfactory solution of any of these 
problems.

The outstanding performance and economy of 
Alberene Stone table tops, fume hoods, sinks, tanks 
and shelving are established by their over 50 years 
of service in the nation's finest laboratories.

Save time and assure laboratory efficiency by 
using our Engineering Service for design, re-de
sign, fabrication and installation. Catalog sent on 
request. P lease address Alberene Stone Corpora
tion of Virginia, 419 Fourth Avenue, N ew  York 
16, N. Y. Quarries and M ills at Schuyler, Vir
ginia. Sales offices in principal cities.

ALBERENE STONE
/  LABORATORY EQUIPMENT

R eport on th e  ß o d tw G S l
Chemical^ World ftla n n ù tC f,

Postwar Planning. Somber overtones are audible 
today in the voices of the prophets forecasting the post
war future. Leon Henderson, former OPA head, now 
chairman of the Board of Editors of the Research Insti
tute, is the latest seer to gloom over analytical studies of 
the brave new world expected after the shooting stops. 
First and m ost necessary step for businessmen, according 
to Henderson, is to prepare an intelligent planning pro
gram. Reason for this is the strong feeling that Germany 
would be knocked out of the war in 1944; the Japs some
tim e later. In  this period between the end of the German 
campaign and the end of the Japs, lim ited production of 
consumers durable goods is expected because all of our 
productive capacity will not be needed to fight the Japs. 
This does not mean that the Japs will be a push-over. 
I t  means, in the words of Leo Cherne, that we have suc
ceeded in building a war econom y on top of our regular 
civilian econom y. The econom ists considered this im
possible; it is, in reality, a dangerous obstacle to full em
ploym ent after the war. The annual incom e in America 
is now approaching the rate of 150 billion, with spending 
also topping records at the rate of 92 billion dollars. Ex
pected too, in the peace, is a major unem ploym ent crisis 
which m ay reach the total of 12 million idle. The institute 
expects a depression and deflation instead of a boom.

Reasons: Social and psychological fear m ay keep the 
public from spending its war savings. The decrease in 
governm ent spending and termination of contracts may 
be so rapid that business will be unable to siphon off sav
ings quickly enough to make up the difference in national 
income.

Leon Henderson as former head of PW A was responsible 
lor spending large sums of governm ent m oney for the 
rehabilitation of unemployed. Therefore, with consider
able interest we record here his answer to  the question 
about the future role of governm ent spending in the un
em ploym ent crisis. Said he, “Public works is a weak reed 
to lean upon” , because it is not a quick energizer.

Cheerful note: The end of the depression will come 
som etim e in 1946 (assuming the in stitu te’s forecast of Jap 
defeat in 1945 is correct) when the public begins to spend 
accum ulated savings.

Two other im portant item s m ust be brought to the at
tention of our readers. The make-up of the U. S. Govern
m ent after the war will be such as to  discourage strong 
planning to solve the problems that arise. Look for divided  
authority and a chief executive unable to mainain a clear- 
cut majority, whether he be Dem ocratic or Republican. 
Im plications of this are that the crisis will bring forth no 
clear plan, unless there is a popular uprising, such as the 
one that swept Roosevelt to office. The second item —  
disposition of governm ent plants, including the synthetic  
rubber industry— will depend not on econom ics or neces
sity  of national safety, but solely on the make-up and 
tem per of the Congress. Let it be put into the record 
that Henderson, in answer to a question from an I. and 
E. C. Editor, said he believes that the synthetic rubber

(Continved on page 124)
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This Dryer is su ited  to m aterials that m ust b e  dried  at low  tem 
peratures and  w here hot air, not contam inated with the products 
of com bustion, must b e  used.

The Dryer is a sin g le  sh ell counterflow  type. A  casin g  contain ing  
steam  coils is loca ted  at the d isch arge end. Air tem peratures 
up to 280° F. can  b e  obtained. The heated  air is draw n thru 
the m aterial show ering in the sh ell by a fan located  at the feed  end.

M aterials su ch  as A m m onium  N itrate,. Am m onium  Sulphate, 
Potassium  C hloride, Sodium  C hloride, Sodium  Sulphate and  
Sugar are b e in g  dried  in  the class "XW" Dryer.

Built in  eight sizes to dry from a few  pounds to several tons per hour.

Write for Bulletin 16-C

Bulletin No. 
31-C 
31-C 
17-B 
39-A 
31-C 
42

Agitators
Clarifiers
Classifiers, Air
Classifiers, Counter-Current
Classifiers, Hydro
Density Stabilizer
Digesters
Dryers
"Electric Ear''
Feeders, Belt
Feeders, Constant Weight
Feeders, Disc
Feeders, Drum
Feeders, Non-Flooding
"Feedometers"
Filters, Sand 
Metal Reclamation 
Mills, Batch 
Mills, Conical Ball 
Mills, Conical Pebble 
Mills, Rod 
Mills, Tube 
Mixers, Slurry 
Pumps, Diaphragm 
"Ruggles-Coles" Dryers 
Kilns and Coolers 
Scrubbers, Conical 
"Thermomill"
Thickeners

A small class ”XW" Dryer assembled 
in shop before shipment.

C O N IC A L  C O U N T E R  C U R R E N T  T H IC K E N E R S  R U G G L E S - C O L E S  C O N S T m N T  W E I G H T  T U B E  R O D  A N D  
M IL L S  C L A S S I F I E R S  C L A R I F I E R S  D R Y E R S  F E E D E R S _______________________B A T C H  M IL L S
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H e l p  k e e p  w a r - c r o w d e d  

c i r c u i t s  c l e a r  o n  D e c e m b e r  2 4 ,

2 5  a n d  2 6 .

P l e a s e  u s e  L o n g  D i s t a n c e  

o n l y  i f  i t  i s  v i t a l .

a r  n e e d s  t b e  w i r e s — e v e n  

o n  h o l i d a y s .

B E L L  T E L E P H O N E  S Y S T E M
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These Durcopumps deliver \ lh %  sulfuric acid from 
wood tanks in background to coagulating tanks in
stalled overhead.

ill taken

This pump is transferring 66° Be sul
furic acid from the steel tank on right 
to the large wooden dilute acid tank 
on left.iron alloy 

3r other scarce
a high silicon
nickel, chrome

Our iron is 
not require

al proof, therefore, ot 
or the war without sac-
oi the important rubber

This is the filter feed pump handling 
coagulated latex from holding tank on 
right to weir box which feeds rotary vacu
um filter visible in the upper left corner.

Another filter feed pump installation hand
ling coagulated latex to weir box.Two Durcopumps delivering dilute buffer solution 

from tanks in background to reaction tanks over
head.
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CATALYTIC
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A S  we near th e  second anniversary of Am erica’s 
declaration of war, we m ay well give due credit 

to  the  five leading oil companies which were first to 
adop t th e  H oudry  C ataly tic  C racking Process.

W hether by  fa te  or foresight, th ey  were ready. 
T he d ay  th e  dreadful news o f P earl H arbor broke 
upon an  unsuspecting and  unready  America, these 
five com panies—Socony-Vacuum, Sun, Magnolia. 
T ide W ater Associated and S tandard  of California 
—had 14 H oudry  cata ly tic  cracking u n its  in opera
tion and tw o more nearing completion. W ithin  a  few 
m onths, m ost of these facilities had  been converted 
to  the  m anufacture of th is w ar’s m ost critical m ate
rial, high octane aviation gas.

These pioneers of cata ly tic  cracking soon were 
joined by  o ther leading petroleum  refiners. Sixteen 
companies are now operating or building Houdry 
and T. C. C. units. T hey  include m any of the  in
d u stry ’s best known nam es and represent more than 
50% of to ta l U. S. refining capacity.

D uring tw o critical years of a  w ar whose issues 
have been m ainly decided in th e  air, Houdry 
licensees have carried alm ost th e  en tire  load of pro
ducing catalytically  cracked aviation gas for the 
U nited  N ations. Today, 23 o u t of the  27 catalytic 
cracking units in operation are Houdry-licensed 
units. Thirty-six  m ore H oudry  and  T . C. C, units 
are being built.

H oudry  C ata ly tic  Processes and  th e  Thermo- 
for C ataly tic  C racking Process are available to  all 
Am erican refiners, under license arrangem ents, sub
jec t to  approval by  the  U nited  S ta tes G overnm ent.
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D i e t h y l  O x a l a t e  

S u p p l e m e n t s  S c a r c e  

L a c q u e r  S o l v e n t s

R eagent Uses Also Afford
Many Possibilities in  Synthesis

Although in the past diethyl oxalate has 
found its greatest use in organic synthesis, it 
is today being employed in substantial quan
tities to replace and extend critically short 
nitrocellulose solvents.

Diethyl oxalate is an excellent solvent for 
nitrocellulose and has a slow evaporation rate. 
While its applications have previously heen 
limited to specialized fields, due to its tend
ency to hydrolize, it is now being used very 
successfully where special care is taken to 
eliminate all possible water from the formula
tion. It is recommended that wherever pos
sible diluents with high aromatic content he 
used inasmuch as diethyl oxalate has a much 
higher dilution ratio with aromatic hydrocar
bon diluents than it has with petroleum 
naphthas.

D iethyl o x a la te  o ffe rs m any possib ilities in 
chem ical syn th esis. H ere a re  a fe w  ty p ic a l 
exam ples:

1 .  W ith eth y l a c e t a t e  In the presen ce o f  so
dium ethoxide (sodium  c th y la te )  It y ie ld s  ethyl 
sodium o x a la c e ta te .

2 . W ith a ceto n e in the p resen ce o f  sodium 
eth ox id e, it  y ie ld s xanthochelidonic ac id  e s te r  
(a c e to n e  d ioxalie e s te r !  from  w hich the ethyl 
e s te r  o f  chelidonic ac id  m ay be ob ta in ed . 
G am m a-pyron e m ay in turn be obtain ed  from  

th is la t te r  su b stan ce.

3 .  W ith zinc and a lkyl iod ides, it  g iv e s  ethyl 
e s te r s  o f d ia lk y lg lyc o lic  ac id .

4 . W ith sodium a m algam , the a lco h ó late  o f 
e th y l g ly o x y la te , ethyl o xom alon ate. ethyl 
ra c e m a te . and the ethyl e s te r  o f d cso x alic  
a c id  m ay be o b ta in ed . From this la t te r  ac id  
th e re  m ay be ob ta in ed  b y  rea c tin g  w ith  
ph cn ylh ydraxin c, the phenylhydraxone o f  ethyl 

g ly o x y la te .
5 .  E le c tro ly tic  reduction  g iv e s  eth yl g ly o x 

y la t e .
6 . W ith sodium ethoxide and u re a , it  g ives  
p a ra b a n ic  acid  (o x a ly lu re a ) .

7 .  It is used to m anu factu re p h en o b arb ital.

8 . W ith ortho-nitrotoiuene th ere  resu lts an 
a lcohol condensation pro duct contain ing a 
th ird  group in the benzene rin g.

9 . By distilling w ith  an alcohol o th er than 
ethan ol the o xalic  e s te r  o f the alcohol m ay 
be obtain ed  through alcoh o iysis.

New Anti-Rust Compound
Is Announced by U.S.I.

Extensive Use in Automotive and Industrial
Cooling Systems Seen for New Powder

Improved protection for radiators and other cooling-system surfaces is D}3̂  
possible by a new anti-rust compound in powder form, recently developed by 
U S I. Orange in color, the powder works equally well with water or any type

------------------- of anti-freeze solution. Two ounces will pro-

Patents N ew  P ro tec tive  
T rea tm en t fo r  Textiles

A Canadian Patent has heen granted cover
ing die use of trichlorobenzyl phenyl ether 
dissolved in alcohol or acetone as a moth
proofing agent for textiles. It is mixed with 
salicylanilide as a fungicide or with pyreth- 
rum as an insecticide.

Tests P oss ib le  Solven ts  
For T u n g  Oil Extraction

Renewed interest in the possibility of in
creasing the yield of tung oil from domestic 
fruits is reflected in a recent study of solvents 
which might be used in an extraction process. 
Out of a total of 33 solvents studied, ethyl 
acetate and some 10 others held the most 
promise, from the standpoints of quality and 
yield of tung oil produced and from that of 
economics.

The study, carried on by three Department 
of Agriculture scientists, points out the neces
sity of selecting a solvent of sufficiently high 
boiling point to avoid excessive vapor losses, 
yet low enough to prevent deterioration of the 
tung oil quality through exposure to unduly 
high temperatures.

Alkyd. R esin  Can R eplace  
P h en olics in  Navy Prim er

The Navy Department has announced that 
it will now accept, tentatively, a primer based 
on Holabird Specification ES-680a, Class 101 
for use on all Naval equipment and machin
ery. This is covered by Specification 52-P-26 
Primer, Metal (Brown) dated June 1, 1943, 
and will replace the original Zinc Chromate 
Primer 52-P-18 (phenolic) which will be used 
only for the painting of ships’ hulls and com- 

(Continucd on next page)

U nretouched photo o f te s t  
bundles ju st os th ey  a p 
p e are d  a f t e r  an a c c e le 
r a t e d  c o r r o s i o n  t e s t  
sim ulating the m ost s e v e re  
conditions encountered  in 
a u t o m o t iv e  r a d i a t o r s .  
Bundles con sist o f strip s  
o f co p p er, aluminum, so l
d e r . b ra ss , and c a s t  iron, 
a ll crim ped w ith  good 
e le c tr ic a l co n ta c t to  a  
stee l fra m e . N ote th e co r
rosion and s e v e re  e le c 
tro ly sis  which h as taken  
p lace  on the "c o n tro l 
bundle a t  r ig h t , w hich w a s  
exposed  to  u n trea ted  ta p  
w a t e r .  N ote how clean  
and f r e e  from  e le c tro ly sis  
(he bundle a t  le f t  is a f t e r  
exposure to  sim ilar ta p  
w a t e r  w hich had been 
p ro te cted  w ith  U .S .I . 's  
new  a n ti-ru st com pound.

tect a five-gallon capacity automobile cooling 
system.

Use of an inhibitor of this type in auto
mobile cooling systems is particularly advis
able this winter where anti-freeze solutions 
are being re-used, as the rust-inhibiting qual
ities originally present in the anti-freeze will 
have been lost.

S u m m er U se Im p o rta n t
In addition to imparting anti-corrosive 

properties to alcohol or permanent type anti
freeze solutions, the compound is recom
mended for use for summer radiator protec
tion. Recent reports by government agencies 
and automotive engineering groups indicate 
that radiator corrosion is at its peak during 
the summer, due to the higher temperatures 
and the fact that ordinary water is so gener
ally used as a coolant.

P ro tec ts  M any M etals
Extensive tests in U.S.I. laboratories have 

shown that the new inhibitor will protect sur
faces of a wide range of metals, including 
aluminum, steel, cast iron, copper, brass and 
solder. By keeping heat transfer surfaces 
clean, the product helps assure efficient cool
ing, thus preventing engine overheating and 
loss of anti-freeze from boil-over.

U.S.I.’s new compound has no effect on 
rubber, and therefore cannot cause trouble 
with radiator hoses or other rubber appliances 
in the cooling system. It is also entirely 
odorless.
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partments. Until such time as the Navy can 
evaluate submitted samples of Specification 
52-P-26 and can establish an approved list, 
those products now having the approval of 
Holabird Quartermasters Depot will be ac
cepted by them.

Specification 52-P-26 is met completely by 
Aroplaz 1323-D, a product of U.S.I.’s Stroock 
& Wittenberg Division, which is already be
ing used extensively in Holabird Specification 
ES-680a. Although this is'one of the lowest 
priced pure alkyd resins, it is a versatile high- 
quality product.

R ecovery o f  Free Acid  
From  P ick lin g  Liquors

Acetone has been found superior to solvents 
previously tried for promoting the crystalliza
tion of copperas from pickling liquor. While 
acetone is not satisfactory for the treatment 
of continuous-process liquor, batch liquor re
sponds well from the standpoints of ferrous 
sulfate removal, acid concentration, quality 
of copperas, and acetone separation.

R ep o r ts  N ew  R e m e d y  
For S k in  A ilm en ts

Tetraethylthiuram monosulfide is reported 
hv a British Journal to have proved effective 
in the treatment of scabies. The liquid prep
aration ifs!«jd was an emulsifiable oil having 
the coirip’dsition:

Tetraethylthiuram monosulfide ....... 25%
Polyglycerol ricinoleate  ........... 10%
Industrial methylated alcohol.......... .65%
One part of this oil was added to four parts 

of water immediately before use.

Influence o f  A lcohols  
On Indicators D escribed

Color change of some titration indicators is 
reported to he markedly influenced by the 
lower alcohols

The change is least pronounced with ethyl 
and n-propyl alcohol, more so with methyl, 
and most pronounced with iso-propyl alcohol. 
Impurities in the alcohol also have an appre
ciable effect, impossible values being obtained 
in the presence of ethers.

M eth od  fo r  D e term in in g  
C h loroph yll  an d  Carotene

Of significance to the dehydrated food and 
other industries is a recently announced 
method of determining chlorophyll, pheophy- 
tin, xanthophyll and carotene — key factors 
in the taste and nutritional “goodness” of 
vegetables.

The method involves a combination chro
matographic, solvents-partition, and spectro- 
photometric techniques. Pigment is first ex
tracted with acetone, then transferred to ether 
and subjected to direct spectrophotometric 
analysis for chlorophyll and henophytin. Xan
thophyll and carotene are subsequently de
termined by chromatographic analysis.

M olasses Extender

Demand for Special Liquid Curbay as 
an extender for molasses in hog and dairy 
feed manufacture continues to grow. This 
U.S.I. product is also finding increased in
dustrial use as a hinder, and is said to 
offer interesting possibilities in the prep
aration of specialty agricultural products 
for plants and soils.

Special Liquid Curbay contains approxi
mately 40-45% solids, can he handled just 
like molasses in storage or mixing equip
ment, and is available in tank car quan
tities without allocation limitations.

D eterm in a tio n  o f  W ater  
In H igh -P roof E thanol

A mixture of anhydrous ethanol and bi- 
cyclohexyl exhibits a critical solution tem
perature of 23.4°C.; with 1 per cent of water 
present, this temperature becomes 41.4°, and 
with 2 per cent water 54.1°. Thus the critical 
solution temperature can he plotted against 
the percentage of water present and the re
sulting curve used for determining the water 
content of high-proof alcohol.

The procedure recommended is to add 4.0 
ml. of bicyclohexyl to 2.0 ml. of the alcohol 
to be tested and stir with a dry thermometer. 
Heat until the solution becomes clear and 
then cool slowly with stirring. Note the tem
perature at which the mixture becomes 
slightly opalescent.

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

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

Two new fotfy acids, aze la ic  and pelargonic, de
scribed as straight chain acids containing nine 
carbon atoms are announced. Now in commercial 
production, these odds suggest new fields for in
vestigation in textile applications, modifications 
of resins, plasticizers, etc. (No. 749)

U S I
A paint brush cleaner is offered which the maker 
clajms_ will swell the bristles and loosen dried 
paint in 12 to 96 hours. The liquid is non-inflam
mable, non-fuming ond harmless to the hands. It 
con be re-used after straining. (No. 750)

U S I
Low freezing points and mild odors ore the fea
tured points of a new series of plasticizers and 
softeners now being offered for use in coatings, 
adhesives, plastics, synthetic resins and rubbers, 
etc, A  chart of the physical properties of these 
new products is ava ilab le  from the maker.

(No. 751)
U S I

A quick-setting, tacky adhesive, developed prim
a rily  to cement cork inserts in reconditioned or 
new crowns, is reported to work especially well 
in automatic cork inserting machines. The maker 
states the product is odorTess and non-toxic.

(No. 752)
U S I

Preventing electrolysis and consequent boiler cor
rosion is the purpose of a new galvanic ceil de
signed to hang from a tube in the boiler. The 
cell, it is stated, concentrates electrolytic action 
at its negative pole, precipitating the mineral mat
ter for removal during blowdown. (No. 753)

U S I
A  new plastlcizer. claimed to impart striking low 
temperature flexibility to synthetic rubber prod
ucts, is being offered to processors of Butaprene, 
Chemigum, Hycar, Neoprene, Perbunan ond Thio- 
kol. (No. 754)

U S I
A new floor cleaner, recommended olso as on oil 
and grease absorbent for reducing fire and slip
ping hazards, is announced. Said to be non-abra
sive, odorless, and non-iniurious to skin, clothing 
or flooring, the product will absorb up to 50% of 
its weight of oil or grease. (No. 755)

U S I
Stable, uniform oil emulsions are said to be pro
duced at higher speed with the aid of o new 
group of soluble resinóles. Sodium and potassium 
sails of selected resins, these resinates are useful 
in the manufacture of cutting oils, polishes, paints, 
and many other products. (No. 755)

U S I
A new gas mask, approved for use in the presence 
of acid gases, organic vapors, ammonia, carbon 
monoxide and toxic smokes, where sufficient 
oxygen is present to support life, is announced. 
Shotter-proof lenses, an arrangement to prevent 
lens-fogging, and a d ial which indicates safe re
maining service time are incorporated in the de
sign. (No. 757)

U S I
A  new paint remover is reported to cut through 
the toughest film, leoving a clean, neutral surface 
that requires no after-washing or neutralizing. The 
product is said to be waxless, involve a minimum 
of fire and toxic hazards. (No. 758)

U .S .INDUST̂■  W  ■  m —     CHEMICALS

C h e m i c a l s  , I n c .
Chemicals V .  V  s i m m s  % — --------------------------------- — — ----------------------------- '----------

6 0  EA ST 4 2 N D  ST., N EW  Y O R K  1 7 ,  N . Y  V RESIHS

Villi; T Ï S T s Ç7 brancHes. SERVICE 10 JIIiUL/ IN  A LL P R IN C IP A L  C IT IE S

ALCOH O LS
Am yl Alcohol
Butanol (Normal Butyl Alcohol) 
Fusel Oil— Refined 

E thanol (E th yl A lcohol)
Specially Denatured— all regular 

and anhydrous formulas 
Completely Denatured— a ll regular 

ond anhydrous formulas 
Pure— 190 proof, C.P. 9 6 % ,  

Absolute 
"Super Pyro Anti-freeze 
■ Solox Proprietary Solvent 

A A N SO LS 
Ansol M 
Ansol PR

A C E T IC  ESTERS
Am yl Acetate 
Butyl Acetate 
Ethyl Acetate 

O X A LIC  ESTERS 
Dibutyl Oxalate 
Diethyl Oxalate 

PH TH A LIC  ESTERS 
Diam yl Phthalate 
Dibutyl Phthalate 
Diethyl Phthalate 

OTHER ESTERS 
«Diotol
Diethyl Carbonate 
Ethyl Chloroformate 
Ethyl Formate

IN TERM ED IA TES
Acetoacetonilide 
Acetoacet-ortho-anisldide 
Acetoocet-ortho-chloranllide 
Acetoocet-ortho-toluidide 
Acetoacet-para-chloranilide 
EthylAcetoacetate 
Ethyl Benzoylacetote 
Ethyl Sodium Oxalocetdte

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

R ESIN S 
Natural 
Synthetic -

A CETO N E
Chem ically Pure

FEED CO N C EN T R A TES
■'■,Curbay B-G 
"Curbay Special Liquid 
"Vacatone 40

OTHER PRODUCTS
:Collodions 
Ethylene 
Ethylene Glycol 

"Indalone 
Nitrocellulose Solutions 
Urethan

"Registered Trade Mark
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In sid lin e  in s ta lla t io n s  in  p ip e  fro m  2 "  1 .  D. to  2 6 "  I. D. 
a r e  m a d e  w ith  a  c a r tr id g e  ty p e  o f  in su la tio n  th a t is 

b u ilt u p  firs t a n d  th en  d ra w n  in to  th e  p ip e .

^ j |  Sen d  fo r  d e sc r ip tiv e  b o o k le t.

M any new processes involve the piping of 
flue gases, steam, petroleum gases, hydro
gen, and fluid catalysts at temperatures up 

to 1500° F., pressures up to 300 pounds, 
and velocities up to 500 feet per second.

Insidline, an internal insulation, w a s devel
oped to enable ordinary carbon-steel pipe, 
with its com paratively light weight and low  
cost, to stand up under these conditions. The 
insulation holds the temperature of the piping 

to 750° F. or below, w here the phenomenon 
of "creep" does not occur, and the pipe can 
be operated indefinitely at the usual stress 
allow ances. The use of Insidline simplifies 
pressure-piping design, too, by reducing the 

number of expansion joints, bends, and other 
provisions for pipe expansion.

If you have a high-temperature, 
pressure-piping problem, it w ill 
pay you to investigate Insidline.

B A L D W I N - H I L L  C O M P A N Y
5 3 3  K L A G G  A V E . ,  T R E N T O N  2 ,  N .  J .

NEW Y O RK , N . Y . •  C H ICA G O , ILL. •  K A LA M A ZO O , M ICH. •  HUNTINGTON, IND.

up to  o v e r  1 0 0 ,/, a  p a n e l 
up  on  th e in s id e  o f  th e p ipe .
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A  S M A L L E R  S P A C E

tremendous savings in time of process, 
or power costs, or factory footage, with 
A T & M  centrifugals. One A T & M 
customer was able to save up to 70% 
of drying time. Another found that one 
A T & M  centrifugal made available 
a $35,000 machine formerly tied up 
with drying.
Plan now to be best and first on the 
market, once the “Go Ahead” signal 
is given. As national needs permit, our 
engineers will gladly consult with you 
without cost or obligation . . . ana in 
strict confidence. American Tool & 
Machine Company, 1421 Hyde Park 
Avenue, Boston — or 30C Church 
Street, New York, N. Y.

E x trac tio n  P re c ip ita tio n
D e h y d ra tio n  Im p re g n a tio n
F iltra tion  C o a tin g

fRi

4 W A Y S

E xpanding p roduction  in less floor 
space is not exceptional, when A T & M  
centrifugals are used instead of slower, 
more costly methods.
1. Centrifugals instead of filters
— Perhaps, as in certain cases encoun
tered by A T  & M engineers, your 
filters are slowing down your entire 
process. Often difficult to clean, they 
are o f course limited to one extractive 
operation at a time. A T & M  cen
trifugals have removed 2 liquids from 
a solid in one operation . . .  combined 
clarifying and filtering . . . efficiently 
separated crystals from a sticky fluid — 
and generally in less floor space than 
the filters required.
2. Centrifugals instead of settling 
tanks. More immediate precipitation, 
finer degree of clarity, dryer cake. . .  are 
normal results when centrifugals are

used instead of tanks. An A T & M 
centrifugal has been designed to pre
cipitate an oxide and decant an acid in 
one swift, space-saving operation.
3. Centrifugals instead of kiers, 
autoclaves. If you are pressing liq
uids into solids or semi-solids, you will 
find standard A T & M  centrifugals 
provide more convenient cell-position
ing, more uniform impregnation, easier 
removal o f surplus impregnatory mate
rial. Nitrating and final wringing of 
cotton in manufacture o f high explo
sives is being considerably speeded by 
A T & M  centrifugals.
4 . Centrifugals instead of drying 
m a ch in es. If  you are now using 
ovens, squeeze rolls, boxes, or special 
and expensive drying machinery . . .  or 
planning a post-war dehydration proc
ess . .  . the chances are you can realize



This is a model of a synthetic oil chemical plant. Its perfection of detail and 

competent layout is indicative of the progressive engineering and construction "know  

how" focused on this and every job by Foster Wheeler.

Complete facilities, including a pilot plant laboratory, plus 40 years of experience 

in oil refining, steam, heating and cooling systems are available to the petroleum 

and chemical industries for economic construction and operation of complete plants.

FO STER W H EELER CORPORATION, 165 Broadway, New York 6, N. Y.
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T h is  advertisem en t o rig in a lly  ap p ea red  in  A rch itec tu ra l 
Forum , A p ril, 1931. A re c e n t check-up  by T h e  A m erican 
B rass C om pany, in  co n ju n c tio n  w ith  rep resen ta tives  o f  
th e  R a ilro ad  C om pany, d isc lo sed  th a t th e  E verdur M etal, 
in s ta lled  betw een  1932 an d  1935 , is  h o ld in g  up  very 
w e ll u n d e r  extrem ely  severe co n d itio n s  o f  exposure  to  
en g in e  gases, etc.

T h is  is n ’t  a re c o rd , o f  course. I t  is sim ply the  b eg in n in g  
o f  a  perfo rm ance  sto ry  an d  an  exam ple o f  th e  du rab ility  
an d  dependab ility  o f  E verdur M eta l—ap p rec ia ted  p a r
ticu larly  d u rin g  these re c e n t years, w h en  m an p o w er and  
m a te ria l sh o rtag e  m ade m ain tenance  p ro b lem s in c rea s
in g ly  difficult.

ANaC BR O N ZE

C O PPER
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*Trade Mark Reg. U. S. Pat. Off.

YOU ASK : What has corrosion in a railroad terminal 
to do with processing equipment?

J u s t  th is : T h e  E verdu r*  M e ta l th a t  is  d o in g  su ch  a 
sa tis fac to ry  jo b  " u n d e r  ex trem e ly  sev e re  c o n d i
tio n s  o f  e x p o su re  to  e n g in e  ga se s , e tc .,”  is  th e  sam e 
m e ta l th a t  n a s  b e e n  d o in g  su ch  a  s ta n d -o u t jo b  fo r  
so  m an y  y e a rs  in  s o  m an y  d if fe re n t ty p es  o f  se rv ice  
in  th e  p ro c e s s  in d u s tr ie s .

E v e rd u r i s  a  c o p p e r - s i l ic o n  a lloy . I t s  h ig h  
s t re n g th  a n d  h ig h  re s is ta n c e  to  fa tig u e , c o u p le d  
w ith  i ts  f r e e d o m  f ro m  r u s t  a n d  e x c e lle n t re s is ta n c e  
to  a  w id e  ra n g e  o f  c o r r o d in g  ag e n ts , h ave  m a d e  it 
th e  N u m b e r  O n e  m e ta l f o r  th e  c o n s tru c tio n  o f  
c h e m ic a l a n d  p ro c e s s  e q u ip m e n t su ch  a s  th a t il lu s 
tr a te d  a n d  l is te d  b e lo w .

A n d  f ro m  th e  fa b r ic a to r ’s p o in t  o f  v iew  a lso , 
E v e rd u r  is  a  fav o re d  m e ta l— it  m a c h in e s  re ad ily , 
c a n  b e  ro l le d , sp u n , s ta m p e d , c a s t, f o rg e d  an d  
w e ld e d . F u r th e rm o re , E v e rd u r’s av a ilab ility  in  all 
c o m m e rc ia l fo rm s  m a k e s  p o s s ib le  th e  ec o n o m ic a l 
fa b r ic a t io n  o f  lo n g - la s t in g , lo w -m a in te n a n c e , "A ll 
E v e rd u r” eq u ip m e n t. «122

T H E  A M E R I C A N  B R A S S  C O M P A N Y
G e n e ra l O ffices: W a te rb u ry  8 8 , C o n n e c tic u t 

Subsidiary 0}  Anaconda Copper M in in g  Company
In  Canada: Anaconda American Brass Ltd., N ew  T oronto , Ont.

c v e r a u r  /^ c ia u ia ro rs , i u  t t .  a m m e ic i  ™j  = > --------------

phuric acid  solution. Fabricated by Leader Iron W orks,lnc., Decatur, Illinois.

Paper Making Cylinder Mold, 
fabricated b y The Bagley and 
Sewall Compa ny, Watertown, 
N.Y. Anaconda S ig nal Bronze 
Winding W ireissupported by 
Everdur Rods. Cast spidersare 
also Everdur.

E verdur M etal U ses in 
th e C h e m ic a l a n d  P roc
e s s  I n d u s t r ie s . . .

KETTLES

C A L A N D R IA S

V A P O R  S C R U B B E R S

S C R E E N S

F IL T E R S

FILT ER  D R U M S

F R A C T IO N A T IN G  CO LU M N S

C O N E  B LE N D E R S

V A L V E S

S T O R A G E  V E SS E L S  

S C R E W S, B O L T S , F A ST E N IN G S 

STILLS 

V A T S

P R E S S U R E  V E SS E L S  

V A C U U M  T A N K S  

C O N D E N S A T E  T R A P S  

S T O R A G E  H E A T E R S  

A C ID U L A T O R S  

E LE C T R IC A L C O N D U IT  

P IP E  A N D  T U B E S 

F A B R IC A T E D  F IT T IN G S
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K N O C K I N G  a t  t h e  C h e m i s t ' s  D o o r

METHYL PENTACHLOR STEARATE

Thirteen new  chem icals developed by H ooker Electrochem 
ical Company are w aiting  for adventure. Consider their 

properties—-send for research samples. It may be that one or 

more of these chemicals are w hat you have been seeking.

M olecular w eight  ........ 470  (approximate)
Chemical formula

Ci7H 3oClr,COOCH;J (approximate)
Specific gravity................... 1.200 at 25°/15 .5° C
Color  Clear yellow  to deep reddish brown

Insoluble in water, soluble in hydrocarbons. 
Suggested uses: plasticizer for polyvinyl chlor
ide films to im part flexibility' at low  tempera
tures and to increase fire resistance; plasticizer 
for other film form ing materials.

HIGHLY CHLORINATED PARAFFIN

Light colored, almost white, brittle resin, 
softening at about 100° C. and remain
ing very viscous at 140° C. Contains 76 
to 78% Chlorine. This product is more 
stable than other chlorinated paraffins 
containing lesser amounts of Chlorine. 
Suggested uses: Resin for paints to w ith
stand severe weather conditions.

HEXACHLORETHANE

M olecular w eight...................  237
Chemical form u la............... . CxCln
M elting p o in t..........................  186° C.
B oiling po in t...........................  186° C.
Color............................................  W hite crystals

PELARGONYL CHLORIDE
M olecular w eight 176.5
Chemical form u la ...... CH.-dCHijhCOCl
Specific gravity............ 0.955 at 20°/15 .5°  C.
B oiling range...............  80 —115° C. at 25 mm.,

1 7 0 -2 2 0 °  C. at 760 mm. 
Color...............................  Colorless to light yellow

Insoluble in water, soluble in  alcohol and car
bon tetrachloride. Suggested uses: pyrotechnic 
compositions; insecticide; plasticizer and chlor
inating agent.

Is hydrolyzed by water; reacts w ith  alcohols to 
produce esters, soluble in ether. Suggested uses: 
intermediate to produce esters for plasticizers; 
to produce the peroxide for polymerization 
catalyst.

CHLORPROPANE WAX

M olecular w eight............ 320
Chemical form ula___ __ CO CO CC1:
Softening point_______  110 to 120° C
Boiling range...................  210  to 270° C
Color.....................................  W hite crystalline wax
Odor.....................................  M ild camphor-like

Insoluble in water, soluble in alcohol, ether and 
chlorinated solvents. Suggested uses: plasticizer; 
dielectric wax; pyrotechnic com positions; lubri
cant to withstand chemical attack.

HEXACHLORPROPYLENE
( P ercblorpropylene)
M olecular weight.. 249  
Chemical formula CC1«—CCl=CClk-
B oiling range.........  205 to 215° C.
Specific gravity , 1.76 to 1.78 at 2 5 ° /1 5 .5 °  C.
Color......................... W ater w hite
Odor..........................  Mild
Insoluble in water; m iscibie w ith alcohol, ether 
and chlorinated solvents. Suggested uses: sol
vent and plasticizer for rubber and other poly
meric materials; non-flammable hydraulic fluid.

POLYCHLORPROPANE LIQUID

M olecular w eight .. 268.3  (average)
Chemical form u la . CaH-Clo and C3HCI7
B oiling ra n g e ...... 185° to 250° C.
Specific gravity . 1.70 to 1.75 at 2 5 0/1 5 .5 0 C  
Color.......................... W ater w hite
Insoluble in water; m iscibie w ith  alcohol, ether 
and chlorinated solvents. Viscous liquid at 
temperatures below  —5 0 “ C. Suggested uses: 
plasticizer; dielectric wax; pyrotechnic compo
sitions; lubricant to withstand chemical attack.

HEXACHLORBENZENE

Molecular w eight.........................  284 .7

LAURYL CHLORIDE
(D odecyl C hloride)

SODIUM TETRASULFIDE

M olecular w eight.............................................. 174
Chemical form ula.............................................  NasSj

Chemical form ula ........................ QClo
M elting point™... ................... ......  230° C

M olecular w e ig h t... ...... 213 (average)
Chemical form ula.........  CuH jbQ  (approximate)

Specific gravity (40%  solution)
1.335 a t 2 0 y i5 .5 °  C.

Insoluble in water, soluble in carbon tetra
chloride, m onochlorbenzene, toluene. Suggested 
uses: pyrotechnic com positions; ingredient of 
water proofing and flame proofing compounds.

Color..................................  Light yellow

Insoluble in water, soluble in  organic solvents. 
Suggested uses: production o f  esters for plas- 
ticizcrs.

Suggested uses: soaking o f hides and skins prior 
to unhairing; reduction organic nitro bodies; 
insecticide and fungicide for fruit tree spray; 
ore flotation reagent; reduction o f cyanide plat
ing  baths; manufacture o f sulfur dyes.

HEXACHLORBUTADIENE
Molecular w eight 261
Chemical formula. CC12—CC1—CCl=CCl2
M elting p o in t.......  —20 to —25° C.
Boiling range........  210 to 220° C.
Specific gravity.....  1.65 to 1.70 at 2 5 ° /1 5 .5 °  C.
Color____ _______  W ater w hite
Insoluble in water; m iscibie w ith  alcohol, ether, 
chlorinated organic solvents. Chemical proper
ties: highly stable, is not easily hydrolyzed by 
water or m ild alkalies. Suggested uses: solvent 
for rubber, synthetic rubber and other poly
meric substances; high boiling  non-flammable 
solvent; non-flammable heat transfer liquid; 
transformer fluid and hydraulic fluid.

LAURYL MERCAPTAN

M olecular w eight .... 211 (average)
Chemical form ula C,aH KSH (approximate)
Specific gravity............. 0 .8420  at 2 5 ° /1 5 .5 °  C.
Boiling  range............... 125 to 225° at 15 mm.
Color................... ............  W ater w hite

Insoluble in water, soluble in organic solvents. 
Suggested uses: catalyst in  the production of 
copolymers such as Buna S.

TETRA HYDRO FURFURYL OLEATE
M olecular w eight ,....... 366.5
Chemical formula

CHi5(CH2)7CH:CH(CH2)7COOCH2OClH T
Specific gravity...............  0 .926  at 15 .5°/15-5° C.
R efractive index............  1.4640
Color...................... .........Y ellow  to light brown
Insoluble in water; soluble in  alcohols, esters, 
ketones, hydrocarbons, and chlorinated sol
vents. Suggested uses: plasticizer for polyvinyl 
chloride films to impart flexibility at lo w  tem
peratures; plasticizer for other film-forming 
materials.

I f  a d d i t io n a l  in fo r m a t io n  is d e s i r e d ,  w r i t e  o u r  D e p t, E12

HOOKER ELECTROCHEMICAL COMPANY
N IA G A R A  F A LtS, N . Y .

N » w  Y o rk , N . Y . T a c o m a , W a ih . W ilm in gto n , C a li f .

■ f f o O K E R  C f / £ M / C A C $



Fabricators of a complete line of HEAT EXCHANGE, 
PRESSURE VESSEL and VACUUM EQUIPMENT

H eat Exchangers 
Condensers 
E vaporators 
H eaters and Coolers 
R eboilers
B arom etric Condensers 
Steam J e t  Air E jectors 
Tanks and Towers

Manufacturing
Plants

at
Carbondale, Pa. 
Pottstown, Pa. 
Honesdale, Pa.

H E A T  T R A N S F E R  P R O D U C T S ,  I N C .
EN G IN EERIN G  an d  SA L E S O FF IC ES - V O  W EST STREET. NEW  YO RK 6, N, Y.

D ESIG N ER S. EN G IN EERS and M A N U FA CTU RERS o f  A LL T Y P E S o f  H EAT EX CH A N G ER S^
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H e a t  T r a n s f e r  

P r o d u c t s

Assembling high pressure heaters at one of the H-T-P plants for 
hydrostatic test at 1200 lb. per sg. in. pressure
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GEARS • • •

O ffic ia l N avy Photograph

G U N S . .
AND MEN!

Today’s victories of our armed forces 
are the result of their superior fire 
power on land and sea . . . and in 
the air —  a superiority attained by 
design engineers working in con
junction with the arm y and navy  
ordnance departments. Victory and 
success depend on gun calibre and 
range . . . also its maneuverability 
and the clock-like precision of the 
firing mechanism . . . .  D.O.James 
precision-made gears are important 
controlling factors in attaining the 
maximum fire power and efficiency 
of m any of the guns now being so 
successfully used by our armed 
forces.

■  £v "; ■- '

Accurately conforming to these 
design requirements has been 
an every-day “ must” in our or
ganization for over 55 years in 
the d e s i g n ,  e n g i n e e r i n g  a n d  
m a n u f a c t u r e  of  a l l  t yp e s  of 
gears and gear speed reducers.

LD.lO. JAMES MANUFACTURING CO., 1140 W. MONROE STREET, CHICAGO, ILL.



PORCELAIN PIPE
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H E R E 'S  H O W  

L A P P  P O R C E L A I N  

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

I N C R E A S E  S E C U R

a n d  r e d u c -

C O S T S

•  Pop-type valve. All-porcelain 
construction avoids contamina
tion from  contact of corrosive 
gases or liquids with metals or 
gaskets. Blow-off adjustable.

• Standard attachment to tank outlets 
Poppet lines up with tank bottom, elimi 
noting pocket a t outlet.

•  I f  your, p r o c e ss in g  system  in -- w ; •• ■;' 
d a c e s  m o d e r n  g l a s s - - 5" e d  

. T u b b e r - l i n e d ,  lead -lin ed  o f  tile- ' -
p r o c e ss in g  tan k s,w on  have in 
sta lled  th is  eq u ip m en t because  
o f  the co rro siv e  actio n  o f  
ch em ica ls n an d led , o r  because  
ó f  the- n eed  for-purity, If-you  
are ex p er ie n c in g  trou b le  w itn  valves  
o f  p ip in g , o r  i f  there Is u n exp la in ed  
trou b le  w h ich  m ig h t be attributable  
t o  valves, p ip e  o r  gask ets, you  may 
n e e d  th e  sp ec ia l p rop erties o f  Lapp  
C h em ica l P orcela in , T h is  ru gged , 
d en se, n o n -p o ro a s  b od y  defies ‘attack  
from  any acid  (ex cep t H F ), Is sm ooth ,

. easily  clean ed , and g iv e s  lo n g , low -

• Strong uniform-section 
pipe, glazed inside and
out. Precision grinding of _____
pipe ends permits recom- 1
mended use with thin 
hard gaskets, or where 
necessary, with no gaskets 
at all. Smooth, glazed 
surface, inside and out, 
permits easy cleaning, 
promotes purity.
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B U L L E T I N  4 3 2 . G I V E S  F U L L  D E T A I L S

•  Engineers, w orks m anagers and operating  m en 
in all p lan ts  having  hea ting  and cooling p ro b 
lems, w ill w ant a copy o f  Bulletin N o . 432 . . .  
I t  gives full details o f  the  new  "sectional” heat 
e x c h a n g e rs  th a t  g iv e  u sers  m any  a d v a n ta g es  
never before o b ta in ab le . . .

O utstand ing  am ong these new  features is a 
"N on-rem ovable” rear end assem bly—see views 
above—th a t provides quick,easy 
access to  th e  in te r io r  o f  th e  
e x c h a n g e r . This construction 
greatly  s im p lif ie s  in sp e c tio n  
a n d  c le a n in g —fa c ilita te s  th e  
s u b s t i tu t io n  o f  one "ha irp in” 
w ith  o thers to  secure optim um  
o peration  in  different duties — 
and is o f  particu lar advantage 
w h e n  th e  e x c h a n g e r s  a re  
m ounted h igh  overhead, since

it avoids the use o f  bell housings o r o th er heavy 
m em b ers, an d  th e  w o rk  o f  re m o v in g  th ese , 
low ering  them  to  the  g round , raising  them  back 
up , an d  p u t t in g  th e m  o n  ag a in , fo r  even th e  
m ost rou tine  inspection.

T he new  "head  seal” is c o m p a c t—h o ld s  the  
tube and shell in p ro p e r alignm en t—avoids any 
outboard  stress o r  strain ,—and can be assembled 

easily w ith  a standard  w rench.
O ther advantages are welded 

one-p iece "hairp ins”,—the use 
o f B row n  re s is tan c e -w e ld ed , 
in teg ra lly -bonded  Fintubes as 
the h ea t transfer m edium —and 
—a n d — B u t g e t  th e  complete 
story, to g e th er w ith  dim ensions 
o f standard  sizes, perform ance 
data, etc. I t ’s a ll in  B ulletin  432. 
Send fo r a copy today!

THE FIN TU BE
F I L B E R T  S T R E E T  • E L Y R I A ,  O H I O

M A N U F A C T U R E R S  O F  I NTEGRALLY B O N D E D  F I NTUBES  A N D  F I NTUBE HEAT E X C H A N G E R S  1



and manpower
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raw materials

Ii your plant uses a Dowtherm System, you already 
know the facts of this report. Manufacturers tell us 
that by utilizing Dowtherm—the high temperature 
low pressure, heat transfer medium—operating effi
ciency increases materially.
Here are the major points of interest to you:
•  Through Dowtherm, high pressures can bofavoided 

in the 400-700° F. range, effecting savinjfs in struc
tural materials.

• Dowtherm makes possible a clean, itfodern system 
—providing vastly improved working conditions

in many types of plants—saving precious man- 
hours.

• Dowtherm prevents severe, localized overheating 
—assures a uniformity of product and maximum 
use of raw materials.

These are a few of the many Dowtherm advantages. 
Based on actual service records, we can tell you that 
a Dowtherm installation will pay you well—now and 
in the future. If you are not already acquainted with 
this system, why not write to us for further informa
tion? Address Dowtherm Division.

THE D O W  J^rl E M IC  A  L C O M P A N Y ,  M I D L A N D ,  M I C H I G A N
New York • Clevejfind • Chicago • St. Louis • Houston • San Francisco • Los Angeles ■ Seattle

t h e  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 ,  h e a t  t r a n s f e r  m e d iu m



*  STA IN LESS TUBES
*  BOILER TUBES 4

*  GLO BEIRO N  TUBING 
* GLOW ELD TUBES

Photomicrograph o f weld zone, 
showing grain structure o f  weld 

and parent metal.

> I 1HE com paratively low er cost o f 
GLOW ELD Stainless Steel T u b 

ing and the w ide range o f  d iam eter 
and w all thicknesses, suggest m any 
new  applications for stainless tubing. 
Accuracy to  size and gauge perm its 
faster fabrication, easier bending, cut
ting, w elding, expanding and flang
ing. T here  is no detectable flash at 
the w eld because GLOW ELD is p ro 
duced by a closely controlled  process.

U niform ity is achieved th rough  ex
acting co n tro l in  p roduc tion  p ro 
cesses and by thorough  inspection 
at every step in  m anufacture.

W here  low er cost is a factor and 
h ig h -g rad e  stainless steel tubes are 
re q u ire d , GLO^K^ELD offers an 
econom ical an d  satisfactory solu
tion  to  the p rob lem  . . .  perhaps to  

a problem  o f  yours.

*  CO N DEN SER A N D  
HEAT EX CH A N G ER  
TUBES

*  M EC H A N IC A L  T U BIN G

GLOBE STEEL

1s u f ) R l F : • :
■

!1 1 i l l I f  D J Ü  S T E E L  T U B E S  C O .,  M d u u iu k e e , I tU ia u c iú t, U . S . / ) .
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G l o b e  E L E C T R I C  W e l d e d  S t a i n l e s s  S t e e l  T u b i n g  ♦ •

B R O A D E N S  T H E  U S E S  O F  S T A I N L E S S
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V CO nsu l t t h e  

n ' ° r  » r i t e  

i s A n 9 eles 5
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~ G ° o r f y e o ,:  
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L a b o r a t o r y  P e r f o r m a n c e

is free from  bo th  organic and inorganic
A T  T H E  C H E / I / I  S H O W  im purities as well as bacteria.

See the newest types o fB a rn stea d  W ater Stills Always specify B arnstead W ater Stills. 
plus the new Barnstead P urity  Meter. T hey’re I t  s the  surest way to  get pu rest water. 
on display in  Booth 108.

ariistead
19 Lanesville Terrace 

Boston, Mass.



December, 1943 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 35

8 BASIC ADVANTAGES

I 1. Metering elements and fluid heing 
metered clearly visible

2. Wide flow rangB—2D-to-t easily 
obtained

3. Evenly spaced scale divisions— 
no compression of scale at low flows

4. low, constant pressure drop 
reduces pumping costs

5. New Stabl-Vis rotameter com
pensates for viscosity and density 
variations

6.10" to 24" travel of metering float 
—accuracies correspondingly high

7. Instantaneous response to flow 
change—no friction or hysterisis

8. Measures corrosive gases, liquids 
and slurries that no other meter will 
handle accurately

T h e  R O T A M E T E R

mmiis basic a d va n ta g es  over head-type  meters

E-V-E-N-L-Y spaced scale divisions
The big advantage of the linear calibration of the rotameter 
is apparent when you are operating in the lower portion of its 
range. The scale divisions at low flows are just as far apart as 
at high flows. Low flow rates may therefore be set or read 
with the same high accuracy. This feature of the Rotameter, 
which makes it of such great help in controlling process flows
closely, can be scientifically explained as follows:— ____

In Toricelli’s fundamental flow equation, Q =  CAV 2gh, 
the area-type meter (rotameter) measures by varying the 
value of “A” (area of flow passage) whereas head-type meters 
(fixed orifices) vary the value of “h” (head). Thus, the rota
meter “gets out from under the square root sign which 
results in a linear calibration scale, instead of a square root 
scale with crowded divisions at the lower end. Consequently 
with the rotameter the same high accuracy of reading or of 
setting the flowrate maybe obtained over theentire flowrange.

The rotameter’s straight line calibration curve is but one 
of its many advantages as a flow rate instrument. These ad- 
vantages are rapidly causing instrument and operating 
engineers to replace fixed orifice meters by the rotameter in 
many important metering applications. The full details are 
told in a comprehensive and highly interesting booklet just 
printed, entitled “A New Era in Flow Rate Measurement. 
Large illustrations and a modern cartoon style make it easy 
and instructive reading. We will gladly send you this pam
phlet without obligation—write us if you wish a free copy.

F I S C H E R  8  P O R T E  R P R O D U C T  I N F O R M A T I O N

For h aza rd o u s  flow ra t e  s e rv ice s  . . .
The Magna-Bond Recorder-ControIIer I

Where high pressure, or explosive or inflammable materials 
make it dangerous to use an electrical flow rate recorder or 
controller, the Fischer & Porter Magna-Bond Rotameter is 
the perfect answer. The meter is completely metal-enclosed 
and the position of the rotameter float is indicated externally 
by a magnetic dutch. With a spring-wound clock to drive 
the chart, there are no electrical connections required to 
obtain a recording or recording-controlling flow rate rota
meter. The details of this remarkable new development are 
given in our bulletin 50-A. We will gladly send you a copy 
if you will write for it.

You m il be able to see our latest developments at BOOTH 
304-306— CIJEM. SHOW, NEW  YORK— DEC. 6 to l l .

F I S C H E R  & P O R T E R  CO.
712 COUNTY LINE R O A D , H A TB O R O , P A .
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In the 17th Century, the manufacture of non- 

porous stoneware known as Flanders or Cologne 
ware was introduced info England, and in 1688 
an important plant was set up at Staffordshire. 

Later it was moved to Lambeth, whence came 
the well-known Lambeth or Doulton ware. The 

product was greatly improved by Josiah W edg
wood, the first great potter of England. W edg

wood was appointed the Queen's potter at the 
order of Queen Charlotte, öfter whom he named 
his ware Queensware.

O F  P O T T E R Y

FIG. 34 2 
ACID ELEVATOR with DIP PIPE 

and DETACHABLE FAUCETS

C H E M I C A L
K E A S B E Y

S T O N E W A R E  DI V.
•  N E W  J E R S E Y

@3951

THE TREMENDOUS STRIDES m ade  
by th e ch em ica l industry d u rin g  re
cent years have b rou ght in creasin g ly  
ex a c tin g  d em an d s o n  the ceram ist 
for  w are to  w ith stan d  severe m e
ch an ica l, therm al and ch em ica l re 
quirem ents.

G eneral Ceramics has met this 
challenge by developing new ceram ic 
p ro d u c ts  w ith  u n iq u e  p ro p e rtie s  
heretofore considered im possible. 
T he tensile strength  o f G eneral Ce
ram ics Chem ical S toneware has, in  
recent years, been increased five-fold. 
A fifty per cent increase has been

m ade in  com pressive strength . R e
sistance to  fracture has been m ore 
than doubled, loss by abrasion de
creased by forty p er cent, and therm al 
conductivity trebled. G eneral Ce
ramics Chem ical S tonew are is not 
merely acid resistant. I t is acid p ro o f 
throughout.

In c lu d e d  in  G e n e ra l C eram ics  
Chemical S tonew are for industrial 
use are acid-proof pipe, valves, fit
tings, kettles, jars, pots, pumps, ex
hausters, coolers, condensers, acid 
elevators, tow ers, filtering equip
m ent and tourills.

Other products include Steatite Insulators made by 
General Ceramics & Steatite Corp., Keasbey, N. J .



b u y  u .  s .  w a r  b o n d s

MISCO Stainless Steel 
P I P E  a n d  T U B E S

Centrifugally Cast—2 ^ "  to 20 0. D. 

Corrosion Resisting-H eat Resisting

F L A N G E D  -  T H R E A D E D  -  P L A I N

M isco centrifugally cast stainless steel pipe and 
tubes are m ade in  practically any stainless alloy 
required  by the chem ical process industries.

Made by the centrifugal casting process, M isco 
stainless steel p ipe and tubes are sm ooth, accurate 
and sound. They offer exceptional resistance to 
high tem perature, abrasion  and corrosion . Consult 
M isco on your requirem ents for stainless steel pipe 
and tubes.

MISCO Centrifugally Cast Tubes are recom 
mended for Pum p Liners . Sleeves . Valve 
Seats . Shafting . Retorts . Fittings . Bushings .
R ings of all kinds . Burner Pipes . Conveyor 
Rolls . Chemical P ipe and many other applica
tions requiring  cylindrical castings.

MICHIGAN STEEL CASTING COMPANY 1999 Gao street Detroit 1, Michigan

ns@<a. One of the World’s Pioneer Producers o f Chromium-Nickel Alloy Castings
H eat a n d  C o rro iio n  H a iU to n t A lley»



FOR VICTORY

C A R D O X — 0 O 2 S y s t e m s  w ith  
E n h a n c e d  F ire  E x t in g u is h in g  

P e r f o r m a n c e

A .U n ifo r m ity  o f C O 2 c h a ra c te r is t ic » .
B. E x t in g u is h in g  m e d iu m  w ith  u n i

fo rm ly  greater cooling effect.
C. Accurate pro jection o f C O 2 through 

greater distances.
D.T im e d  discharges, as needed, through 

b u ilt - in  p ip ing  system s . . . supplied 
q u ic k ly  from  a single tan k h old ing  
tons o f liq u id  Cardox C O 2.

N O N - D A M A G I N G  FIRE EXTI NGUI SHI NG SYSTEMS
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b y  C A R D O X  F ir e  E x t in g u is h in g  S y s te m s
More war goods from fewer man-hours 
is one of America’s most urgent needs 
today! Every hour saved here is another 
step toward victory.

One major fire—or a small fire that 
results in crippling damage by the extin
guishing medium—can cut the flow of 
vital war goods to a trickle over night. 
Such fires may halt or slow doira pro
duction on a dozen different types of 
essential fighting tools . . . waste pre
cious man-hours and critical materials.

Cardox Fire Extinguishing System s 
provide distinctive advantages in pro
tecting production against these war- 
prolonging fires. They smother the fire 
and "cool out” combustibles through 
timed mass discharges of pounds or tons 
of C 0 2 —  with no damage by the extin
guishing medium. Consequently, when 
fire strikes, men and machines are usually 
back in production quickly. Losses of 
vital materials are reduced to a minimum.

Industries guardingWar-Winning Pro
duction with engineered Cardox Fire 
Extinguishing Systems include leading 
manufacturers o f A irp lanes, A irp lane  
Parts, Armor P late, Aviation Carburetors, 
Aviation Engines, Cold Strip Steel, Elec
tric Power, Engine Parts, Forgings, Motor 
Fuel, Plastics, Processed Fabric, Rubber 
Products, Solvents, Tanks, Tank Engines.

Today, the facilities of Cardox are con
centra ted on two activities : (I) Providing 
fire protection for War-Winning Produc
tion; (2) A pplying the technological 
knowledge gained here to help industrial, 
municipal, state and national fire fighting 
organizations perfect plans to increase 
the efficiency of fi re protection both today 
and after the war.

If  more information would help—in 
solving your fire protection problems of 
today or tomorrow—write on your com
pany letterhead for Bulletin 20123.

C A R D O X  C O R P O R A T I O N
B EL L  B U I L D I N G  .  C H I C A G O  1 ,  I L L I N O I S

District O ffices in  N ew  Y o rk  • 
Detroit •  C leve lan d  o A tlan ta
San  Francisco Los A n g eles

W ashington 
•  Pittsburgh 

* Seattle
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Custom-Built L aborato ry  Equipment
N o form s o r m olds are used to  make acid-proof K N IG H T-W A R E sinks. Each is 

specially built to  m eet your exact style and size requirem ents. T here  are no jo in ts to  
be caulked o r m aintained, for each K N IG H T-W A R E sink, its back, d ra inboard , 
apron  and outlet is one solid  piece.

K N IG H T-W A R E standard  p ipe and fittings are available for acid dra in  lines and 
fume ducts. Special fittings are readily m ade for difficult w all o r floor situations. O ther 
K N IG H T-W A R E laboratory  equipm ent such as table troughs, receptors and neutral
izing sumps also help to give you a m aintenance-free laboratory.

KNIGHT-W ARE, a quality ceram ic m aterial, is entirely co rrosion -p roo f throughout.
T he red  brow n finish is a fusion of the surface only for appearance, n o t,an  applied 
coating o r glaze for acid protection.

O ur engineers w ill help you plan and select perm anent equipm ent. A copy of
K N IG H T-W A R E Laboratory Equipm ent
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C R A N E  V A L V E S

" P /P /P 0  P O /A fP E P S  "

SOUND FILM
P ( r  P O /P P E P S "

MANUAL

FA C TS A B O U T  TH ESE 
NEW  CRANE SERVICES
The "Piping Pointers" film is 16 mm. 
size with sound track. Approximate 
showing time, 30 minutes. Available  
free for showing in any plant, trade  
school, or industrial training center. 
The "Piping Pointers” manual is sup
plied free for all viewers of the film.

a i n t e n a n c e  
fa s t e n o u g h  to  

r e p la c e  s k i l le d  m en  g o n e  to  w ar?  C an  
th ey  a ss u re  y o u r p la n t o f  d e p e n d a b le  
p ip in g  se rv ice  w h ile  r e p la c e m e n t 
m a te r ia ls  a re  fa r  f r o m  p le n tifu l?

T r a i n i n g  o f  w o r k e r s  i s  m a d e  
fa s te r  a n d  d o u b ly  e ffec tive  by  th e se  
n ew  C ra n e  “ P ip in g  P o in te r s ”  se rv 
ices . E ach  c o m p le m e n ts  th e  o th e r  
in  te a c h in g th e  fu n d am en ta ls  o f  p ip in g  
a n d  p r o p e r  c a re  o f  va lves a n d  fitti n g s  
to  k e e p  u p  p ip e - lin e  efficiency.

T h e  “ P ip in g  P o in te r s ”  M a n u a l is 
th e  m o s t c o m p le te  s e rv ic e  o f  its  type  
ev e r  c o m p ile d , its  c h a p te rs  r a n g in g

fro m  “ T h e  L a n g u a g e  o f  P ip in g ” to  
“ P la y in g  Safe o n  th e  J o b .”  I n  th e  
film , tra in e e s  see  a n d  h e a r  h o w  th e  
m a n u a l’s c o n te n t  is  a c tu a lly  a p p lie d .

A v a ila b le  Free to A n y  P lan t
F u ll in f o rm a t io n  a b o u t  th e s e  se rv ice s  
a n d  su g g e s tio n s  fo r  u s in g  th e m  m o s t 
p ro f ita b ly  a re  a v a ila b le  o n  re q u e s t  
fro m  y o u r lo c a l  C ra n e  R e p re s e n ta 
tive. C o n s u lt  h im  r e g a r d in g  m a n 
u a ls  fo r  y o u r  p ip in g  c re w s , an d  
s h o w in g s  o f  th e  “ P ip in g  P o in te r s ” 
film  in  y o u r  p la n t.

C ra n e  C o ., G e n e ra l  O ffices: 8 3 6  
S. M ic h ig a n  A ve., C h ic a g o  5, 111.



Mochlntd Intel f long«

Sl»am DUtr ¡bating. _Channel—FuH length ol Shell
. Impingement Grid»'under Inlet protect tube» from erotic*

Uniform Depth of Tube Bonkt

Short Travel through ’lube Bonk»Tube Bank*

Spill and Stoggered s Support Plate» allow' Free longitudinal Flow within the Bundle— BALANCED TLOW
Air Cooler Section» 'bottled formaximum cooling

Air Cooler Cailng Welded to ' Main Shell

Air Offtake

Air Cooler Section» Supplied with Woler from Main Woler Boxet No extro Piping Connection I

Condentata Troy»
Reheating of Corvdentote by Steom

.Thorough DeoeratSon of Conden»gte
Scpo'oble HgtweH

High Condentoti Temperoture

Screen» to Protect Pump» from Troth

Pump Suction

Converging

Hotwell Capacity for oil Cond«n»ole produced in one minute at full load

T Y P IC A l RO SS TUBE BUNDLE 

In C rot» S ectio n , th o w in g  Steam  
D istributing F ea tu re s .

J e h7  'r ", deBnit‘  ,r ,n d  '0" ard! d ™ d*“
^  b” k to * " " « «  C „ „ d e „ ,e ,s .

using " I " " ‘ ° nd“ !er « .

Producing J ,  ° '  'e° de' !

But' this d iv ided  bank idea is nothin« to Ross M s n o 'ning new
koss. Man y years a q 0 Ross

started work,no • e"9<neers
research h W  ° n ^ do,n9 exhaustive

t a h  l t d  m dti"9 " " '° " » ° n c e» ™ ™ ro u . ¡„ „ a l,otion! Soon

-y o u . becam e dcmdocd with R „„
TbP tire, b ro a d  d lS„ „ c „ ,B

,ubo ’«Vout w as m ade in a D„ n *

^  the ch ief engineer of Ross H e a t e r T w g

So Russ p oin t, rtth  pr.de [o 

in Surface C „ „ d .n ie r o n d  "

Cation, Which holds a ’  g °  ' ° bn -

a  Ross tnnovation.

★  "Surface Condenser
Chi'9" °nd °Perating '■naracteristics", a s0
page paper by Town, 
in Tinker, Chief {ng.
'neer °f  »oss, maî d 
on rGquesf, r ‘

ROSS HEATER & MFG. CO., Inc.
Division o f  P lAMERICAN R ad ia to r an d  ’^Stan dard" S a n ita ry  C orporation

INTERNAL A R RA N G EM EN T  

D iv id ed  a n d  O ffse t T ube Sup port P la te s , 
C o n d e n sa te  T ray s a n d  A ir  C o o ler  S h e lls .

G E N E R A L  O F F I C E S  A N D  P L A N T  • 1 4 2 3  W E S T  A V E N U E  • B U F F A L O  1 3 ,  N .  Y .
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FO R  P U N IS H IN G  P R E S S U R E S

O T H E R V A L V E

G A G E  V A L V E S

I N T E X  V A L V E S

G L O B E  V A L V E S

EDWARD 6000 LB HYDRAULIC VALVES

DIMENSIONAL DETAILS OF EDWARD Fig. 158 and 160 HYDRAULIC VALVES
For power, petroleum , chem ical process, m arine, tech n o

logical or general industria l service 
R ating 6000 lb a t 125 F 

Globe type, screwed or socket welding ends

SIZE 34" Vs" 34" H " l" 1H " 134” 2"
End to End, Fig, 158 and 160 3M 3% 3 H 434 5 34 614 734 9
Center to Top Open, Fig. 158 834 8 34 834 934 1034 1334 14 J4 18
Handwheel Diameter, Fig. 158 S H 5 Vs 5 yg 634 834 1034 1034 1134
Weight—lbs, Fig. 158 334 334 4M 7 12 22 37 62
Weight—lbs, Fig. 160 1 a 134 2M 434 734 1334 19M 40

THE EDW ARD V A LV E & MFG. C O ., INC., ^210 W. 144th Street
East Chicago, Indiana

■THOUSANDS of excessive pres- 
1 sure systems operating under 

300 F depend on-Edward Fig. 158 
globe hydraulic valves for fast, 
certain shut-off or accurate pres
sure control.

The seat and swivel needle disk 
are made of EValloy, Edward's 
own development in abrasion re
sisting stainless steel. The inside 
screw construction, the extra deep 
stuffing box and the special gland 
and packing nut design lengthen 
packing life and prevent leakage 
along the stem. Streamlined body

contours permit free flow at high 
velocities with low pressure drop.

These—and other—specific  
advantages of Edward Fig. 158 
valves add up to savings in main
tenance time and replacement 
parts. For information on valves 
in the Edward line write for 
Edward BETTER VALVES Catalog 
No. 101.

Corresponding ball check valves, Fig. 160, w ith  sam e  
ratings, also available.

A

r ° j ' '



system with endless uses in industry for transmitting 
or controlling power.

In addition to hydraulic pumps, PESCO huilds 
pneumatic, vacuum and fuel pumps of equally high 
efficiencies, meeting practically all needs for pres
surized power or controlled liquid flow.

The performance of PESCO equipment in your 
plant or product . . .  its greater efficiency, depend
ability, and longer years of service . . .  is assured 
by the fact that it has been engineered to operate 
under flying conditions which are far more extreme 
and demanding than any encountered down on 
earth. Won’t you let us tell you more about PESCO 
Pumps and PESCO Engineering Service?

SEND FOR THIS BOOK “ P ressu rized  P o w e r a n d  C o n tro lled  

F lo w  b y  PESCO ” . This b o o k  p ic to r ia lly  te lls  th e  sto ry  o f  PESCO 

eq u ip m e n t, m a n u fac tu rin g  fa c ilit ie s  a n d  en g in e e r in g  se rv ice . A  co p y 

w ill  b e  m a ile d  pro m p tly  upon req u est.

W R I T E  T O . . .
PESCO  Products C o .

I  n du stry  S e rv ice  E 
11610 Euclid  Avenuo 
C leve land  6 , Ohio

★  Have you ever watched a bomber fold its giant 
landing wheels into its wings?

The pressurized power that does this job is what 
we want to sell you. I t is a hydraulic power system 
of entirely new efficiency and dependability . . . 
engineered for aircraft, available for all industry.

As a result of PESCO’s more than ten years’ spe
cialization in making aviation pumps and related 
accessories, you will be able to equip your plant or 
product with a radically improved pumping system. 
For instance, you can have a compact, precision 
pump that delivers pressures up to 3000 pounds per 
square inch. This pump, weighing less than 4. pounds, 
forms the heart of a PESCO pressurized power

D iW on  Borg-Wi
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BACK THE ATTACK 

W ITH EXTRA 

W AR B O N D S I

Here is the new Taylor Automatic-M anual Control 
Unit No. 41S339 installed in a Fulscope Recording 
Controller. A  similar un it {No. 41S338) is available 
-without the "test” position.

Instruments fo r  indicating, recording, and controlling 
temperature, pressure, humidity, flow, and liquid level.

W E take considerable p ride in this T aylor Auto- 
matic-M anual C ontrol Unit, the announcem ent 

of w hich has been delayed w hile filling a large back
log o f urgent, h igh-priority  orders. T horoughly  field 
tested, in  fact it cut its tee th” on one of the toughest 
processes in the m aking of synthetic rubber, this new 
T aylor developm ent can be easily installed in any Tay
lo r Fulscope single duty C ontroller already in  the field 
to make it even m ore versatile than ever before.
Installed com pletely w ith in  the instrum ent—a m ost 
im portan t advantage—it enables you to change from 
autom atic to m anual operation  o r vice versa, w ithout 
d isturbing the process under control. T his is parti
cularly advantageous on continuous processes em
ploying fractionating  colum ns, polym erizers, heat 
exchangers, etc., w here a disturbance at one point 
m ight be passed on to succeeding operations. I t also 
m akes possib le any required  readjustm ents o r repairs 
of instrum ent under operating conditions.
In  addition to  the three usual positions, Automatic, 
M anual, and Service, it has a fourth step, the "T est” 
position  an exclusive T aylor feature. T his feature 
allows instrum ent to be adjusted and synchronized 
under operating  conditions w hile process is still be
ing  contro lled  manually, perm itting  instrum ent to be 

cut in ” w ithout up-setting process control. Ask your 
Taylor Field Engineer! T ay lo r Instrum ent Companies, 
R ochester, N . Y., and T oron to , Canada.
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“ C ut operating costs” , is certain to be 

m anagem ent’s demand, as you formulate 

postwar plans. A liberal use of aluminum 

alloys in processing equipment, for storage 

tanks and shipping containers, seems to  offer 

one means of meeting that requirem ent, uftcr 

looking a t the interior of this 15-year-old 

aluminum tank car.

Alcoa engineers will gladly help your de

signers consider the use of aluminum in 

planning your postwar equipm ent. 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, Pennsylvania.

This is an utiretouclicd photograph

Note the excellent condition of this 15-year- 

old aluminum tank  and piping. Does your 

equipm ent look like th a t after fifteen years?

Evidence like the above proves th a t, where 

alloys are selected with an eye on m aterials to 

be handled, aluminum provides the protection 

needed to resist corrosive attack. More than  

300 aluminum tank  cars, and thousands of 

pieces of aluminum processing equipment, 

have proved th a t point. There’s no rusting to 

destroy the tan k  or damage its lading; there’s 

no necessity for expensive linings th a t may 

require frequent replacements.
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T h i s  i s  S y n t h e t i c  R u b b e r

I f  America now has only a m ere “handful” of natural 
rubber, it doesn’t m atter so m uch because synthetic 
rubber production is w ell on  its way.

P ictured here is a handful o f just one of the five basic 
com m ercial types o f synthetic ru b b e r—basic m aterials 
that are being turned  in to  all o f the th ings for which 
w e used to rely on natural rubber.

Like natural rubber, the synthetic rubbers lend them 
selves to  a great variety o f processing  treatm ents. Each 
type has distinct properties and characteristics that fit 
it fo r specific tasks.

For instance, one synthetic rubber, w hen treated a 
certain  way, can be fabricated into the rem arkable 
bullet-sealing hose w hich has so vastly increased the 
safety o f our fighter plane and ,bom ber crews . . .  a 
different type, differently processed, may be the one

that w ill produce ro tary  d rilling  hose fo r o il fields, or 
the com pressed air hose for m anufacturing plants.

Still o ther types of synthetic rubber may go into 
transm ission o r conveyor belts, m echanical packings, 
or any o f the innum erable o ther m echanical rubber 
goods that serve on  our battle fronts and in  our war 
industries today.

You need  n o t w o rry  a b o u t th is  type o f sy n th e tic  
rubber or tha t one. Your great go o d  fortune is that 
they w ill be available—at hand for skilled and ex
perienced hands to transform  as needed into what 
is needed.

Since 1921 the United States Rubber Company has been 
experimenting w ith and developing the possibilities o f  syn
thetic rubber . . . has been in practical production o f 
synthetic rubber products since 1931.

Listen to the Philharmonic Symphony program over the CBS Network Sunday afternoon, 3:00 to 
1230  Sixth A ve ., Rockefeller Center, New York 20 * 4:30 E .W .T . Carl Van Doren and a guest star present an interlude o f historical significance.

UNITED STATES RUBBER COMPANY



No, not the con ta iner...that’s a handy unit only 7 inches in diameter by 
27H inches high. But the carbon dioxide it contains, stored under high 
pressure, expands 450 times in volume when it’s released. That’s enough 
of the fire-smothering gas to fill a cylinder 80 feet long by 2 feet in diameter! 
And that’s why this Kidde product is one of the fastest fire-fighters known.

Walter Kidde & Company has prepared a booklet, "How to Teach Fire 
Fighting.” It describes the various classes of fire, tells how to fight each of 
them. It explains why the most modern extinguisher can actually be a 
dangerous fire hazard, if it’s used against the wrong fire! Write for your 
copy— it’s free.

December, 1943________________ I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

he portable extinguisher

WA L T E R  K I D D E  & C O M P A N Y ,  I N C . ,  1 2 3 0  M A I N  S T R E E T ,  B E L L E V I L L E ,  N.



A N O T H E R  D R Y I N G  P R O B L E M  S O L V E D  

B Y  P R O C T O R  R E S E A R C H  S P E C I A L I S T S

P R O C T O R  & S C H W A R T Z  .  I n c  • P h i l a d e lp h
*7Ae 'k Jo sd tU  J la /u fe it ß u tid & ii ^ n d n d i'tia l C c ^u ifu n o H t



S A V E S  T I M E
FOR THE PIPINC DESIGNER

M I D W E S T  P I P I N G  &  S U P P L Y  C O . ,  I N C .
M ain Office: 1450 South Second St., St. Louis 4, Mo.

P la n ts :  S t. L o u is , P a s s a ic  (N . J . )  a n d  L os A ngeles  
S a le s  O ffices: C h ic a g o —645 M a rq u e tte  B ldg . •  H o u s to n —229 S h e ll  B ldg . •  L os A n g e le s -  
520 A n d e rso n  S t. •  N ew  Y o rk —(E a s te rn  D iv is io n ) 30 C h u rc h  S t. •  T u l s a —533 M ay o  B ldg.

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

This bulletin will enable you to 
determine quickly and easily 
the required pipe wall thick
nesses for commercial pressure 
and temperature conditions. All 
you do is select a factor from a 
table, divide it into the working 
pressure and then refer the 
quotient to a  chart. You have 
no substitution in formulae . . . 
no extensive calculations . . - 
no reference to codes or speci
fications.
This bulletin will gladly be 
sent to anyone interested 
who requests it upon a busi- 

|  ness letterhead. Sim ply  
1  mention Bulletin 43-A and 
9  address the main office at 
% St. Louis, Missouri.
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H ERSEY M A N U FA C TU R IN G  C O M P A N Y  • SO UTH B O STO N , M ASS
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S m r e a  critical m aterial

Y o u  C a n  O r d e r  a  C o m p l e t e  

L o w - v o lt a g e  C o n tro l S y s te m  a s  

E a s i ly  a s  Y o u  O r d e r  M o to r S t a r t e r s

G-E Factory-assembled 
Group Control

§ m f ^ € ê ê  layout problem s 

C t i ù  installation  tim e

GENERAL (f§ ELECTRIC

A  G -E  enclosed, combination magnetic 
switch (Sire 2) and air circuit breaker, for 
hazardous gas locations, Class I, Group D

M O T O R  C O N T R O L  

F O R  

H A Z A R D O U S  A R E A S

Every week 192,000 G -E  employees purchase more than a 
m illion dollars* worth of W ar Bonds

A n  assembly of 25 explosion-proof combination starters being installed outdoors 
at an oil refinery. For motors from 3 hp to 100 hp, 440 volts. Note the 

explosion-proof bus trough and seal-off fittings

W H E N  you get everything you  need in a 
single purchase, you  avoid  the disadvantages 

o f piecem eal buying and piecem eal installation.

These controls are factory-assem bled in a group, 
then  wired and shipped as one com plete unit. 
Y ou save valuable tim e in selection, ordering, and  
layout. Y ou have only to  place the un it and con
nect the incom ing line and the outgoing motor 
leads.
T hese starters are m ade o f cast, high-strength  
alloy, and have the strength to  w ithstand internal 
explosions. The flanges, w hich are securely bolted  
on all sides, are ground to  tolerances th at w ill not 
perm it the escape o f hot gases.

These pre-assem bled units save critical materials 
required for conduit, junction  boxes, and special 
fittings on separately m ounted devices. For com 
plete details on the advantages and applications of 
group controls, get in touch w ith  our local office. 
General Electric Company, Schenectady, N. Y.



I LLINOIS ELECTRIC PORCELAIN CO. MACOMB,  I L L I N O I S



What Dust and Fume Conditions 
Are Handicapping Your Plant?

Peak production and contaminated air 
do not go together. In many process 
plants with enviable production rec
ords, the air is kept clear of dust, fumes 
and odors with Schneible Multi-Wash 
Systems. Practically every dust and 
fume condition, whether it affects the 
entire plant or an individual operation, 
can be overcome with Schneible Multi- 
W ash C ollectors of standard design, 
built of the m aterial most resistant to 
the operating conditions. The water 
or other suitable liquid is usually recir
culated. Valuable dusts may be profit
ably recovered.

Consult us about your
dust and fume problems.

December, 1943 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

C L A U D E  B. S C H N E IB LE  C O .
2827— 25+h Street Detroit, Michigan

(Our general offices have been moved to our plant) 

Engineering Representatives in Principal Cities @

§  C U N  E l  B L E

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



I N  Y O U R  

S T E A M  L I N E S ?

Sarco f lo a t- th e r
m o s ta t i c  s te a m  
t r a p  f o r  t a n k s ,  
lines, a n d  te m p e r
a t u r e  c o n t r o l l e d  
hook-ups.

S a rc o  b u c k e t  t r a p  f o r  
heav y  d u ty  an d  in te rm it
te n t  service.

Sarco  No. 9 the rm o sta tic  
s te a m  tra p  fo r indiv idual 
tra p p in g  o f  s tea m  coils.

Sarco te m p e ra tu re  
contro ls hold ta n k  
a n d  process te m 
p e ra tu re s  w ith in  a  
few  degrees.

S a rco  N o . 8 7  stea m  
trap -con tro l

SARCO COMPANY, INC. 

475  FIFTH AVENUE

S A R C O

Saves i
NEW YORK 17, N. Y. S t e a i T )

14 R ep resen ted  in  P rincipal Cities  SA R C O  C A N A D A , LTD., 8 5  R ichm ond Street, W e st , TO RO N TO , O N T A R IO
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In  S T A N D A R D  M O T O R  C O N S T R U C T IO N S  s u ( h  os t h e s e

c la ss  11» 
Groups
E ,  F ,  G

Class I, 
Group 1Class U» 

Class t .  Groups
Group D I E ,  E » G

jirrel-cage
)und-rot°r
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FOR HAZARDOUS AREAS.... 101 CHOICES

1 3
1 V

1 v
1 v

w 1 ^
1 ...■ M

N A M E  Y O U R  H A Z A R D — T E L L  US Y O U R  S PE C IA L  D R IV E  
P R O B L E M — T he chances are th a t  G .E . can m eet your com bination  
of requirem ents w ith  s tan d ard  or “ m odified-standard”  m otors listed 
by U nderw riters’ Laboratories, Inc., as suitable for specific hazardous 
locations. I f  you need a  m otor for w ar w ork in  any  so rt of hazardous 
spot, ju s t  call our local office. G enetal E lecttic  Co., Schenectady, N . Y.

The b est investm ent in the w o rld  is in this country's fu ture BU Y  W A R  BO N D S

F u c n u c

G -E  vertical motor
(hollow shaft w ith 
flange base) for 
Class I, Group D, 
locations. Used for 
pum ping gasoline 
from underground 
tanks.

G -E  squirrel-cage motor with' 
face-type end shield for close- 
coupled mounting. L isted by 
Underwriters’ Laboratories, 
Inc., as suitable for Class I I  
locations.
G -E  squ irrel-cage gear-motor
in explosion-proof construc
tion, arranged for ceiling 
mounting. For low-speed con
veyor drives, etc., in chemical 
plants.



H o w  t h e T O M E E l

P E R AT E S 

I N A M A!

^"^nARACTEn of the product which is pro 
in a mash cooker is in direct proport 

the character of the control of the cc 
tem perature. Wide tem perature variatio 
suit in a product inferior to  th a t pro 
under tem peratures closely maintained, 
rately close control of cooking temper; 
results in a better product, eliminates 
and reduces the necessity for reprocessing

W ith the speed of light, this Tomlee 
tronic Control System picks up the slig 
variations in cooker tem peratures and coi 
them  instantly. This is done by a perfect 
bination of electronic, electrical, hydraulii 
mechanical action. In  milleseconds it wi 
cord-, regulate and control variations fron 

value. There is no "lag” or "hun



Cessary
>eri*ined

Principle

j j l e c t r o i i i c  C o n t r o l  S y s t e m

ith their accum ulation of repeated errors. 
iaste tim e and repeated processing of m aterials 

completely eliminated by employment of 
Tomlee Electronic Control Systems. 

Wherever control and regulation of time, 
mperature, pressure, quantity  or flow is re- 
lired, Tomlee Electronic Control Systems 

iish the  ultim ate in accurate control.
The Tomlee Electronic Control is the product 

:• if a young, aggressive organization, highly 
t tilled in the production of precision apparatus, 
s Air engineers are in a position to  apply the 
■ lornlee principle of electronic control to  prac- 
1 sally any control problem. W rite for complete 
• aformation. T o m l e e  T o o l  a n d  E n g i n e e r i n g  
' Com pany , 253 Third  Avenue, South, Minne- 

ipolis 15, M innesota.
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Calgon treated 
WATER 
SUPPLY (

WARP
SIZING

* KIER 
BOILING

RAYON
BOIL-OFF

PACKAGE
DYEING

KETTLE JIG
DYEING ^  DYEING SCOURING

CONTINUOUS
SOAPING

COTTON & RAYON 
FINISHING

HftCflN BUILDING PITTSBURGH. PA.
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How Caigon helps speed America’s war effort:
3 . I N  C O T T O N  A N D  R A Y O N  M I L L S

EVERY industry confronted with 
a water problem  can take a tip 

from the cotton and rayon finishing 
plants. For what Calgon is doing 
here, it  can surely do for many other 
critical industries.

T h e  cotton finisher has trouble 
w ith penetration  of starch in the siz
ing of warp yarns; with stained and 
p o o rly  k ier-b o iled  co tto n  goods; 
w ith scum stains in boiling off 
rayons; with stained and blotchy 
dyeing; with specks and uneven fin
ishing. T his often means re-process

ing of the goods and less production.
T h e  action of Calgon prevents the 

form ation of lime-soap stains, assists 
the penetration of starch, pigm ent 
sizes and finishes through dispersion. 
G oods for the  a rm ed  forces are 
speeded up with less waste of ma
terials.

A nother im portant use for Calgon 
is for controlling corrosion in the 
water distribution  system. Soft cor
rosive waters are treated w ith a Cal
gon feed of 2 to 10 parts per million 
which reduces the rate of attack on

CALGON DISPERSES 

STARCH AND PIGMENTS 

IN SIZING AND FINISHING 

PROCESSES

iron pipe and prevents the pickup 
of iron by the water. T h is  not only 
saves metals and man-hours, but 
bleaching chemicals as well.

Complete Inform ation: If you are 
not fam iliar w ith the properties of 
Calgon* and the simplicity of its ap
plication, write at once for complete 
inform ation, giving the details of 
your trouble. We will be glad to 
send you a free sample to show you 
what Calgon can do.
*Calgon is the registered trade-mark of Calgon, 
Inc., for its glassy sodium phosphate products.

CALGON SOFTENS WATER 

AND PREVENTS LIME 

SOAP STAINS IN ANY 

PROCESS



SIMPLE COMPACT DESIGN 
The electric brake is  bu ilt 
into the motor end cover to 
lorm  a compact, economical, 
easy to u s e  u n i i .

~~-----——h _ _  STOP FOB POSITION
Stop at the  d e s i r e d  p o i n f  lor quickly  
and conveniently loading and unloading

1 / 1 0  T O  1 0 0  H O R S E P O W E R

THE M A ST E R  ELECTRIC  COM PANY  •  D A Y T O N  I ,  OHIO

SPEED UP PRODUCTION 
Eliminate unnecessary loss 
o l tim e w aiting  tor equip
m ent to coast to a stop.

STOP AND HOLD A N Y LOAD 
Unibrake motors are very  advantageous on 
hoists, elevators,inclined conveyors, e tc ....



EASTERN SALES REPRESENTATIVE 

Henry E. J a c o b y ,  M. E.

2 0 5  E. 4 2 n d  St .,  N e w  York  1 7  

Phone: M u rray  H ill 4-3581

s P
E
HZ r i R Y

FILTER P R E S S E S
WESTERN SALES REPRESENTATIVE 

B, M. Pilhoshy 

Merchants Exchange Bldg., San Francisco 4, 

Phone: Do 0 3 7 5
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T o d a y ,  each Sperry craftsman is doing his share of 
peace work . , . whether it’s finishing filter plates or 
operating giant lathes. Each operation plays an im
portant part in the production of a sturdy, efficient 
filter press that may help peace come a day earlier.

For over 46 years the Sperry staff has been recom
mending, designing and building filter presses for 
nearly every type of industrial filtration. Used for the 
recovery or separation of solids and liquids, washing 
of filter cakes, bleaching and decolorizing at high 
and low temperatures and varying pressures, these 
Sperry Filter Presses are efficiently operating in hun
dreds of war industries engaged in the production of 
vital supplies and munitions for our Armed Forces.

If you have a filtration problem, it will pay to 
consult Sperry. Send a sample of your material for 
testing. We’ll gladly make an analysis and submit 
unbiased recommendations. There is no obligation.

D .  R .  S P E R R Y  &  C O M P A N Y
B A T A V I A ,  ILLINOIS 

Filtration Engineers for O ve r  4 6  Years

G ET THE F A C T S - T h e
Sperry book contains valu
able da ta  and cbarts on in 
dustrial filtration. W rite for 
your free copy today.

Sperry 18" F ilte r Press, closed discharge, equip
ped w ith belt driven ro tary  pum p and by-pass. 
Used for filtering volatile substances.



K r e s s e d  S t e e l  T a n k  C o m p a n y
M an u factu rers o f  H a c k n e y  P r o d u c ts

G E N E R A L  O F F IC E S  A N D  FA C T O R Y  • 1451 S O U T H  66th  S T R E E T  

Milwaukee 14, Wisconsin 

C ONTAINERS FOR G A S E S , LIQUIDS A N D  SOLIDS
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T O  K E E P  A I R  F R E S H  

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

W hen men of the silent service take their subm arines down  
beneath the surjace— their "pig-boats” are air-conditioned. T he a ir  
is kept fresh a n d  healthful. T he refrigeratit gas is frequen tly  
stored a n d  transported in H ackney Cylinders . . . deep draw n  to 
specifications. T hey m eet a ll  requirem ents as to strength, w eight 
a n d  safety. T h is cylinder  (a t loiver r igh t) is only one of the many 
Pressed Steel T ank Company products being produced  fo r  the 
w a r effort.

In  addition to submarine service, Hackney 
Cylinders are being used for the storage and 
tran sp o rta tio n  o f many re frig e ran t gases 
which are being employed in vital applica
tions, both war and civilian. In  airplane fac
tories, rivets are cooled in order to speed 
production. In locker plants, refrigeration is 
meeting im portant uses in the preservation 
of food. Pressed Steel Cylinders and refrig
erant gases are used in the storage of blood 
plasm a—and for refrigerated test com part
ments sim ulating w eather conditions in the 
stratosphere.

For successful perform ance in these vital 
functions, the cylinder must meet a wide 
variety of strength, w eight, safety and han
dling requirem ents. To assure the physical 
properties required for the various types of 
gases, the cylinders are made from flat, circu

lar plates of steel—and they are formed into 
seamless cylinders by a series of cupping and 
fo rm ing  opera tions. T his H ackney Deep 
D raw ing Process perm its their being made 
to exacting specifications with uniform side
wall thickness. To further improve their 
physical properties, the cylinder is subjected 
to precision-controlled heat treatment. The 
result is a cylinder that is light in w eight— 
and yet has adequate strength.

It may be that your war and postw ar p ro b 
lems can be solved by Hackney designs and 
the production of deep drawn shapes and 
shells. Many manufacturers, through the use 
of Hackney Deep Drawn Shapes, have been 
able to conserve material, m an-hours and 
equipm ent—assure adequate strength while 
reducing weight. Be sure to write for full 
details.
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[_AN-HOURS are so valuable today th a t m easurem ent is an 
alm ost impossible task. And th e  value of equipm ent th a t can save 
those precious m an-hours is equally im portant.

T h a t’s why so m any plants rely on the dependable Gardner- 
Denver "R X ” Compressor to  supply their compressed air needs. 
For this single-stage horizontal compressor won’t  "let down” during 
emergencies—even under the strain  of today’s three-shift production. 
I t  assures an economical supply of compressed air for every need. 
" R X ” users know there’ll be no production hold-ups—no man-hours 
wasted in  their plants—due to  air failures.

The sm ooth-running, reliable operation of the "R X ” is due to  its 
efficient design—a design th a t  includes such outstanding advan
tages as:

1 Remarkable efficiency due to large and unrestricted valve and 
port areas and extra large water jacket.

2  Air-cushioned “Silent Duo-Plate valves” provide insurance 
against waste from air leakage.

3  Air capacity is automatically regulated to fit air needs.

4  Rugged dirt-free construction assures long service.

For  co m p le ts  in form at ion  on  this r e m a rk a b le  
c o m p re s s o r  ond h o w  it con  h e lp  y o o ,  write  
fo r  f ree,  il lust rated  book le t .  G a r d n e r - D e n v e r  

C o m p a n y ,  Q u in c y ,  I ll inois . DARDNER'l/ENVER ,8S? ,j
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► B u t a n o l  a n d  A c e t o n e , simultaneous products of a  fermen
tation first developed for its probable value in the synthesis of 
rubber, have come to occupy important places as industrial 
solvents. Wynkoop (page 1240) describes them and their prin
cipal applications. Interesting historical footnote is the impor
tant role of the Weizmann fermentation process in persuading the 
British Government to grant rights in Palestine to the Zionists 
after World War I.
► A l k a l i n e  S o a p  B u i l d e r s  behave quite differently in solution, 
according to Kuentzel, Hensley, and Bacon (page 1286) who 
have determined the variation of the pH of solutions of sodium 
hydroxide, carbonates,phosphates, and silicates with temperature.

► H y d r o x y  C o m p o u n d s  react readily with boric acid to form 
esters of interesting properties. Irany (page 1290) describes 
this reversible reaction with polyvinyl resins and the use of the 
products, suggesting that the acid forms spatial interlinkages 
between the resin molecules.
► V i s c o s it y  o f  h - P e n t a n e  under a variety of conditions of tem
perature and pressure has been determined in a rolling-ball vis
cometer by Hubbard and Brown (page 1276).
► D i s t r i b u t i o n  o f  A s h  C o n s t it u e n t s  in coke has been studied 
by Shnidman (page 1262) for the light it may shed on the struc
ture of coal.
► S o l u b i l i t y  o f  W a t e r  in liquid carbon dioxide has been de
termined by Stone (page 1284). This problem is of immediate 
interest because of the widening use of liquid C 02 in fire ex
tinguishers.
► M i x e d  C a l c iu m  S a l t s  of fatty acids and synthetic anionic 
detergents form in solution to suppress foaming and detersive 
powers of solutions containing mixtures of these materials, ac
cording to Miles and Ross (page 1298).
► G a s  A d s o r p t io n  is an important engineering operation in 
vapor recovery from air and in catalytic petroleum processes. 
Adsorption data (temperature, pressure, concentration, and heat 
involved) are correlated graphically by Othmer and Sawyer 
(page 1269). Their methods may be helpful in designing ad- 
sorption systems where only a few data are available.
► P e c t i n ’s  E m u l s i f y in g  P r o p e r t i e s  are compared by Lotzkar 
and Maclay (page 1294) with those of tragacanth, karaya, and 
acacia under various conditions and data are provided as a basis 
for using pectin to replace the imported gums, now scarce.

► C h l o r o p h o s p h a t e  is proposed by Fox and Clark (page 1264) us 
an intermediate product in converting phosphate rock to available 
fertilizer. The chlorophosphate process described is said to offer 
both economies in producing available phosphate and an outlet 
for by-product hydrochloric acid.

► A u t o m a t i c  C o n t r o l  of operations by instruments involves a 
number of im portant factors beyond simply placing the instru
ments themselves in working connection with equipment. One 
of these is the setting of each instrument to  ensure its mastery 
of the job to  be done. Allen (page 1223) goes into the problem 
of settings on the basis of the Ziegler-Nichols method, applying 
it to  instruments of a different make from those of the original 
presentation. He shows th a t the method is generally applicable 
and thus provides valuable help in instrumentation.

► S y n t h e t i c  E l a s t o m e r s  are under constant scrutiny from every 
point of view today as their importance in our economy grows. 
Fielding (page 1259) compares the life under flexing and the 
tendency to crystallization and fibering of several accepted 
synthetics with Hevea rubber.
► V a p o r - L iq u id  E q u i l i b r i a  in systems made up of two phases 
present special problems of measurement. The industrial signi
ficance of such systems and the difficulties encountered in 
evaluating their equilibria under different conditions have 
prompted Colburn and his co-workers (page 1250) to approach 
the problem from a fresh point of view, lsobutanol-water and 
ethylene dichloride-toluene are the systems studied in con
firming the value of the new equilibrium still.
► O r g a n i c  F u n g i c i d e s  have long been sought to supplement or 
replace compounds of sulfur, copper, and mercury whose present 
scarcity and known limitations enlarge opportunities for our 
fungus enemies. Ter H orst and Felix (page 1255) describe in 
detail their investigations confirming the high value of 2,3-di- 
chloro-1 ,4-naphthoquinone in frustrating fungi commonly de
structive in agriculture and textiles. Present costs of fungi are 
of the order of a billion dollars annually which is a stake large 
enough to encourage much research.
► L o w - B o i l i n g  H y d r o c a r b o n s  occupy positions of growing 
importance as raw materials for an ever increasing variety of 
syntheses. Recovery of these compounds from gas mixtures by 
absorption in oils has consequently become substantial. Kirk- 
bride and Bertetti (page 1242) provide valuable data on pressure 
absorption in oils of paraffinic, naphthenic, and aromatic char
acter, and show how these differ in solvency under varying 
conditions.
► S o l v e n t s  were subjects of an important group of papers pre
sented before the Division of Industrial and Engineering Chem
istry of the S o c i e t y ,  featured in our October issue. Two of these 
papers (pages 1230 and 1240) were not ready for publication with 
the others in October. We are pleased to  be able to  include 
them this month.
► C h l o r i n a t e d  H y d r o c a r b o n s  today are engaged in vital war 
jobs. When these are completed huge quantities of these im
portant solvents will again perform useful tasks for civilians. 
McGovern (page 1230) reviews in considerable detail the proper
ties of cblorohydrocarbons on which their values depend and 
supplies essential data on their many im portant applications.
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T h e s e  C h e m i c a l s

Chemical Formula
Boiling 
Point 

°C., 760mm.

Vapor 
Pressure 

mm., 20°C.

Solubility % 
by weight a t 20°C.

Flash
Point
Open

Cup°F.In Water Water In

T richlorethane C1CH2CHC12 113.7 16.7 0.45 0.05 None

Diethyl rfCellosoIvc55 c 2h 5o c 2h 4o c 2h 5 121.4 9.4 21.0 3.4 95

n-Hexanol CII3(CH2)i CH2OH 157.2 0.7 0.58 7.2 165

Methyl "C arbito l” CH3OC2H4OC2H4OH 194.2 0.2 Complete Complete 200

Hexyl E ther 226.2 0.07 <0.01 0.12 170

a r e  a v a i l a b l e  

i n  l i m i t e d  q u a n t i t i e s

Here are five synthetic organic chemicals that were available in drum 
quantities at the tim e this m agazine went to  press. H ave you investigated  
their possible uses in your processes? Some of them  m ay help m eet your 
present raw material needs.

T r i c h l o r e t h a n e  is  c o lo r le s s ,  n o n 
flam m able, an d  s ta b le  u n d e r o rd in ary  
cond itions of use. I t  is a good so lven t 
an d  e x tra c ta n t  fo r m o s t oils, fa ts , w axes, 
n a tu ra l ru b b e r, an d  som e ty p es o f sy n 
th e tic  ru bber.

D i e t h y l  " C e l l o s o l v e  , ” a s ta b le  e th e r, 
dissolves b o th  oils an d  w a te r  and  is an  
excellen t m u tu a l so lven t. W ith  alcohol, 
i t  is a so lven t fo r n itrocellu lose.

n-llexanol is an  excellen t so lven t for 
h y d ro ca rb o n s, linseed oil, shellac, rosin,

gum s, an d  dyes tuffs. I t  is also used  in  
h y d rau lic  b rak e  flu ids.

M e t h y l  G a r b h c * ! ”  is m iscib le w ith  
w a te r  an d  m a n y  o rgan ic  so lven ts. I t  is 
used  in perfum es, te x tile  dye pas tes, 
non -aqueous w ood s ta in s , an d  lacquers.

H e x y l  E t h e r  is a in ild -odored , s tab le  
liqu id , w ith  a h igh  bo iling  p o in t. I t  is 
used as a n  in e rt  rea c tio n  m ed ium , an d  
as an  an ti-fo am  ag en t p a r tic u la rly  in  
ce rta in  ty p e s  o f adhesives.

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

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

U n it  o f  U n io n  C a r b id e  a n d  C a r b o n  C o r p o r a tio n  

3 0  E ast 4 2 n d  S treet [TfWl N ew  Y o rk  1 7 , N . Y .

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



IS J R IA L A N D  E N G IN E E R IN G  C H E M IS T R Y
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

S ta t i s t ic a l  In fo rm a t io n
P OSTWAR planning conferences quickly degenerate 

into banal discussions of mere generalities unless 
adequate statistical data on production, consumption, 
etc., are readily available. The master of a luxury 
liner can regale his passengers with an interesting dis
sertation on the principles of navigation, but unless he 
has his instruments, tables, and charts available he can 
only make a hazy guess as to the actual position of his 
ship. Similarly, before executives can plan intelligently 
they must be provided with statistical material or 
they, too, are groping in a dark sea of ignorance and 
decisions are but wild guesses.

Most of the statistics gathered by government 
departments, war agencies, trade associations, and 
publications have been withheld in the past two years, 
for such information would be of great assistance to 
our enemies, particularly figures on construction and 
production in the earlier stages of the conversion-to- 
war period. Output of many items is now of such 
proportions that disclosure can only depress the morale 
of the Germans and Japanese still further and is, 
indeed, the very best kind of propaganda.

Statistical information on the chemical industry 
furnished in the prewar period by several governmental 
agencies was most helpful but in many phases it was 
not so complete or so up to date as to be truly valuable 
to executives required to make reasonably quick but 
accurate decisions. This statement should not be 
construed as adverse criticism. The plain truth of 
the matter is that the chemical industry in the past 
has been somewhat secretive and unwilling to cooperate 
to the same extent that, for example, the steel industry 
has done through the medium of the Iron and Steel 
Institute. Chemical manufacturers, of course, assisted 
the armed services and government defense agencies 
in every possible way prior to Pearl Harbor, and, in
deed, the industry compiled a most remarkable record 
of cooperation then and in the past two years, but 
these data are confidential and rightfully so.

Now is a particularly good time to review the entire 
chemical statistical setup with a view to developing 
a more comprehensive and coordinated plan to be 
placed in effect as quickly as possible with due regard 
naturally to the present war status of the country. 
The Manufacturing Chemists’ Association might find 
it possible to act as the spearhead in a program of re
vamping ways and means of collecting and collating 
chemical data for public release.

Play  t h e  C e n so rsh ip  G a m e
C ENSORSHIP comes close to being all things to 

all men. To our armed forces it means a multi
plicity of things: a poster bearing the message about a 
slip of the lip sinking a ship, being close-mouthed about 
cargoes, destinations, routes, departure times, training 
with new secret weapons, or even that the plane ser
viced this morning took off with some notable aboard.

At home censorship has the myriad meanings that 
are as diverse as the affected are diverse in their rela
tionship with the function of censorship. Mechanics 
working on some new supermotor or rocket ship with 
the built-in traffic signs have a strict censorship im
posed, whose beginnings and end are embodied in an 
acute realization of the importance of their project; 
and the conscience of each such individual supplies 
the policing necessary.

According to popular belief, editors have no con
science. Whether or not this is true or false, it must 
be admitted that a wartime ban is about the only 
power on earth that has the ability to muzzle all the 
press at the same time. All publications have agree
ably, if not cheerfully, deleted sentences, paragraphs, 
yea, even articles, and once, in the case of this journal, 
a whole issue was revised—all to keep our enemies 
uninformed.

To break censorship into its component parts, for 
therein is a moral for personnel in the chemical field, it 
is seen that there are broadly two groups of publications 
affected—-general magazines and newspapers catering 
to the general public, and technical journals for a 
select group of specialists. The first type of pub
lication must be wary only of the broad aspects of cen
sorship, such as the premature mention of a new tactical 
weapon, attack, operations in a new field, or other 
basic surprises. Thus, strict secrecy was maintained 
necessarily on all data concerning the bazooka prior 
to its use. When the Army became reasonably certain 
that the enemy knew of this rocket gun and had exam
ined captured specimens, censorship had no function 
except to keep certain information, such as the names 
of manufacturers, from the general public. But now 
comes the real task for the technical press and the 
technical man* We are still under strict censorship, 
for even though the enemy may know about this new 
weapon, he can only obtain the know-how for its 
manufacture through his own extensive research or 
from publications.

Thus it becomes safe to assume, now that the enemy
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is using rockets, that the principles of rocket fuel are 
known to him and, therefore, bits of information may 
begin to appear. But, until that point is reached, our 
technologists must exercise a personal proscription. 
Using our bazooka analogy still further, though the 
revelation of the rocket fuel might be in order on the 
reasonable certification that the two nations are using 
the same materials, we cannot yet afford to publish 
vital information on its manufacture if the manu
facturing operations deviate from normal practice 
to the slightest degree. Such information must not 
be disclosed. Do not talk about it except as an 
abstract problem, and then only if necessary. It is 
quite easy to piece together a whole story, as editors 
have done from time to time, with information that 
has leaked out in dribbles, and it is well within the 
ability of our enemies to do likewise. And while we 
are on the subject, there are still so many big secrets 
that even a slight hint about their nature would be 
of inestimable value to our enemies. Almost without 
exception every chemist and chemical engineer of 
this Nation possesses information and key data on 
some vital war operation yet unrevealed. If you 
are working on such a project, maintain your silence. 
The slip of the lip by a sailor may cause a ship to be sunk, 
but the slip of the lip by a scientist, the slip of the pen 
by an editor, the misplaced confidence of an executive, 
or the idle chatter of an equipment salesman may 
sink a whole nation—may result in the slaughter of 
thousands of young men needlessly.

C re d it  W here  C re d it  Is Due
r 1 ’'HE 19th Exposition of Chemical Industries, to 

be held in Madison Square Garden in New' York, 
December 6 to 11, will be unique in many respects, 
but especially so because of a likely reduction in the 
physical display of heavy chemical manufacturing 
equipment. While many booths may resemble Mother 
Hubbard s cupboard, scientific brain power wall be 
available as usual to those seeking technical informa
tion. Furthermore, it is comforting to remember 
that while the absence of full-scale models may be 
noticed and commented on, no really serious dearth 
of equipment now exists in our greatly expanded and 
widely diversified chemical and metallurgical manu
facturing operations. To date little recognition has 
been given to the important contribution made by 
American plant designers and manufacturers of 
chemical equipment and scientific apparatus to the 
war effort.

How many heat exchangers, compressors, and a 
thousand and one other essential elements of con
struction and operation have been produced since 
Pearl Harbor is a deep dark secret known only to a 
few' WPB officials, but a recent plant inspection in the 
South and Southwest is a partial indication at least 
to the editors of I n d u s t r ia l  a n d  E n g in e e r in g
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C h e m is tr y  of the progress registered in the delivery 
of equipment to essential war plants in the short space 
of twenty-four months.

And, while rather belatedly bouquets are being 
presented to equipment designers and manufacturers, 
let us not forget to present another to the teaching 
profession primarily responsible for the notable achieve
ments of American chemists and chemical engineers 
in the present national emergency.

Price  S h o u ts  (or Speaks)
TRACTORS affecting the future of our lustily grow- 

ing synthetic rubber industry have previously 
been discussed here. Utility naturally is the funda
mental consideration, but barely less important is the 
question of price. Recent announcement by one of 
the leading companies in this field of sweeping reduc
tions in the prices of its several grades of synthetics 
emphasizes this factor. It is by no means the first, 
nor will it be the last, cut in the prices of synthetic 
elastomers. Already production of specialty products 
in the field has attained the stature to justify passing 
substantia] savings in manufacture on to consumers. 
This is, of course, characteristic of chemical industry. 
Repeated price reductions have consistently followed 
industrial progress and process development in the 
chemical field. Swift growth of output and continual 
development of processes is confidently anticipated. 
Both will inevitably benefit consumers.

Political thinking on the subject ignores this char
acteristic of chemical prices and thus is led astray. 
Announcements now that no protection will be afforded 
synthetic rubber manufacture in the postwar period 
are decidedly premature. No one can yet foresee the 
date of peace, and by the same token the state of the 
synthetic rubber picture at that time is unpredictable. 
If, meanwhile, further reductions in price accompany 
enhanced utility and value and if the condition of 
plantations continues to deteriorate, it is easily possible 
that the new industry may possess sufficient vitality 
to flourish without political protection.

D e fe rm e n t  of C hem ica l  O p e ra to rs
'T 'H E  War Manpower Commission through Selec

tive Service should take immediate steps to pre
vent any further inroads by the draft into the ranks 
of chemical operators by pointing out where necessary 
the definition of a chemical operator as given in Activity 
and Occupation. Bulletin No. 17, which is still in full 
force and effect.

Our attention has been called to a recent occurrence 
in one state where the party in charge of Manning 
and Replacement Tables allows deferments of still 
operators but disclaims any knowledge of other chemi
cal operators. The chemical industry will be hope
lessly crippled unless such situations are speedily 
eliminated.
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INDUSTRIAL CONTROL 
INSTRUMENT SETTINGS

L ym an  H. Allen, J r .
A M E R I C A N  V I S C O S E  C O R P O R A T I O N ,  M E A D V I L L E ,  P E N N A .

A T THE annual meeting of the American Society of Me
chanical Engineers in 1941, a paper was presented by J. G. 

Ziegler1 which offered a method of arriving at optimum instru
ment setting from a series of determinations made of process char
acteristics, including all lags involved. This method had a sound 
mathematical background and was simple enough to permit 
accurate establishment of settings in a few hours, instead of the 
weeks and sometimes months involved in the hit-or-miss, trial- 
and-error methods now practiced, with no assurance even then 
that the optimum settings had been obtained. Since the paper 
was based on controllers made by the Taylor Instrument Com
pany, questions were raised concerning the universal applicability 
of the data to the adjustment of instruments manufactured by 
other companies. Therefore an investigation of the outlined pro
cedure was initiated on a Foxboro controller, since that type was 
available to the author.

In June, 1941, a Foxboro Model 30 Stabilog tempera
ture controller had been installed in the Acetone Re
covery Department of the American Viscose Corporation 
to regulate the steam flow to an acetone recovery column. 
This column is a thirty-plate, 06-inch-diameter unit, with 
a tray spacing of 12 inches. It has a capacity sufficient 
to recover 140 pounds per minute of 99 per cent acetone 
from a 28 per cent aqueous acetone solution when op
erating at a reflux ratio of 1.5 to 1. Heat is supplied 
through the injection of live steam through a sparger 
pipe into the 42-inch-high base section of the column. 
Vapors are condensed in a horizontal multipass hot con
denser, and the resulting hot condensate flows to a fixed 
ratio, weir type, split flow divider which divides the total 
overhead into product and reflux streams. Only the 
product stream is cooled. Hot reflux is returned to the 
top plate of the column, and the feed solution, preheated 
through a heat interchange with the column residue 
water discharging from the base, is introduced into the 
column on the tenth plate from the bottom.

The temperature bulb of the Foxboro control in
strument is located in the vapor space above the 
seventh plate from the bottom of the column, and the 
temperature at this point is controlled through

i Ziegler and Nicholfl, Trans.  A m .  Soc. Mech. Engrs ., 64, No. 
8, 759-68 (1942).

T he Photographs Show Acetone Recovery U nit on 
Which th e  Method Outlined Was Tested. Above Is 
a W orm’s-Eye View of th eT h lrty -P la te  Colum n. At 
th e  Left Is th e  Control Board, Showing th e  Model 30
Foxboro Instrum entandtheC ontrolV alvefor Steam .

COURTE8Y, VULCAN COPPER A SUPPLY COMPANY
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COURTE8Y. POXBORO COMPANY   — - ■ • ■ wmrnn i
Stabllog Controller, Model 30, Adjustable Proportional 
Band Instrum ent with A utom atic Reset, S im ilar to  That 

Used In Investigation

the instrument action by positioning an air-operated dia
phragm-typo throttling valve in the steam line to the sparger 
pipe. Considerable time was spent in establishing the best 
settings for the instrument, those which would give a reason
able rate of recovery from upsets in the process resulting from 
changes in feed rate, feed composition, steam pressure, etc., and 
still give as close a control as possible of the temperature at the 
bulb location. It was found impossible to obtain straight-line con
trol except at approximately 100 per cent throttling range (Taylor 
sensitivity of 2.75 pounds per square inch per inch), a setting 
which would not give a satisfactorily rapid recovery from process 
upsets. Furthermore, it was possible to detect very little change 
in the control characteristics obtained, as the reset resistance was 
progressively increased by cutting in additional spools of reset 
capillary through the closing of the reset valves provided in the 
instrument. The problem, therefore, was to calibrate the Fox- 
boro control settings in terms of the Taylor units outlined in 
Ziegler and Nichols’ paper, to determine the proper controller 
settings by the method presented, to try these settings in actual 
operation, and to compare them and the resulting control char
acteristics with those then being obtained.

D E F I N I T I O N  O F  T E R M S

C o n t r o l  E f f e c t s . “Proportional response” is by far the 
most common of control effects, being found in most industrial 
air-operated controllers. As the name indicates, this effect gives 
an instrument air output or valve movement proportional to the 
amount of pen movement. In other words, a pen movement of 
2° will give twice the valve movement or air output pressure 
change resulting from a pen movement of 1 °. The ratio of valve 
movement to pen movement is called “instrument sensitivity" 
(percentage of full chart pen movement required for full valve

movement is called “throttling range”) and may be fixed or ad
justable. An on-off controller is merely one with a fixed high 
sensitivity. The proportional response instrument has only one 
definite air output pressure or valve position for any given pen 
position and, as a result, is unable to compensate for changes 
in process load which require a change in the rate of flow of the 
controlled medium and still maintain the original control point. 
Changes in load with a proportional response instrument result 
in a pen deviation from the control point. This deviation of pen 
and pointer with load changes is called “offset” ; the degree of 
offset varies inversely with the instrument sensitivity (directly 
with the throttling range) and directly with the size of the load 
change.

“Automatic reset” has as its only purpose the elimination of 
offset. In all other respects its effect is to create instability of 
control. Proper reset settings, however, enable this control ef
fect to improve the degree of control, and a slightly decreased in
strument sensitivity will eliminate its effect on stability. In 
operation, automatic reset detects pen deviation from the con
trol point, and its action is to cause a slow continuous rate of 
valve movement in the direction necessary to eliminate this de
viation. The rate of valve movement is proportional to the de
gree of deviation of the pen from the set point; in most industrial 
instruments this reset rate is adjustable, either in steps through 
the addition of lengths of capillary tubing to the instrument air 
circuit, or continuously through the adjustment of a precision 
needle valve.

U n i t s  o f  M e a s u r e m e n t . Proportional response "sensitivity” 
is measured by the air output pressure change produced by an 
instrument and resulting from a pen movement of one inch on the 
chart. The units, therefore, are pounds per square inch per inch.

Automatic reset produces a continuous rate of instrument air 
output change proportional to the deviation between pen and 
set pointer. The deviation may be expressed in terms of propor
tional response output change; units for the “reset rate”, there
fore, are pounds per square inch per minute per pound initial 
change.

“Ultimate sensitivity” is that sensitivity adjustment in a 
proportional response instrument applied to a particular process 
which gives an oscillating record of fixed amplitude. A greater 
sensitivity will cause oscillations of increasing amplitude, while 
sensitivity below ultimate will result in oscillations of decreasing 
amplitude gradually approaching straight-line control.

Control effects according to Ziegler1 are summarized as follows:

R esponse 

P roportional 

Autom atic reset

A ction 
Valve m ovem ent 
Pen m ovem ent 
Valve velocity  
Pen m ovem ent

M easure U nit

Sensitivity L b ./sq .in ./in . 

R eset rate Per min.

Optimum controller adjustments1 are summarized as follows: 
Proportional:

sensitivity =  0.55« (l)

Proportional plus reset:

sensitivity =  0.45S„ (2)
reset rate =  1.2/P u (3)

where
S„ = ultimate sensitivity
Pu =  period of oscillation at the ultimate sensitivity.

I N V E S T I G A T I O N  P R O C E D U R E

Since the Foxboro instrument involved in this investigation 
had a proportional band calibrated in per cent throttling range 
and was provided with four stepwise reset adjustments having
no units of calibration, it was first necessary to obtain the missing 
calibrations and determine the actual conversion between per cent
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throttling range anti sensitivity. The procedure followed is out
lined below:

1. Place the instrument on remote hand control so that the 
controlled valve is operated by the pressure-reducing valve in the 
instrument case, and determine the amount of air pressure re
quired on the controlled valve diaphragm to stabilize the process 
at the desired temperature.

2. Place the process on hand control and close the block valves 
on either side of the automatic controlled valve. Disconnect the 
pen from the measuring clement, and fix it at the temperature 
at which the process is to be controlled.

3. Plug the air output line from the instrument at the case 
and open all reset valves to obtain the fastest reset rate possible.

4. Adjust the pointer to coincide with the pen, and set the 
throttling range to given an air output pressure equal to that de
termined in step 1. A sufficiently long waiting period should 
be allowed at this point to be sure that the instrument is in 
equilibrium and that there is no reset effect. If a reset change in

, the output pressure is observed, the pointer should be moved 
from the pen in that direction and to a sufficient distance neces
sary to stop the reset action. The pointer should then be read
justed to agree with the pen by means of the micrometer adjust
ing screw.

o. Close all reset valves to obtain the slowest possible reset 
rate. Disconnect the air piping between the reset capillary unit 
and the capacity tanks, and blank the connection from the tanks. 
This operation rrttist be completed as rapidly as possible to avoid 
loss of pressure in the reset bellows. As a result of this step, the 
instrument is now of the proportional response type.

T a u l e  I. C o n v e r s io n  b e t w e e n  Fox b o  no T h r o t t l in g  R a n g e  
a n d  T a y l o r  S e n s i t i v it y

Throt
tling

Range,
%

Taylor Sensitivity, 
Lb./Sq. In ./In .

Throt
tling Taylor Sensitivity, 

L b./Sq. In ./In .
Exptl. Caled. % Exptl. Calcd.

10 26 .7 27 .5 50 5 .6  5 .5
20 14.6 13.75 60 4 .7  4 .5 8
30 9 .4 9 .16 80 3 .8  3 .4 3
40 6 .7 6 .87 100 3 .2  2 .7 5

6. Adjust the throttling range at 100 per cent and then move 
the pointer away from the pen a distance sufficient to give an air 
output pressure change of 5 pounds. Measure the distance be
tween the pen and pointer accurately and record this measure
ment. Repeat this measurement for pen and pointer deviation 
at increments of 10 joer cent for the entire range of throttling 
range adjustment available.

7. The instrument sensitivity equivalent to the various throt
tling range adjustments can now be calculated thus:

air output pressure change, lb./sq. in. 
pen and pointer deviation, inches

sensitivity, lb./sq.in./ 
in. of pen travel

The results listed in Table I and plotted in Figure 1 show the 
conversion obtained between throttling range and instrument 
sensitivity in the Foxboro Model 30 Stabilog temperature con
troller. A plot of the reciprocal of throttling range against 
sensitivity gives essentially a straight line and thus confirms the 
relation between these two units of proportional response meas
urement. In the usual case, actual calibration is unnecessary 
since the conversion may be calculated thus:

_ _  lb. air change for full valve travel X 100 
sensi m  ~  % throttling range X chart width in inches

(In the procedure described here, the proportional response 
mechanism was first calibrated and then the ultimate sensitivity 
and period determined, followed by calibration of the reset 
mechanism. If desirable, howevef, calibration of the propor
tional response and reset mechanisms may be completed first and 
followed by the determination of ultimate sensitivity and period.)

8. Determine the throttling range adjustment necessary to 
produce exactly a one pound output air pressure change for a 
pen deviation from the pointer of one major chart division.

9. Adjust the instrument for a wide throttling range, replace 
the connection between the pen and the measuring element, re
connect the output air line to the controlled valve diaphragm, 
and place the instrument in control of the process. After the pen

Figure 1. Conversion between Throttling Range and 
Sensitivity

is lined out at the desired temperature, create an upset by moving 
the pointer away from the pen for a few minutes, and then return 
it to its original position. Observe the stability of control ob- 
tained as indicated by the rate of return of the pen to the control 
point and the number of cycles produced before oven control is 
obtained. Repeat this procedure for progressively narrower 
throttling range settings until a cyclic chart record of constant 
and small amplitude is obtained, or until the waves die very 
gradually to stability. The throttling range adjustment at this 
point is noted and the instrument allowed to control with this 
setting for approximately four or five Cycles.

10. From the throttling range setting producing an even cyclic 
operation (step 9) and the data obtained in step 7 (Table I and 
Figure 1), the equivalent sensitivity is calculated. This value is 
the ultimate sensitivity, S u, for the instrument when controlling 
the particular process under consideration.

T a b l e  II. R e s e t  R a t e s  f o r  F o x b o r o  M o d e l  30 T e m p e r a - 
t u r e  C o n t r o l l e r  w it h  O r ig in a l  A r r a n g e m e n t  a n d  O n e  

P o u n d  I n i t ia l  C h a n g e

Resistance
Open

A

B

C

D

Pressure
Change, s------Tim e------ s

L b./Sq.In . M in. See.
9 to 11 14 55

11 to 9 17 11

9 to 11 15 21
11 to 9 18 21

9 to 11 15 45
11 to 9 18 14

9 to 11 15 42
11 to 9 18 24

Reset Rate, 
L b./M in ./L b .
0 .134  
0.110 125

° -13 , I 0.110o'. 100

olí i" } 0118 

0 1 2 8  J 0 ,1180.109
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11. The period of oscillation, Pu, at the ultimate sensitivity is 
calculated by counting the number of complete cycles occurring 
over a given interval of time and then dividing the time in min- 

mtes by the number of complete cycles.
12. The optimum controller settings may now be calculated 

from steps 10 and 11 and formulas 1, 2, and 3.
13. In order to calibrate the reset adjustments available in 

the instrument, the process is again placed on hand control, the 
pen disconnected from the measuring element, and the air output 
line plugged at the instrument case. Reconnect the reset air 
piping between the reset capillary unit and the capacity tanks, 
and set the throttling range at the value determined in step 8. 
Close all reset valves to give the slowest possible reset rate and 
check the throttling range setting to bo sure that exactly a one- 
pound output air pressure change is obtained at a pen deviation 
of one major chart division from the pointer. This operation 
must be done rapidly to minimize the effects of air output change 
created by the reset action. Adjust the air output pressure to 
approximately 7 pounds. This may be done by moving the 
pointer away from the pen in the direction necessary to give the 
required air change. Wait for this air pressure change to occur, 
and then return the set pointer to the pen.

Vol. 35, No. 1

14. Make a def 
n ite  reset rate ac 
justment and the 
move the pointer on 
major chart divisio 
toward the outer edg 
of the chart. Th 
output pressure wi 
immediately chang 
1 pound and thei 
maintain a slow bu 
co n tin u o u s  rate o 
change resulting fron 
the effects of auto 
matic reset. Start i 
stop watch when th  
o u tp u t  p ressu r i 
passes the next evei 
pound graduation oi 
the output air pres 
sure gage and obtaii 
the time required fo: 
an additional 3 or ‘ 
p o u n d s . L e t th< 
p r e s su r e  ch an g;  
slightly more than 1 
a d d itio n a l pound; 
from the end of th( 
tim in g  period, anc 
t h e n  m o v e  the  
pointer to a positior 
one scale d iv ision  
from the pen towarc 
the center of the 
c h a r t .  A llo w  the 
reset rate to become 
established and then 
obtain the time re
quired for an air out
put pressure change 
in the reverse direc
tion. Compute the 
average of these two 
times and record it 
as the time for that 
particular reset ad
justment. Repeat for 
a check, make an
other reset rate ad
justment, and obtain 
the time for this new 
setting. If the times 
b eco m e to  lo n g  
move the pointer a 
distance sufficient to 
give an initial change 
of 2 pounds or time 
over a range of only 
2 instead of 3 or 4 
pounds in air pressure 
change. C alcu late  

the reset rates for the various adjustments as follows:
lb. change in pressure during timed period 

av. time in minutes X initial pressure change
reset rate =  lb./sq.in./min./lb. initial pressure change 

R E S E T  R A T E S

Before the work was initiated, the degree of control being ob
tained from the Foxboro temperature controller was similar to 
that shown on the actual recording chart record (Figure 2). 
The instrument settings of 60 per cent throttling range equivalent 
to a Taylor sensitivity of 4.6- pounds/sq. in./in. and a reset rate 
later determined by calibration to be equal to 0.125 pound/min./ 
pound had been established after a considerable period of trial 
and error experiments. It is true that the variations in the con
trolled temperature record could have been decreased to some de
gree by widening the throttling range or reducing the sensitivity. 
This was, however, a step in the wrong direction since it would 
result in too slow a rate of recovery from the process upsets. 
Very little change in the appearance of the chart record was
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obtained through the use of the four different reset rate settings 
available in the instrument. Figure 3 shows the record of the 
determination of ultimate sensitivity, 5«, for the instrument and 
process under consideration. It will be noted that the ultimate 
sensitivity, S«, was obtained at a .throttling range setting of 
approximately 23 per cent, equivalent to a Taylor sensitivity of 
approximately 12.0 pounds/sq. in./in. The chart record on the 
right-hand side of Figure 3 illustrates the type of control that 
would have been received on a proportional response type of 
instrument operating with a sensitivity setting of half the ulti
mate. It is obvious from this record that process load changes 
are constantly occurring in the equipment, which points to the 
necessity for the automatic reset control effect if an even con
trolled temperature record is to be obtained. The record of the 
ultimate sensitivity shows that there are approximately 97s 
oscillating cycles per hour, equivalent to a time of 67a minutes 
per cycle.

Calculations follow for determining the optimum operating 
sensitivity 5„ and reset rate RR  required, based on the determina
tions for ultimate sensitivity and period of oscillation:

5„ = 0.455« =  0.45 X 12.0 = 5.4 lb./in. (4)

5.4 lb./in. sensitivity =  51% throttling range (5)

60/9.5 =  6.33 min. per cycle (6)

R R  = 1.2/6.33 = 0.19 lb./min./lb. (7)

The reset rates for the original arrangement of the automatic 
reset adjustments furnished with the instrument were then deter
mined and are listed in Table II. There is little change in the 
reset rate for the four possible adjustments, which explains the 
observation that there was very little change in the controlled 
temperature record obtained, regardless of the reset rate adjust
ment employed. Also, it was impossible to obtain the optimum 
reset rate calculated according to Equations 6 and 7.

It was then decided to rearrange the capillary spools and capac
ity tanks in an attempt to obtain the calculated reset rates.

T a b l e  I I I .  R e s e t  R a t e s  f o r  F o x b o r o  30 T e m p e r a t u r e  
C o n t r o l l e r  w i t h  No T a n k s  a n d  O n e  P o u n d  I n i t i a l  C h a n g e

T a b l e  I V .  R e s e t  R a t e s  f o r  F o x b o r o  M o d e l  30 T e m p e r a 
t u r e  C o n t r o l l e r , F i r s t  R e v is e d  A r r a n g e m e n t  w i t h  O n e  

P o u n d  I n i t i a l  C h a n g e

The first attempt consisted of the removal of the two capacity 
tanks furnished with the instrument; results of the calibration of 
this arrangement are shown in Table III. It is obvious that the 
reset rates obtained through the use of the revised reset air pip
ing arrangement are much too fast.

Table IV presents the reset rate calibrations for a reset piping

Adjustable Sensitivity Type of Fulscope Controller with  
A utom atic Reset

R esistance
Open

A

B

C

D

All closed

Pressure
Change, -------Tim

L b./Sq.In . Min. Sec.
9 to 13 45

13 to 9 57

9 to 13 1 12
13 to 9 1 25

9 to 13 1 23
13 to 9 1 57

9 to 13 1 46
13 to 9 2 42

9 to 13 2 36
13 to 9 3 16

Resistance
Open

A

B

C

D

Resot Rate, 
L b ./M in ./L b .

o'.iu } 0 331

o il9 } 0 299
0.202 1 Q «do
0 .188  I  U ,^4U

0 .272  1 Q 232 
0 .193  f

Pressure
Change,

L b ./S q .In .
9 to 11 

11 to 9

9 to 11 
11 to 9

9 to 11 
11 to 9

9 to 11 
11 to 9

------- rim e------
Min. Sec,

5 46
6 23

6 17
7 9

6 51
10 38

7 22
10 22
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optimum reset rate 
In this system the 
Foxboro ca p illa ry  
reset unit was fol
lowed in order by a 
10-foot spool of 0.021- 
inch-diameter capil
lary and a number 5 
capacity tank.

Figure 5 gives the 
controlled tempera
ture record for a 
throttling range set
ting of 51 per cent 
e q u i v a l e n t  to  a 
Taylor sensitivity of 
5.4pounds/sq. in./in. 
(calculated optimum 
s e n s i t iv i t y ) .  The 
record at the left is 
that obtained with a 
reset rate of 0.232 
p o u n d / min./pound 
in accordance with 
the last setting given 
in Table IV. The 
record on the right- 
hand side of Figure 5 
was obtained with a 
reset rate of 0.181 
p o u n d/min. /pound, 
which is a p p r o x i
mately equal to the 
calculated value of 
the optimum reset 
ra te  as g iv en  in 
Equations 6 and 7. 
This record repre
sents that obtained 
with the calculated 
o p tim u m  settings, 
and without doubt 
gives the best con
trolled temperature 
of all settings tried.

A D J U S T M E N T  O F  
T A Y L O R  1 N S T R U .  

M E N T S

a No. 5 capacity tank and a 20-foot spool of 0.021-inch diameter 
capillary inserted between the capillary reset unit and the reset 
bellows in the order given. Although the reset rates obtained 
with this arrangement were still faster than the optimum rate 
calculated in Equations 6 and 7, the instrument was placed in 
operation with this reset arrangement to determine the degree of 
control which might be obtained.

Figure 4 shows the actual controlled temperature record ob
tained with each of the reset rates given in Table IV and with the 
instrument adjusted to a throttling range of 55 per cent, equiva
lent to a Taylor sensitivity of 5 pounds/sq. in./in. It is inter
esting to note that a reset rate of 0.331 pound/minute/pound 
produced a cyclic chart record while a reset rate of 0.232 
pound/minute/pound gave a controlled temperature record with 
the minimum amplitude of fluctuation.

Table V gives the calibration of a reset arrangement with 
which it was possible to obtain approximately the calculated

Since the outlined 
procedure presented 
in the body of this

paper applies only to the Foxboro Model 30 instrument, it was 
thought that a similar outlined procedure for Taylor instruments 
might be of value. An outline follows for both the Taylor pro
portional response controller and the Taylor proportional re
sponse and reset controller:

Proportional Response, 1. With the process on hand con
trol and the instrument recording but not controlling, adjust the 
hand-operated valve to bring the f>en to the desired control point,

2. Turn the pointer to the position of maximum output pres
sure, and guess the output pressure required to give the controlled 
valve a flow handling capacity equal to that of the hand-operated 
valve. Put this air pressure on the diaphragm of the controlled 
valve by regulating the reducing valve within the instrument case.

3. Adjust the proportional response dial for the lowest sen
sitivity adjustment, and set the pointer to coincide with the pen.

4. Close the hand-operated valve and open the block valves 
around the automatic controlled valve. If the temperature as 
recorded by the pen tends to rise or fall away from the pointer, 
make the necessary correction in the air pressure on the valve
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diaphragm required to return the pen to the pointer by adjusting 
the large knurled wheel in the upper right-hand corner of the in
strument case.

5. Adjust the instrument sensitivity upward in steps, creat
ing a disturbance in the process for each adjustment by moving 
the pointer away frojn the pen for a minute or two and then re
turning it to the original set point. This procedure will finally 
produce an even cyclic controlled temperature record of constant 
amplitude.

6. The sensitivity adjustment producing this record is the 
ultimate sensitivity. The optimum sensitivity will be half the 
ultimate.

P r o p o r t io n a l  R e s p o n s e  w it h  A u t o m a t ic  R e s e t . 1. Set 
the instrument sensitivity at high and turn the pointer to the 
position of maximum output air pressure.

2. Adjust the reducing valve in the instrument to give a 
controlled valve position estimated to be sufficient to control the 
process.

3. Open the block valves on either side of the controlled valve 
and close the hand-operated valve.

4. Adjust the reducing valve in the instrument to stabilize 
the process.

5. Adjust the sensitivity dial for the lowest possible sensi
tivity and open the reset rate valve to graduation 5. Wait one 
minute and then set the reset rate valve to 0.

6. Set the supply air pressure to the instrument at 20 pounds 
and adjust the pointer to agree with the pen.

7. Adjust the instrument sensitivity as in the case of the pro
portional response instrument until the ultimate sensitivity is 
found. Allow the instrument to control at the ultimate sensi
tivity for approximately four or five complete cycles, and deter
mine the time required for one complete oscillating cycle.

8. Set the sensitivity dial at 45 per cent of the ultimate sen
sitivity.

9. Set the reset dial at 1.2 over the time for one complete 
cycle at ultimate sensitivity.

C O N C L U S I O N S

The work described here confirms the data presented in the 
original paper by Ziegler and Nichols. The method for ob
taining optimum settings proved to be straightforward and simple, 
and offered a more rapid method of obtaining optimum settings 
than the trial-and-error, hit-or-miss method of instrument ad
justment commonly used. Furthermore, the settings obtained Alcohol Recovery Column, Showing Foxboro Stabilflo 

Steam -Control Valve with Integral-M ounted Vernier 
Valvactor

T a b l e  V. R e s e t  R a t e s  f o r  F o x b o r o  M o d e l  30 T e m p e r a 
t u r e  C o n t r o l l e r , S e c o n d  R e v is e d  A r r a n g e m e n t  w it h  O n e  

P o u n d  I n i t i a l  C h a n g e

Resistance
Open

All closed

Pressure
Change, .------Time

L b./Sq. In. Min. Sec.
9 to 11 7 23

11 to 9 9 58

9 to 11 10 2
11 to 9 12 25

9 to 11 14 53
11 to 9 22 45

9 to 11 18 22
11 to 9 20 50

9 to 11 19 30
11 to 9 19 * 12

Reset Rate, 
L b ./M in ./L b .

0.271
0.201 236

0.200 J 0
0.161 181

0 .134
0 .088 }° 111

0 .090  } ° ' 103

S I S ! } ° -103

in this manner should be consist jntly closer to the actual optimum 
than those obtained by trial and error. In this particular case the 
Ziegler-Nichols procedure for obtaining optimum settings led to a 
revision of the reset arrangement in the instrument itself, with
out which it would have been impossible to obtain the calculated 
optimum settings and the degree of control finally achieved.

Naturally, the Ziegler-Nichols procedure has greater value in 
the establishment of optimum settings for Taylor instruments 
than for those of other manufacturers; the reason lies in the fact 
that the Taylor instruments are calibrated in terms of the units 
presented in the Ziegler-Nichols paper, whereas instruments of 
other manufacturers must be calibrated in these units in the 
field by the one whose duty it is to make the instrument settings. 
The acceptance by various instrument manufacturers of a uni
versal system of units for the calibration of the various control 
effects which may be obtained with their instruments would be 
valuable in the establishment of optimum settings in accordance 
with the general procedure outlined in the Ziegler-Nichols paper.

It is also felt that the preceding data disproves the contention 
of one instrument manufacturer that, once the optimum reset 
rate is established, slower rates of reset may be employed with
out damage to the control record. Evidence presented here not 
only' confirms the fact that a too rapid reset rate produces a cyclic 
chart record, but also indicates that too slow a reset rate will 
produce an erratic chart record, the irregularities of which can be 
decreased only by reducing the instrument sensitivity. Often this 
is a step in the wrong direction, especially if the fastest possible 
rate of recovery from process upsets is required.



CHLOROHYDROCARBON 
H f  l ,  MB SOLVENTS
m  I  R i m

E. W . M cGovern
E .  I .  D U  P O N T  D E  N E M O U R S  a  C O M P A N Y , IN C . 

W IL M IN G T O N , D E L .

CHLOROHYDROCARBON solvents are finding even greater 
use in time of war than before. Production capacities for 

scarce raw materials as well as for the solvents themselves have 
had to be expanded repeatedly. Supplies of solvents for less 
essential civilian uses have been greatly curtailed or elim
inated. Some peacetime uses, such as carbon tetrachloride for 
fire extinguisher fluid, have been directly transposed to war uses. 
Trichlorethylene is speeding production of tanks, airplanes, guns, 
and ammunition through its previously established use for solvent 
degreasing of metals. On the other hand, curtailment of civilian 
supply is often caused by diversion to purely war uses. Perchlor- 
ethylene is going into the manufacture of the smoke screen in
gredient hexachlorethane, and for long periods little or none has

The photograph ih o w j equipment fo r solvent d istillation o f crude trichlorethylene.

been available for dry cleaning. Methyl chloride and ethylene 
dichloride are used in the synthetic rubber program. Methylene 
cholride is serving as a nonflammable paint remover in ship re
conditioning. Likewise, tetrachlorethane is contributing in an 
important way to the war program. Many other peacetime and 
wartime applications of the chlorohydrocarbons depend to a great 
extent on their near or absolute nonflammability, coupled with 
their excellent solvent power for oils, fats, and other organic 
materials.

This discussion is confined to the commercially important 
gioups of chlorinated aliphatic hydrocarbons—namely, the chlo
rine substitution products of methane, ethylene, ethane, and pro
pane. Chlorinated derivatives, such as chloroaleohols and chlo- 
roethers, and the chlorinated aromatics are beyond the scope of 
the paper.

The most commonly used of the chlorinated aliphatics are 
methylene chloride (dichloromethane), chloroform, and carbon 
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tetrachloride of the methane group; trichlorethylene and per- 
chlorethylene (tetracliloroethylene) of the ethylene group; 
ethylene dichloride (1,2-dichloroethane) of the ethane group; 
and propylene dichloride (1,2-dichloropropane) of the propane 
group. Of lesser importance as solvents are methyl chloride, the 
Irans and cis isomers of sym-dichlorethylene, ethyl chloride, 
jS-trichlorethane (1,1,2-trichloroethane), syw-tetrachlorethane, 
and pentachlorethane.

Methods for commercial production of these chlorinated ali- 
phatics show considerable variety. In general, the chlorometh- 
anes are derived from either methane or methanol. However, 
chloroform is also commonly made from acetone, and carbon tet
rachloride from carbon disulfide. The chloroethylenes are most 
commonly obtained from acetylene. The chloroethanes are made 
variously from acetylene, ethylene, or ethanol. Propylene di
chloride is manufactured by direct addition of chlorine to propy
lene.

FLAMM ABILITy

The chief value of the chloro compounds over unsubstituted 
hydrocarbons is low flammability or nonflammability. Except 
for methyl chloride, ethyl chloride, dichlorethylene, ethylene 
dichloride, and propylene dichloride, all have flash points above 
80° F. and therefore are considered nonflammable under Bureau 
of Explosives regulations. Methylene chloride is rated by the 
Underwriters’ Laboratories as practically nonflammable at 
ordinary temperatures; chloroform and trichlorethylene are rated 
nonflammable and nonexplosive. Carbon tetrachloride, perchlor- 
ethylene, /3-trichlorethane, tetrachlorethane, and pentachlor
ethane are also nonflammable. Of the nonfiammables, 
methylene chloride, chloroform, and trichlorethylene, and some 
others with hydrogen in the molecule, form weakly combustible 
mixtures at higher temperatures with high concentrations of sol
vent in air.

Methyl chloride, ethyl chloride, and dichlorethylene are rated 
by the Underwriters’ Laboratories as moderately flammable. 
Ethylene dichloride is likewise moderately flammable and is 
given a fire hazard rating of 60-70 by the Underwriters, which 
places it in a class with ethanol. Propylene dichloride is moder
ately flammable. Flash points of these flammable chlorohydro- 
carbons are shown in Table I.

S T A B IL IT Y

Each of these chlorinated aliphatic hydrocarbons is sufficiently 
stable for at least a narrow range of conditions of commercial 
application. Some conditions of use, however, may bring about 
a breakdown with formation of acidic decomposition products. It

T a b l e  I. F l a m m a b il it y  o f  C iil o k o iiy d r o c a k b o n  S o l v e n t s

Chlorohydrocarbon

M ethyl chloride 
M ethylene chloride 
Chloroform  
Carbon tetrachloride

irans-Dichlorethylene (Di-48) 
ctVDichloretliylene (Di-60) 
Trichlorethylene 
Perchlorethylene

E thyl chloride 
Ethylene dichloride 
/3-Trichlorethane 
aym-T etrach lorethane 
Pentachlorethane 
Hexachlorethanc

Propylene dichloride

Flam m ability0

Moderate 
Nonflammable 
Nonflammable 
Nonflammable (0)

Moderate
Moderate
Nonflammable (3-4) 
Nonflammable (0)

Moderate
Moderate (60-70)
Nonflammable
Nonflammable
Nonflammable
Nonllammable

Moderate

Flash Point, 
°C.

<0

<0
13 .3

The com m ercially im portan t ch lorina ted  aliphatic  
hydrocarbon so lven ts include m e th y le n e  chloride, 
chloroform , and  carbon te trach loride o f  the  
m ethane  group,- trich lorethylene and  perchlor- 
e th y le n e  o f  the e th y le n e  group,- e th y le n e  d i
chloride o f  the  e thane  group,- and  p ro p y len e  d i
chloride o f  the  p ropane group. Im portan t p ro p 
erties a ffe c tin g  com m ercial applications o f  the  
so lven ts are d iscussed. They inc lude flam m a
b ility , s ta b ility , e f fe c t  on com m on engineering  
m eta ls, to x ic ity , and  se lec tiv e  so lven t action. 
A  tab le  and  charts sum m arizing physica l da ta  are 
presen ted . Im portant fie ld s  o f  applica tion  and  
factors lead ing  to th e  se lec tion  o f  the ind iv idua l 
so lven ts are discussed. These applica tions include  
d ry  cleaning, ex trac tion , and  m eta l cleaning.

° Numbers in parentheses refer to Underwriters’ Lab. flammability 
ratings based on ether =* 100.

is, therefore, of considerable importance to outline for each chlo
rohydrocarbon the conditions under which it may be used with
out significant decomposition or corrosion of equipment. The 
terms “significant” or “appreciable” as used here do not refer to 
extensive decomposition but to a breakdown in one day of 0.001 
to 0.01 per cent of the material.

In general, chlorohydrocarbons may decompose through three 
fundamental causes—oxidation, hydrolysis, and pyrolysis. 
Some are also subject to a type of polymerization which might be 
termed “condensation”. Oxidation is accelerated by high tem
peratures, light, and certain catalyzing impurities. Hydrolysis 
may be accelerated by metals such as iron or their salts as well 
as by higher temperatures. Reaction with water is compara
tively slow when all water present is dissolved in the chlorohydro
carbon.

Decomposition of the oxidation or autoxidation type may be 
effectively controlled by very small amounts of inhibitors. How
ever, no successful inhibitors for hydrolysis of chlorohydrocarbons 
are known, and therefore those which readily form acid in the 
presence of water must be used either in the absence of water or in 
specially designed acid-resisting equipment. Likewise, the 
chlorohydrocarbons must be used below the temperatures at 
which significant pyrolysis takes place. To avoid local over
heating, they should not be allowed to come in contact with hot 
surfaces, such as heating coils, which are above the decomposi
tion temperature of the particular solvent in question. All of 
the chlorohydrocarbons will break down in direct flame or when 
in contact with very hot surfaces (above 400-500° C.). The 
products of such thermal decomposition may include hydrochloric 
acid (if hydrogen is in the compound or in other substances pres
ent), phosgene (if air is present), and chlorine.

The conditions are outlined under which each of the chlorin
ated hydrocarbons may be used without appreciable develop
ment of acidity and without appreciable corrosion of properly
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and water it does not show appreciable de
composition below about 400° C. It hydro
lyzes slowly below 100° and is highly resistant 
to oxidation at temperatures up to several 
hundred degrees centigrade.

. M e t h y l e n e  C h l o r i d e  may be used in the 
presence of air, water, light, and any of the 
common construction metals at temperatures 
up to 00° C., which is 20° above its b o ilin g  
point. Small quantities of dissolved water do 
not appreciably affect its stability below 100°, 
but an excess of water (i. e., undissolved 
water) may cause noticeable hydrolysis at 60°. 
Steam distillation of the solvent from oils with 
low-pressure steam, however, is successfully 
employed, since in this case time of contact 
with water at higher temperatures is quite 
limited. A commercially available grade of 
methylene chloride containing a volatile oxida- 

tigure 1. Ultraviolet Photoelectric Tri-Per_ Analyzer for Rapid Analysis of tion inhibitor is stable in dry systems, even in
Vapors in A ir  the p r e se n c e  0 f  a jr at temperatures up to

120° C.
i • i . _  C h l o r o f o r m , either the stabilized technir*‘d

designed equipment Tnchlorethyiene, perchlorethylene, and grade or the U. S. P. grade, can be used in the presence or ab-

o condTtTonl a h í  7  ^  ^  rimge SenCe ° f Iighi and water "'ith common construction metals up
fnetorf r hi r gÍ °  íIOr chloroly d/ooarbons may be satis- to 120° C. The U. S. P. grade contains alcohol as an oxida-
factonlj stable for particular uses which provide suitable condi- tion inhibitor, and a technical grade is available which contains

t\t ri i i i v even more powerful inhibitor. However, in the nresence of
M e t h y l  C h l o r id e  has the highest thermal stability of the air, especially air and light, even stabilized chloroform tends to

chlorohydrocarbons under consideration; in the absence of air develop acidity on continued use.

6 000 
5 0 0 0  

4 0 0 0

i



The numbers on curves of Fig
ures 3 to 14 refer in each case 
to the same compound, desig
nated as follows:

1 . Carbon tetrachloride
2. Chloroform
3. fran a -D ich lo re lh y le n e  (D i-4 8 )
4 . cfa-D lch lorethylene (D i-60 )
5. E thyl chloride
6 . Ethylene dlchloride
7 . M ethyl chloride
8. M ethylene chloride
9 . Pentachlorethane

10 . Pcrchlorethylene
11 . Tetrachlorethane
12 . Trich lorelhylcne
13 . d-Trichlorethane

Figure 3. Density of Liquids
Hlgh-density liquids are more com pletely removed In centrifuging dry-cleaned garments. Pentachlor
ethane because of its high density is used for smlr-and-ftoat beneflclation o f coal and other minerals.

December, 1943

Cakbon Tetrachloride may be used in the presence or ab
sence of air and light with the common construction metals up to 
130° C. In the presence of undissolved water, carbon tetrachlo
ride hydrolyzes readily, and ¡it its boiling point wet carbon 
tetrachloride will corrode most of the common construction metals. 
Equipment to handle the wet solvent is, therefore, commonly 
constructed of nickel or Monel metal, both of which are resistant 
to this type of corrosion. In the absence of excess water, carbon 
tetrachloride containing dissolved water may be used with the 
common construction metals at various temperatures up to 
90° C., depending upon the particular metal,

D ich loreth y len e (trans and cis) may be used in the absence 
of air and water with the common construction metals at tem
peratures up to 120° C. Properly stabilized material can be suc
cessfully employed in the presence of air and water up to 60°.

T richloretiiylene, properly purified and stabilized, may 
he used in the presence or absence of air, water, and light, with 
any of the common construction metals at temperatures up to 
120° C.

Perchloretiiylene, properly purified and stabilized, may 
be employed in the presence or absence of air, water, and light, 
with any of the common construction metals, at temperatures up 
to 140° C.

Ethyl Chloride inay be used in the absence of air and water 
¡it temperatures up to and, in some instances, considerably above 
200° C. It is quite resistant to oxidation at ordinary tempera
tures, and hydrolysis is slow.

Ethylene D ichloride may be employed in the presence or ab
sence of air and light with the common construction metals at 
temperatures up to 100° C. In the absence of air and water it is 
stable up to 160°. In contact with water, it hydrolyzes slowly 
at 80°, and at 100° hydrolysis is rapid.

/3-Trichlorethane may be used in the absence of air and 
water at temperatures up to 110° C. In contact with water, it 
hydrolyzes appreciably at its boiling point (113.7°). It may be 
used in the presence of air at ordinary temperatures.

Tetrachlorethane may be employed in the absence of air 
and dissolved water up to 120° C. Excess water over that which 
will dissolve causes appreciable hydrolysis at room temperature. 
Hydrolysis and oxidation become comparatively rapid above 
110°.

Pentachlorethane shows practically the same stability 
characteristics as tetrachlorethane. It may be used in the ab

sence of air and excess water at temperatures up to 110° C. It 
cannot be distilled at atmospheric pressure without some decom
position.

M A T E R IA L S  O F  C O N S T R U C T IO N

All of the common engineering metals, including ordinary 
grades of iron and steel, tin (tin plate), brass, bronze, copper, 
lead, zinc, and galvanized iron, can be used with these chloro- 
hydrocarbons under conditions which avoid the formation of 
acidic decomposition products, as outlined in the section on 
“Stability”. Because of the highly corrosive nature of hydro
chloric acid, the chlorohydrocarbons generally should not be used 
under conditions where they will show ah appreciable degree of 
decomposition. Some measure of relief from corrosion may some
times. be afforded by special acid-resisting alloys when the pres
ence of the acidic materials does not rule out the solvent for other 
reasons.

Aluminum, though satisfactory under favorable conditions 
with some of the more stable chlorohydrocarbons, should not be 
used generally as a material of construction. It is susceptible to 
corrosion by even small amounts of hydrochloric acid and may

Figure 4. Density of Saturated Vapors
High-density vapors are characteristic o f chlorohydrocarbons, and ventilation
should generally be down-draft. H igh vapor density permits the use of

trichlor- and perchlorethylene in open-tanlc vapor degreasers.
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even react directly with a chlorohy- 
drocarbon—e. g., methyl chloride. The 
resulting reaction product—aluminum 
chloride—may accelerate decomposition 
of the chlorohydrocarbon and thus speed 
destruction of the metal. However, 
aluminum articles are safely degreased 
in boiling trichlorethylene; in this case 
time of contact is limited and proper 
control allows the solvent to be kept 
free of finely divided aluminum and 
aluminum corrosion products which tend 
to promote decomposition and “poly
merization” of the solvent.

Galvanized iron can be and is com
monly used with trichlor- and perchlor- 
ethylene, since these liquids are partic
ularly resistant to hydrolysis and are 
otherwise stable. On the other hand, 
zinc, galvanized iron, and die castings, 
especially those containing aluminum or 
magnesium, should not be employed as 
materials of construction with chlorohy- 
drocarbons susceptible to hydrolysis at 
ordinary temperatures, or where time 
of contact is long and temperatures are 
high. These metals, however, can be 
degreased with chlorohydrocarbon sol
vents.

Carbon tetrachloride, ethylene di- 
cliloride, j3-trichlorethane, tetrachlor- 
ethane, and pentachlorethane are best 
employed in the absence of free water 
because of their strong hydrolyzing tend
encies and consequent corrosive effects. 
Nickel and Monel metal are sometimes 
used as materials of construction for car
bon tetrachloride equipment in processes 
where free water may be introduced, 
conditions under which common con
struction metals such as iron and zinc- 
coated iron are attacked.

T O X IC lT y

The chlorohydrocarbons, like all sol
vents other than water, are toxic. There 
is considerable variation among them in 
degree of toxicity, and many can be used 
with a high degree of safety under proper 
conditions. However, human beings 
should not be exposed to atmospheres 
in which the odor of chlorohydrocarbons 
is detectable, as such exposures con
stitute a potential health hazard. Never
theless, many years of experience in the 
manufacture and handling of these prod
ucts indicate that the less hazardous 
chlorohydrocarbons may be used in 
properly designed equipment, which is 
properly maintained and operated, with 
negligible health hazard.

The acute narcotic effects produced 
by inhalation or ingestion of high con
centrations of carbon tetrachloride, 
ethylene dichloride, dicblorethylene, 
trichlorethylene, and perchlorethylene
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are apparently of approximately the same order of magnitude. 
From a practical standpoint, however, carbon tetrachloride and 
ethylene dichloride are somewhat more toxic than trichlor- and 
perchlorethylene because of their higher vapor pressures. In

addition, repeated exposure to low 
concentrations of carbon tetrachloride 
and ethylene dichloride vapors may 
produce delayed or cumulative physi
ological effects, such as liver damage, 
which have not been found in the 
case of trichlor- and perchlorethylene 
vapors.

Methyl and ethyl chloride are gase
ous at ordinary temperatures and pres
sures, and, should leakage occur, the 
surrounding atmosphere may be filled 
with a high concentration of vapors. 
This condition increases fire and health 
hazards even though the toxicities, on 
a percentage basis, are relatively low.

Chloroform and /3-trichlorethane 
are more to x ic  th an  th e  a b o v e -  
mentioned compounds; pentachlor- 
and tetrachlorethane are still more 
toxic. Tetrachlorethane, in particu
lar, must be used with greatest pre
caution because of its high toxicity, in 
spite of its relatively low vapor pressure.

Contact of the skin with any of the 
c h lo r in a te d  hydrocarbons or their 
vapors should be avoided since ab
sorption through the pores may pro
duce the same physiological effects as 
inhalation. Contact with the liquid 
solvent may also cause excessive dry
ness with subsequent cracking of the 
skin due to extraction of the natural 
oils normally present, and this may be 
followed by infection.

At higher temperatures such as 
occur in gas flames and electric heaters, 
chlorinated hydrocarbon vapors, the 
nonflammable as well as the flam
mable, may decompose with the 
formation of toxic and corrosive sub
stances. To prevent inhalation, the 
combustion products from open flames 
located near open equipment contain
ing solvent must be conducted outside 
of the building.

Systems using chlorinated hydrocar
bons should be well designed and 
maintained with a view toward pre
venting leakage of vapors into working 
spaces and thus minimizing hazards 
and solvent losses.

The presence of very small quanti
ties of chlorohydrocarbon vapors in 
air may be detected qualitatively by 
a halide lamp; the flame, impinging on 
metallic copper, turns blue or green in 
the presence of a chlorohydrocarbon. 
The halide lamp should not be used 
where flammable vapors may be 
present in explosive concentrations. 
Quantitative determinations can be 
made by decomposition and measure
ment of hydrogen chloride or photo- 
electrically by means of the Tri-Per 

analyzer (Figure 1). The latter measures variations in light 
absorption by air containing solvent vapors and provides a quick 
method for the detection and estimation of trichlorethylene, 
perchlorethylene, and pentachlorethane in air (10,11).
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P H Y S IC A L  P R O P E R T IE S

Properties of importance in the practical application of chloro- 
hydrocarbons to solvent uses are detailed in Table II and Fig
ures 2 to 14. They are based on critical selections of data from 
available literature sources, supplemented by investigations car
ried out in du Pont laboratories where published values were not
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Figure 5. Solubility of Chlorohydrocarbons in Water

Lo w  so lub ility makes recovery practicable by steam distillation in extraction processes 
The more polar solvents, such as methylene ch loride, show highest so lub ility  fo r water 

and other polar substances, such as cellulose acetate.

available or were of doubtful accuracy. Selected best values 
were correlated and checked with values for related properties. 
In a few cases the finally selected values are still of questionable 
accuracy, but they are considered good enough to be useful in en
gineering calculations. Data on hexachlorethane are included 
to complete the chloroethanes, although this material is a solid at 
ordinary temperatures and therefore is not used as a solvent.

Data presented are differentiated according to experimentally 
determined values (solid lines), calculated values ^long dashed 
lines), and extrapolations (short dashed lines). The exception is 
Figure 2 (vapor pressure) in which solid lines are drawn over the 
entire range; the accuracy of the modified Cox chart—log vapor 
pressure vs. 1/(230° +  t° C.)—used to correlate the data over the 
pressure range involved was great enough to justify this repre
sentation. The curious kink in the vapor pressure curve for 
hexachlorethane is attributed to the sublimation of this com
pound, and is corroborated by experimental data from several 
sources.

Calculations of the vapor viscosities of methylene chloride, 
trichlorethylene, and perchlorethylene were based on the 
Sutherland equation:

A M '-'-T1'*
11 S 2(T +  C)

where ¡j. — viscosity, centipoises
A =  universal constant equal to 2,7 X ICr 3 
M  = molecular weight of chlorohydrocarbon 
S  =  diameter of molecule
C =  Sutherland constant—i. e., 1.47 7'*, where 1 \ is 

boiling point on absolute scale

Latent heats of evaporation were calculated according to the 
Watson relation to supplement experimental data where required.

The specific heats of trichlor- and perchlorethylene vapors 
were calculated on the basis of the following two relations:

(C,.)p — 0 — 3/f -|—̂  + X </ ¡ C u  4-
3?t — 6 — a — X  q.- 

X) 7;

( « , - .  +  « [ . + ! ! © ■ ]

X  fiiCôi

where R  =  gas constant of 2.0 cal./mole 
n — number of atoms in molecule 
Qi = number of volume bonds 

Oo,, Ch — Einstein functions for a given bond having charac
teristic frequencies <?,• and 

a = number of bonds permitting free rotation

Thermal conductivities of trichlorethylene and perchlor
ethylene in the vapor state were computed from Jean’s equation:

CPn _  4
k 9 — 5/y

where C,, = specific heat, C.H.U./(lb.)(° C.) 
m = viscosity, lb./(ft.)(hr.)
k = thermal conductivity, C.H.U./(hr.) (sq. ft.)(° C./ 

ft.)
y = ratio of specific heats, Cp/C v

The saturated vapor densities of the chlorohydrocarbons were 
calculated directly from the following equation based on the ideal 
gas laws:

y  = i i v 21 3 x l
359 T  A 760

Figure 6. Solubility of Water in Chlorohydrocarbons
Lo w  so lub ility  o f  chlorohydrocarbons In water permits their application in 
processes such as d ry cleaning and extraction where water dilution is undesirable.
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where .1/ = molecular weight of ehloro- 
hydrocarbon 

I’ =  vapor pressure of ehloro- 
hydrocarbon at absolute 
temperature T

Values thus calculated were in good 
agreement with available experimental 
data.

Diflusivities of the chlorinated hydro
carbons were determined by the 
formula:

°  =  0-0(m P(,VAi{ l  +  l V 75?

J _  +  JL
Ma +  ilfi

where D =  diffusivity, sq. cm./seo.
T  =  absolute temperature 

M = molecular weights of com 
ponents 

I‘ =  total pressure, atm.
1' = molar volumes of com 

poneuts

S E L E C T IV E  S O L V E N T  A C T IO N

As a class, the chlorinated hydrocar
bons have a high and rapid solvent 
action on organic materials such us oils, 
fats, and waxes. Low surface tension 
and high wetting power contribute to 
this effect. Compared with other sol
vents, they have a high solvent power 
for free alkaloids although the solubility 
of such substances in chlorohydrocar- 
bons is limited. In general, the chloro- 
hydrocarbons dissolve only small quanti
ties of water, water-soluble organic 
materials such as sugars and glycerol, 
and inorganic materials such as acids 
and salts. In other terms, it may be 
said that the ehlorohydrocarbons in 
general arc nonpolar or weakly polar 
solvents with some, such as methylene 
chloride, exhibiting a degree of polar sol
vent activity. Thus, many unsul)- 
stituted hydrocarbons aro misciblo in 
all proportions with the chlorohydroenr- 
bons, while highly polar derivatives, 
such as glycerol and lactic acid, are 
only slightly soluble in the chlorohydro- 
carbons. Cellulose trincetato is soluble 
in methylene chloride, chloroform, or 
tetrachlorethane, preferably in the pres
ence of a small amount of methanol, 
but the diacotntc or hydroxy acetate is 
relatively insoluble in pure mothylene 
chloride, chloroform, or tetrachlorethane. 
Other solvents, such as 0-triehlorothano, 
methylene chloride, porclilorethyleno, 
and trichlorothy.leno show distinctive 
solvent properties for natural and syn
thetic rubber. As a matter of fact, all 
of the ehlorohydrocarbons have some 
swelling effect on rubber.

These solvent properties give Some in
dication of the scope of the chlorinated 
h y d r o ca rb o n s. T h e ir  commercial

fe 0.20

Fl<jure 7. Latent Heat of Vaporization of Liquids
Lo w  latent heats of ehlorohydrocarbons contribute to rapid drying In metal degreasing end dry cleaning. Low  
latent heat Is necessary to provide sufficient condensate on metals being cleaned by vapor degreasing. Circled 

points indicate latent heats at normal boiling points.

♦
Figure 8. Specific Heat of Liquids

High specific heat of liquid methylene chloride leads to its selection as a nonflammable low-temperature heal 
transfer medium. Trichlorethylene is used fo r heat transfer where a higher boiling liquid is needed.

♦
Figure 9. Specific Heat of Vapors at O ne Atmosphere 

H igh specific heat of vapor is important In the application o f ehlorohydrocarbons as refrigerants.

\  0.24 

1O 0.22

9 .SPECIFIC HEATS
OF

VAPORS
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applications, particularly those of the nonflammable solvents, 
are many. Some of the major uses follow.

Metal D egreasing. Trichlorethylene and, to a much less 
extent, perchlorethylene are used in specially designed and con
structed equipment for vapor degreasing of metals. Liquid sol-

Figure 10. Viscosity of Liquids
Lo w  viscosity o f chlorohydrocarbon liquids contributes to 
their value in extraction, d ry cleaning, and metal cleaning.

vent as well as vapor may be used, but the outstanding character
istic of the process is a final rinse by condensation of uncontami
nated vapor on the article being cleaned. Metal is thus cleaned 
prior to finishing, machining, heat treating, repairing, etc., by a 
rapid operation which leaves the metal surface dry and grease- 
free. Among the many factors leading to the selection of tri
chlorethylene for hot solvent degreasing are nonfinmmability, 
low latent heat, ideal boiling point, low solvent loss under condi
tions of use, and high stability even in the presence of water.

D ry Cleaning. Trichlorethylene, perchlorethylene, and 
carbon tetrachloride are in common 
use as dry cleaning solvents. Ethylene 
dicldoride is used to some extent 
mixed with carbon tetrachloride.
Here again, nonflnmmability and low 
over-all cleaning costs are of prime 
importance. S p e c ia lly  d es ig n ed  
equipment is necessary to assure effi
cient, economical, and safe operation.
All of these solvents will remove 
grease, dirt, and oil from garments in 
a short time, and garments are left 
free from odor. Since the solvents 
are low boiling, they can be recovered 
readily by the dry cleaners themselves 
by simple distillation.

Extraction. Most of the chlor
inated hydrocarbons find use in the 
extraction field, the selection of the 
solvent depending upon many factors 
such as solubility of the material being 
extracted, cost, flammability, sta
bility, and nature of extraction proc
ess. Some important examples are 
methylene chloride for cocoa butter, 
chloroform for medicináis, carbon 
tetrachloride for oils and fats from 
substantially dry materials, trichlor-

ethylene for soybean oil, and ethylene dichloride for alkaloids. 
Methylene chloride is particularly suited for low-temperature ex
traction of materials such as essential oils and edible fats which are 
adversely affected by highei temperatures. Like trichlorethylene, 
it has sufficiently high stability in the presence of water to permit 
its complete removal from extracted oils by steam distillation.

M is c e l l a n e o u s  U s e s . Examples of the many solvent uses of 
chlorohydrocarbons other than those already mentioned follow. 
Methyl chloride, in spite of its low boiling point, is a solvent in 
commercial organic synthesis. Methylene chloride has excellent 
oil dewaxing properties but, up to the present, has not found use 
in this field because of its relatively high cost. It is a highly effi
cient paint remover and is particularly valuable for this purpose 
because of its nonflammabiiity. Chloroform is being utilized in 
vitamin manufacture. Carbon tetrachloride finds wide use as a 
spotting solvent and also for small-scale cold cleaning of metals. 
Dicldorethylene has found very little solvent application due 
principally to its high cost and somewhat flammable nature; 
however, it has excellent properties as a paint remover. Tri
chlorethylene is used for spotting, paint removal, wool degreas
ing, and has been employed abroad for oil dewaxing. Perchlor- 
ethylenc is used as a rubber solvent, and ethyl chloride for low 
temperature extraction; ethylene dichloride is an important oil de
waxing solvent. d-Triclilorcthane is used as a solvent for Thiokol. 
Tetrachlorethane has excellent solvent properties, but its fields 
of application are limited because of its high toxicity and sus
ceptibility to hydrolysis. Pentaehlorethane finds very little 
use as a solvent, although its utilization as a sink-nnd-float liquid 
for beneficiation of coal and other minerals might be considered as 
closely related to a solvent application.

After the war previous trends in uses for chlorohydrocarbons in 
metal and fabric cleaning, extraction of fats and oils, and other 
solvent applications will undoubtedly be resumed. There has 
been no change in the upward trend in these uses, since modern 
industry needs nonfiammmable solvents with the properties com
bined in the chlorohydrocarbons.

A C K N O W L E D G M E N T

The correlation and checking of physical data were carried out 
by C. B. Shepherd, J. W. Faassen, A. A. Levine, A. E. Jennings,

Figure 11. Viscosity of Vapors
In comparison to density , viscosity o f chlorohydrocarbon vapors is a minor factor in fluid Row problems.



December, 1943 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 1239

(10) Hanson, V. P., Ind. Eng. Cuhm.
Anai,. E d., 13, 119-23 (1941).

(11) Hanson, V. F. (to du Pont Co.).
U. S . Patent 2,280,985 (Juno 10, 
1912).

(12) Herz, TV., and Rnthmann, IV.,
Chcm.-Zty., 37, 021-2 (1913).

(13) Jenkins, C. P., and Shorthoso,
D. N„ Dept. Sci. Ind. Research 
(Brit.), Food Invest. Board, 
Special Ilept. 14; Engineering, 
116, 701-2 (1923).

(14) Lehmann, K. B., and Flury, P.,
"Toxicologic und Hygiene dor 
techn¡Scho n LOsungsmittol” , 
Berlin, Julius Springer, 1938.

(15) Mathews, J, II., J . A m . Chem.
S ob., 48, 572 (1920).

(10) Mosor, E., dissertation, Berlin, 
1913; McAdams, W. II., "Heat 
Transmission", pp. 323-5, Now 
York, McGraw-Hill Book Co., 
1933.

(17) Nelson, O. A., and Young,It. D.,
J .  Am. Chem. Soo., 55, 2-120-31 
(1933).

(18) Oottingon, W. P. v., J .  Ind . Ilyg.
Toxicol.. 19, 349-448 (1037).

(19) Tanner, II. G., Bonning, A. P.,
and MathoWBon, \V. P., I n d .  
Eno. Chem., 31, 878-83 (1939).

(20) Timmermans, J., Iiull. hoc. chim.
lido ., 27, 334-43 (1913); Chem. 
ZciUr., 1914, I, 018.

(21) Timmermans, J., and Honnuut-
Rolnnd, Mmo„ J . chim. phyc., 
27, 401-42 (1930).

(22) Ibid., 29, 520-08 (1032).
(23) Ibid., 34, 099, 700 (1037),
(24) Timmermans, J., and Martin, P.,

Ibid., 25, 411-51 (1028).
(25) Void, R. D„ J .  A m . Chem. Soc.,

57. 1193 (1935).

I’iiebentkd tui part o l tho Symposium on 
Solvents before the D ivision of Industrial 
and Engineering Chemistry at the 100th 
M eeting of tho A ukiucan C hemical 
Sociktv, Detroit, Mich. Other papers in 
the symposium were printed In Oolobor and 
on page 1240 of this issuo.

C. G. Dye, and Janet Searles at the Niagara Falls Laboratory of 
the du Pont Company. Many others in the same laboratory had 
a part in the original investigations which contributed to the data. 
J. A. Lane of the Experimental Station calculated much of the 
theoretical data presented.

B IB L IO G R A P H Y

Several hundred literature references and many original labora
tory reports were reviewed in assembling the foregoing data. 
Some of the more important literature references follow.

(1) Anonymous, Chem. Trade J ., 93, 227-9 (1933).
(2) Arkel, A. E . van, and Vies, S. E ., Rec. traz. chim., 55, 407-11

(1936).
(3) Barrett, H. M „ MacLean, D . L., and Cunningham, J. G-, J .

Ind. Ilyg. Toxicol., 20, 360-79 (1938).
(4) Bates, O. K., Hazzard, G., and Palmer, G., I n d . E n o . Chem.,

33, 375-0 (1941).
(5) Browning, E ., “Toxicity of Industrial Organic Solvents—

Summaries of Published Work”, Rept. 80, London, H . M. 
Stationery Office, 1937.

(6) Carlisle, P . J., and Levine, A. A., I n d . Eng. Chem., 24, 140-8
(1932).

(7) Ibid., 24, 1105-8 (1932).
(8) Dow Chemical Co., “ Dow Organic Solvents", 1938.
(9) D u Pont Co., "M ethylene Chloride (Dichlormethane)—Phys

ical, Chemical, and Thermal Properties” .

Figure 12. Thermal Conductivity of Liquids
These are comparable with those of other orsan lc liquids and present no special heat transfer problems. 

Figure 13. Thermal Conductivity of Vapors
In selecting the so lvent, e compromise must sometimes be made between nondammablllty 
and thermal conductivity which decreases sreatly  with increasing chlorine con ten t

Figure 14. Diffusivity in A ir  at O ne Atmosphere
D iffusiv ify  is lowest wtth the heavier molecules o f higher chlorine 
content,, In th ii case nonflam m abllily is associated with decreasing 
taodency toward solvent loss In c trU in  types o f epplieationi.
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»-BUTANOL and ACETONE
Raymond W ynkoop

P U B L IC K E R  C O M M E R C IA L  A L C O H O L  C O M P A N Y , P H IL A D E L P H IA ,  P E N N A .

A  b r ie f history o f  the bu ty l-aceton ic  ferm en ta tion  
industry is given. The striking sim ilarity o f  the  
past and presen t factors which have in fluenced  
th e  industry are no ted . Process procedure and  
raw  m ateria l econom ics are p o in te d  out. The 
more im portan t phases o f  the chem istry o f  bu
tanol and acetone are discussed, w ith  particular  
regard to the der iva tive s  which fin d  use as sol
vents. The uses and  im portance o f  both  com
pounds and  d er iva tives  are p o in te d  out.

THE investigations of processes to make these products were first 
carried out about thirty years ago as a result of the interest 

in the use of n-butanol as a starting point for the production 
of synthetic rubber. The commerical production of butanol, 
and the acetone simultaneously produced by the fermentation 
process, can be directly attributed to the demand for acetone 
brought about by the first World War. Thus, the search for 
synthetic rubber and the existence of a state of war furnished the 
impetus for the development of the butyl-acetonic fermentation 
industry.

Today this country is making a determined effort to bring 
about the rapid production of a huge tonnage of synthetic rubber, 
but the use of butanol as a raw material is not part of the pro
gram. Today we are again in the midst of a World War and there 
is a huge production of butanol and acetone in this country; but 
in spite of this fact, present demand for these products is in excess 
of the available supply.

About 1910 rumors reached London from Germany that Fritz 
Haber had succeeded in making rubber from potatoes. In the 
same year the firm of Strange and Graham, Ltd., hired Fernbach, 
Perkin, and Weizmann to undertake research work on synthetic 
rubber, aria the raw materials from which it might be made. The 
raw products to which consideration was given were isoamyl al
cohol, acetone, and butanol from which isoprene, dimethylbuta- 
diene, and butadiene could, respectively, be synthesized.

Isoamyl alcohol was available only in relatively small quanti
ties as a by-product of ethanol production, and the only source of 
acetone was through the wood distillation industry by destructive 
distillation of calcium acetate. On the other hand, n-butanol 
was not available at all. The British research workers propheti
cally surmised that butadiene was the best material for producing 
synthetic rubber, and decided that this could be made by the 
dehydration of butanol to butylene which, in turn, could be dehy- 
drogenatcd to butadiene.

The use of ethanol also as a raw material was outlined by Perkin
(9) who was the first to give the details of the now well known syn

thesis of ethanol to acetaldehyde to aldol to glycol to butadiene. 
Oddly enough, in the light of our present experience, ethanol ap
parently never received very serious consideration from the 
British investigators.

Fernbach, pursuing the problem for Strange and Graham, Ltd., 
succeeded in finding a bacillus which would ferment potatoes, 
but not cereals, to produce butanol and, incidentally, acetone. 
This discovery later became the subject of a British patent ap
plication which was eventually abandoned (3).

In 1912 Weizmann severed his connections with the British 
group and continued to work on the fermentation problem. He 
discovered a culture which appeared to have outstanding fermen
tation characteristics. It eoidd ferment grains such as corn with
out the addition of any nutrient and without the necessity of first 
converting the starch into sugar.

The first World War created a tremendous demand for acetone 
for use in airplane dopes and for the production of cordite, the 
British high explosive. The acetone which could be produced 
by calcium acetate manufacturers outside of Germany and 
Austria was far from enough to satisfy British demand. Strange 
and Graham, Ltd., contracted to supply acetone to the British 
Government, by the Fernbach process. However, production 
was uncertain and unsatisfactory owing to the inefficiency of the 
bacilli. The Weizmann process (10) was subsequently used in 
this plant instead of that of Fernbach, and marked progress was 
made in production.

However, at that time a bushel of corn weighing 56 poimds 
produced only 10 or 11 poimds of solvents made up of approxi
mately 60 parts butanol, 30 parts acetone, and 10 parts ethanol. 
Thus, 56 pounds of material had to be shipped from America to 
England to obtain 3 pounds of much needed acetone. With 
shipping space at a premium, it became evident that the process 
had to be carried out closer to the source of raw material. A dis
tiller was therefore converted to the Weizmann process at To
ronto, Canada, and later when we entered the war, the process 
was utilized in two distilleries at Terre Haute, Ind. (4).

W E IZ M A N N  P R O C E S S

The Weizmann process has already been described in detail (6’) 
and will be merely outlined here. Corn is ground, digested under 
pressure with water, and cooled to 98° F., and the resulting mash 
run into fennenters. These are then inoculated with a culture of 
proved purity, and the fermentation is complete in about 40 hours. 
Although ethanol fermentation gives off carbon dioxide only, bu
tanol fermentation produces a gas containing approximately 60 
per cent carbon dioxide and 40 per cent hydrogen by volume. 
The butanol process must be carried out in closed fennenters 
which can be thoroughly sterilized to ensure satisfactory fermen
tations, whereas ethanol can be made in open-top fennenters. 
To obtain optimum yields, the butanol mash has a starch or su
gar content of only about half that of the mash used for alcohol 
fermentation.

No use for butanol was found during the war except, that at 
Toronto some of it was dehydrated to butylene, treated with sul
furic acid, and subsequently hydrolyzed to sec-butanol. This 
was catalytieally dehydrogenated to methyl ethyl ketone which 
was used as a partial substitute for acetone. However, around

1240
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the close of the war it was found that butyl acetate made from 
butanol was an exceedingly efficient substitute for amyl acetate 
made from fusel oil, and that it was also an excellent solvent for 
nitrocellulose. As a result of this finding, butanol rather than 
acetone became the main production objective, especially as the 
demand for acetone reached a rather low ebb after the end of the 
first World War.

The ability to produce butanol and butyl acetate in practically 
unlimited quantities, as compared to the limited supply of by
product fusel oil, was the foundation stone which resulted in the 
development of the nitrocellulose lacquer industry. Because of 
the unlimited availability of a satisfactory solvent, nitrocellulose 
lacquers began to be used in the place of oleoresinous finishes on 
automobiles. ■ It can be stated without exaggeration that butanol 
was, to a considerable extent, responsible for the mass production 
of automobiles. Instead of the three to four weeks required for 
a car to receive its coats of finish, the time was cut to that many 
hours. It is difficult to visualize how many acres of floor space 
would be required to finish a half million or more cars per month 
if almost a month were required for the finishing process.

The rapid growth of the demand for butanol resulted in efforts 
to produce it by means other than the Weizmann process. It is 
now made synthetically from either acetylene or ethanol as the 
raw material. Each of these products can easily be converted 
into acetaldchyde which is condensed to aldol, and this, in turn, is 
changed to crotonaldehyde. Subsequent hydrogenation of this 
product results in the formation of butanol. The fermentation 
process too has changed, in that many new cultures have been 
found which will ferment molasses instead of grains.

Little has been reported formally concerning the many sugar 
fermentations which produce good yields of butanol, although the 
patent literature is full of claims. The descriptions and economic 
evaluations of sugar fermentations using blackstrap molasses 
have been worked out rather well by several investigators, among 
whom Arroyo is prominent (2). Mezzandroli and Magno also 
pioneered in the use of sugar fermenters (7), and the Russian 
literature reports use of the Weizmann bacillus to ferment mix
tures of grain and molasses with the use of nutrients (8).

At the time the United States entered the present war, molasses 
had entirely supplanted corn and other grains as the raw material 
for butanol fermentation. However, the shortage of tankers and 
the submarine situation almost eliminated the importation of 
molasses so that the Weizmann process is again being used in bu
tanol fermentation plants with grains as the raw material. With 
the exception of minor improvements, the process of producing 
butanol by fermentation is about back where it was twenty-five 
years ago. However, it should be borne in mind that the prod
ucts of the butyl-acetonic fermentation must compete against 
synthetics which have a stable raw material cost, while agricul
tural products, cereals in particular, have fluctuated wildly in 
price in recent years. It is not unreasonable to assume, then, 
that substitution of molasses for grains, even in the grain belts, 
will continue to be common.

The availability of acetone as a by-product of the butyl-ace
tonic fermentation eliminated the production of the former by 
the wood distillation industry. However, the demand for ace
tone as a result of its low price and new uses has grown enormously 
so that today more is being produced synthetically than by fer
mentation. The production of synthetic acetone is based on 
propylene from oil refinery gases. This is converted into iso
propanol by sulfation and subsequent hydrolysis, and the alcohol 
in turn is oxidized or dehydrogenated to acetone. Catalytic 
conversion of acetylene and steam and of acetaldehyde and steam 
to acetone over alkaline catalysts also seems promising.

C H E M IC A L  P R O P E R T IE S

The chemical reactions of both butanol and acetone are well 
known, and only a few will be mentioned. Acetone is condensed 
to diacetone alcohol in the liquid phase by means of an alkaline

catalyst. This ketoalcohol is an excellent solvent for both nitro
cellulose and cellulose acetate. While it was originally made to 
be used as a solvent, the greater part, of the production finds its 
way into hydraulic brake fluids.

Diacetone alcohol can be dehydrated with acid to form mesityl 
oxide which, in turn, can be catalytically hydrogenated to methyl 
isobutyl ketone. Mesityl oxide is an excellent solvent for esters, 
oils, gums, and rubberlike materials; methyl isobutyl ketone finds 
use in many liquid-liquid extraction processes, especially those in
volving water solutions of organic acids. It is one of the more 
easily obtainable water-insoluble ketones.

Of great commercial importance is the reaction by which ace
tone is pyrolyzed to ketene and methane. The availability of 
cheap acetone and the fact that ketene reacts directly with anhy
drous acetic acid to form acetic anhydride has been of great bene
fit to the cellulose acetate industry. Less expensive acetic anhy
dride has resulted in substantially reducing the cost of cellulose 
acetate for use in fibers, plastics, and films.

The process of using n-butanol to make sec-butanol and methyl 
ethyl ketone at Toronto has already been referred to. This is 
no longer economical, as sec-butanol is now being made in quan
tity from butylenes from oil refinery gases.

Butanol can be catalytically dehydrogenated to butyraldéhyde. 
This product was originally combined with amines to make rubber 
accelerators. However, far greater quantities are now being 
utilized for the manufacture of polyvinyl butyral resins which, 
when made into sheets and properly plasticized, are now in gen
eral use as the “sandwich filler” in safety glass.

U SES  O F  A C E T O N E

After the first World War ended, the largest uses for acetone 
were as solvent in acetylene cylinders and for nitrocellulose for 
use in photographic films, cements, and dopes, but as the ma
terial became cheaper new uses were found. In the Govern 
process (5), a mixture of acetone and benzene is used to dewax lu
bricating oils. The rapidly growing cellulose acetate industry 
utilizes substantial quantities of acetone as a solvent, and it is 
used as the extraction medium in the production of insulin. 
However, probably as much acetone is converted into such prod
ucts as acetic anhydride, diacelone alcohol, mesityl oxide, and 
substituted quinoline antioxidants as is used for direct solvent 
purposes.

U SES  O F  B U T A N O L

The Aronovsky process (/) for wood pulping uses a mixture of 
water and butanol in the digesters in place of the various chemicals 
usually utilized for wood digestion. It is claimed that cellulose 
of high alpha content can be produced by this process, that a 
pure lignin is obtained, and that no plant is needed for the re
covery of chemicals which cannot be dumped into streams. 1 n 
this process the butanol can be relatively easily recovered by in
jecting live steam into the digester mass.

The nitrocellulose lacquer industry continues to be the chief 
user of butanol. Here about 80 per cent of the butanol is em
ployed in the form of butyl acetate so that until several years ago, 
75-80 per cent of the butanol consiuned in industry was in the 
form of the acetic ester. The expansion in the uses of urea- 
formaldehyde resins in the coating industry has recently changed 
this proportion. Butanol is used both in the resin kettle as the 
reaction medium and also as one of the solvents in the finish 
coating material. The result has been the sale of a larger pro
portion of butanol as such than was the case in the past.

Recently a great deal of interest has been shown in the large- 
scale production of 2,3-butyleneglycol by bacterial fermentation. 
Because.of its low volatility, the recovery of the glycol presents 
a special problem. One proposal is to extract the glycol from the 
fermented mash with butanol; 2 gallons of butanol would be 
used for each gallon of mash.
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Another relatively new material (cellulose acetate butyrate) 
for plastics and coatings involves the use of butanol. Butyric 
acid is made by the two-stage oxidation of butanol, first in the 
vapor phase to butyraldehyde, and then in the liquid phase to 
butyric acid. The use of butanol in the form of butyraldehyde 
for making polyvinyl butyral resins has already been mentioned.

Since a plasticizer may, in most cases, be considered a nonvola
tile solvent, mention should be made of the more important plas- 
ticizers produced from butanol. Butanol itself is used to a small 
degree in the plasticizing of rubber. Dibutyl phthalate is one of 
the best, plasticizers for nitrocellulose lacquers, for phenol-formal- 
dehyde punch-stock resins, for other cellulose esters, and for 
flasldess nonhygroscopie explosives.

Dibutyl sebacate is the preferred plasticizer for the polyvinyl 
butyral resin. Thus, in safety glass butanol finds use both in 
producing the resinous material itself and as a plasticizer for it.

Butanol owed its original growth to its use in nitrocellulose 
lacquers. Newer finishing materials have since appeared, al
though nitrocellulose lacquers continue to be sold in large volume. 
Even though the nitrocellulose lacquer usage may greatly dimin
ish, it appears that the demand for butanol will continue; this 
product, either by itself or in the form of derivatives, plays an 
important part either as a solvent, a plasticizer, or an ingredient 
of many other products utilized in the finishing industry. Al
though born in the first World War at which time it was con

sidered an almost unusable by-product, butanol is now playing an 
important part in our present war effort. There is every indica
tion that it will continue to be needed for many peacetime uses.
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High-Pressure Absorption of
LOW-BOILING HYDROCARBONS

O .  G .  K I R K B R I D E 1  a n d  J .  W .  B E R T E T T 1 2

P A N  A M E R I C A N  R E F I N I N G  C O R P O R A T I O N , T E X A S  C I T V . T E X A S

!N RECENT years there has been active interest in various 
methods of recovering distillate from high-pressure gas 
fields. This is particularly true of the Gulf Coast Region, 

inasmuch as state regulations have been established which do not 
permit wasteful processes for recovering the distillate. The regu
lations necessitate returning the residue gas to the reservoir from 
which it originated, unless the gas can be sold for a useful purpose. 
By returning lean gas to the reservoir, the pressure on the forma
tion is maintained at the maximum, and there is very little loss of 
distillate due to retrograde condensation on the sand in the 
formation.

The return of lean gas to the reservoir entails considerable 
compressor capacity which is dependent upon the difference in 
pressure between the input wellhead and that of the lean gas 
before compression. It is desirable from the standpoint of main
taining compressor capacity at a minimum to carry out the re
covery of distillate at as near wellhead pressure as possible. Of 
course, other factors must be considered to establish the optimum 
pressure. If retrograde condensation alone is used to recover the 
distillate, the separator pressure will ordinarily be about 500 to 
1000 pounds per square inch at maximum distillate recovery. 
This leaves much to be desired since the wellhead pressures of 
many of the distillate fields are in excess of 3000 pounds; how
ever, if higher separator pressure is used, the recovery of dis
tillate declines rapidly. Furthermore, even at, the optimum 
separator pressure, the efficiency of distillate recovery is not so 
high as desired.

1 Present address, M agnolia Petroleum Company, D allas, Texas.
1 Present address. R oot Petroleum Company, E l Dorado, Ark.

High-pressure absorption, on the other band, is a method which 
should permit more efficient recovery of distillate at higher 
pressure. The design of high-pressure absorbers, however, 
requires a knowledge of phase equilibrium at high pressure in sys
tems with various types of lean oil. Few data are available which 
can be used as a basis for design. Few of the systems investi
gated and reported approach conditions which would be antici
pated in a high-pressure absorber.

The first paper which even approached anticipated conditions 
in a high-pressure absorber was that of Katz and Hachmuth (1). 
They determined equilibrium constants of methane, ethane, 
propane, butanes, pentanes, and hexanes in a system of natural 
gas and a mid-continent crude oil at 40°, 120°, and 200° F. over 
a pressure range of atmospheric to 3500 pounds per square inch. 
Figure 1 represents an interpolation of their results for a tempera
ture of 80° F. Their results showed that temperature affected 
the equilibrium constants much less above 800 pounds per square 
inch than at lower pressures; also, the effect of temperature 
increased with increasing molecular weight of the hydrocarbon.

Sage and Lacey (4) presented correlations of the equilibrium 
constant for methane in various binary systems, and showed 
that it is not only a function of temperature and pressure but 
also of the chemical characteristics of the system.

Sage, Hicks, and Lacey (5) recommended correlations, based 
on data available in the literature at the time, as the best 
available for solving problems on phase equilibria in production 
of crude oil and distillate. The most reliable of these correla
tions, however, were based entirely on the work of Katz and 
Hachmuth (1).
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Equilibrium constants are reported for 
methane, ethane, propane, n-butane, 
and n-pentane in three types of absorb
ing oil. The range of pressure was 125 to 
3100 pounds per square inch, and the aver
age temperature about 85° F. The three 
types of absorbing oil were paraffinic, 
naphthenic, and aromatic. The equilib
rium constants at a given pressure and 
temperature are dependent upon the type 
of lean oil used. For the same pentane 
recovery at pressures above 1500 pounds 
per square inch the naphthenic type lean 
oil should absorb less methane than the 
paraffinic. Above 1750 pounds, however, 
the aromatic type should absorb less 
methane than the naphthenic. A higher 
lean oil rate would be required for aro
matic type than either naphthenic or 
paraffinic, but the lean oil loss by vapori
zation into the lean gas with aromatic 
type would vary between 67 and 45 per 
cent of that for the paraffinic type at 
pressures of 1500 to 3000 pounds, respec
tively. At pressures around 125 pounds 
the paraffinic type lean oil is superior, 
both with respect to volume of lean oil 
required and to less methane absorption 
for the same pentane recovery.

The most pertinent publication thus far with respect to high- 
pressure absorption is that of Webber (S). He determined equilib
rium constants for methane, ethane, propane, isobutane, n- 
butane, iso-pentane, n-pentane, and n-hexane in an absorbing oil 
with the following characteristics:

Aromatics, % 2 4 .0
Olefins, % 0 .3
Naphthenes, % 3 6 .7
Paraffins, % 3 9 .0
Gr., ° A. P. I. 3 2 .5
M ol. weight 183
V iscosity, centipoises

At 100° F. 2 .8 0
At 200° F. 1 .02

His investigation was made at 33°, 100°, and 180° F. over a 
pressure range of 100 to 5000 pounds per square inch absolute. 
He showed that equilibrium constants are dependent upon the 
concentration not only of the less volatile component but also 
of the various components in the system, particularly above 3000 
pounds per square inch. Unfortunately, insufficient data were 
presented to identify the exact composition of the system for 
each determination made.

Sage, Lavender, and Lacey (5) determined the equilibrium con
stant of methane in a system with decane, but they did not re
gard their results above 2000 pounds per square inch absolute as 
reliable.

Vink, Ames, David, and Katz (7) gave the equilibrium con
stants of methane, ethane, and propane in crude oil. Conditions 
were established such that a system of three phases, liquid- 
liquid-vapor, existed. The two liquid phases were obtained by

D istillation, 0 F.
In itial b. p. 300
10% over 421
50% over 511
90% over 570
97.7%  over 650

precipitating asphalt with addition of sufficient propane. It is 
shown that the equilibrium constant of each component is quite 
different for each of the two phases used in its determination. 
This is conclusive evidence that the characteristics of the system 
are important in determining phase equilibria.

Roland, Smith, and Kaveler (2) determined equilibrium con
stants for methane, ethane, propane, butanes, pentanes, hex
anes, and heptanes in a system of natural gas and distillate from 
one of the Gulf Coast fields. Their data extended to about 4000 
pounds per square inch.

S C O P E  O F  I N V E S T I G A T I O N

Inasmuch as high pressure absorption seemed to have possi
bilities for distillate recovery, an experimental program was ini
tiated to provide the necessary phase equilibrium data to ap
praise the process. At the time the investigation was carried 
on, no information had been published dealing directly with 
phase equilibria of the low-boiling hydrocarbons in absorption 
oils at high pressure, although one paper (8) has been presented 
since then.

Although paraffinic lean oils are distinctly advantageous over 
naphthenic and aromatic types at low pressure, it was felt that 
the reverse might be the case at high pressure. Specifically, it 
was anticipated that the aromatic and naphthenic types should 
exhibit a selective absorption for butane and higher boiling com
ponents relative to methane over that exhibited by a paraffinic 
type. The objective of the experimental program was to deter
mine the equilibrium constants for methane, ethane, propane, 
n-butane, and n-pentane in each of the three types of lean oil 
mentioned above. The equilibrium constants for each lean oil 
also were desired. • This would permit evaluation of each type of

2 0 0  5 0 0  IOOO 2 0 0 0  5 0 0 0

Figure 1. N atural G as—Crude Oil S ystem
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Figure 2. Experimental Equipm ent

lean oil with respect to: methane absorption at given butane 
and pentane recovery, lean oil rate at given butane and pentane 
recovery, and loss of lean oil by vaporization into the lean gas.

A P P A R A T U S  A N D  P R O C E D U R E

The'apparatus for carrying out the investigation was installed 
in the ¡Gillock Field where natural gas at a pressure of nearly 2500 
pounds per square inch was available. It consisted primarily of 
a bomb about 6 inches i. d. and 30 inches long, mounted on trun
nions. No equipment was installed for controlling temperature, 
since the data of Katz and Hachmuth indicated that the equilib- 
rium constants at high pressures were affected to a relatively 
small extent by differences of a few degrees in temperature. 
Furthermore, the omission of temperature control equipment 
greatly simplified the apparatus. Figure 2 shows the equipment.

A procedure was used in the rims reported in Table II which 
avoided comparatively large amounts of hexane +  fractions in 
the gas. In these tests the bomb was first charged with high- 
pressure gas containing practically no butane +  fraction. This 
was accomplished by passing the high-pressure gas from the well 
through an absorption train consisting of three absorption units 
injseries. Each contained about one liter of the same lean oil

Figure 3. Experimental Setup for Determ ining Lean Oil 
Equilibrium C onstants

T a b l e  I. C h a r a c t e r i s t i c s  o r  A b s o r p t i o n  O i l s

Paraflinic Aromatic Naphthcr

Gravity, 0 A. P. I. 3 5 .9 9 .3 31 .1
D ensity, lb ./ga l. 7 .0 4 8 .37 7 .25
M ol. weight 230 160 220
Critical temp, (calcd.), ° F. 895 950 905
Viscosity a t 100° F M Say- 

bolt Universal sec. 38 39
Distillation, ° F.

Initial b. p. 47S 474 470
10% over 504 489 501
20% over 
30% over

509 495 510
510 500 517

40% over 525 505 525
50% over 532 513 536
60%) over 540 524 548
70% over 
80% over 
90% over

550 542 564
563 575 586
583 650 616

Final b. p. 647 760 682

Aromatics, wt. % 15.4 9 6 .0 19.6
Naphthenics, w t. % 44 .2  ) 4 .0 (7 1 .1
Paraffinics, wt. % 40.3  j 1 9 .4

used for the experiment. A known quantity of lean oil was 
next pumped into the bomb followed by sufficient amounts of 
propane, n-butane, and n-pentane to permit accurate analyses for 
those components in samples of reasonable size (70 cc. for liquid 
and 100 cc. for vapor). Mercury was then pumped into the 
bomb to increase the pressure to the desired value for the series 
of experiments. The bomb was turned end over end on its trun
nions for 30 minutes to ensure thorough mixing of the contents 
before samples were taken. The proportions of gas, oil, and 
mercury were roughly regulated to permit draining all of the 
mercury and little, if any, of the hydrocarbons when decreasing 
pressure for the second run of the series. Both gas and oil were 
drained to decrease the bomb pressure for runs beyond the second 
of the series. From the known volume of the bomb, the known 
amount of lean oil used, and the analyses of the samples, it was 
possible to check the accuracy of the data by component balance 
for pentane and establish the composition of the system for any 
test.

In the runs reported in Table I II  a procedure was also used to 
obtain equilibrium constants at a series of pressures with the 
same charge to the bomb. First, the bomb was charged with 
about 2 liters of lean oil. Then high-pressure field gas was
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Figure 4. Paraffinic Lean Oil 
System
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Figure 5. Naphthenic Lean Oil 
System

Figure 6. Aromatic Loan Oil 
System

passed into the bomb until maximum field pressure was reached. 
About 4 liters of the same lean oil was next pumped into the 
bomb, followed with mercury to increase the pressure to the de
sired value.

Determinations of the lean oil content of the vapor phase at 
various pressures was accomplished by obtaining the weight of 
lean oil in a measured volume of the vapor. Figure 3 shows the 
apparatus. Through a short connection, first flushed with a 
small amount of gas from the bomb, gas from the high-pressure 
bomb was throttled to substantially atmospheric pressure and 
passed into a weighed condenser maintained colder than —70° F. 
in a bath of solid carbon dioxide and acetone. Pressure in the 
bomb was maintained constant while removing gas by pumping 
in mercury. The condenser consisted of a glass chamber about
1.5 inches in diameter and 6 inches long. The chamber con
tained a depth of 4 inches of 14-mesh aluminum granules between 
plugs of glass wool. Noncondensables in the gas were warmed 
to about atmospheric temperature in a coil-in-water heater and 
then metered with a wet-gas meter. The rate of flow of gas was 
maintained at about 0.1 cubic foot per minute. The effectiveness 
of the condenser in stopping all lean oil was demonstrated in one 
run by placing a second condenser in series with the first. The 
lean oil condensed in the second was less than 1 mg. during the 
period of the run.

To avoid condensation of hydrocarbons not readily stripjred 
from the condensed lean oil, the gas charged to the bomb con

tained practically nothing heavier than butane. Suitable gas 
was obtained by passing field gas at high pressure through three 
absorption units in series, each containing about one liter of the 
same lean oil used for the experiment. Gas from the absorption 
train was passed through a pipe packed with steel wool anti main
tained at 40° F. for removal of water as gas hydrates, then 
through a separator, and into the bomb.

After the condenser was allowed to warm up to room tempera
ture, water and light hydrocarbons were removed by stripping 
with a gentle stream of water-free, lean-oil-saturated air. By 
weighing the condenser at short intervals during the stripping, a 
correction was possible by use of a weight loss-time curve for the 
small amount of the heavy oil removed during the process.

In the case of all runs reported in Tables II and III, the entire 
content of each sampler was analyzed in a Podbiclniak low-tem- 
peraturc fractionation column. Most of the analyses made 
prior to run 20 were unsatisfactory for various reasons, perhaps 
principally because the water and/or carbon dioxide in the sam
ples froze in the column. The samples had not been charged to 
the low-temperature column through absorbents for removal of 
water and carbon dioxide because it was suspected that some of 
the hydrocarbons would 1«; absorbed or adsorbed. Attempts 
were made to remove water and carbon dioxide from the field 
gas charged to the bomb by passing the gas through a scrubber 
packed with sodium hydroxide pellets, and later by passing it
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Analysis, mole %

Equilibrium constants

Analysis, mole %

Equilibrium constants

Analysis, mole %

Equilibrium constant 

Analysis, mole %

Equilibrium constants

T a b l e  II. E q u i l ib r iu m  D a t a  f o r  L o w e r  B o i l i n g  H y d r o c a r b o n s

Run
No.

34

35

36

37

38

39

40

41

42

43

44

45

46

Sample

Liquid a 
Liquid 6 
Vapor c 
Vapor d

System

c /a
c/b

Liquid a 
Liquid b 
Vapor c 
Vapor d

System

c /a
d /a
c/b
d/b

Liquid b 
Vapor d 
System  
d/b

Liquid a 
Vapor c 
System  
c /o
Liquid a 
Liquid b 
Vapor c 
Vapor d 
System  
c /o  
d /a  
c /b  
d/b
Liquid a 
Liquid b 
Vapor cd 
System  
cd/a  
cd/b

Liquid a
Liquid b
V apore #
System
c /a
c/b

Liquid b 
Vapor c 
Vapor d 
System  
c/b  
d/b

Liquid o 
Liquid b 
Vapor d 
Vapor ce 
System  
d /a  
cc/a  
d /b  
ce/d

Liquid a 
Liquid b 
Vapor c f  
Vapor de 
System  
c f /a  
dr /a  
cf/b  
ac/b
Liquid a 
Liquid b 
Vapor cd 
Vapor cfg 
System  
cd/a  
efa/a 
cd/b  
efofb
Liquid b 
Vapor d 
System  
d/b

Liquid o 
Liquid b 
Vapor c 
Vapor d 
System  
c /a  
c/b  
d /a
d /b

Type of Pressure, Temp.,
Lean Oila L b ./Sq . In. ° F.

A 3110 84

Lean

2315 94

3030 94

3030 94

2110 91

1540

3070

3030

2630

93

92

85

88

2110 84

1475 87

820

3030

84

82

Cl Cj Ca C-4 Ci Oil

2 4 .2 2 .4 8 1 .20
24 .1 2 .6 6 1.23
9 4 .28 3 .8 6 1.08
9 3 .96 3 .7 7 1.35

83 .1 3 .6 1.1 0 .7  1 1 .5

3 .8 9 1 .55 0 .9 0
3 .91 1 .45 0 .8 8

2 0 .02 2 .8 4 1.74
20 .06 2 .7 7 1.74
94 .22 3 .7 9 1.20
94 .18 3 .S 5 1 .26

8 4 .5 3 .7 1 .3 0 .7  9 .8

4 .7 0 1.33 0 .6 9
4 .7 0 1 .35 0 .73
4 .6 9 1.37 0 .6 9
4 .6 9 1.39 0 .7 3

2 5 .9 2 .73 1 .34 4 .6 0 4 .41  6 1 .0 2
91.51 3 .5 0 1 .12 2 .44 1 .37
Insufficient data

3 .5 3 1 .28 0 .84 0 .5 3 0 .31

25 .16 2 .4 9 0 .9 6  & 4 .2 5 4 .5 0  62 .64
91 .57 3 .4 7 1.12 2 .2 7 1 .53
8 0 .3 3 .4 1.1 2 .7 1 .9  10 .6

3 .6 4 1 .39 1.176 0 .5 3 0 .3 4

21 .3 6 3 .1 9 1.3S& 5.57 5 .8 6  62 .64
2 2 .0 2 .8 2 1 .59 5 .5 4 5 .1 6  6 2 .8 9
91.91 3 .5 5 1.01 2 .2 5 1 .23
92.31 3 .44 1.12 1 .96 1.07
8 0 .5 3 .4 1.1 2 .7 1 .9  10 .4

4 .3 0 1.11 0.736 0 .4 0 0 .21
4 .3 2 1.08 0 .816 0 .3 5 0 .1 8
4 .1 8 1.26 0 .6 4 0.41 0 .24
4 .1 9 1 .22 0 .71 0 .3 5 0 .21

17.52 2 .6 0 0 .77 6 .5 0 6 .5 0  66 .11
17.41 2 .5 8 1 .796 6 .3 6 4 .9 6  6 6 .9 0
92 90 3 .5 6 0 .5 9 2 .01 0 .91
83.1 3 .4 1 .0 2 .6 1 .5  8 .4

5 .3 0 1 .37 0 .7 7 0 .31 0 .1 4
5 .3 3 1 .38 0 .3 3 6 0 .3 2 0 .1 8

50 .15 4 .2 9 3 .7 9 3 .9 5 3 .6 2  3 4 .2 0
4 9 .88 4 .0 2 3 .5 9 3 .9 6 4 .0 5  3 4 .5 0
9 2 .0 3 .5 2 1.91 1 .28 1 .20
8 3 .5 3 .6 2 .3 1 .8 2 .0  6 .8

1.S4 0 .8 2 0 .5 0 0 .3 2 0.33«
1.84 0 .8 7 0 .5 3 0 .3 2 0 .3 0 e

48 .83 5 .1 5 3 .S3 3 .4 8 5 .31  3 3 .4 0
92 .40 3 .4 7 1 .80 1 .34 0 .9 7
92.31 3 .5 2 1.84 1.25 1 .06
83.1 3 .8 2 .2 1 .8 1 .9  7 .2

1 .89 0 .6 7 0 .4 7 0 .3 9 0 .1 8
1 .89 0 .6 8 0 .4 8 0 .3 6 0 .2 0

46 .23 4 .3 8 3 .9 2 4 .8 6 5 .21  3 5 .4 0
46 .3 5 4 .31 4 .1 6 4 .7 0 5 .4 0  3 5 .1 0
92 .92 3 .41 1.81 1 .28
93 .76 2 .6 6 1 .87 0.786 Ol 89
8 3 .0 3 .6 2 .3 2 .0 1 .8  7 .3

2 .01 0 .7 8 0 .4 6 0 .2 6
2 .0 2 0.61 0 .4 8 0 .1 6 6 o .Í 7  ! ! !
2 00 0 .8 0 0.41 0 .2 8
2 .01 0 .6 3 0 .4 3 0.176 o . i o  ;; ;

41 .3 2 4 .5 4 3 .9 0 5 .7 6 6 .6 6  3 7 .8 2
40 .75 4 .4 1 4 .6 6 5 .2 8 7 .1 0  3 7 .8 0
92 97 3 .3 6 1 .79 1 .10 0 .7 3
92 96 3 .3 4 1 .79 1.15 0 .71
8 2 .7 3 .6 2 .3 2 .0 1 .9  7 .5

2 .2 5 0 .7 4 0 .4 6 0 .1 9 0 .11
2 .2 5 0 .7 4 0 .4 6 0 .2 0 0 .11
2 .2 8 0 .7 6 0 .3 8 0.21 0 .1 0
2 .2 8 0 .7 6 0 .3 8 0 .2 2 0 .1 0

3 1 .5 0 4 .4 6 5 .0 8 6 .3 9 8 .5 7  4 4 .0 0
31 .70 4 .4 4 4 .8 9 6.31 8 .7 7  4 3 .9 0
93 .27 3 .4 0 1.72 1.03 0 .5 8
93 .24 3 .4 8 1 .63 1.06 0 .59
82.1 3 .7 2 .3 2 .0 2 .0  7 .9

2 .9 6 0 .7 6 0 .34 0 .1 6 0 .0 6 8
2 .9 6 0 .7 8 0 .3 2 0 .1 7 0.069
2 .9 4 0 .77 0 .3 5 0 .1 6 0 .066
2 .9 4 0 .7 8 0 .3 3 0 .1 7 0.068

20 .05 3 .7 8 5 .2 7 7 .7 2 10 .90  5 2 .7 3
93.1 3 .6 2 1 .79 0 .8 7 0 .6 3
Insufficient data

4 .6 4 0 .9 6 0 .3 4 0 .1 2 0 .058
4 6 .32 3 .8 5 1 .84 3 .5 3 4 .3 6  4 0 .1 0
45 .3 7 3 .4 2 1 .72 4 .3 3 4 .8 6  40 .3 0
93 .60 3 .3 6 0 .8 3 1 .32 . . .
9 3 .48 3 .3 3 0 .9 7 1.29 0 .8 8
82 .4 3 .4 1.1 1 .9 1 .9  9 .3

2 .0 2 0 .8 7 0 .4 5 0 .3 7
2 .0 6 0 .9 8 0 .4 9 0 .31
2 .0 2 0 .8 7 0 .5 3 0 .3 7 0 l¿0
2 .0 6 0 .9 7 0 .5 6 0 .3 0 0 .1 8
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T a b l e  II. E q u i l i b r i u m  D a t a  f o r  L o w e r  B o i l i n g  H y d r o c a r b o n s  ( C o n t i n u e d )

Run T ype of Pressure, Tem p., Loan
No. Sample Lean Oil° L b./Sq . In. 0 F. Ci C* Ci Ct C» Oil

Analysis, mole % 47 Liquid a N 2400 SO 4 2 .2 0 4 .2 0 2 .17 4 .4 9 5 .3 9 41 .50
Liquid & 41 .90 3 .8 5 1 .4  4 *> 5 .0 5 5.71 42 .05
Vapor c 94.14 3 .0 9 0 .8 8 1 .08 0 .74
Vapor d 94 .00 3 .2 9 0 .9 3 1.01 0 .7 2
System 82 .4 3 .4 1 .1 1 .9 1 .9 9 .3

Equilibrium constants c /a 2 .23 0 .73 0.41 0 .24 0.14 . » *
c/b 2 .24 0 .8 0 0 .0 1 6 0 .2 2 0 . 13 . , .
d /a 2 .2 2 0 .7 7 0 .4 3 0 .2 3 0 .1 3 . . .
d/b 2 .2 4 0 .8 5 0.056 0 .2 0 0 .1 3

Analysis, mole % 48 Liquid a N 1915 77 3 0 .8 0 4 .1 8 2 .5 8 5 .3 5 5.01 4(1.08
Liquid 6 30 .04 4 .2 9 2 .4 5 5 .2 5 0 .7 7 45 .20
Vapor cd 94 .18 3 .21 0 .8 0 1.07 0 .0 4
Vapor e 94 .42 3 .1 5 0 .8 5 1.01 0.54
System 8 2 .3 3 .4 1 .2 1.9 1 .9 9 .3

Equilibrium constants cd/a 77 2 .5 0 0 .7 7 0 .3 3 0 .2 0 0 .1 3
cd/b 2.01 0 .7 5 0 .3 5 0 .2 0 0 .095 » * •
e/a 2 .5 0 0 .7 5 0 .3 4 0 .1 9 0.11
e/b 2.01 0 .7 4 0 .3 5 0 .1 9 0 .0 8

Analysis, mole % 49 Liquid a N 1400 80 29 .55 3 .0 0 2 .5 2 0 .81 7 .5 0 40 .00
Liquid b 29 .70 3 .9 4 2 .5 5 0 .1 8 7 .73 40 .90
Vapor d 94 .58 3 .2 2 0 .8 9 0 .8 0 0 .4 2
System 83.1 3 .3 1 .2 1 .8 1.7 8 .9

Equilibrium constants d /a 3 .2 0 0 .8 9 0 .3 5 0 .1 3 0 .059
d/b 3 .1 9 0 .8 2 0 .3 5 0 .1 4 0 .058

Analysis, mole % 50 Liquid a N 123 90 3 .4 4 0 .9 0 0 .84 4 .2 5 7 .7 3 82 .78
Vapor b 89.31 5 .3 0 1.57 2 .3 0 1.41
System 83 .25 5 .0 0 1.44 2 .4 3 1 .88 Ô'.OO

Equilibrium constant 6 /a 2 0 .0 5 .5 1 .0 0 .5 4 0 .1 8
Analysis, mole % 51 Liquid a P 124 90 3 .5 0 0 .9 7 0 .84 2 .7 7 11.90 70 .00

Vapor 6 90 .80 4 .0 5 1.29 1.44 1.82
System 83 .08 4 .3 0 1.20 1 .50 2 .04 0.7,0

Equilibrium constant 6 /a 2 5 .5 4 .8 1 .5 0 .5 2 0 .1 5
Analysis, mole % 52 Liquid a A 124 92 1.01 0 .3 0 0 .2 7 2 .5 0 3 .8 0 01 .4

Vapor 6 91 .85 3 .1 8 0 .9 0 2 .0 0 1.35
System 81 .18 2 .8 5 0 .8 7 2 .0 5 1.05 10.'80

Equilibrium  constant 6 /a 5 7 .0 10.0 3 .5 5 1.04 0 .3 5

° A =  aromatic; P  =  paraffinic; N  =■ naphthenic.
& Analysis doubtful.
c Poor analysis since pentane balance Bhowed K  0.19.

T a b l e  III. E q u il ib r iu m  D a t a  f o r  A b s o r p t io n  O il s

Run
No.

Type ol 
Lean Oil“

Pressure, 
L b ./S q . In.

Tem p., Gas, 
Cu. Ft.

Oil,
Grams Ci C> C. c . +

Lean
Oil

Vapor analysis, mole %  
Liquid analysis, mole % 
System  analysis, mole % 
Equilibrium constant

21 P 2890 77 10 .2 0 .914 95 .7
4 9 .8  
7 7 .0

1.92
3 .7 i ! o 0*7 '

0 .0300  
4 3 .5  
17.0  
0.00070

Vapor analysis, mole %  
Liquid analysis, moie % 
System  analysis, mole % 
Equilibrium constant

22 P 2165 64 16.7 0.341 9 6 .7
42 .1
7 1 .5

2 .3 0
3.7, i ! 6 0 .6

0 .0009  
51 .0  
23 .6

0.000135
Vapor analysis, mole %  
Liquid analysis, mole %  
System  analysis, mole % 
Equilibrium constant

23 P 1675 73 2 1 ,7 0 .1 5 0 96.1
3 5 .0
0 6 .6

2 .7 5
3 .6 Ü 3 o'.o ’

0.00240
57,1
27 .9

O.OOOÜ43
Vapor analysis, mole %  
Liquid analysis, mole % 
System  analysis, mole % 
Equilibrium constant

27 A 3190 06 10 .8 0 .8 2 5 9 5 .7
2 3 .3
6 7 .0

4 .1
2 .7 0 .9 o ’. ï

0 ,0377
73 ,4
7H 7

o'. 00051
Vapor analysis, mole % 
Liquid analysis, mole % 
System  analysis, mole %  
Equilibrium constant

28 A 2240 62 17.4 0 .274 9 0 .0
19.1  
6 5 .8

6 .0
2 .7 67) o : i '

0 .00775
77 .7
3 0 .6

0.00010
Vapor analysis, mole % 
Liquid analysis, mole %  
System  analysis, mole %  
Equilibrium constant

29 A 1600 64 2 4 .8 0 .129 9 6 .0
14 .0  
5 9 .2

0 .6
2 .0 6 7 o! i ‘

0 .00200
8 2 ,5
3 7 .2

0.000081

® P =  paraffinic; A =  aromatic.

through a sodium hydroxide solution followed by sodium hydrox
ide pellets or activated alumina. These methods appeared to 
fail as difficulty in analyses continued.

The method finally adopted for removal of water and carbon 
dioxide was to charge each vapor sample, and the vapor flashed 
from each liquid sample, to the Podbielniak column through a 
glass tube about 0.5 inch in diameter containing 1.5 inches of 
ascarite and 1.5 inches of Drierite. The liquid residue remaining 
after the liquid samples were flashed was charged through a by
pass around the Drierite and ascarite. At the same time a change 
in fractionation procedure was made to prevent excessive cool
ing of the upper part of the column with liquid nitrogen. Diffi
culty with freezing was eliminated except in a few cases.

e q u i l i b r i u m  d a t a

Three oils were compared with respect to the equilibrium char
acteristics of the oil-natural gas system at various pressures. 
The first, a standard for comparison, was a gas oil obtained from 
East Texas crude, which is classified as paraffinic. Tho second 
was highly aromatic and consisted of topped Hydroformer bot
toms. The third was a naphthenic gas oil obtained from Hast
ings erode. Various properties of the three oils are given in 
Table I.

Table II gives the equilibrium constants for methane through 
pentane in the paraffinic, naphthenic, arid aromatic oil systems,
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together with the compositions of the systems on which the re
sults were obtained. For each absorption oil the equilibrium 
constants are plotted against pressure (Figures 4, 5, and 6). 
The equilibrium constants as calculated from experimental re
sults were smoothed by plotting, for any given experiment, the 
logarithm of the equilibrium constant against molecular weight.

Figure 7. Equilibrium C onstants 
for Paraffinic and Aromatic Lean 

Oils

The more reliable data obtained during this investigation and the 
data of others at high pressures, as reported in the literature, fall 
on a straight line when the constants for ethane through pentane 
are plotted in this manner. Using the straight line correlations 
as obtained, the curves in Figures 4, 5, and 6 were constructed. 
Too little propane was present in the aromatic oil system to per
mit accurate analyses for that component in several cases.

Data in Table II for the aromatic oil system represent the con
stants for methane in a system practically free of the heavier 
paraffinic hydrocarbons (first series). This represents very 
nearly the condition to be found in the upper part of an absorber. 
These equilibrium constants for methane are about 22 per cent 
higher than those given on Figure 6, despite the fact that the 
temperature was 28° F. lower. No such large divergence in 
methane constant with composition of the system was found in 
the paraffinic oil system.

The results obtained in the lean oil loss tests are given in Table 
III, and the equilibrium constants for the paraffinic and aromatic 
oils are plotted in Figure 7. If the concentration of lean oil in 
the system has a significant effect on lean oil equilibrium con
stants, curves such as those in Figure 7 are meaningless. The 
lean oil content of the system would be expected to have an ap
preciable effect on lean oil equilibrium constant if the temperature 
of the system was near (say, within 100° F. of) the critical tem
perature of the system. In this case, however, the critical tem
perature of the system is several hundred degrees above the 
temperature of the system.

M E T H O D  O F  C A L C U L A T I O N

In the case of the aromatic oil system, it is of interest that the 
curve of equilibrium constant vs. pressure for ethane has a mini

mum at a value of equilibrium constant above unity. It is not 
known what happens above 3000 pounds per square inch, but it is 
apparent that a convergence pressure does not occur, since the 
critical temperature of the system is well above the temperature 
of the system.

In order to establish the relative advantages of each of the 
three types of absorbing oils, calculations were made to determine 
the lean oil rates, lean oil loss, and methane absorption based on 
90 per cent pentane recovery in an absorber having three theo
retical trays. Process calculations were made at pressures of 125, 
1500, 2000, 2500, and 3000 poimds, based on a rich gas of the 
following mole percentage composition:

M ethane 9 1 .0
Ethane 4 .5
Propane 2 .0
n-Butane 1 .5
w-Pcntane 1 .0

100.0

The method of calculations is a modification of the absorption 
factor method presented by Souders and Brown (6) :

1. The recovery of the key component is set (in this case 
90 per cent n-pentane recovery'). Based on the number of 
equivalent theoretical tray's to be used, the required average 
absorption factor (L /K V )av. is calculated,

where K  — equilibrium constant = y jx  
L  =  liquid from tray, moles/time 
V = vapor from trayr, moles/time 
y = mole fraction of component in vapor 
x =  mole fraction of component in liquid

2. Based on the results of step 1, the absorption factor for 
each of the other components in the rich gas is calculated. The 
recovery of each of the other components can then be deter
mined from the relation between recovery and absorption factor 
as given by Souders and Brown (5).

3. Having the recovery' of each component from step 2, the 
lean gas composition is calculated by material balance.

4. Based on the lean gas composition as calculated in step 3, 
the mole fraction of each component (except lean oil) in the 
liquid on the top tray is calculated as follows:

x, =  v/V tK,

where
v =  moles of component in lean gas; subscript I — top tray

5. The mole fraction of lean oil in the liquid on the top tray 
is the difference between 1.0 and the sum of mole fractions ob
tained in step 4.

6. The lean oil rate is established so that the arithmetic 
average of the absorption factors at the top and bottom of the 
absorber is equal to the required average absorption factor as 
calculated in step 1. The L /V  at the bottom may be taken as 
the ratio of moles of rich oil to moles of rich gas with no significant 
error (1 to 2 per cent, ordinarily):

(.L / K V \ y. =  {Lr/ V rK h +  U /V J Q /2  

which reduces to:
2(L /É V U .  -  L J K bV r 

1 /K,V,Xo, +  1 /K bV r

where a =  absorbed components
B  =  bottom tray of absorber 
o =  lean oil 
R  =  rich oil or rich gas 
t =  top tray of absorber

Based on V r =  100 and constant temperature, the above equa
tion reduces to:

L o  =  1 0 0  +  F j i o i  [ 2 ° ° ( ? ) « v .  ~  L a ]

7. The lean oil v loss is calculated as follows:

V'of — VtXotKi
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T a b l e  IV. L e a n  O i l  R a t e  a n d  L o s s ,  a n d  M e t h a n e  A b s o r p t i o n
(Basis, 100 moles of rich gas and 90 per cent pentane recovery)

Pressure, L b./Sq . In. 125 1500 2000 2500 3000
Type of Lean Oila P A N P A N P A N P A N P A N
Lean oil rate 

Gallons 732 1050 820 183 353 154 226 445 209 288 556 285 360 670 382
Moles 22.4 55 27 5 .6 18.5 5 .06 6 .9 23 .3 6 .9 8 .8 29.1 9 .4 11 35 12.6
Pounds 5150 8800 5940 1290 2960 1115 1585 3750 1520 2020 4660 2070 2530 5600 2770

Relative lean oil rate*» 
Gallons 1.00 1.435 1.12 1 .00 1.93 0 .8 4 1 .00 1.97 0.925 1.00 1.93 0 .9 9 1.00 1.86 1.06
M oles 1.00 2 .4 6 1.21 1 .00 3 .3 0 0 .9 0 1.00 3 .3 8 1.00 1 .00 3 .31 1.06 1.00 3 .1 8 1 .14
Pounds 1.00 1.71 1.15 1.00 2 .2 9 0 .8 6 1.00 2 .3 5 0 .9 6 1 .00 2.31 1.02 1 .00 2.21 1.10

Lean oil loss, gal. 0 .0645 0 .0434 0 .1300 0 .083 0 .4 7 0 .232 0 .945 0 .426
Relative lean oil lossb 1.00 0 .673 1.00 0 .638 1 .00 0.494 1 .00 0.451
M ethane absorbed, moles 0 .90 0 .94 1.06 3 .74 3 .3 2 3.’ i8 6 .3 0 5.51 5 .71 10.15 8 .2 9 9^28 16.28 11.65 14.55
Relative methane absorbed & 1.00 1.04 1.18 1.00 0 .8 9 0 .8 5 1.00 0 .875 0 .9 0 5 1.00 0.815 0.915 1.00 0 .7 1 5 0.895

° P =  paraffinic; A =  aromatic; N =  naphthenic. i> R elative to that b y  paraffinic lean oil.

This procedure docs not take cognizance of any temperature 
gradient in the absorber. It is felt that this is not necessary be
cause latent heats of the hydrocarbons at such high pressures are 
small. A temperature rise of 20° F. with as much as 50 per cent 
increase in liquid volume is reasonable. However, in case tem
perature gradient were important, it could be evaluated by as
suming the rich oil and top tray temperatures in step 1. Then, 
after step 7 the assumed top tray temperature could be checked 
by heat balance around the top tray and the assumed bottom 
temperature checked by over-all heat balance.

An example calculation to determine the relative merits of each 
type lean oil is presented for the following conditions: aromatic 
type lean oil, three theoretical trays, 90 per cent recovery of n- 
pentane, 3000 pounds per square inch pressure.

Rich
Gas,

Moles K (L//CF)av.
%

Ab
sorbed

Moles
Ab

sorbed

Lean
Gas,

Moles

Liquid 
from  
Top 

Tray, 
M ole %

Ci 9 1 .0 4 .3 0 0 .128 12.8 11.65 79 .3 5 22 .2
C2 4 .5 1.35 0 .406 3 9 .0 1.76 2 .74 2 .26
C. 2 .0 0 .83 0.661 5 7 .5 1.15 0 .8 5 1.23
Cm 1 .5 0 .535 1.025 75 .3 1.13 0 .3 7 0 .83
C*n 1 .0 0.327 1.68 90 .0 0 .9 0 0 .1 0 0.37

100.0 16.59 83.41  
Lean oil

26 .89  
73.11  

100.06

*• -  l a S m )  1(200X0.548) -  16,591
= 35 moles =  (35)(160)/8.37 = 670 gal. 

lean oil loss =  (83.41)(0.7311)(0.00037)
= 0.0224 mole =  (0.0224)(100)/8.37 =  0.426 gal.

In the calculations on aromatic oil systems, the values of K  for 
methane were taken from Table III because they were ob
tained under conditions more representative of the case under 
consideration. This is apparent by comparing the calculated 
methane content of the rich oil with the methane content given 
in Table III for the aromatic oil system.

The lean oil rates and quantities of methane absorbed by aro
matic and naphthenic type lean oils relative to that by paraffinic 
type lean oils are listed in Table IV for five different pressures 
ranging from 125 to 3000 pounds per square inch. The lean oil 
loss for aromatic type lean oil relative to that for paraffinic type 
is also given.

In comparing the aromatic and paraffinic lean oil systems at 
the higher pressures (Table IV), at 2500 pounds per square inch 
and 90 per cent absorption of pentane, in the aromatic oil system 
about 93 per cent more volume of lean oil would be circulated, 
about 18.5 per cent less methane would be absorbed, and the 
volume of lean oil lost would be 50.6 per cent less. Similarly, 
comparing the naphthenic and paraffinic lean oil systems, the 
lean oil rates would be about the same in both systems, and about
8.5 per cent less methane would be absorbed in the naphthenic

lean oil. It may be inferred from the results with the aromatic 
oil that lean oil loss in the naphthenic oil system would be no 
greater, and probably less, than in the paraffinic oil system.

Comparison of the three types of lean oil at low pressure (125 
pounds) shows that there are no selective absorption character
istics of aromatic and naphthenic oils for pciuane relative to 
methane. As a matter of fact, the paraffinic type oil has a 
slight advantage in this respect, although it is unimportant due 
to the small methane absorption for all of the three types. It is 
apparent also that, compared with paraffinic type, 12.0 per cent 
by volume more naphthenic and 43.5 per cent more aromatic type 
oil would be required for the same amount of pentane absorption 
at 125 pounds per square inch.

C O N C L U S I O N S

The results of the investigation show that at low pressure a 
paraffinic type lean oil is preferred to an aromatic or naphthenic 
type because substantially less volume is required for the same 
amount of pentane absorption. The amount of methane absorp
tion for the same pentane recovery is essentialljr the same for 
each of the three types of lean oils.

At high pressure the aromatic and naphthenic type lean oils 
have a substantial selectivity of pentane absorption with respect 
to methane, compared with that obtained with paraffinic type 
lean oil of about the same boiling range. Furthermore, the lean 
oil loss with aromatic type is considerably less than that for paraf
finic type. The volume of lean oil required in the case of aro
matic type is somewhat more than and in the case of naphthenic 
type, about the same as that required with paraffinic type lean oil.

The proper lean oil to be used and the optimum absorption 
pressure for any specific case depends on an economic balance of 
the various factors affecting the investment and operating costs.
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EQUILIBRIUM STILL FOR

D a ta  o n  I so b u ta n o l-W a te r

A. P. COLBURN 
E. M. SCHOENBORN 

DAVID SHILLING
University of Delaware, 

Newark, Del.

T he vapor over m u c h  o f th e  so luble region o f p a r
tia lly  m isciblc m ix tu res  w ill, on  condensing , 
scparaLc in to  two layers an d  prevent th e  use o f th e  
u su a l rec ircu la tion  types o f eq u ilib riu m  stills. 
A new app roach  is em ployed w here a vapor m ix tu re  
is generated  from  sep ara te  boilers co n ta in in g  th e  
pu re  com ponen ts , an d  th is  vapor is bubbled 
th ro u g h  liqu id  in  a n  a d iab a tic  tra p  u n til  th e  
la tte r  reaches eq u ilib riu m . D ata were ob ta ined  
on  e thy lene  d ich lo ridc-to lucne  and  on iso b u lan o l-  
w ater. T h e  fo rm er conform ed w ith  R ao u ll's  
law' an d  w ith  earlier d a ta ; th e  la t te r  agreed well 
w ith  those  o f S lo ck h a rd t an d  H ull (7) a n d  showed 
general consistency  w hen p lo tted  as activ ity  
coefficients. T hese coefficients could no t he 
accu rate ly  rep resen ted  by van L aar equa tions . 
An app lica tion  is suggested to  te rn a ry  m ix tu res.
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I N' VIEW of the growing importance of industrial distillation 
systems involving the miscible region of partially miscible 
liquids, an adequate method of measuring the vapor-liquid 

equilibrium of such systems is greatly to be desired. In both the 
processes of azeotropic distillation and of liquid-liquid extraction, 
solvent is generally removed from one or more streams by strip
ping columns from which the condensed overhead separates into 
two layers. To make an accurate and economic design, vapor- 
liquid equilibrium of the miscible regions are required; although 
approximate methods of predicting these data are available (I), 
insufficient data are available to test these methods adequately. 
This is probably because of the experimental difficulties encoun
tered.

There are two major difficulties encountered in studies of par
tially miscible systems in addition to those usually inherent in 
equilibrium stills (4). The first is that the vapor from any but 
the most dilute samples will, on condensing, form an immiscible 
mixture. Thus the recirculation types of apparatus cannot be 
used in the normal manner, since the condensate, on separating 
into two layers, cannot be returned to the still with the two liquid 
phases in proper proportion. While a stirrer might be utilized to 
maintain the condensate well mixed, there would be some ques
tion as to the proper assimilation of the two-phase return liquid 
by the contents of the still. Stockliardt and Hull (7) eliminated 
recirculation merely by distilling off small quantities from a mix
ture of known composition after first refluxing in a tilting conden
ser, but this method involves slight errors caused by differential 
condenser holdup and, in addition, encounters the second major 
difficulty discussed below.

The further difficulty offered by these systems lies in the great 
difference in composition between the vapor and liquid, and the 
small concentrations of the dilute component in the liquid. For 
example, in the miscible regions of isobutanol in water, which 
extends to about 2 mole per cent isobutanol, the vapor is from 
fifteen to thirty times as rich in isobutanol as tho liquid. 
Therefore, if an equilibrium study is undertaken where a liquid 
sample is distilled, its composition will change extremely rapidly 
as vapor is formed, and the arrival at the desired steady- 
state conditions in the still becomes difficult or impossible.

These particular difficulties have led the authors to an en
tirely different philosophy of approach to this problem. In
stead of attempting to determine the vapor in equilibrium 
with given liquid samples, the present thought is to make up 
certain vapor streams and to find the corresponding equilibrium 
liquids. Vapor streams of any composition can easily be formed 
by mixing the vapors from separate stills containing the pure com
ponents, and a liquid can readily be brought into equilibrium by 
bubbling the mixed vapor through the liquid. This paper 
describes such a still and supplies data taken to test the 
apparatus on the commercially important system, isobutanol- 
water.

SOURCE O F VAPOR

To supply a mixture of vapors of constant composition to the 
equilibrium liquid, the pure components are boiled separately 
at constant fixed rates in suitable distilling flasks. Any conve
nient source of heat can be used as long as the rate of heat input 
and, therefore, rate of vaporization can Ire controlled. The va
pors thus generated are mixed and passed into the equilibrium 
chamber through tube A  (Figure 1). Although the mixed vapor 
is apt to be slightly superheated, a slight loss of heat from the 
vapor line soon reduces it to saturation conditions; a small 
amount of condensate formed is withdrawn through a suitable

capillary trap (not shown), connected to two avnt of a toe in tho 
vapor inlet tube, and is discarded. In the present apparatus it 
was found expedient to insulate the boilers and vapor hues with 
rock wool so that heat losses would ho small and constant . Hhoo- 
stat-eoutroiled electric heaters and ordinary UXXVeo. distillation 
flasks provided a simple and flexible arrangement fm' vapor 
generation.

E Q U U .U U U U M  U H A M H E U

To secure a liquid w hich is in true equilibrium with tho vapor, 
the latter is bubbled through a quantity of the liquid in a suitable 
equilibrium chamber. The vapor enters the inner vessel (Figure 
1) through tube C, the lower end of which, draw u into the shape 
of a small jot, dips slightly below the liquid surface, Passage of 
the vapor from the jet is directed upward and, with the aid of the 
small glass sleeve, A  surrounding it, causes smooth circulat ion of 
the liquid in the chamber and brings it rapidly to equilibrium, 
The location of tlm jet with respect to the liquid surface is impor
tant since any increase in pressure duo to hydrostatic head, to
gether with the frictional drop through the tube and jet, cause a 
small enthalpy gradient between t bo vapors in tho two chambers. 
Tho dead-air cell, K , seems to prevent excessive heat transfer into 
tho liquid, while tho heat which is transferred into the vapor 
through the walls of the inlet and outlet vapor lines tends to su
perheat tho vapor leaving the chamber ami thus prevents par
tial condensation, Although tho enthalpy gradient is small anil 
of doubtful importance, it is present of necessity, and the above 
arrangement tends to reduce its effectivonesa, Vapor leaving 
the equilibrium chamber through tube G is oondenaod and cooled 
in a suitable condenser.

Saturation conditions and thermal equilibrium are furl her ef
fected by inclusion of the equilibrium chamber in the outer vapor 
jacket, li. I lent losses from the unit are compensat ed for by con
densation of a portion of the entering vapor, the remainder being 
automatically left Maturated, Excess condensate is siphoned 
through capillary tube J  and discarded, This vapor chamber 
serves tho further purpose of providing a store of vapor of large 
volume compared to the throughput whirl, lends to absorb any 
slight fluctuations in the composition of the vapors entering the 
equilibrium vessel, The entire unit is enclosed by the outer dead- 
air jacket, L, and finally by a sniLuble insulating material such as 
rock wool. All parts described are constructed of glass to permit 
observation during operation, and they can be readily disas
sembled for ease in cleaning or minor adjustment,

In operation, liquid of the approximate equilibrium composi
tion is first introduced into Urn equilibrium vessel through sam
pling tube / / ,  and the liquid level is adjusted so as to facilitate a 
maximum of mixing by the vapor jet, When a run is begun, (.be 
initial liquid ebarge (about 15 ee.) js brought to the vapor tem
perature by condensation of a portion of tlm entering vapor. 
As the system approaches physical equilibrium, uny heal, require
ments due to change in liquid composition are balanced either 
by condensation or vaporization in tlm equilibrium chamber, 
When equilibrium lias been established, the liquid und vapor are 
at the same temperature, and any gain or loss of heat from the 
system is balanced by heat flow to or from tlm outer vapor space. 
At this point tlm liquid level remains constant,

A sensitive indication of the degree of equilibrium attained in 
the apparatus is .also provided by thermocouple /  whose junction 
is located in the well just alrove tlm vapor jet in tlm equilibrium 
chamber. When equilibrium is reached, the potentiometer 
shows no temperature variation greater than approximately 
0.1° C.

I ' l l «  p h o t o g r a p h  o n  t h e  f a c i n g  p a g « ; * h o v t*  l a r g e  c o l u m n *  huilL by  JK. II,
liudgvr & S o n «  C o m p a n y  f o r  th e  f c e p w r* t io n  o f  c i i e m i c t d  p r o 4 u f c i * .

T h e  p r o * e « t  txddr«j*rt* o f  t h e  j u n i o r  a u t h o r .  Ouvid S h illin g , in tU e  U niversity  o f  W itw v y u ji« ,
MtidjuBon, WJL*.
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s a m p l i n g  a n d  a n a l a s i s  Density data used in the calculations were determined for each
Since only a vapor of the exact heteroazeotropic composition of the two phases by means of the graduated collecting cylinder

can be in equilibrium with the two-phase liquid, the liquid in the as follows: Saturated solutions were prepared by prolonged shak-

X -  MOLE KISOBUTANOL

equilibrium chamber was, in the present case, 
always a single-phase liquid; however, during 
operation with a vapor very near the azeo- 
tropic composition, the liquid, though single 
phase at the boiling point, separated into two 
phases when withdrawn and cooled for 
analysis.

Samples which were single phase at room 
temperature (including most of the liquid 
samples and some of the vapor samples) were 
analyzed by refractive index at 25° C. (=*=0.2°) 
with a Zeiss dipping refractometer. The iso
butanol used was a narrow-boiling fraction 
(107.8-108.0° C.) obtained by distillation at 
high reflux ratio of a large quantity of the 
commercial material. The composition- 
refractive index dat a of Colburn and Welsh (2) 
for isobutanol-water solutions were used since 
the same liquids were employed in both studies.

Samples which formed two phases were 
analyzed by measuring the volumes of the two 
layers. The determinations were made di
rectly in a graduated collecting cylinder, held 
(tightly stoppered) at 25° C. in a constant- 
temperature water bath for 15 to 30 minutes. 
The total volume of the samples taken ranged 
from 4 to 6 ml., and the collecting cylinder, 
previously calibrated with distilled water, 
could be read with a precision of about =*=0.05 
ml. The solubility data employed in the 
analytical calculations were obtained from 
International Critical Tables (8):

W t. %  M o le  %
Isobutanol in water

layer at 25° C. 8 .2 5  2 .14
Water in isobutanol

layer at 25° C. 16.57 4 5 .0

F ig u re  I 
D e ta ils  o f  

E q u ilib r iu m  
C h a m b er

F ig u re  2. D a ta  o n  E th y le n e  D ic h lo r id e -T o lu e n e
#  E x p e r i m e n t a l ;  Q J o n e s  e t a l .;  —  I t a o u l t ’s  la w .

F ig u r e  3. D a ta  o n  Iso b u ta n o l-W a te r
O  E x p e r i m e n t a l ;  X  S t o c k h a r d t  a n d  H u l l .



December, 1943 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 1253

ing of the two liquids in a separatory funnel at approximately 
25° C. Each layer was carefully introduced into the previously 
weighed cylinder and held in the constant-temperature bath until 
temperature equilibrium was again established; the volume was 
then read and the cylinder again re weighed. In calculating com
positions, the following average density values were used:

W ater saturated with isobutanol, 25° C. 
Isobutanol saturated with water, 25° C.

Gram/ml.
0.983
0.836

shows a few of the points at low concentrations of isobutanol and 
all the points at higher concentrations. The values all fall on a 
smooth curve, indicating consistency of the results. For com
parison the data of Stockhardt and Hull (7) are shown, and agree
ment is good. Figure 4 is an enlarged diagram of the low isobu
tanol region. The data are remarkably close to a smooth curve. 
The points of Stockhardt and Hull are again in general agreement, 
although there is slightly more scattering of these values.

Vapor pressure data for isobutanol and for water and baromet
ric corrections were taken from the Chemical Engineers’ Hand
book (5). The temperature in the equilibrium chamber was 
measured with a copper-constantan thermocouple and semipre
cision type potentiometer.

T a b l e  I. E x p e r i m e n t a l  V a p o r - L iq u id  E q u il ib r iu m  D a t a  
f o r  E t h y l e n e  D ic h l o r id e - T o l u e n e

Pressure, Mole %  Ethylene Dichloride
Mm. Hg Temp., t ° C. Liquid xi Vapor y\

772 .7 88 .2 71 .0 8 5 .3
772 .7 98 .3 31 .4 50 .3
763 .3 88 .2 67 .8 83 .8
763 .3 105.7 11.7 21 .8
763.3 104.4 12.3 2 4 .0

R E S U L T S

To determine the dependability of the still, several preliminary 
runs were made on the system ethylene dichloride-toluene, since 
this mixture had been found to obey Raoult’s law closely at at
mospheric pressure (/¡). The results are given in Table I and are 
plotted in Figure 2. Since the data show fairly good agreement 
with Raoult’s law, it was concluded that the apparatus involved 
no persistent or unaccountable errors and that the precision of 
the data obtained was primarily dependent upon the quality of 
control exercised.

The experimental data on the isobutanol-water system are 
given in Table II and plotted in Figures 3, 4, and 5. Figure 3

F ig u re  4 . D a ta  o n  I s o b u lu n o l-W a te r  in  R eg io n  o f  D ilu te  
I s o b u ta n o l

O  E x p e r im e n t a l ;  X  S t o c k h a r d t  a n d  H u l l .

T a b l e  II. E x p e r i m e n t a l  V a p o r - L iq u id  E q u il ib r iu m  D a t a  
f o r  I s o b u t a n o l -W a t e r

Run Pressure, Temp., M ole % Isobutanol A ctiv ity  Coefficient
No. M m. Hg °C . Liquid xi Vapor y\ 71 7*
2a 756 .2 93.53 0 .6 5 18.52 49 .5 1.031

c 90 .00 1.52 29 .0 3 8 .2 1.040
d 96 .05 0 .27 9 .0 0 5 2 .5 1.060
e 98 .12 0 .11 3 .27 4 3 .0 1.029

36 7 57 .0 97 .58 0 .2 0 5 .26 3 9 .0 1.013
c 98.80 0 .0 6 1.22 2 9 .0 1.005
e 97 .02 0 .24 6 .75 4 2 .5 1.022

4a 761.4 8 8 .0 2 .0 8 3 1 .6 33 .1 1.090
b 90 .9 1 .00 2 2 .6 4 3 .8 1.088
c 8 9 .0 1.92 3 1 .0 3 3 .8 1 .055
d 8 9 .4 1.93 30 .4 32 .4 1.051

5a 763 .8 9 7 .6 0 .2 0 6 .25 4 6 .6 1.020
b 90 .3 0 .91 22.45 4 9 .2 1.120
c 9 0 .5 0 .9 0 2 1 .8 4 8 .0 1.112

76 762 .0 98 .95 9 3 .8 68 .9 1.037 5 .1 7
d 96 .80 9 0 .6 6 1 .0 1.032 4 .6 5
e 96.73 91.1 5 9 .8 1.010 5 .0 6

8c 760 .0 92 .3 75 .9 4 4 .8 1.080 3 .04
d 90 .75 69 .3 40 .3 1.135 2 .74
e 89 .25 5 7 .5 34 .7 1.247 2 .2 8
f 90 .55 69.3 10.3 1.143 2 .75
O 89 .25 37.1 3 2 .0

\ 3 2 .0  
-3 2 .8  
/ 3 2 .5

1.781 1.603

9 7 61 .6 89.61

A more definitive test of the equilibrium data, as previously 
pointed out (I), is to calculate from them the activity coefficients, 
7 i and 72, of the two components, and to plot them as shown on 
Figure 5 where

7i = Pm
P¡x¡ and 72

Py*
PlXt (1)

Here again the data are well correlated by smooth curves, particu
larly in the concentrated isobutanol region. At low concentra
tions of isobutanol, the activity coefficients of the concentrated 
component, water, would be expected to be practically unity, 
whereas they fall slightly high. This discrepancy is believed to 
be due to slight inaccuracies in the temperature readings which 
are apparently somewhat low. Correction of these temperatures 
were made by Shilling (6) to values which result in activity co
efficients of unity for the water in this region; this lowered 
slightly the activity coefficients of isobutanol in this region, but 
did not change the liquid and vapor compositions. The ob
served temperatures in the concentrated isobutanol region are 
undoubtedly correct, since the activity coefficient curve of the 
concentrated component approaches unity in the expected asymp
totic manner.
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X -  M O LE  \  IS O B U T A N O L

F ig u r e  5. A c t iv ity  C o e ffic ien ts  C a lc u la ted  fro m  
E x p e r im e n ta l I so b u ta n o l-W a te r  D a ta

An attempt was made to “fit” the activity coefficients with 
curves representing the van Laar equations:

log 7i 

log 73

(‘+18 )' 
<FSj'

(2)

(3)

The nearest fit was obtained by trial and error with equations 
having the following constants: A  =  1.7 and B  =  0.7. These 
curves were in close agreement for the water layer, but deviated 
from the data by 0 to 15 per cent for the isobutanol layer. The 
method discussed by Carlson and Colburn (1) for predicting van 
Laar constants from solubility data gives (for the boiling-point 
solubility values of 2.13 and 40.25 mole per cent isobutanol, re
spectively, at 90° C.) the following: A  =  1.66 and B  = 0.4. 
These values obviously do not represent the experimental data 
and cast doubt on this method of prediction as well as on the val
idity of the van Laar equations for systems where A  and B differ 
so widely. Additional data are required to find whether this 
limitation on the use of the van Laar equations applies to other 
partially miscible systems where the mutual molal solubilities are 
so unsymmetrical in the two phases.

D ISC U SSIO N  O F R E SU LTS

problem of securing reliable equilibrium data on partially miscible 
systems. It is obvious, however, that application of the appara
tus need not be limited necessarily to such binary partially mis
cible systems.

T e r n a r y  a n d  M u l t ic o m p o n e n t  S y s t e m s . Because of its 
inherent simplicity, this type of apparatus seems particularly well 
adapted to the study of systems of more than twro components, es
pecially those known to possess a heteroazeotrope. Modifica
tion can be made simply by the use of an additional boiler for 
each component with but little increase in complexity of operation 
or control. The relative ease and rapidity with which a vapor 
which condenses to a two-phase liquid can frequently be analyzed 
by measurement of the volumes of the respective layers is an ad
vantage not possessed by the usual recirculation type of still.

M is c i b l e  M i x t u r e s . A s  indicated by the equilibrium data 
presented for ethylene dichloride-toluene, completely miscible 
systems of two or more components can be reliably evaluated with 
the still described, provided sufficient quantities of the pure com
ponents are available. While the present method utilizes some
what greater amounts of material than do previous ones, this is 
not a serious disadvantage in most plant laboratories where the 
mixtures obtained may find use in subsequent distillation opera
tions.

M o d if ie d  E q u il ib r iu m  C h a m b e r , The seeming complexity 
of the equilibrium chamber can be reduced by eliminating the 
outer jackets which serve to maintain thermal equilibrium, and 
replacing them by a coil of suitable resistance wire surrounding 
the inner vessel as employed in the still for miscible systems (4). 
The proper balancing of heat loss from the vessel would be 
achieved byr controlling the height of the liquid, which should not 
change for some time as equilibrium is approached. The means 
of introducing vapor into the equilibrium liquid where a short 
glass tube permits smooth liquid circulation, results in a steady 
liquid level so that a slight increase or decrease in liquid height is 
readily apparent. Local superheating of the vapors evolved 
through tube G can similarly be affected by electric winding in 
order to ensure the elimination of reflux at this point where in
sulation may not prove adequate.

It is hoped that the apparatus and method described will stimu
late the acquisition of much needed vapor-liquid equilibrium data 
for those systems without which the rigorous treatment of dis
tillation column design and performance is impossible or of 
doubtful value.

NOM ENCLATURE

A, B  =  van Laar constants in Equations 1 and 2 
P =  total pressure, mm. Hg
Pi, Pi =  vapor pressures of components 1 and 2, respectively, 

mm. Hg 
t = temperature, ° C.
X i,  X i  =  mole % of components 1 and 2, respectively, in liquid
i/i, 2/3 =  mole % of components 1 and 2, respectively, in vapor
7 i, 7 i =  activity coefficients of components 1 and 2, respec

tively
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The consistency' of the experimental data as subjected to rigor
ous interpretation supports this new method of approach to the
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2 ,3 -DICHL0 R0 -1 ,4 -NAPHTHOQUINONE
ß o t e s it  Ó ^ v a a n ic  ^ u n c y ix U d e

W. P. T E R  H O RST AND E. L. F E L IX
General Laboratories, U. S. Rubber Com pany, Passaic, N. J.

2.3- Dichloro - 1 ,4-  naphthoquinone has 
proved to be a potent and safe fungicide 
for both agriculture and textiles. Its 
effectiveness in the control of numerous 
economic fungi has been demonstrated. 
In agriculture it may be used as a seed 
treatment or as a foliage spray to control 
plant diseases. On textiles 2,3-dichloro-
1.4-naphthoquinone is an excellent 
mildew-proofing agent, has no harmful 
effect, and resists weathering. It should 
prove especially valuable in replacing 
m etallic chemicals or in cases where a 
more suitable fungicide is desired.

THE annual fungous damage to agriculture in the United States 
has been estimated at a billion dollars. The annual loss 
due to mildew on raw cotton alone is placed at 25 to 75 

million dollars (f). The importance of mildew-proofing in the 
war effort cannot be evaluated in terms of money alone. The 
fields of agriculture and textiles are related, particularly through 
the economically important cotton crop. Further, the fungus 
Glomerella gossypii (South.) Edg., causing anthracnose of the 
cotton plant, attacks and weakens the fibers in the boll (3, 7) 
in the field. These fibers are lost largely at ginning.

In agriculture, sulfur, copper, and organic mercury com
pounds are extensively used to control patho
genic fungi. While effective in many instances, 
they have disadvantages. Sulfur, for example, 
is ineffective in the control of a number 
of diseases, and during hot weather may burn 
the foliage. Repeated use increases soil acidity 
and in the greenhouse may render soil worthless.
Elemental sulfur is of restricted value as a seed 
protector. Copper compounds do not control 
all diseases and may cause foliage or fruit in
jury, particularly during a cold spelL They 
may increase aphid population. As seed pro
tectors, copper compounds are of limited use
fulness. Organic mercury compounds, while often 
highly effective, are toxic to man and animals.

In the textile industry, fungicides such as 
copper carbonate, copper naphthenate, and 
chlorinated phenols are in extensive use. Cop
per compounds may cause weakening of the 
fibers as well as stiffness. Since copper Is 
rubber's worst enemy, copper compounds can
not be used on rubberized fabrics. In view of 
the  shortcomings of known fungicides, organic 
fungicides have been and are being developed 
shat will augment and often replace sulfur or 
metalEc fungicides of long standing.

The objectives arc to discover chemicals that are highly ef
fective fungicides, are safe to plants, textiles, and man, ami can 
bo produced in largo quantities from available raw materials. 
The importance of any chemical that can replace such strategic 
chemicals as copper and mercury hardly need be mentioned In 
wartime.

2,3-Dichloro-l,4-naphthoquinono is outstanding as a fungi
cide among the many quinono-type chemicals tested. Its effec
tiveness in the control of twenty-two important and widely 
divergent fungi has been proved. 1,4-Bonstoquluono is not fungi
cidal except in high dosage. Its further disadvantages are 
irritation and toxicity to man, phy to toxicity, high volatility, high 
chemical reactivity, and fair solubility in water. In 11)37 it was 
discovered (6‘, 3) that totracliloro-p-bon«oqulnono, commonly 
called “chloranil”, possesses greatly enhanced fungicidal prop
erties without tlio undesirable features of quiuone. Continued 
research led to the development of 2,3-dichIoro-l,4-imphthoqui- 
nono which is from four to eight times more effective on many 
fungi than tctrachloro-p-bcnzoquinono. The position of tlio 
chlorine atom in tho molecule is important and probably critical.

Known naphthoquinono structures are tho following;

A
1,4-Nftphtboquinono 1,2-Naphthoq uinono 2,0-NapliUioqulnono

C .  7  :■ 
S» ■ a V

r r : : .. S / i  r
\ m  ■

F i g u r e  1 -  C o n t r o l  o f  P y th iu m  u lt im u m  o n  P e a s  / / I t h
2 ,2 - D í c h f o r o ' 1 / * - n a p h t h o q u í n o n * f  

fio. ei. tnt» ton% w ith  OTA outíoa p+r ff
fio , ff  t wo r'jßtx w ith  0 2% áittto* u»f toiá*h*ii
t l r v g i*  r 'sw x , u r í tfH * t* n í,  P.m ía  o f  v r w i n y i  m il f&W § */)

12S5
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The vapor concentration of 2,3-dichloro-l,4-naphthoquinone at 
100° C. is 0.2 mg. per liter.

U S E  A S  A G R I C U L T U R A L  F U N G I C I D E

The high fungicidal potency of 2,3-dichloro-l,4-naphthoqui- 
none has been demonstrated repeatedly. It was determined 
first on the regularly employed test fungus, Pythium ullimum 
Trow, on peas in the greenhouse. Maximum control of Pyth
ium (90 to 94 per cent plant stand) under the most favorable 
conditions for disease development was obtained at a dosage of
0.56 to 1.12 ounces per bushel of seed. Practical control was 
obtained at 0.28 ounce per bushel, equal to 1/32 per cent by 
seed weight (Figure 1).

The average pea stand at a dosage of 0.28 ounce per bushel of 
seed in twelve experiments was SO per cent compared to 24 in the 
untreated, a significant mean difference of 56 per cent. Corre
sponding mean height of plants after about 10 days was 5.97 cm. 
for the treated and 4.67 for the untreated, a mean difference of 
1.30 cm., which was highly significant with odds of 10,000 to 1. 
Analysis of variance on results from the twelve experiments in 
which the four dosages (2.24, 1.12, 0.56, and 0.28 ounce of 2,3- 
dichloro-1,4-naphthoquinone per bushel of seed) were em
ployed showed no significant differences in plant height between 
dosages.

The chemical was applied also at dosages of 4.48 and 8.96 
ounces per bushel of pea seed to determine any tendency to 
injure seed. The results were not significantly different from 
those obtained with a dosage of 1.12 ounces, showing the chemical 
to be safe on seed. The material appears to be noninjurious to 
foliage also and offers considerable promise as a plant spray 
against leaf diseases. The chemical is not compatible with 
nitrogen-fixing bacteria.

2.3-Dichloro-l,4-naphthoquinone has given good results also 
on Lima beans at 0.2 ounce per bushel and on corn (field and 
sweet) at 0.25 ounce per bushel. Its toxicity to Ustilago sp. in 
slide tests indicates possible value in the control of cereal smuts.

It has given fair control of the fungi causing cotton damping- 
off. The results obtained against Rhizoctonia and anthracnose 
damping-off in the greenhouse are shown in Table I.

2.3-Dichloro-l,4-naphthoquinone appreciably reduced both 
Rhizoctonia and Glomerella infection at a dosage of 0.5 ounce of 
active material per bushel of cottonseed applied just before plant
ing. The percentage of anthracnose infection in the untreated 
seedlings always was high, although the percentage of actual 
damping-off from this disease was never exceptionally high, as in 
peas. Anthracnose control with the chemical may be observed 
in both criteria but is most striking in the percentage of healthy 
plants obtained.

2.3-Diehloro-l,4-naphthoquinone completely prevents ger
mination of cotton anthracnose spores at 1 p. p. m. or less in slide 
tests. Test tube cultures of treated and untreated cottonseed 
highly infested with anthracnose revealed that 6 ounces per

T a b l e  I .  C o n t r o l  o f  C o t t o n  D is e a s e s  w it h  2 ,3 - D ic h l o r o -1 ,4 -n a p h t h o q u in o n e

 --------------------------------Individual Tests against:-------------------------------
Anthracnose^ ___

Rhizoctonia“ Healthy,
%

Concen
Dosage, Ounces % Stand % Stand % of Emerged

per Bu. Un Un Un
tration Total Active Treated treated Treated treated Treated treated

100.0 3 .00 3 .0 0 96 32 89 66 54 2
100.0 2 .00 2 .00 83 61 49 3
100.0 1.00 1.00 80 60 39 3

12.5 6 .00 0 .7 5 90 27 90 81 43 18
12.5 5 .00 0 .63 88 69 44 17

= 12.5 4 .00 0 .5 0 83 63 27 11
10.0 G.00 0 .6 0 44 'Ö
10.0 5.00 0 .5 0 60 0

a Machine-delinted seed planted in M ississippi cotton soil.
b Fuzzy seed highly infested naturally and planted imm ediately after treatm ent.

Others which do not exist, except possibly in derivatives are:

Figure 2. Prevention of Chaetom - 
ium Mildew on Duck with 2, 3-Di- 

chloro-1, 4-naphthcquinone
L o w e r  h a l f  t r e a t e d ,  u p p e r  h a l f  u n t r e a t e d .

2,3-Naphthoquinone 1,5-Naphthoquinone 1,7-Naphthoquinone

Of these six naphthoquinone structures, sixty-six possible di- 
chloro isomers can be drawn. The literature (4, 5, 10, IS, 14, 19, 
20) describes only six dichloronaphthoquinones:

3,4-Dichloro-l,2- l,5-Dichloro-2,6- 2,6-Dichloro-l,4-
naphthoquinone naphthoquinone naphthoquinone

2,3-Dichloro-l,4-naphthoquinone is not a new material. Its 
preparation was recorded by Graebe {10) in 1867 and described 
by Carstnnjen (4) the following year. It is quite soluble (4 per 
cent) in xylene and o-dichlorobenzene; fairly soluble in dioxane, 
acetone, benzene, and diethyl ether; and slightly soluble in 
glacial acetic acid, ethyl alcohol, carbon tetrachloride, Skelly- 
solve R, Cellosolve, Stoddard solvent, gasoline, cod oil, cotton

seed oil, castor oil, 
and Nujol. The 
solubility in water 
at pH 7.0 is in 

of 1 to 
which 

less
soluble than 1,4- 
naphthoquinone 
with a solubility 
o f 1 to  4 0 0 0 .

5/3-Dichloro-l,4-
naphthoquinone

2,3-Dichloro-l ,4- 
naphthoquinone

5,6-Dichloro-l ,4- 
naphthoquinone
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bushel of the 12.5 per cent chemical (that is, 0.75 ounce of active 
material per bushel) completely kill Glomerella gossypii when ap
plied 3 months in advance of planting. Possibly higher dosage 
would accomplish this in a shorter time.

Figure 3. Soil Adherence in 2, 3-Dichloro-1, 4 -nap htho
quinone Treated (left) and Untreated (right) Fire Hose 

upon Removal from Soil 21 Days after Burial

U S E  A S  A  M I L D E W  P R E V E N T I V E

The armed forces need mildew prevention on numerous items. 
The ideal textile fungicide possesses the following properties: 
Effectiveness against both fungi and bacteria (for which prop
erty the term “bacterifungicide” is proposed); effectiveness at low 
temperatures; resistance to weathering, leaching, and heat; 
ease of application; no odor; no objectionable color alteration; 
no change in “feel” of fabric; no tendering; no undesirable effect 
on dyeing; nontoxicity and noncorrosiveness; no increase in 
flammability; inexpensiveness and availability.

2,3-Dichloro-l,4-naphthoquinone has proved in laboratory 
and soil burial tests to be a highly effective mildew-proofing agent 
for cotton fabrics against such molds as Chaetomium, Metar
rhizium, Stachybotrys, Aspergillus, Penicillium, and others em
ployed in U. S. Department of Agriculture test procedures for 
mildew preventives.

Stachybotrys spp. (probably S. atra Corda and 5. cylindrospora 
Jensen) were important in the destruction of cotton fabrics in 
some of the soil burial tests. It has been demonstrated experi
mentally that S. cylindrospora is an active cellulose destroyer on 
cotton batting, absorbent cotton, and ashless filter paper (16).
S. papyrogena Sacc. is destructive to cotton also (12). The 
occurrence and destructiveness of Stachybotrys spp. and related 
genera on paper has been known for a long time (2, 8, 17).

S L I D E  T E S T S

The toxicity of 2,3-dichloro-l,4-naphthoquinone to Metar- 
rhizium and Stachybotrys was determined in slide tests, fol
lowing the procedure of McCallan and co-workers (15), later 
adopted by the Committee on Standardization of Fungicidal 
Tests, American Phj’topathological Society. Spores were from 
4-7 day old cultures. Metarrhizium (N. R. R. L. No. 1875) was 
grown on strips of filter paper extending into a liquid medium 
suggested by Greathouse (11). This medium, of about pH 3.7, 
proved excellent for the production of spores in both Metar
rhizium and Glomerella gossypii, and has the composition 
which follows.

NJrUNUj Z.U grams
ICjHPOi 2 .8  grams
MgSOt 11 .8  grams
Tartaric acid 2 .0  grams
Fe, Zn, M s  as SO< 0 .001  gram each
Peptone 0 .5  gram
Distilled water to make 1000.0 cc.

Stachybotrys was grown on potato dextrose agar. One tenth per 
cent ultrafiltered orange juice was added to the spore suspension 
to stimulate germination on the slide, although its necessity 
for either fungus was not determined. Metarrhizium, except for 
the smallness of its spores, is admirably suited to slide work, since 
spores capable of 100 per cent germination are produced in 
profusion.

The LD50 and LD95 values on Metarrhizium thus are found 
to be as follows:

Chemical LD50 LD95
P.  p. m. P .  p. m.

2,3-Dichloro-l ,4-naphthoquinone 0 .3 7  0 .5 6
Tetrachloro-p-benzoquinone 2 .5  4 .0 0

The results show the potency of 2,3-dichloro-l,4-naphthoquinone, 
the LD50 as well as the LD95 values being only one eighth those 
of tetrachloro-p-benzoquinone.

The LD50 value for 2,3-dichloro-l,4-naphthoquinone on 
Stachybotrys is about 1.3 p. p. m., the LD95, 2.5 p. p. m. The 
ascospores of Chaetomium globosum Kze. failed to germinate satis
factorily for slide tests. The wholly submerged formation of 
mature perithecia by this fungus on plain agar is unusual and 
suggests possible internal fructification in fabric under certain 
conditions.

E F F E C T  ON S T R E N G T H  O F  C O T T O N  F A B R I C  IN A B S E N C E  
O F  M I L D E W

The effects of 2,3-dichloro-l,4-naphthoquinone on cotton 
fabric in the absence of mildew was determined by 60-hour ex
posure of the originally treated uninoculated and unincubated 
sample to the combined action of ultraviolet light, water spray, 
and heat (80° C.). The average bursting strengths of a sample of 
8-ounce duck, originally testing 202 pounds, thus exposed in an 
accelerated weathering unit, was 62 pounds for the acetone-treated 
check and 79 pounds for the 2,3-dichloro-l ,4-naphthoquinone 
treated (1 per cent in acetone). Thus no greater loss of strength 
over the check, due to the chemical, is indicated in controlled en-

Figure 4. Prevention of Stachybotrys Mildew with  
2, 3-Dichloro-1, 4-naphthoquinone on Fire Hose Buried 

3 Weeks in Greenhouse Soil 
L e f t :  U n tr e a te d  h o s e ;  o r ig in a l  t e n s i l e  s t r e n g t h  29 Ib ./sq .  In., f ina l  0. 
R ig h t :  Hose  t r e a t e d  w i t h  1 per  c e n t  c h e m ic a l  in  a c e t o n e ;  o r ig in a l  

t e n s i l e  s t r e n g t h  29 Ib ./ sq .  in .,  f in a l  25.
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Figure 5. Prevention of Stachybotrys Mildew (Dark 
Areas) and Bacteriosis (Holes) with 2, 3-Dichloro- 
1, 4-naphthoquinone on Cotton Duck Buried 3 Weeks 

in Greenhouse Soil
L e f t :  U n t r e a t e d  d u c k ;  o r ig in a l  b u r s t i n g  s t r e n g t h  202 p o u n d s ,

f in a l  0.
R ig h t :  D u c k  t r e a t e d  w i t h  1 per  c e n t  c h e m i c a l  in a c e t o n e ;  o r ig in a l  

b u r s t in g  s t r e n g t h  205 p o u n d s ,  f i n a l  2 15 .

vironment, equivalent to several months of natural aging. 
The increase in strength over the check is probably due to 
shrinkage of the fabric.

F A B R I C  I N O C U L A T I O N  T E S T S

Laboratory tests were conducted with Metarrhizium sp. or 
Chaelomium globosum as recommended by Thom ei al. (15). The 
fabric under test was impregnated with a solution of 2,3-di- 
chloro-1,4-naphthoquinone of known concentration and allowed 
to dry. Duplicate tests were made on dried treated samples, 
imwashed and washed for 16 to 24 hours in running tap water 
to determine resistance to leaching. Artificial inoculation with 
the desired mildew and 30-day incubation under optimum condi
tions for mildew development ensued. Fungicidal evalua
tion was based on visual observation and tensile and bursting 
strength determinations. The effectiveness of 2,3-dichloro-l,4- 
naphthoquinone in the control of Chaetomium is shown strik
ingly in Figure 2, in which the entire sample was inoculated and 
incubated after part of it had been treated and dried.

The tests on leached and unleached duck are shown in Table II.

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

In the soil burial tests, samples were buried horizontally '/< 
to 'A inch deep in good greenhouse soil of pH 7.2, using natural 
fungous flora as inocula. Soil moisture and other environment 
were kept at optimum conditions for mildew growth. Period of 
burial was 21 days. It is noteworthy that well mildew-proofed 
fabrics can be removed from the soil relatively clean, whereas un
treated or poorly protected fabrics are covered with a layer of 
soil held by the mildew mycelia (Figure 3). Mildewed and 
mildew-proofed fire hose and duck after burial and soil removal 
are shown in Figures 4 and 5, together with some tensile and 
bursting strength figures. Further bursting strengths in treated 
and untreated duck, before and after 3-week soil burial, follow:

1% 2,3-U ichloro-l .■i-napli-
_______Acetone Check_____________  thoquinone in Acetone
Before burial After burial Before burial After burial

192 0 215 230
211 0 210 227
205 0 198 228
208 0 20S 212
197 0 205 208

205

Ay. 202 0 207 218

The 2,3-dichloro-l,4-naphthoquinone uptake by cotton duck 
from immersion in 1 per cent acetone solution is 1.5 to 1.7 per cent 
of the original duck weight.

Bursting strength determinations on cotton sheeting before 
and after 3-week soil burial follow:

Fabric Treatm ent L b./Sq. In.

Untreated, unburicd 132
Untreated, buried 0
0 .1%  2,3-dicliloro-l,4-naphthoquinone, buried 150

Cotton sheeting, as well as fire hose and duck, was rendered 
mildew-proof by 2,3-dichloro-l,4-naphthoquinone, as shown by 
visual examination and tensile and bursting strength deter
minations. Both Chaetomium and Stachybotrys mildews were 
controlled effectively in soil burial tests. The apparent increase 
in strengtli due to treatment is attributed to shrinkage in the 
course of the tests.

2.3-Dichloro-l ,4-naphthoquinone retains its fungicidal effec
tiveness at average temperatures of 50° F. or lower. A consider
able degree of fungicidal compatibility with lime is indicated, 
provided somewhat above minimum effective concentrations are 
employed.

M E T H O D S  O F  A P P L I C A T I O N

2.3-Dichloro-l,4-naphthoquinone may be applied to fabric or 
leather in one of four ways: in organic solvent, in aqueous 
suspension, in a lacquer, or by vapor.

Solutions of the chemical are best prepared in such solvents as 
acetone, benzene, Cellosolve, Stoddard solvent, o-dichloroben- 
zene, or mineral, vegetable, and animal oils. Recommenda
tions for light cotton sheeting are 0.1 per cent and for heavy 
fabrics, duck, etc., 0.5 to 1 per cent. Only simple immersion 
with subsequent drying is required.

Aqueous suspensions of pH 4 to 5, containing 20 per cent active 
chemical and the necessary protective agents, ball-milled, may be 
employed. Application is made from a dilution containing 1 
per cent active ingredient, padding, and drying.

T able II. T en sile  S trength  (Pounds) o f T reated  and 
U ntreated  Duck a f te r  30-Day Incubation F o llow in g  

Inoculation w ith  Chaetomium globosuma
2 ,3-D ichloro-l, 4-naphthoquinone 

Untreated Benzene 0 .1%  in  0 .5%  in
Check C heck____ Benzene Benzene

Warp Filling Warp Filling Warp Filling Warp Filling

Duck Unwashed before Incubation
6 21 8 6 89 88 93 78

19 15 4 28 94 89 86 76
2 20 10 29 95 76 84 86

13 20 • 2 20 102 86 93 87
16 13 94 93

Av. 11. 2 19 7 .5 20 .7 9 4 .8 84 .7 8 9 .8 81 .7

Duck Washed 24 Hours in Running W ater before Incubation
35 32 2 18 93 81 87 80

8 28 7 ‘ 12 99 90 95 90
26 33 12 30 92 85 87 78

2 28 14 26 97 86 99 82
15 15 87 85

Av. 17.2 3 0 .2 10 2 1 .5 9 5 .2 8 5 .8 9 2 .0 8 3 .0

a Original tenrtile strength: warp 97, filling 71.

2,3-Dichloro-l ,4-naphthoquinone can be applied to surfaces 
other than cotton, such as wood, rubber, etc., by painting with a 
lacquer containing the chemical.

The chemical can be applied easily and economically by expo
sure of the fabric to the vapor at 125° C. for at least one hour.
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FLEX LIFE AND CRYSTALLIZATION OF

Synthetic Rubber
J . I I . F IE L D IN G

The Goodyear Tire & Rubber Company, Akron, Ohio

T HE crystalline structure 
of stretched natural rubber 
has been the subject of 

much experimental work in the 
past. A great deal of this has 
been devoted to the more theo
retical aspects such as x-ray 
patterns, thermal effects, and 
volume change. It is now 
known that neither Buna N nor GR-S has a fiber diagram when 
stretched and that Butyl B and neoprene do have such patterns.

Since the industry is now in the process of changing from natu
ral rubber to GR-S, it is of interest to see just what this lack of 
crystallinity means from a compounding and performance stand
point. It is possible that many of our ideas based on rubber must 
change, that GR-S must be considered a new material, and that 
radical changes in formulation and construction must be made.

PH YSICAL EFFEC TS O F CRYSTALLIZATION

When natural rubber is stretched, an alignment and fitting 
together of adjacent molecules or parts takes place which has 
many of the theoretical aspects of crystallization. The physical 
result is that the rubber becomes fibrous. It becomes stronger 
as it is stretched. Its resistance to rupture or tear is increased 
by the very force or deformation that tends to rupture it. At the 
same time it becomes weaker in a direction at right angles to this. 
The result is that tensile strength is high whether or not a rein
forcing pigment is used, and rubber may' be said to be reinforced 
by its own crystallization.

Tearing behavior of rubber was covered extensively some years 
ago by Busse (/). His work involved determining the relation 
between the depth of a transverse cut and the force required to 
rupture the strip. It was shown that, because of “semiracking”, 
the force required to make a cut grow part way' across a strip was

under some conditions not suf
ficient to make it tear all the 
way across. Again, if the strip 
were stretched before cutting, 
there was a certain degree of 
elongation, somewhat less than 
the ultimate, at which the, strip 
had to be cut three quarters of 
its width in order to produce 

complete rupture; at lower elongations a much smaller cut was 
sufficient. This same phenomenon of semiracking was used to ex
plain the knotting of a carbon black stock, where the tear has a 
strong tendency to go at, right angles to any chosen direction 
of tear.

A totally different approach but equally effective was used by 
Cadwell {¡¿). Rubber was flexed from various starting elonga
tions greater than zero, with the result that (lex life improved 
tremendously as elongation was increased and passed through a 
maximum at a point somewhat below the ultimate elongation,

This ability to resist rupture in the direction of strain is thought 
to be one of the greatest contributing factors to the toughness of 
vulcanized natural rubber. The object of this paper is to search 
for a similar behavior in synthetic rubber.

TEARING  EXI'KHIM ENTS

Four typical compounds were made up (Table f) and were sub
jected qualitatively to a tear tost designed to reveal any tendency 
toward fibering. Wide dumbbell pieces were cut with a razor 
longitudinally and stretched in a Cooey machine, and an attempt 
made to continue the split by tearing manually. Other pieces 
were stretched, then razor out longitudinally, and tearing was 
attempted. Still other pieces were stretched, then punctured 
with a pin, and an attempt made to force the pin along the strip 
longitudinally and thereby split it.

N a tu r a l  r u b b e r  a n d  B u t y l  B  a rc  s im ila r  in  
t h a t  s t r e t c h in g  p r o d u c e s  f ib e r in g ;  th e ir  
ile x  l i f e  i s  g o o d  a n d  h ig h  t e n s i le  g u m  s to c k s  
a re  p o s s ib le .  G R -S  a n d  B u n a  N  la c k  a ll 
s e m b la n c e  o f  f ib e r in g . G u m  s t o c k s  h u v e  
lo w  t e n s i le  a n d ,  in  g e n e r a l,  flex l i f e  is  p o o r .



1260 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 35, No. 12

T a d l e  I. F o r m u l a t io n  o f  C o m p o u n d s

Natural rubber 
Buna N 
GR-S
Butyl B -1 .4 5  
Channel black 
Stearic acid 
Pine tar
SDO No. 10 (Barrett) 
M edium process oil 
ZnO 
Sulfur
M ercaptobenzothiazole 
Tetram ethylthiuram disulfide 

Total 
Cure, min. (° F.)

100.00
100.00

1ÓĆLÓ0
106.50

50 .00 50 .00 50.00 60.00
3 .0 0 2 .0 0 2.00 3 .00
3 .00

’¿!óo '¿ !0 0
3 .0 0

5.00 5.00 5 .00
3 .0 0 2 .00 2 .0 0
1 .25 1.50 1.50

1.00
165.25 163.50 163.50 173.50
70 (260) 50 (260) 50 (290) 70 (310)

T a b l e  II. R e s u l t s  o f  T e a r in g  E x p e r i m e n t s

Natural Buna N  GR-S Butyl B -1 .4 5
M in. elongation allowing split

(approx.), % 350
U ltim ate elongation, % 575
Splitting Easy

700
850
Possible

At amplitudes of 150 per cent and above, the starting elongation 
was limited on the high side only by the nature of the stock under 
test. A further limitation was introduced that in most cases no 
run was made beyond 800 kilocycles, corresponding to 24 hours.

Table III and Figure 1 show several curves for natural rubber. 
The existence of a peak is marked. It is possible that the first 
few increments of initial elongation make flex life poorer, particu
larly at the higher amplitudes, but soon there is a sharp rise in 
flex life and finally a reduction again as the ultimate elongation is 
approached. The exact location of the peaks has not been de
termined, but it appears that all should occur at maximum elon
gations between 400 and 550 per cent.

Butyl B has a similar behavior (Table III and Figure 2). Its 
peak is just as sharp as natural rubber but falls at a higher elon
gation, possibly at a maximum elongation of 800 per cent.

GR-S shows no evidence of a peak (Table IV and Figure 3). 
All curves, within experimental error, start to fall immediately 
as initial elongation is increased above zero. The decline as the 
breaking elongation is approached is gradual rather than abrupt.

I oo 200 300
INITIAL ELONGATION IN V.

400 500
INITIAL ELONGATION IN V.INITIAL ELONGATION

FIGURE 2. BUTYL B

These experiments were conducted at elongations from about 
50 per cent of the ultimate to the ultimate. In the case of natural 
rubber splitting was comparatively easy. Butyl B behaved the 
same way, but splitting was a little more difficult. Buna N 
and GR-S could not be split; in fact they frequently tore com
pletely across as soon as a longitudinal cut or a pinhole was made 
(Table II).

In this respect, then, rubber and Butyl B are in one class while 
Buna N  and GR-S are in another.

FLE X IN G  EXPERIM ENTS

An experiment was designed to show' the effect of flexing am
plitude and starting elongation on flex life—in other w'ords, to 
show whether or not flex life ivas greater when the test piece re
mained within the range of elongation where crystallization 
could occur.

Ring-shaped test pieces were flexed on a machine designed by 
G. J. Albertoni. The speed was 550 cycles per minute. It was 
possible to use amplitudes as low as 25 or as high as 400 per cent. 
Starting elongations were limited on the low side by the perma
nent set of the test piece. At low amplitudes the maximum elon
gation was limited by the machine as follows:

T a b l e  III. F l e x  L if e  o f  N a t u r a l  R u b b e r  a n d  B u t y l  B-1.45'’

Min.
Elonga

tion
%

0

Flex Life of Natural at Amplitude of:

Flex Life 
of Butyl 

at Ampli
tude of

150% 200% 250% 300% 350% 400% 400%

Too much set
10 23 1*53
25 21 ! ”  2 .4 0 .91 0 .57 I Too
50 288 0 .9 5 0 .3 8 < much
75 (2 1 2 0 + ) 3 .9 0 .6 5 0 .2 5 ( set

100 ( 4 5 0 + ) 0 .7 7
125 33.'2 0 .8 8 o!o4 13.3
150 4 .7 0 .6 5 16.6
175 ! ! ! 2 2 in 9 .7 24 .2
200 6 .5 2 2 .6
225 0 2 0 .8
250 3 0 .6
275 ! ! ! 6 38 .0
300 72 .7
325 o' !!
350 (8 0 0 + )
375 i.7
400 (8 0 0 + )
425 (8 0 0 + )
450 ’ j.2

(8 0 0 + )475
500

7 Ï525
550 0

Amplitude, %
Max. elongation, %

25
115

75
90

125
65

a For example, the figure 221 means that strips flexed from 175 to 475%  
had a life of 221,000 cycles, or about 6 l/s  hours.
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T a b l e  IV. F l e x  L i f e  o f  GR-S
Min. Flex Life (Kilocycles) at Amplitude of:

mgation, % 25 75 125 150 200
0 453 5 .8 2 .6
8 .4 2.9

15 (8 0 0 + ) 2Î4 4.‘è
25 3 .2 2.Ô 0 .6 3
40 (8 0 0 + ) 07
50 2 .8 l.’ i
65 - (8 0 0 + ) 3 .2
75 0 .7 2  0 .43
90 Î3

100 0 .61
115
125 0 .5 0  0 .2 2
150
175 0.31
200
225 o . i3  ;;
250
275

Again rubber and Butyl B are in one class while GR-S is in 
another.

IMPLICATIONS

These experiments illustrate a type of behavior or a tendency 
which has a bearing on performance both in service and in labora
tory tests. When a typical rubber tire is run under conditions 
that can produce tread cracking, it is found that many cracks are 
started before the first cracks have grown very large. On the 
other hand, since crack growth in a GR-S tire is not retarded by 
fibering, the first cracks may grow quite large before many are 
formed. The most successful flex tests for rubber in this labora
tory have been those in which the crack has been permitted to 
start itself, such as the De Mattia and the perforated (cut round 
hole) strip test. These tests have not been successful with GR-S, 
but if either test piece is cut or nicked before test, it becomes a 
good measure of cut growth. A natural rubber test piece so 
nicked or cut will frequently “knot”, and cut growth will be re
tarded until other points of failure haye been started.

Lacking the benefit of fibering, the compounding of GR-S be
comes a more delicate job than that of natural rubber. It is not 
expected that any compounding steps will produce fibering. Im
proved flex life must be obtained in spite of this lack.

The use of carbon black has been quite generally adopted in 
GR-S. This was done primarily to increase tensile strength. It 
was necessary because of the lack of crystal reinforcement in. 
GR-S and its consequent low tensile strength. Its action is 
thought to be exactly the same as it is in natural rubber; butsince 
natural rubber can crystallize, it is already well bound together 
and the possible increase in tensile is not so great as it is with 
GR-S. Obviously, the most highly reinforcing black permitted 
by heat build-up and processing should be used.

In polymer research, vigorous efforts should continue to get 
some degree of crystallization into the. government tire rubber. 
It is already present in two synthetics. If this can be done and 
the other fine properties of GR-S still be maintained, it is pre
dicted that flex life will be greatly improved and that gum stocks 
will be possible.
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photographic view of the two rooms in the 
Deutsches Museum in Munich fitted up as an 
Alchemists' Laboratory of the Middle Ages.

Most of the apparatuses as shown appear 
unusual and differ from those presented by the 
various Dutch and other contemporary painters 
in the previous Reproductions in the series.

♦ ♦ ♦
With this reproduction it will be necessary to 

interrupt the series “for the duration” owing 
to the impossibility of obtaining material under 
present conditions. I t  is the hope that addi
tional photographs can be obtained for a prompt 
resumption of the series.

A complete list of the 156 reproductions will 
be published in the January, 1944, issue. Copies 
of all of these can still be supplied.
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50 East 41st Street 
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A sc r ie s  o f  t h in  s e c t io n s  o f  c o k e  a re  s tu d ie d ,  
w it h  a n d  w it h o u t  t h e  a d m ix tu r e  o f  h r e e z e ,  
b o th  b e fo r e  a n d  a f te r  b u r n in g .  I t  is  fo u n d  
t h a t  t h e  d is t r ib u t io n  a n d  s t r u c tu r e  o f  a sh  
in  c o k e  in  r e la t io n  to  th e  c o m b u s t ib le  is  d e 
p e n d e n t  o n  t h e  s t r u c t u r e  o f  th e  o r ig in a l  
c o k e . I t  i s  in d ic a t e d  t h a t  t h e  c o m b u s t ib le  
m a te r ia l  s u r r o u n d s  a n d  e n v e lo p s  t h e  a sh  
r e s id u e .  T h e  a d d it io n  o f  5 p er  c e n t  b r e e z e  to  
th e  c h a r g e d  c o a l h a s  l i t t l e  e ffe c t  u p o n  t h e  
s t r u c t u r e  o f  t h e  r e s u lt in g  c o k e  or i t s a s h r e s i -  
d u e . T h e  d ir e c t io n  i n  w h ic h  a  c o k in g  c o a l  
e x p a n d s  in  r e s p e c t  t o  i t s  b a n d e d  s t r u c t u r e  
is  in d ic a te d  in  a p r e l im in a r y  m a n n e r .

F ig u re  1. P h o to g r a p h s  o f  O rig in a l C ok es a n d  R e s id u e s  
a fter  C o m b u stio n

C OKE (1) has been defined as “the solid, cellular, coherent 
residue from destructive distillation of bituminous coal, 
said residue having such physical structure as results 

from the hardening of a fused or semiliquid mass”. Pfluke 
(4, o) reported that coke breeze could be added to 100 per cent 
high-volatile coal prior to carbonization without detrimental 
effects on coke strength, provided the following limits were ob
served:

1. Up to 5 per cent of breeze, no larger than minus V si-m c li
square mesh.

2. Up to 3 per cent of breeze no larger than minus Vis-inch
square mesh.

3. 1 per cent of any other size up to minus ‘/vinch square mesh.

Pfluke further showed that, provided these limits are observed 
both with 100 per cent high-volatile coal and blended coal, the 
percentage of usable coke from the initial charge remains almost 
unchanged when breeze is added compared to the percentage of 
usable coke from the initial charge with no breeze added.

The term “ash structure in coke” is used here to indicate the 
probable distribution of the ash or mineral matter in relation to 
the combustible material—that is, the position of each particle 
of mineral matter with respect to the combustible. A survey of 
the literature indicated that little information was available re
lating to ash structure in coke. A number of investigations have 
been made on the distribution of ash in solid fuels {2, S), but no 
study has been directed toward the manner in which the ash 
structure is built or distributed in the solid fuel sample in relation 
to the combustible. As a result an attempt was made to study 
this subject.

STR U C TU R E  AND D ISTR IBU TIO N  O F  ASH

Since coke is an abrasive material, a Carborundum wheel was 
used to secure thin slices. Sections 3/n  inch thick were cut from 
the lumps of coke in different directions. They were carefully 
placed on a lime asbestos board, photographed, inserted in a cold 
electric muffle furnace, and slowly raised to 1300° F. After re
maining in the furnace for 16 hours, the lime asbestos board con
taining the ash from the coke was carefully removed, allowed to 
cool, and rephotographed in the same position as before burning. 
The coke samples were completely burned during this treatment, 
and only the ash or noncombustible matter remained.

The coke was made from Pittsburgh high-volatile gas coal 
crushed to — l ' / j  inch size, charged into by-product coke ovens

ASH STRUCTURE 
in COKE

L O U IS  SH N IU M A iN
Rochester Gas and Electric Corporation, Rochester, N. Y.
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(Koppers-Becker type), and carbonized at 2450° F. for 12 hours 
net. The approximate analysis of the coke follows:

Volatile matter, % 0 ,7
Ash, %  9 .4
Fixed carbon, %  8 9 .9
Sulfur, % O.SS
Fusion point, °F . 2600 +
Heating value, B. t. u ./lb . 12.S10

PH OTOG RAPHIC RECORD

C o k e  A s h . Figure 1 shows how the coke behaved on burning 
and the structure and distribution of its ash. The photographs 
are typical of the results obtained from a large number and variety 
of samples examined in the course of this study. The samples of 
coke and ash shown are pieces of approximately half-oven width; 
when the sections are described as longitudinal, it means parallel 
to a line across the oven perpendicular to the walls; the opposite 
is meant for the cross section.

Figure 1A shows two samples of coke with the addition of 6 
per cent breeze (fine coke) in the charged coal cut longitudinally 
from the coke sample. The characteristic fissures and porous 
structure of the coke is clearly seen. B  presents the same samples 
after the combustible material has been burned away and only the 
ash remains; the shape and height of the ash samples are very 
similar to the unburned coke. Furthermore, the major fissures 
and minor cracks in the coke sample are clearly visible and main
tained in the residue. The porous nature of the ash residue is 
also revealed. The light and dark areas in the residue give fur
ther indication as to how the component parts of the ash arc dis
tributed. Near the lower right-hand corner of the specimen at 
the left of Figure 1A  is a piece of foreign matter (slate) which is 
somewhat darker than the remaining sample. The left-hand 
specimen in B  indicates clearly the presence of this impurity in 
the ash in the same location as before burning.

Figure 1C shows two samples of coke with the addition of 5 
per cent breeze in the charged coal, cut in cross section from the 
coke sample. The characteristic porous structure, major and 
minor fissures, as well as impurities are apparent. D represents 
the same samples after ignition. The ash structure is very simi
lar to the coke structure.

The photographs show that the distribution of ash within a 
sample of coke is dependent upon the presence of foreign matter 
and impurities as well as upon the coke structure. Further, the 
distribution of the ash can be ascertained rather closely from a 
knowledge of the coke structure. It further indicates that the 
combustible matter surrounds and envelops the ash residue. 
The volume of the ash residue was almost the same as the original 
coke sample.

Figure IE  presents cross and longitudinal sections of the same 
sample of coke to which no breeze had been added in the coal 
charge. F shows the same samples after burning away the com
bustible material. As indicated previously, the ash structure 
follows closely the structure of the coke. The color, porosity, 
and general appearance of the ash structure of the cokes with and 
without breeze was the same. This study or ash structure cor
roborates the findings of Pfluke (5) who showed that the shatter, 
tumbler, and screen tests of coke, with and without the addition 
of breeze were the same.

In each case the photographs show that the combustible matter 
is built around the ash structure. The light and dark areas repre
sent the distribution of the component parts of the ash.

C o a l  A s h . Figure 2.4 presents sections of bituminous gas 
coal from the Pittsburgh field. At the left is a section cut per
pendicular to the bond structure; at the right, a section cut par
allel to the bonds and comprising several bonds. The approxi
mate analysis of the coal was:

Volatile matter, %  3 4 .3
Ash, %  6 .3
Fixed carbon, % 69 .4
Sulfur, % 1 .0
Fusion point. ° F. 2600 +

F igure 2. P ho tographs o f O riginal Coal and  Hcsldncs a fte r 
C om bustion

These samples were somewhat dillicult to prepare, since the 
coal was soft and oily. The left-hand section shows (lie charac
teristic band structure of the coal. Figure 2/i represents the 
same samples after slow burning by the method indicated for 
coke. Combustion of this sample was difficult because it was a 
coking coal and passed through a plastic stage before coking and 
final burning. This behavior obscured the true picture as to 
how ash is present in coal. However, II gives a preliminary indi
cation as to the direction of expansion on heating. The left- 
hand section expanded considerably, but principally in the direc
tion perpendicular to the plane of the bands in the unburilod coal. 
This was further evidonced by the nature of tho ash structure of 
the sample on the right. This ash residue was approximately 
the same size as tho unburned coal but was considerably higher, 
an indication that expansion had occurred in the direction per
pendicular to the plane of the bands. During softening and swell
ing of the coal there was no exuding of an ash-free pitch or tar, 
but an expansion of the coal as a whole. Figure 2/1 and B show 
individual lumps which do not correspond to tho coal charge in a 
by-product oven. From this preliminary study it appears that 
this type of bituminous coal expands in a direction perpendicular 
to the piano of its Banded structure.

It appears, then, that as tho coal passes through the plastic 
state during the coking process, there is no segregation of ash; 
that is, the mineral mutter does not separate from the oombustiblo 
but remains thoroughly distributed.

The method employed may bo applied to record the visible 
changes tliat take place in tho ash and fuel at different periods 
during combustion. The behavior of the Pittsburgh gas coal in
dicates the difficulty of predicting bow and where such coal ash 
would be distributed during the coking process or during com
bustion.
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The Chlorophosphate Process for 
DICALCIUM PHOSPHATE

E . J . F O X  AND K . G . C L A R K
U. S. Department of Agriculture, Beltsville, Md.

M o n o c a lc iu m  c h lo r o p h o s p h a te  s u b s t a n 
t ia lly  fr e e  f r o m  c a lc iu m  c h lo r id e  a n d  s u i t 
a b le  fo r  f e r t i l iz e r  c a n  b e  o b ta in e d  b y  t h e  
d ir e c t  a c t io n  o f  p h o s p h o r ic  a n d  h y d r o 
c h lo r ic , o f  s u lf u r ic  a n d  h y d r o c h lo r ic ,  o r  o f  
p h o s p h o r ic , s u lf u r ic ,  a n d  h y d r o c h lo r ic  a c id s  
o n  p h o s p h a t e  r o c k . M o n o c a lc iu m  c h lo r o 
p h o s p h a t e  c a n  h e  c o n v e r te d  t o  d ic a lc iu m  
p h o s p h a t e  b y  t h e r m a l  t r e a t m e n t  in  t h e  
p r e s e n c e  o f  w a te r  v a p o r  w ith  re c o v e r y  o f  i t s  
h y d r o c h lo r ic  a c id  c o n t e n t ,  o r  b y  a m m o n ia -

T HE use of dicalcium phosphate as a fertilizer was proposed 
by Way (IS) in 1867. He described several methods for 
its production from hydrochloric acid solutions of natural 

phosphates, including the well known process of precipitation with 
milk of lime. Later Way (19) proposed to evaporate or otherwise 
concentrate such hydrochloric acid solutions of phosphate of lime 
to produce “chlorophosphate of lime” for fertilizer use. He 
considered the product to be “a compound of acid or monophos
phate of lime with chloride of calcium in the proportion of one 
equivalent of each”, and apparently was unaware that Erlen- 
meyer (1) previously had obtained such a compound in hydrated 
form by evaporation of a hydrochloric acid solution of tricalcium 
phosphate.

More recently Flatt (2) and Turrentine (IS, 16) described the 
products formed by evaporation of hydrochloric acid solutions 
of phosphate rock as a mixture of calcium chloride and of a hy
drated double salt of monocalcium phosphate and calcium chlo
ride. Heating this mixture yielded hydrogen chloride, water, 
and basic chlorophosphates (Figure 8).

The chemistry of the phosphate rock-aqueous hydrochloric 
acid system was presented in a previous article (5) which showed 
that solid monocalcium chlorophosphate is produced on evaporat
ing or otherwise concentrating solutions of calcium chloride and 
phosphoric acid. While the product thus obtained has physical 
and chemical properties suitable for fertilizer (8, 19), its produc
tion alone does not constitute the optimum use of reagent mate
rials (4). The present article discusses the possible use of either 
sulfuric acid or phosphoric acid or both in conjunction with gase
ous hydrogen chloride as reagents in the decomposition of phos
phate rock for the production of calcium-chloride-free mono
calcium chlorophosphate; methods are then described which 
have been developed for the conversion of the chlorophosphate 
to dicalcium phosphate.

REACTIONS YIELD IN G  MONOCALCIUM  CHLOROPHOSPHATE

j Although monocalcium phosphate repeatedly has been re
nted to result from the action of hydrochloric acid on phos- 
late rock (11, 14) and other basic phosphates (IS, 17), Fox and

t io n  w h ic h  y ie ld s  a  m ix tu r e  o f  d ic a lc iu m  
p h o s p h a t e  a n d  a m m o n iu m  c h lo r id e .  T h e  
m a n u f a c t u r e  o f  d ic a lc iu m  p h o s p h a t e  b y  
t h e  c h lo r o p h o s p h a te  p r o c e ss  w o u ld  p e r m it  
s u b s t a n t ia l  e c o n o m ie s  in  r e a g e n t  m a te r ia ls  
over  p r a c t ic e s  c u r r e n t ly  e m p lo y e d  i n  t h e  
p r o d u c t io n  o f  a v a ila b le  p h o s p h a t e s .  T h e  
p r o d u c t io n  o f  m o n o c a lc iu m  c h lo r o p h o s 
p h a t e ,  o r  o f  a m m o n ia t e d  c h lo r o p h o s p h a te ,  
w o u ld  a ffo rd  a n  o u t le t  w i t h in  t h e  fe r t i l iz e r  
in d u s t r y  fo r  b y -p r o d u c t  h y d r o c h lo r ic  a c id .

Clark (5) found no evidence of its occurrence in the system. The 
primary reaction involved in the decomposition of phosphate rock 
with hydrochloric acid was shown to be in accordance with the 
following equation where n is the CaO: P2Os mole ratio of the origi
nal rock:

raCa0.P20 6 +  2nHCl = nCaCl2 +  2H3PO, +  (n -3 )H 20  (1)

The ratio of calcium chloride to phosphoric acid in solution in 
contact with undecomposed rock remained constant as indicated, 
up to a concentration of about 2.3 gram moles of calcium chloride 
per kg. of solution at 25°, or 2.6 gram moles at 100° C.

Concentration of such solutions, whether or not in contact with 
undecomposed rock, resulted in a progressive increase of the 
CaCl2:Ii3PO, ratio of the solution accompanied by the appear
ance of monocalcium chlorophosphate, CaClH2P0,.H 20 , in the 
solid phase. In the absence of undecomposed rock a mole of 
hydrochloric acid was volatilized for each mole of calcium chlo
ride converted to the chlorophosphate. Chlorophosphate for
mation, therefore, is equivalent to the replacement of half the 
chlorine of calcium chloride by the II2POi~ radical in accordance 
with the equation:

CaCl2 +  H3PO4 +  H20  =  CaClH2P0,.H 20  +  HC1 (2)

If, however, an excess of rock was present, the chlorophosphate 
was formed without appreciable loss of hydrochloric acid from 
the system. Consequently, crude chlorophosphate substantially 
free from calcium chloride can be prepared by treating phosphate 
rock with hydrochloric and phosphoric acids in the quantities 
required to form the chlorophosphate, and drying the mixture to 
complete the reactions (3):

nCaO.P2Os +  wIICl +  (n -  2)H3PO, +  3H20  =
ttCaClH2P0,.H20  (3)

Products obtained in this manner have been shown by vegetative 
tests to be a satisfactory source of phosphorus (8).

If, instead of phosphoric acid, sulfuric acid is added to combine 
with the excess of calcium present in phosphate rock, the reagent 
requirements are as shown in Equation 4.
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nCa0.Pj05 +  2HC1 +  (n -  2)HeSO, +  (5 -  n)H20  =
2CaClH2P0i.H ;0 +  (» -  2)CaSO< (4)

The product thus obtained is a mixture of chlorophosphate and 
calcium sulfate analogous in some respects to ordinary super
phosphate, but containing one less mole of calcium sulfate per 
mole of P2Os. The production of monocalcium chlorophosphate 
according to Equations 3 and 4 is schematically shown in Figure 1.

(3 H3POJ ( 7 HCI

T able I. Lihe-Phosphate Ratios o f  Various Domestic 
and Foreign Phosphate Rocks (3)

Chlorophosphate Mixture 
4 CaCI H2P0„-H20 
3 Co SO4

(P205, 24%)

f ....... -
Crude Monocolcium

Chlorophosphate
7 CaCI HoPOa-HoO

(P205, 36%)

F ig u r e  1. A c id  R e q u ir e m e n ts  fo r  M o n o c n lc iu m  C h lo r o 
p h o s p h a te  P r o d u c t io n

If an excess of either phosphoric or sulfuric acid over the re
quirements shown in Equations 3 and 4 is used, a part of the phos
phorus is obtained as monocalcium phosphate. It is possible, 
therefore, to treat phosphate rock with hydrochloric acid and 
either phosphoric or sulfuric acid, or both, and obtain mixed 
products free from calcium chloride as such. Products obtain
able by the acidulation of rock phosphate with all possible com
binations of sulfuric, phosphoric, and hydrochloric acids are in
dicated in Figure 2. The acidulation of rock with sulfuric acid, 
lower left-hand corner of the triangle, yields calcium sulfate, A, 
and monocalcium phosphate, B. Phosphoric acid, lower right- 
hand corner, yields only monocalcium phosphate. But with hy
drochloric acid, represented by the apex of the triangle, a mixture 
of monocalcium chlorophosphate, C, and calcium chloride, D, is 
produced. Point C represents the proportion of hydrochloric 
acid to phosphoric acid indicated in Equation 3 for the production 
of the chlorophosphate only. Similarly, point A,C  represents 
the proportion of hydrochloric to sulfuric acid indicated in Equa
tion 4 for calcium sulfate and monocalcium chlorophosphate. 
For systems involving all three acids, represented by the surface 
area of the triangle, A, C-C is the boundary between those above 
yielding some free calcium chloride and those below that do not. 
The exact location of this line in the field of the diagram is a func
tion of the lime-phosphate ratio, n, of the rock employed. Table 
I gives the minimum, maximum, and average values of n for rep
resentative samples of phosphate rock from various domestic and 
foreign sources, calculated from data published by Jacob, Hill, 
Marshall, and Reynolds (3, Tables 3 to 6). By substituting the 
appropriate values for n in Equations 1, 3, and 4, the number of 
moles of reagent acids required for these reactions per mole of 
P 2O s  in each of the several rocks may be estimated. In general, 
the better grades of rock contain about 3.5 moles of CaO per 
mole of P2Os and a rough approximation is obtained by writing 
the formula for the rock as 7Ca0.2P20s, as indicated in Equations 
10 and II (compare Figure 1). With rock containing 3.5 
moles of calcium per mole of phosphoric oxide, 82 per cent of all 
possible combinations of sulfuric, phosphoric, and hydrochloric 
acids yield calcium-chloride-free mixtures of calcium sulfate, 
monocalcium phosphate, and monocalcium chlorophosphate. 
With rock for which n equals 4, about 78 per cent of all acid com
binations yield calcium-chloride-free products; for tricalcium 
phosphate the estimate is about 87 per cent.

Type of Source of N o. of n =  CaO:PsO, M ole Ratio
Phosphate Rock Samples M inimum Maximum Average

Florida, land pebble 11 3.546 3.865 3.736
Florida, hard-rock 4 3.446 3.599 3.556
Tennessee, brown-rock 6 3.467 3.623 3.549
Tennessee, blue-rock 5 3 .530 3.712 3.655
Tennessee, white-rock 2 3.5S4 3.59S 3.591
Idaho 3 3 .575 3.610 3.589
M ontana 3 3.516 4.094 3.713
South Carolina 2 4.064 4.0S1 4.073
Foreign, including Morocco, 

Tunis, and Christmas, 
C u r a c a o ,  a n d  O c e a n  
Islands 6 3 .279 4 .222 3.606

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

Bv using aqueous solutions of hydrochloric acid, water is intro
duced into the system which later must be removed by artificial 
means or by prolonged drying of the product in air at ordinary 
temperatures to obtain complete reaction of phosphoric acid. 
The disadvantages involved in such drying operations may be 
avoided by the direct absorption of hydrogen chloride in mixtures 
containing water limited to the amount necessary to promote the 
reactions involved. The absorption of hydrogen chloride in mix
tures containing ground phosphate rock and water in the propor
tions required to yield monocalcium chlorophosphate and calcium 
chloride dihydrate is graphically shown in Figure 3. The charge 
was continuously agitated in a rotary type mixer while being ex
posed to the gas. For the production of chlorophosphate, it is 
not necessary to absorb more than n moles of hydrogen chloride 
per mole of phosphoric oxide, or one mole per mole of calcium 
in the rock. The addition of phosphoric or sulfuric acid, or both, 
may be made either before or after the absorption of hydrogen 
chloride. The preaddition of 75 per cent phosphoric acid would

HCI

Figure 2. C o m p o sit io n  o f  R e a c te d  P h o sp h a te  R o ck -A cid  
M ix tu re s

R e a c t i o n  p r o d u c t s :  A ,  c a l c i u m  s u l f a t e ;  B , m o n o c a l c i u m  p h o s p h a t e ;
C y m o n o c a l c i u m  c h l o r o p h o s p h a t e ;  D , c a l c i u m  c h io t- id c .

satisfy the theoretical requirements for water, according to Equa
tion 3, but such a mixture would be too dry to give a satisfactory 
reaction with the hydrogen chloride. Practically, it has been 
found that about one part of water to five parts of rock, or a mix
ture containing 15-20 per cent of water is adequate. This
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F ig u re  3.

£ O S 5
Moles of HCI absorbed per mole of P2O5 in the charge

A b so rp tio n  o f  H y d ro g en  C h lo r id e  in  P h o sp h a te  R o c k -W a te r  
(5 -1 ) M ix tu res

amount of water may be supplied with 65 per cent phosphoric 
acid. By such procedures products are obtained which may be 
further processed immediately for the production of dicalcium 
phosphate, treated with ammonia gas as indicated below, or 
readily dried in air for the production of monocalcium ehloro- 
phosphate (Figure 1).

TH ERM AL CONVERSION O F MONOCALCIUM  
CHLOROPHOSPIIATE

CaClHsPOi.HîO

350—450° C 
Ca2ClH3P20 5  >1 Ca2P20 7 +

HCI +  H20  (6)

The intermediate product obtained be
low 300° C. may be written as (CaHP04)2.- 
HC1 and for that reason may be regarded 
as the hemihydrochloride of dicalcium 
phosphate. This, undoubtedly, is what 
Newberry (11) identified by mistake as 
the monohydrate of diealcium phosphate. 
The calcium pyrophosphate obtained by 
the final decomposition of this hydrochlo
ride is transformed at 555° C. into a more 
stable modification with the release of en
ergy and a marked diminution in volume.

If, however, monocalcium chlorophos- 
phate is heated in the presence of steam 
in the temperature range 225-300° C., all 
of the chlorine is evolved as hydrochloric 
acid and the residue is anhydrous di
calcium orthophosphate (4):

225-300° C.
------------- >- CallPO, +  HCI +  H20  (7)

steam

Figure 6 shows the recovery of hydrochloric acid per mole of 
monocalcium chlorophosphate upon heating at different tem
peratures for various periods in an atmosphere of steam. Analy
ses of the residues are given in Table II.

The statement made by Way (20) and the implications of New
berry (11) to the effect that a simple heat treatment converts 
monocalcium chlorophosphate to dicalcium phosphate and hydro
chloric acid were not experimentally confirmed.

The results obtained by applying differential thermal analysis 
(6, 12) to chemically pure monocalcium chlorophosphate are 
shown in Figure 4. Line a gives the temperature of a heavy 
nickel block increasing at a constant rate. Line b represents the 
difference between the temperature of the 
chlorophosphate and an inert material con
tained in similar wells within the nickel 
block, each with a junction of a differential 
thermocouple embedded near the center of 
its charge. The negative deflections of line 
b from the horizontal indicate endothermic 
reactions occurring in the test sample, while 
positive deflections indicate exothermic re
actions. The extent of the reaction obtained 
in monocalcium chlorophosphate below 300° C. 
was determined by heating samples of the 
material to this temperature for various 
lengths of time, and determining weight 
and chlorine losses. From these data the 
number of moles of hydrocliloric acid and 
water lost per mole of P2Os (2 moles of 
CaClH2PCL.H20) were determined. Similar 
data were obtained at 450° C. The re
sults are shown graphically in Figure 5.
The reaction occurring between 300° and 
450° C. is obtained by difference. From 
these data it is evident that the thermal 
decomposition of monocaleium chlorophos
phate proceeds in two separate and independ
ent steps as follows:

225—330° C
2CaClH2P0r.H20 -------------->  Ca2ClH3P20 8 +

HCI +  2II20  (5) Figure 4.

T a b l e  II. A n a l y s e s  o f  S o l id  P r o d u c t s  R e s u l t i n g  f r o m  
T h e r m a l  D e c o m p o s it io n  o f  M o n o c a l c iu m  C h l o r o p h o s p h a t e  

in  t h e  P r e s e n c e  o f  S t e a m

Temp., PiOi, CaO, Cl,
0 C. Duration of Run, Min. W t. % W t. % Wt. %

CaCIHiPOi.HjO (charged) 37 .25 29.31 18.41
225 135 50.25 40 .70 0 .30
250 75 51 .78 41 .37 0.11
300 00 50.53 40.73 0 .21

C allP O i (theoretical) 52 .17 41.21

Thermol Anolysis of

Time, minutes

T h e r m a l A n a ly s is  o f  M o n o c a lc iu m  C h lo r o p h o sp h a te
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F ig u re  5. G a se o u s P r o d u c ts  fro m  T h e r m a l  
D e c o m p o s it io n  o f  M o n o c a lc iu m  

C h lo r o p h o sp h a te

T a b l e  III. A n a l y s e s  o f  A i r - D r i e d  M o n o c a lc iu m  
C h l o r o p h o s p h a t e  b e f o r e  a n d  a f t e r  A m m o n ia t io n

CaCliIîPO*. HjO, Ammoniated
Constituent, % Crude Product

P20#t total 35 .95 35.71
PsOj, citrate-insol. 0 .84 1 .96
P2O5, available 35.11 33.75
PaOs, water-sol. 31 .10 3 .78
Cl, total 13.43 13.37
F, total 2 .10 2 .09
CaO, total 26 .66 26.64
Ammonia N , total 6 .17

The conversion of monocalcium chlorophosphates to dicalcium 
phosphate cannot be carried out in the presence of calcium chlo
ride and the latter extracted by solvent methods because the 
chlorophosphate preferentially reacts with calcium chloride to 
yield more basic chlorophosphates (15, 16). Thus, when equi- 
molal quantities of the chlorophosphate and calcium chloride are 
heated, clilorospodiosite and hydrochloric acid result:

CaClHîPCh.HsO +  CaClj =  Ca2ClPO. +  2HC1 +  II20  (8)

Characteristic reactions of monocalcium chlorophosphate are 
schematically shown in Figure 7.

AM M ONIATION O F M ONOCALCIUM  CHLOROPHOSPHATE

Ammoniation of monocalcium chlorophosphate yields dical
cium phosphate and ammonium chloride in the proportions indi
cated by the reaction:

CaClH2P0<.H20  +  NHs — >- CallPO, +  NH.Cl +  H20  (9)

Since the chlorophosphate contains CaO and P20 8 in the combin
ing proportions of dicalcium phosphate, the danger of ovenim- 
moniation (7 ,10) is greatly reduced. Aqua ammonia or any of the 
ammonia liquors may be employed, but in so doing water from 
the ammonia solution as well as that released by the reaction 
must be evaporated to obtain a dry solid product. The am
moniation is most conveniently effected by placing ground mono
calcium chlorophosphate in a closed rotating drum-type mixer 
(Figure 8) and admitting ammonia gas. The reaction rapidly 
proceeds to completion with the evolution of heat sufficient to 
vaporize the water formed by the reaction, so that the product 
discharging from the mixer needs only to be cooled in a current of 
air to produce a substantially dry granulated mixture of dicalciuin 
phosphate and ammonium chloride. Table III presents analyses 
of crude monocalcium chlorophosphate before and after ammonia
tion in the manner indicated above.

F ig u re  6. R ecovery  o f  H y d ro g en  C h lo r id e  fro m  
M o n o c a lc iu m  C h lo r o p h o sp h a te  d u r in g  S te a m  

T r e a tm e n t

The crude chlorophosphate which had been stored for 18 
months in 100-pound fiberboard containers in the basement of the 
laboratory building showed insufficient caking to require re
grinding before ammoniation; a light blow from a small scoop 
was sufficient to disintegrate the cake which had formed around 
the walls. The material in the interior was somewhat more dusty 
than when packaged, and a slight loss of moisture was indicated 
by the slightly higher values for calcium, phosphorus, and chlo
rine obtained at the end of the storage period.

The ammoniated product has approximately the same per
centage of phosphorus as the chlorophosphate and, in addition, 
contains 6.17 per cent ammonia nitrogen. The slight loss in 
available phosphate is attributed to the action of impurities de
rived from phosphate rock, as no loss of available phosphate was 
observed on ammoniating pure monocalcium chlorophosphate.

M ATERIAL ECONOMY O F CHLOROPHOSPHATE PR O C ESSES

A comparison of the material requirements of the chlorophos
phate processes above described with a conventional process for 
the production of available phosphate for fertilizer is made in 
Figure 9. The milk of lime process for dicalcium phosphate in
volves decomposition of the phosphate rock in accordance with

'rhermal Reversion ond Ammoniolion and Sleam

F ig u re  7 . M o n o c a lc iu m  C h lo r o p h o sp h a te  R e a c tio n s
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Equation 1 and neutralization of the resulting phosphoric acid 
with calcium hydroxide. The approximate r,vcr-all material 
requirements, therefore, are given by the equation:

7Ca0.2P20& +  14HC1 +  4Ca(OH)2 =
4CaHP0< +  7CaCl2 +  9H20  (10)

The dicalcium phosphate produced requires separation from its 
mother liquor by filtering, washing, and drying under closely 
controlled conditions. The by-product calcium chloride is re
coverable only by costly evaporation of relatively large quanti
ties of water; consequently it is usually wasted.

The chlorophosphate process, on the other hand, is equivalent 
to the direct production of dicalcium phosphate from phosphate 
rock and phosphoric acid as indicated by Equation 11, since 
the hydrochloric acid is recovered when the chlorophosphate is 
converted to dicalciuin phosphate (Equation 7):

7Ca0.2P20 5 +  3HjPO< = 7CaIIPO( +  II20  (II)

The product is obtained in a dry granular form requiring only 
screening and grinding for elimination of oversize particles.

Equations 10 and 11 show that, as a result of the elimination of 
milk of lime, the acid required for the production of dicalcium 
phosphate by the chlorophosphate process is 4 hydrogen equiva
lents less than the milk of lime process per mole of P20 5 in the 
rock.

In comparing ammoniated chlorophosphate with ammoniated 
superphosphate made with phosphoric acid, it will be noted 
(a) that approximately three and one third times as much rock 
can be treated by the chlorophosphate process per unit of phos-

CONVENTIONAL PROCESSES CHLOROPHOSPHATE PROCESSES 
PRODUCTS REAGENTS REAGENTS PRODUCTS

F ig u re  9. M a te r ia l E co n o m y  o f  V ario u s  P ro cesses  fo r 
D ic a lc iu m  P h o s p h a te

phoric acid, which is the more costly reagent involved in these 
processes, and (6) that the ratio of nitrogen to phosphorus in am
moniated chlorophosphate is twice that in the ammoniated super
phosphate.

In comparison with ordinary ammoniated superphosphate, the 
same relative advantage is held by the chlorophosphate process, 
so far as the ratio of nitrogen to phosphorus is concerned. Under 
certain conditions it may also be advantageous to substitute hy
drochloric acid for a part of the sulfuric acid ordinarily used for 
acidulating phosphate rock.
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to the ratios of the total molal heat quantities involved in the 
evolution of the gaseous phase to the molal latent heat of the 
reference substance. An even better correlation was obtained 
{16) from the logarithmic plot of reduced pressure of the sub
stance against reduced pressure of the reference material, always 
at the same reduced temperature. It was desired to apply this 
method of correlation to adsorption data of temperature, pressure, 
arid concentration, where concentration is expressed as grams of 
material adsorbed on a gram of adsorbent, and to determine 
whether the heat evolved during the adsorption process can be 
predicted thereby without resorting to the difficult calorhrietric 
measurement.

Gas adsorption is becoming an increasingly important unit 
operation of chemical engineering in the recovery of vapors from 
air and in catalytic petroleum processes {1, 6, 13, 18). Adsorp
tion data have usually been taken in such a way that the usual 
method of expression is concentration vs. pressure at constant 
temperature; i. e., the plot is made of isotherms. Various other 
ways have also been used, most of which are not readily adapted 
to engineering. As in gas absorption and solubility work, the im
portant aspect from the standpoint of utilization and design is the 
pressure in equilibrium with a given concentration at a given 
temperature; and a simple and precise method of expression is 
desirable.

Adsorbers, exhaust duct, and instrument panel in an autom atically operated solvent 
recovery plant are shown above (courtesy, Carbide and Carbon Chemicals Corporation.)

Equilibrium vapor pressures of gas or vapor ad
sorbed on activated carbon or other substances are 
correlated with the temperatures of adsorption 
and the concentrations of gas or vapor by the 
graphical method previously described ( 74). 
The equilibrium vapor pressures of an adsórbate 
out of a solid adsorbent are plotted against the 
normal vapor pressures of the same or a different 
material at corresponding temperatures to give 
straight lines (isosteres) on a logarithmic plot. 
The usual advantages of a straight-line relation are 
obtained; and their slopes are equal to the ratios 
of the molal heats of adsorption to the molal latent 
heat of the reference substance. The heats of 
adsorption may be calculated from this relation; 
the calculations check calorimetric data closely . 
These methods of plotting and using data are of 
help in the design of adsorption systems when 
only a small amount of data are avai lable.

V APOR pressures of liquids, solids, hydrates, etc., were 
shown previously {14) to give straight lines when plotted 
on logarithmic paper against values of the vapor pressure of a 

reference substance at corresponding temperatures. Similarly, 
the partial pressure of a.gas from a solution of given concentra
tion was plotted against the vapor pressure of the solvent liquid 
at the same temperatures {16). The slopes of the lines are equal

1269
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P L O T T IN G  V A P O R  P R ESS U R ES

Hollowing the method previously used, the basic equation is 
determined from the application of the Clausius-Clapeyron 
equation: (a) to the adsorbable substance in its equilibrium with 
the adsorbent and (&) to the vapor-liquid equilibrium of a stand
ard or reference substance which may be either the adsorbed sub
stance itself or any other whose properties are known and which 
has somewhat similar vapor relations. In the previous expres
sion,

log P = { § ]  log P ' +  C

where P = equilibrium pressure of given concentration of ad
sorbed material in adsorbent 

P ' =  vapor pressure of reference substance (same or an
other) at the same temperature 

L  =  total heat required to desorb one mole of adsorbed 
material at the given temperature 

L ' = molal latent heat of reference substance at the given 
temperature 

C = a constant

The method of making the log plot of equilibrium pressures 
may be exemplified by using as a reference substance the normal 
vapor pressures of the material adsorbed:

information is obtained by interpolation and cross-plotted as 
above. Figure 1 shows the straight lines obtained as a result of 
cross plotting from the original isotherms of ethyl chloride (4) 
adsorbed on charcoal. These lines are known as isosteres and 
provide a comparison of the vapor pressure at different tem
peratures when the concentration of the adsorbable substance is 
kept constant. In this paper the word “adsórbate” refers to the 
substance adsorbed on the adsorbent.

1. A sheet of loga
rithmic graph paper is 
selected (although if de
sired, the logarithms of 
the pressure values to be 
plotted may be obtained 
from a table and plotted 
on a sheet of ordinary 
graph paper).

2. Temperatures are 
indicated on the X  axis 
at the appropriate values 
corresponding to the va
por pressures of the ma
terial used as a reference.

3. A scale is laid off 
on the Y  axis for the 
equilibrium pressures of 
the material when ad
sorbed. (The same pres
sure unit for this scale 
as for the X  scale is not 
required, since there is a 
constant ratio between 
units; and the use of a 
different unit would 
merely have the effect of 
moving the line up or 
down by a distance equal 
to the conversion factor, 
without changing its 
slope or form.)

4. The equilibrium 
pressures are plotted on 
the respective tempera
ture ordinates.

5. Points represent
ing constant composition 
of adsorbed material in 
the adsorbent are con
nected by a line, usually 
straight.

Most isothermal data 
are not tabulated to pro
vide directly correspond
ing adsórbate concen
trations . for different 
temperatures. There
fore, the tabulations as 
provided are suitably 
graphed and the needed

The cross plotting may readily be done mechanically if the iso
therms are first plotted on the left-hand side of logarithmic paper, 
as in Figure 2 for n-pentane adsorbed -on carbon, with concentra
tions along the X  axis and with equilibrium vapor pressures 
along the Y  axis. To cross plot, the intersections of the isotherms 
with each ordinate of constant concentration are projected to the 
right until the projection lines intersect the corresponding tem-

T e mp e r o t t i r e  °C.

1000
V. P. E thyl Chl o r i de  (mmj

Figure 1. Isosteres of Ethyl Chlo
ride Adsorbed on Charcoal

Figure 2. Freundlich Isotherms (/eft) of n-Pentane Adsorbed on 
Charcoal

The corresponding isosteres ( r i g h t )  are obtained by projection of Intersections of 
the Isotherms w ith the ordinates of concentration as shown.

gms.  P en
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perature ordinate 
on the main plot, 
which have been 
located on the 
right. The lines 
representing the 
equilibrium pres
sures are straight.

The left-hand 
part of Figure 2 
represents the 
logarithms of ad
sórbate concen
tration es. loga
rithms of equi
librium pressure. 
This is the plot 
of the well known 
Freundlich iso
therms. In the 
case of n-pentane 
the Freundlich 
iso th e r m s are 
n o t  s t r a i g h t ;  
in fact, most of 
the data on the 
various systems

considered here do not give straight Freundlich isotherms. The 
right-hand plot for the isosteres, however, does result in straight 
lines with the usual advantages of a straight-line plot.

Of particular interest in the n-pentane system is the wide pres
sure range of the data available which must be plotted on loga
rithmic paper in order to obtain any measure of accuracy within 
a graph of reasonable size.

O.OOOOl
10000 10* 

Press. Benzene (mm.Hq)

Figur« 3. Isosteres of Benzene Adsorbed 
on Charcoal between 0 ° and 300° C.

Figure 4. Isosteres of Methanol Adsorbed on Charcoal, 
Showing the Abrupt Change in Slope of Isosteres at Low  

Adsorbate Concentrations

Data are available and have been plotted for other materials 
normally liquid, such as chloroform, carbon disulfide, ethyl for
mate, methyl acetate, benzene (2) shown in Figure 3, methanol 
(2) shown in Figure 4, and ethyl ether (4) shown in Figure 5. 
The data for benzene cover a wide range of temperatures, from 
0° to 300° C., slightly above the normal critical temperature. 
Data for ethyl ether and methanol are of interest because many

later.
In the range 

o f m a t e r i a l s  
w h i  o h a r e  
normally gase
ous, the data 
are plotted in 
Figure 6 for car
bon monoxide 
and in Figure 7 
for ammonia.
Others studied 
were ethylene, 
carbon dioxide, 
nitrogen, meth
ane, and ethyl 
chloride, Figure 
1. In all these 
systems, with 
the exception of 
ethyl clilorido 
and ammonia, it 
was necessary to 
select a reference 
compound other 
than the ad
sorbed material 
itself against, 
which the plot 
could be made.
It is impossible 
to plot equi
librium pres
sures of the ma
terial adsorbed 
from the char
coal against the 
normal vapor
pressures of the material at temperatures above the critical, 
since the vapor pressure of a liquid terminates at the critical point, 
while adsorption and corresponding equilibrium pressures may 
be determined at much higher temperatures.

Graphical extrapolation may also be used at temperatures 
higher than the critical when the adsorption pressures are plotted 
against the vapor pressure of the adsórbate In the range below 
the critical. On the edge of a sheet of logarithmic graph paper 
are laid off the vapor pressure and temperature ordinates of an
other substance of higher critical temperature, usually water, 
When the edge of the paper is superimposed on the isostere graph 
some angle will be found where corresponding temperature lines 
coincide. For the temperatures above the critical point of the 
adsorbablc substance, marks are placed on the isosl.ere graph; 
and ordinates arc drawn through these points designating the 
vapor pressures corresponding to the temperatures of adsorption 
above the critical point of the adsórbate, The isos tores can now 
be drawn through points on those temperature lines. This 
method was used in preparing the isostere graphs of ammonia in 
Figure 7 and benzene in Figure 3,

As an alternate method when the lemiKtraluros of adsorption 
data go above tbe critical, a reference substance may be used 
other than the material itself for which vapor pressure data are 
available. Data for carbon monoxide are plotted In Figure (I 
against corresponding vajwr pressures of carbon disulfide at tbe 
same temperatures. The range of experimental temperatures Is 
far below the critical temperature of the carbon disulfide which is

Figur« 5.

Vopor Pr es s .  Ethyl  Ether  (mm)

Isoiterei of Ethyl Ether Adiorbcd  
on Charconl

ex p er im en ta l  
treat data are 
available, as will 
be m e n t i o n e d

T e m p e r a t u r e  * 0 ,
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273° C. The critical temperature of carbon monoxide is—139° C. 
and the temperature at which the adsorption on charcoal was 
measured was —78.3° to +100° C. Therefore all data were 
considerably above the critical point of carbon monoxide. These 
data are interesting because of the number of temperature points 
studied.

For certain gases—notably ammonia, for example, plotted in 
Figure 7—the isosteres may not be regarded as single straight 
lines throughout their entire lengths. It is possible that experi
mental difficulties may account for some discrepancies; but the 
plot for ammonia may well be represented by two straight lines 
for each isostere. Reasoning from analogy to the change in slope 
of vapor pressure lines for ice and water (14) , the break between 
the two straight lines would come at some point where there was 
a change in the heat of adsorption. No theory has been pre
sented to explain such a change in either the physical or chemical 
mechanism of adsorption; but the phenomenon may well be 
comparable to the different heats of solution of gases below and 
above some definite temperature {16). In the case of ammonia 
on charcoal, the break points of the two lines representing each 
isostere come at increasingly higher temperatures as the concen
tration of ammonia adsorbed on the charcoal decreases. The line 
connecting the break points is straight. It is possible that very 
precise work would indicate the physical relation between the 
point of break for each isostere and the temperature. If, for ex
ample, a different physical state of the adsórbate on the charcoal 
exists above and below this break point, the heat of adsorption 
or desorption (later to be considered) might be expected to be dif
ferent as indicated by the change in slope of the lines. The gen-

eral consideration of this state of the adsorbate might be aided 
by this graphic representation, which is not apparent from the 
other methods of plotting data. There are two sets of data on 
carbon dioxide (7, SO) and both indicate this same break.

A d s o r b e n t s  O t h e r  T h a n  C a r b o n . Data for sulfur dioxide 
adsorbed on silica gel {12) and N20 , on silica gel {19) also give 
straight lines, as do data for water adsorbed by paper (S). The 
straight isosteres obtained for the latter system are shown in 
Figure 8. From these examples (all for which adequate data 
could be found), it appears that this method of vapor pres
sure correlation can be applied to any adsorption system.

H E A T  O F  A D S O R P T IO N

When a gas or vapor is adsorbed, heat is evolved. Measure 
ments of this heat quantity have been made for many years with 
increasing cognizance of the difficulties and inaccuracies involved. 
The heat evolved per unit of gas or vapor adsorbed varies with the 
amount already adsorbed on the adsorbent. For the present 
purpose, “instantaneous heat of adsorption” will refer to the heat 
quantity per gram of adsorbate in an infinite quantity of adsor
bent so that the concentration may be regarded as unchanged; 
“integral heat of adsorption” will refer to the heat quantity 
evolved when the concentration on a finite amount of adsorbent 
changes between two given values.

In experimental determinations, successive known quantities 
of gas are adsorbed and the heats evolved, temperature, and cor
responding equilibrium pressure for each amount are measured. 
Although the largest part of the heat is evolved within a few 
minutes after admission of the gas, final equilibrium may be at

tained only after days 
of “drift” , as this slow 
a d s o r p t i o n i s  called. 
Drift is essentially a 
nonreprodueible effect, 
and the c o n se q u e n t  
therm al  errors are 
v a r i a b l e .  A no th er  
variable error can be 
attributed to the heat 
of compression of the 
previously unadsorbed 
gas by the oncoming 
charge of gas. It may 
amount to as much as 
10 per cent of the 
m ea su re d  quantity 
{10).  Cons ide r ing  
these known errors as 
well as others, great 
caution should be ex
ercised in accepting the 
curious and irregular 
f l u c t u a t i o n s  in the 
heats of adsorption re
ported in the literature. 
Values obtained on dif- 
f e r en t  charcoals are 
sometimes widely di
vergent, probably as a 
result of great differ
ences in the internal 
surfaces of adsorbents. 
In almost all cases the 
instantaneous heat of 
adsorption of a vapor is 
greater than its latent 
heat of condensation. 
Exceptions are: the ad
sorption of water on

T e m p e r a t u r e  °C.

-33 .6  -28 .5 4 6 .2

.5 .8 2 3 4 6 8 10 2 0  3 0  50  80  100 2 0 0
V a p o r  P r e s s u r e  C a r b o n  D i s u l f i d e  ( m m . H g )

5 0 0  1000

Figure 6. Isosteres of Carbon Monoxide Adsorbed on Charcoal Plotted against Corresponding 
Vapor Pressures of Carbon Disulfide at the Same Temperatures



2 0 0 0

1 0 0 0

4 0 0

Figure 7. Isosteres of Ammonia Adsorbed on Charcoal
Each Is expressed as two straight lin es ; the Intersections o f these lines fa ll on 

another straight lin e .

charcoal {9) where the instantaneous heat of adsorption seems 
to be negative and less than the heat of condensation; and water 
on sand, where the quantity is negative. The instantaneous 
heat of adsorption can be obtained readily by the use of the 
isostere plot described previously, and from this:

slope of isostere =  m =  P  ^  (2)
v L l. X AD,r.

HI X Air of. X Lei,
^  “  Aiada. (3)

where at a common temperature
Q — instantaneous heat of adsorption, cal./gram of ad- 

sorbable substance 
vi = slope of isostere
Airef. =  molecular weight of reference substance 
Ai,d,. =  molecular weight of adsorbable substance 
Let. =  latent heat of vaporization of reference substance, 

cal./gram
The instantaneous heat of adsorption may be separated into the 
heat of condensation and the heat of wetting; it has also been 
compared with the heat of sublimation (S) and the heat of com
pression {11). Because the exact physical condition of the ma-

Q = m lu,. (4)

where /„i,. =  latent heat of vaporization of 
adsorbable substance, cal./- 
gram at the given temperature

The slopes of the isosteres are determined, the 
latent heat values are known, and the instantan
eous heat of adsorption may be determined 
immediately. In some cases it may be desired 

to plot all such thermal data for every concentration of adsorb
ate at all temperatures, and the following procedure is used:

1. From the plot the slope of each isostere is obtained, and 
these slopes are plotted against adsorbate concentration. A 
smooth curve is drawn which, in many cases, is a straight line.

2. A table is prepared with the instantaneous heats of ad
sorption calculated at various temperatures and adsorbate con
centrations by multiplying known latent heats at given tempera
tures by the several isostere slopes as in Equation 3 or 4.

3. These instantaneous heats of adsorption arc plotted 
against adsorbate concentration using several constant tempera
tures as parameters. In many cases these lines are straight and 
almost parallel so that accurate interpolation and extrapolation 
are possible. Examples of adsorption heat curves aro methanol 
in Figure 9, ethyl ether in Figure 10, and carbon tetrachloride in 
Figure 11.

The shape of instantaneous heat of adsorption curves varies 
from a curved line with a sharp break (for example, benzene and 
of methanol, Figure 9) to those with a gradual curve such as 
ethyl ether (Figure 10), ethyl formate, methyl acetate, and ethyl 
chloride. A straight-line relation is found in the cases of ethyl
ene, chloroform, n-pentane, carbon monoxide, carbon tetrachlo
ride (Figure 11), methane, and carbon disulfide. Sbarp-break

December, 1943

4 0 0 0

I N D U S T R I A L  A N D

e r a t u r e  °C.

i t  N

terial adsorbed is not known, any such 
hypothetic definition of the kind of heat 
quantity involved is hardly justified. With 
the adsorbate as the reference substance, Equa
tion 3 reduces to:

Figure 8. Isosteres of Water 
Adsorbed on Paper

0.3
7 0 0  100 0  2  0  0  0  4  0 0 0

V.R of Wa t e r  (mm)
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4 5 0

■o 4 0 0

350

300

Adsorbo

Figure 9. Instantaneous Heats of Adsorption of Different Concentrations 
of Methanol on Charcoal at Various Charcoal Temperatures 

Calculated from adsorption equilibrium vapor-pressure dala represented in Figure 4.

curves occur only at low adsorbate concentrations with the 
line becoming straight at high concentrations. T h e region of 
greatest slope change is from 10  to 30  cc. adsorbate per gram ad
sorbent. T h e instantaneous heat of adsorption curves are al
most geometrically parallel to the isostere slope curve, the diver
gence from parallelism is due to the nonlinear relation between the 
latent heat and temperature. F o r the methanol curve which ex
hibits a sharp break in the heat data, the curve was approximated

by two straight lines, and the instantaneous and in
tegral heats of adsorption were obtained. The dif
ference between the heats based on two straight 
lines and those based on a  continuous curved heat 
line was negligible. T h e latent heat of vaporization 
of the adsorbable substance, which is used to calculate 
the instantaneous heat of adsorption, can be obtained 
directly from the experimentally determined values 
in the literature; where it is missing or given only 
at the normal boiling point, it can be readily obtained 
from the log plot of vapor pressure data {14). W her
ever possible the literature data were used. In the 
cases of ethyl ether and ethyl chloride, the heats of 
adsorption were calculated b y  both methods so that 
comparison was possible.

CA LCU LA TED  A N D  CALORIM ETRIC D A T A

Lam b and Coolidge {11) measured integral heats of 
adsorption of methanol on activated carbon with an 
ice calorimeter at 0 ° C . Coolidge also measured 
equilibrium adsorption pressures on the same type  
of charcoal (2). T h e calorhnetric data are compared 
in Table I and Figure 1 2  with those calculated from the 
pressure data. In Table I, A  is the adsorbate concen
tration in cubic centimeters of adsorbate per gram of 
adsorbent; SQ is the integral heat of adsorption 
in calories; A A  is the change in adsorbate concentra

tion between two values; A(2Q ) is tbe difference between two 
values of the integral heat of adsorption.

T h e heats of adsorption as determined b y  Lam b and Coolidge 
and as calculated agree within about 2  per cent of each other. 
Realizing the difficulties and inaccuracies involved in calorimetrie 
determinations, this close check is surprising.

Pearce and M cK in ley {17) determined calorimetrie values for 
methanol on activated coconut charcoal at 2 5 °  C. and adsorption 
pressures as indicated in Figure 12 . Their data are also shown 
in Table I . These calorimetrie measurements exhibit several

0 2 0  4 0  60
Adsorbote Concentration

Figure 10. instantaneous Heats of Adsorption of 
Ethyl Ether on Charcoal at Different Temperatures 
Calculated From adsorption equilibrium vapor-pressure data represented 

In Figure 5.

3 0  4 0  5 0  6 0  7 0  8 0  9 0
Adsorbate Concentration (cc.CClq/gm.C)

Figure 11. Instantaneous Heats of Adsorption 
of Carbon Tetrachloride on Charcoal at Different 

Temperatures
Calculated from an Isostere plot of adsorption equilibrium vapor 

pressures similar to Figure! 4 and 5.

% 160
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T a b l e  II. I n t e g r a l  H e a t s  o k  A d s o r p t i o n  o n  A c t i v a t e d  
C h a r c o a l

Adsorbate In teg ra l H eat
Adsorbate

on
T e m 

perature ,
C o ncn .,
c c ./ .g .

of Adsorption , 
ca l./g . Charco a l

C harcoal °  C . C harco al C a lo rim e tric C a lcd . D ifference

Chloro form 0 107.1 6 5 .6 7 6 2 .8 4 .3 8
Chloroform 25 9 4 .4 5 5 6 .7 5 4 .5 3 .8 S
E th y l  ether 0 9 9 .3 4 60 .61 5 8 .1 4 .1 3
E th y l  ether 25 65 .83 45 .41 4 0 .1 11 .80
Benzene 0 S I .  03 52 .54 5 6 .0 6 .5 8
E th y l  chloride 0 124 .80 61 .03 5 6 .4 7 .5 4
E th y l  chloride 25 9 9 .4 9 5 0 .7 6 4 4 .0 13.31
M ethane 25 17.72 3 .8 9 4 .3 2 1 1 .0
E th y le n e 0 5 5 .7 5 16 .5 20 .1 2 1 .8
C S : 0 15 .32 7 6 .8 7 7 2 .6 5 .5 5
C S j 25 13 .05 6 5 .8 8 6 1 .3 6 .9 5
M ethanol 0 127 .40 70 .0 8 7 5 .9 8 .3 1
M ethanol 25 158.03 8 8 .0 6 8 4 .5 4 .0 4
E th y l  form ate 0 9 6 .7 3 5 9 .7 0 6 2 .7 5 .0 2

T a b l e  I. C o m p a r i s o n  o f  C a l o r i m e t r i c  H e a t  o f  A d s o r p t io n  
D a t a  w i t h  T h o s e  C a l c u l a t e d  f r o m  P r e s s u r e  D a t a

ARsorhafp 4 (2 Q ) Instantaneous H eat of Ad-
Concn . A , A A  ’ sorption, ca l./g . Adsorbate
oc./gram  ca l./ce . Adsorbate C a lo rim e tric  C a lcd . D iffe rence , %

D a ta  of Lam b  and Coolidgc

21 .62 0 .6 2 0 434 428 - 1 .3 8
47 .42 0 .552 386 395 + 2 .3 3
7 5 .27 0 .543 380 381 + 0 .2 6

103.27 0 .524 367 371 +  1 .09
127.40 0 .52 3 366 363 - 0 .8 2

D a ta  of Pearce  and M c K in le y

8 .9 6 0 .75 0 525 553 +  5 .66
2 3 .42 0 .601 420 412 - 1 .9 4
3 3 .13 0 .51 3 359 398 .5 + 9 .9 1
48.41 0 .54 6 382 385 +  0 .77
74 .65 0 .561 393 373 - 5 .3 6
9 8 .8 0 0 .52 0 364 364 .5 +  0 .13

126.41 0 .632 442 355 - 2 4 .  .50
158.03 0 .462 323 344 +  6 .10

of adsorption of carbon tetrachloride at 0 °  C . as determined 
from the slopes of the vapor pressure lines. Since the line is 
straight, it m ay be extrapolated back to zero adsórbate concen
tration, at which point the heat of adsorption is 10 2 .7  calories 
per gram of carbon tetrachloride; i. e., the largest heat quantity  
is at the lowest adsorbate concentration. Th e energy released in 
satisfying the initial demand of the adsorbent is at the highest 
level and then decreases gradually as these demands become more 
and more filled. Fo r carbon tetrachloride this change in the heat 
of adsorption is a straight-line function. B y  definition (E q u a
tion 4), for any adsorbate concentration the corresponding heat 
of adsorption divided by the slope of the isostere of that particular 
concentration is equal to the latent heat of condensation of the ad- 
sorbable substance. Therefore, to test the validity of the extra
polation, the same procedure is used: 10 2 .7  calories divided b y

0  2 5  5 0  7 5  1 0 0  12 5  1 5 0

A d s o r b o l e  C o n c e n t r a t i o n  ( c c . M e t h a n o l / g m .  C)

Figure 12. Comparison between Calorimetric and Calculated 
Instantaneous Heats of Adsorption Using Methanol as Adsorbate

5 0 0

maxima and minima, whereas there is no reason to believe that the 
heat of adsorption should be anything but a  smooth continuous 
function. T h e irregularities, such as those shown in Figure 12 , 
can probably be explained as experimental errors. T h e data  
determined from vapor pressures plot as a smooth curve m idway 
through the widely divergent data determined calorimetrically. 
Other similar plots have been made of comparable data for most 
of the other materials for which pressure and calorimetric data are 
available (5, 8-11, 17, SI, %2), and these other plots show similar 
tendencies.

IN TEG RA L H EA T O F ADSORPTION

In measuring adsorption heat in a  calorimeter, a range of con
centrations is involved, usually from zero to the maximum con
centration of adsorbate. These calorimetric measurements give 
an integral heat rather than an instantaneous heat at a single 
concentration. T h is can be calculated graphically b y  measuring 
the area under a  curve of instantaneous heat us. concentration, 
in order to check further the heat quantities as determined from 
vapor pressures. Figure 1 3  shows the curve for the integral heat

LAMB a COOLIDGE 
CALORIMETRY AT 0°C. 
CALCULATED AT o'C.

N L E Y

0 .1 .2 .3  .4 .5  .6  .7
Adsorbate Concentration (gm. C Cl 4 /gm. C)

Figure 13. Integral Heat of Adsorption of Carbon 
Tetrachloride at 0 ° C.

Shaded area (plus that extending down to zero calories) presents the 
total heat liberated when 0.541 gram carbon tetrachloride is adsorbed on 

1 gram charcoal.
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1.9 9 3  equals 5 1 .5  calories per gram of carbon tetrachloride, which  
checks exactly the latent heat of carbon tetrachloride at 0 ° C. 
(where 1.9 93 is the extrapolated value of isostere slope obtained 
by plotting the slope of the isostere against adsorbate concentra
tion to zero concentration).

Adsorbate concentrations are usually expressed as cubic centi
meters of adsorbate per gram charcoal; however, in order that 
the integral heat m ay be determined directly from the graph, the 
concentrations were plotted in Figure 1 3  as grams adsorbate per 
gram charcoal. T o  compare the calculated integral heat with  
that measured calorimetrically by Lam b and Coolidge (11), the 
shaded area in Figure Ï 3  was measured from zero to the highest 
adsorbate concentration used by these investigators (0.541 gram  
carbon tetrachloride per gram charcoal) ; and the ordinate values 
were taken from zero up to the heat line. Expressed as an equa
tion,

0 .54 1 gram CCli/gram charcoal

/  (IF ) d (IF )

0 gram  C C h /g ra m  charcoal

where W  =  concentration of adsorbate

The integral heat was readily found as the area under the 
straight line, which gives calories per gram charcoal directly as 
the product of the length of the abscissa of maximum concentra
tion multiplied by the average ordinate. A  curved line could be 
handled equally well.

Th e comparison of integral heats at 0 ° C . follows:

C a lo rim e tric  heat (11) 
Calcu lated  heat 

D ifference

5 1 .4  ca lorics liberated 
5 1 .2  calorics liberated 

0 .2  calorie or 0 .39%

Because the check is so close, it is reasonable to assume that the 
plot of instantaneous heats is correct and that in this case, at least, 
it is a  straight-line function with respect to concentration at con
stant temperature. Other adsorbates which exhibit straight in

stantaneous heat lines are carbon disulfide, chloroform, methane, 
n-pentane, carbon monoxide, and ethylene. Those with curved 
instantaneous adsorption heat lines are ethyl ether, benzene, 
methanol, ethyl chloride, m ethyl acetate, and ethyl formate. A  
comparison between the calorimetric and calculated integral 
heats at 0 ° and 2 5 °  C . is shown in Table I I  for all systems for 
which data could be found. T h e  calculated values give, in most 
cases, a good check with the experimental values of heat of adsorp
tion.
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VISCOSITY OF re-PENTANE
ROBERT M . H UBBARD1 A N D  GEORGE GRANGER BROWN

U niversity of Michigan, Ann Arbor, M ich.

I N  O R D E R  to add to the general knowledge of the physical 
properties of the paraffin hydrocarbons, the viscosity of 
liquid n-pentane was measured with a rolling ball viscometer 

in the range from normal temperature and pressure up to 250  0 C . 
and 1000 pounds per square inch. T h e material used was a prod
uct of special purity supplied b y  Phillips Petroleum Com pany. 
Except for drying and boiling to expel dissolved air, it was not 
further purified. Its  density, measured with a sealed glass 
pycnometer, was 0 .6 2 13  gram per cc. at 2 5 °  C . This is in excel
lent agreement with the values of Timmerm ans (13) which indi
cate a density of 0 .6 214  gram per cc. at 2 5 °  C . Its boiling point, 
corrected to 760 mm., was 36 .0 5° C. which agrees w ith the value 
36 .0 7 7 ° by Wojciechowski (IB). T h e viscosity of this pentane 
was determined accurately at 2 5 °  C. with a Bingham  (1) capil
lary tube viscometer. T h e measured value was 0.002296 ±  
0.000005 gram per cm. per second (poise).

V IS C O M E T E R

Viscosity was measured with a rolling ball viscometer cali
brated with fluids having known viscosity and density. Figure 1

is an isometric drawing of the viscometer assembly. The pressure 
vessel and tube are shown in Figure 2:

Pressure vessel A ,  5 .7  cm. (2 ‘/ i  inches) in diameter and 3 2  cm. 
(12>A  inches) long, had an internal chamber 2 .54  cm. (I inch) 
in diameter and 2 5  cm. (9J/< inches) deep. The end closure, B, 
contained an insulated electrode, C, and required a soft aluminum 
gasket, D, between grooved surfaces for tightness. Th is closure 
was the only pressure connection subject to high temperature 
that was opened during the use of the apparatus. Thermocouple 
E  was inserted at the opposite end, and connection F  conducted 
fluid from the trunnion to the pressure vessel. Inner tube G 
was drilled and reamed from a bar of steel to an internal diameter 
of 0 .7991 =*= 0.0005 cm. (0 .3146  inch). E ach  end was closed b y  a 
cap, II, and sealed b y  a lead g a sk e t,./. One cap only was drilled 
with a small hole to allow equalization of the applied fluid pres
sure. A  sharp-pointed electrode; K ,  was permanently cemented 
into each cap in the axial position and insulated from the cap 
with a Bakefite bushing. Th e two electrodes were connected 
electrically outside the tube by means of a wire link, L , running 
through a glass tube. Th e steel ball, M , was 0 .7938 =±= 0.00005 
cm. (s/i6 inch) in diameter.

1 Present address, Koppers C o m p any , P ittsb u rg h , Peuna ,
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T U B E ^
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F ig u re  1. H ig h  P re s su re  V isco m ete r

FLEXIBLE
SPIRAL

PRESSURE
GAUGE

PRESSURE
REGULATOR

T he viscosi ty o f  n -p en -  
tan e was determ ined  
w ith  a ro lling  b all v is
com eter in  th e  range  
from  25° to  250° C. and  
at pressures up  to  1000 
p o u n d s  p er  sq u a r e  
in c h .  T h e  r e s u lt in g  
values arc believed to  
be accurate w ith in  5 
per cen t up  to 150° C. 
and w ith in  10 per cent 
a t h igh er tem p era
tu r e s .  A g r a p h ic a l  
com parison  w ith  data  
from  th e  literatu re is 
show n.

The assembled pressure vesse was supported in an oil bath by  
trunnions N  which were broken only at coupling 0  and union P  
outside the bath. On the end of one trunnion was a lever, pulled 
by a falling weight which furnished the power to move the pres
sure vessel and tube in the vertical plane about the horizontal 
axis. Pressure was applied to the system  b y  a hydraulic press 
separated from the viscometer b y  a mercury-filled manometer 
seal. Th e connection to the seal was a very flexible copper tub
ing spiral. Th e pressure was read 
on a calibrated Bourdon tube gage.

In preparing the instrument for 
use, the manometer seal was first 
filled with the test fluid which was 
then forced through the connecting 
tubing. Th e inner tube and pres
sure vessel were filled, the ves
sel was placed in the oil bath, and 
the final connection was made at 
union P.

The oil bath was heated by  
immersion heaters controlled by a 
mercury-in-glass regulator. Tem 
perature was measured b y  a 
t h e r m o c o u p l e  in the pressure 
vessel and b y  a thermocouple and

calibrated thermometer in the bath. A  sensitive potentiometer 
was used with the couples which were calibrated with a platinum  
resistance thermometer. The oil bath was maintained at a con
stant temperature until equilibrium between the inside and out
side of the pressure vessel was reached before an y measure
ments were made, and after each change in pressure time was 
allowed for the system  to reach the test temperature again. 
Th e angle of inclination, fixed at 8 ° 2 0 ' by the height of

F ig u r e  2 . P r e s s u r e  V essel A sse m b ly
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T a b l e  I. C a l i b r a t i o n  o f  V i s c o m e t e r

T em p era
Pressure ,

L b ./ S q .In .
F lu id

D e n s ity
F lu id  

V isco s ity  n, 
G ./C m ./S c c .

B a ll 
V e lo c ity  V,

Resistance
F a c to r

Reyno lds
N um ber

C o rre la 
tion Fa cto r PS — P

F lu id tu re  0 C . A b s . p, G ./ C c . C ra ./S ec . / ( x  1 0 - 0 Re K  ( X  100 V
A ir 2 5 .0 0 1 4 .7 0 .00110 0.0001832 2.121 2 5 .2 3 5 .31 6 7 .4 6 3 .6 6
u-Pentane , t r ia l 1 2 5 .0 0 29 0 .0222 0.002299 0 .16 2 8 7 .36 1 17 .40 7 .81 4 3 .8 5
n-P cn tan c , t r ia l 2 2 5 .0 0 31 0 .6222 0.002299 0 .1582 7 .7 9 6 16.91 7 .5 8 4 5 .1 0
E th y l  acetate 2 5 .0 0 14 .7 0 .8948 0 .004232 0 .0787 2 1 .0 3 6 .571 7 .2 4 8 7 .1 9
n-Pcntane , t r ia l 3 2 5 .0 0 32 0 .0222 0.002299 0 .1058 7 .1 0 0 17 .72 7 .9 5 43 .04
A ir 2 5 .0 0 14.7 0 .00110 0.0001832 2 .11 9 2 5 .3 2 5 .31 2 7 .4 4 3 .6 6
L iq u id  C O 2 2 0 .0 0 805 0 .7095 0 .000690 0 .3829 1 .054 167 .4 18 .28
L iq u id  COa 2 0 .0 0 910 0 .7825 0 .000717 0 .3782 1.061 163 .3 18 .47
L iq u id  COa 2 0 .0 0 1055 0 .8115 0 .000770 0 .3644 1.097 151 .9 19.09
u-Pentane, t r ia l 5 25 .0 0 25 0 .02 2 2 0 .002299 0 .1625 7 .4 0 0 17 .37 7 .7 8 4 3 .9 8
E t h y l  acetate 25 .0 0 14.7 0 .8948 0 .004238 0 .07 8 5 2 1 .1 8 6 .5 5 4 7 .2 0 8 7 .5 6
Benzene 2 5 .0 0 14.7 0 .8729 0 .006025 0 .05 4 6 4 5 .0 2 3 .12 9 7 .1 0 126 .3

T a b l e  II. E f f e c t  o f  T e m p e r a t u r e  o n  V i s c o m e t e r  C a l i b r a t i o n

a block resting on the bottom of the bath, was 
measured with a cathetometer sighted on reference 
points on the pressure vessel. The roll distance was 
measured with a vernier caliper from the dimen
sions of the inner parts and the over-all length of 
the tube assembly. The viscometer could be 
rotated in the bath to incline in either direction; 
therefore the ball could be returned to its starting = = = = =  
position. The roll time was measured with an elec
tric chronoscope as the interval from the time the 
vessel passed the horizontal position to the time the ball reached 
the lower end of the tube. Breaking of the electrical connection 
and consequent arcing between the ball and upper contact was 
therefore avoided.

A v . Coefficient of
Tem p er

a tu re ,
T h e rm a l E xp an s io n  

per 0 C . ( X  10«) D iam eter
D iam ete r
Product,

C o rre la 
tion  Fa c to r

C a lib ra tio n
Coefficient

0 C . B a ll Tu b e R a tio , d/D d{D 4- d) K (X  100 C ( X  100

25 0 .99331 1.2645 7 .9 5 5 .3 4 5
100 8 .4 8  12 .68 0 .99299 1 .2663 8 .6 3 5 .81 0
175 9 .8 4  13 .23 0 .99280 1 .2683 9 .0 5 6 .10 4
250 10 .67  13 .72 0 .99263 1 .2708 9 .4 3 6 .371
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Calibration data, consisting of the rolling velocity of a ball of 
known density in fluids having known viscosity and density, can 
be substituted directly in Equation 2 to obtain coefficient C.

T o  show the effect of turbulent flow on the calibration of the 
viscometer, two functions, Reynolds number Re and resistance 
factor f ,  were calculated and plotted on logarithmic paper. Th e  
calibration data are assembled in Table I , and the calculated 
values of these functions are plotted in Figure 3.

The relation between these functions is linear in the streamline 
region, and the equation of this relation is:

A 6 8 10 i  A 6 8 10 2  A

R E Y N O L D S  N U M B E R  R e =

F ig u re  3. C a lib ra tio n  fo r R o llin g  B all V isco m c lc r

When the tube was rotated into its inclined position, the ball 
was caused to roll down the tube under an increasing driving 
force during rotation, followed by a constant force after the tube 
had reached the inchned position. These conditions caused the 
ball to start rolling with an accelerated motion which became 
constant at the terminal velocity in a very short time. The  
observed roll time was corrected by subtracting 0.05-0.07 second 
to make adjustment for this acceleration in starting the roll.

C A L IB R A T IO N

A  general equation (3) for the rolling ball viscometer, valid only 
for the streamline region of fluid flow, is:

( 1 )

This equation can be simplified for any one instrument used under 
constant conditions to:

log /  =  —log Re — log K  

This m ay be transformed to

f  =  1 /K R e

(3)

(4)

p . (2 )

F ig u re  4. C o rre c tio n  fo r R o llin g  B a ll V isco m e te r in  
R eg io n  o f  T u r b u le n t  Flow

Th e value of correlation factor K  was calculated for each set of 
experimental data. T h e factor should be a constant if E q u a
tions 1 and 4  are obeyed rigorously in the streamline region. Th e  
value of K  was found to decrease slightly as the fluid viscosity in-
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T a b l e  I I I . V i s c o s i t y  o f  « - P e n t a n e

V isco s ity  in  M illipoiaea (G ./C m ./8 e c . X  10 ~3) fo r Fo llo w ing  Aba. Pressures in  L b ./S q . In .  (K g ./S q . C m .)
Tem p era S a tu ra  100 200 300 400 450 500 550 600 700 800 900 1000
tu re , ° C . tion (7 .0 3 ) (1 4 .0 6 ) (2 1 .0 9 ) (2 8 .1 2 ) (3 1 .6 4 ) (3 5 .1 5 ) (3 8 .6 7 ) (4 2 .1 8 ) (4 9 .2 1 ) (5 6 .2 5 ) (6 3 .2 8 ) (7 0 .31 )

25 2 .2 9 6 2 .31 3 2 .3 3 0 2 .3 5 5 2 .3 7 5 2 .39 6 2 .417 2 .43 8 2 .45 8 2 .48 0 2 .50 0
50 1 .879 1 .893 1 .912 1 .930 1 .949 1 .968 1.987 2 .006 2 .02 5 2 .044 2 .06 2
75 1 .563 1 .572 1 .590 1 .608 1 .625 1.643 1.661 1 .079 1.696 1 .714 1.731

100 1 .300 1 .303 1.322 1.341 1 .360 1 .378 1 .397 1.415 1.434 1.452 1 .470
125 1.071 1.083 1 .103 1.124 1.145 1 .166 1 .187 1.207 1 .229 1 .249
150 0 .86 5 0 .8 8 8 0 .91 4 0 .93 8 0 .961 0 .984 1.006 1.027 1 .050
167 0 .7 4 6 0 .7 8 4 0 .81 6 0 .843 0 .86 9 0 .89 2 0 .9 1 6 0 .93 9
175 0 .68 8 0 .714 0 .75 8 0 .79 2 0 .821 0 .84 5 0 .86 9 0 .89 3
180 0 .64 7 0 .6 6 5 0 .69 8 0 .7 2 4 0^744 0 .76 0 0 .7 9 0 0 .8 1 5 0 .8 4 0 0 .86 4
185 0 .60 3 0 .641 0 .67 4 0 .701 0 .724 0 .75 8 0 .7 8 6 0!812 0 .83 7
190 0 .5 5 0 0 .56 6 0 .61 5 0 .654 0 .68 4 0 .7 2 5 0 .7 5 5 0 .78 4 0 .81 2
195 0 .47 2 0 .531 0 .59 4 0 .63 4 0 .68 8 0 .7 2 5 0 .75 6 0 .78 6
200 0 .23 0 0 .494 0 .57 2 0 .6 4 2 0 .68 5 0 .72 0 0 .75 7
210 0.221 0 .26 4 0 .371 0 .53 0 0 .6 0 0 0 .65 3 0 .69 8
220 0 .21 2 0 .23 7 0 .2 7 0 0 .3 9 9 0 .5 0 8 0 .57 6 0 .631
230 0 .207 0 .21 2 0 .234 0 .30 4 0 .40 3 0 .48 4 0 .54 9
240 0 .194 0 .19 7 0 .20 6 0 .2 3 8 0 .3 0 0 0 .3 7 2 0 .43 5
250 0 .179 0 .1 8 0 0 .181 0 .187 0 .20 9 0 .2 4 5 0 .29 2

F ig u re  5. E x p e rim e n ta l R e su lts  o n  n -P e n ta n e  V iscosity

creased. Part of the variation was caused 
by experimental error. A s indicated by  
the results for n-pentane, the error of the 
calibration measurements was about one 
per cent. F o r the purpose of calculating 
the coefficient of Equation 2  used for each 
trial on n-pentane, the individual values 
of K  were used instead of an average 
value. Each  calibration equation there
fore correctly evaluated the viscosity of 
pentane a t 2 5  °  C .

Coefficient C of Equation 2  was affected 
by changes in the temperature of the in
strument. T h e linear coefficients of 
thermal expansion of the ball and tube 
were carefully measured, and the effect 
of temperature on each term of Equation  
1  was calculated (3). An increase in tem
perature decreased the ball density and 
increased the roll distance and the pro
duct d(D  +  d). Correlation factor K , 
a function of the diameter ratio, changed 
with temperature since the ball and tube 
had different coefficients of expansion. 
The value of K  was numerically small, but 
the effect of the temperature increase to 
2 5 0 °  C . was to increase K  b y  18.6 per 
cent. Table I I  shows the effect of tem
perature on the factors affecting the cali
bration coefficient, and Figure 6  shows 
graphically the effect of this correction on 
the calculated value of viscosity.

T h e turbulent region of fluid flow is 
shown in Figure 3  as a concave curve. 
The critical point designating the limit 
of the streamline region was assumed to 
have a  constant critical Reynolds number, 
Rec =  33.0 , and a corresponding critical 
resistance factor, f e = 3 .8 5  X  10* at 
2 5 °  C . A  correlation was obtained (3)

between the ratio of the true viscosity g to the viscosity go 
calculated from Equation 2, and the ratio of actual resistance fac
tor /  to critical resistance factor f c. Th is correlation is shown in 
Figure 4.

Liquid carbon dioxide, whose physical properties were obtained 
from Quinn and Jones (3), was used as a calibrating fluid in order

to obtain data in the turbulent region a t  normal temperatures. 
Turbulent flow was encountered in the viscometer with n-pentane 
at temperatures above 7 5 °  C . Th is condition was recognized 
when the calculated resistance factor was numerically less than 
the critical resistance factor calculated for the temperature of the 
instrument. The viscosity calculated from Equation 2  was there
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fore corrected for turbulence b y  applying the factor read from 
Figure 4.

V IS C O S IT Y  O F  r t - P E N T A N E

T w o  complete sets of experimental data were taken. They  
consist of about five values of the time required for the ball to roll 
a known distance in the fluid at each observed temperature and 
pressure. In  computing the viscosity from these data, the fluid 
density of pentane as reported by Rose-Innis and Young (7)
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F ig u re  6. C o m p a riso n  o f  ra -P e n ta n e  V isco s ity  w ith  
D a ta  in  th e  L i te r a tu r e

and Sage, Lacey, and Schaafsm a (9) were used. These computed 
values of pentane viscosity are shown as points in Figure 5. 
Isotherms were drawn through these data and cross-plotted. 
The coordinates of points read from the smoothed curves are 
given in Table I II .

The precision of the experimental measurements is high. In 
the streamline region the average deviation o f the points from 
the isotherms is 0.5 per cent. Fo r all points the average devia
tion from the isotherms is 1 .4  per cent. Less than 3  per cent of 
all experimental values deviate more than 5  per cent from the 
isotherms.

The present viscosity values agree with the data of Thorpe and 
Rodger (IS) and even better with these data recalculated for 
Landolt and Börnstein (5). Additional data on the viscosity of 
liquid pentane at atmospheric pressure are available from Shep
pard, Henne, and M idgley (10), Tausz and Staab (11), and Vor
länder and Fischer (14). A t  normal temperature the maximum  
dispersion of these literature values is about 5  per cent. A  
graphical comparison over a range of temperature is shown 
in Figure 6 . T h e values of Iihalilov (4) for the saturated liquid 
agree with the present work at normal temperatures but deviate 
as much as 18  per cent at the higher temperatures where they do 
not lie on a smooth curve. Th e values of Sage and Lacey (8) 
are lower than the present values by almost a constant quantity 
showing a deviation of 4 to 8  per cent. The pressure coefficient 
for the viscosity of pentane was found to be 50 to 70 per cent 
higher than indicated by the data of Sage and Lacey (8). Th e  
correlation of Comings and E g ly  (2) does not predict the experi
mental values in a satisfactory manner, but the disagreement be
tween the present data on pentane and the correlation is no 
greater than is found between other reported data on which the 
correlation was based.

The values of the viscosity of n-pentane given in Table I II  
are believed to be accurate within 5 per cent in the temperature 
range up to 1 5 0 °  C . and within 10  per cent at higher tem pera
tures.

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

coefficient of Equation 2 
diameter of ball, cm. 
diameter of tube, cm.
resistance factor =  R /(h 2pp2), dimensionless 
resistance factor at critical velocity  
acceleration of gravity =  980 cm ./sec .2 
equivalent diameter of annular space between ball and 

tube =  D — d, cm.
... — correlation factor, dimensionless 
R  =  driving force on ball or resistance of fluid to motion of 

ball =  ‘ ACffsin d)(ird3/6 )(p , — p), gram cm ./sec .2 
=  Reynolds number =  (h u  p) / p , dimensionless 
=  Reynolds number at critical velocity  
=  average fluid velocity through annular space between 

ball and tube =  V d2/( D 2 — d-), cm./sec.
=  terminal rolling velocity of ball, cm./sec.
=  angle of inclination of tube with horizontal 
=  viscosity of fluid, gram /cm ./sec.
=  viscosity of fluid calculated when Equation 2 is used in 

turbulent region 
=  3 .1 4 1 6
=  density of fluid, gram /cc.
=  density of ball, gram /cc.

K  =

Re
Rec

u

V
e
p

Pa
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Stabilization of O xidized 
Cotton F iber

D am ag e  to  c o tto n  fiber u p o n  o x id a tio n  by  p e rio d ic  
ac id  does n o t  b eco m e  fu lly  a p p a r e n t  a s  loss o f  
te n s ile  s t r e n g th  u n t i l  th e  ox id ized  fiber h a s  b een  
exposed  to  a lk a lie s . I f  th e  o x id a tio n  is  fo llow ed  
b y  t r e a tm e n t  w ith  e th e re a l  d ia z o m e th a u e  o r  
so d iu m  c h lo r id e  a t  pH  4, th e  to ta l  lo ss o f  s t r e n g th  
a f t e r  s u b s e q u e n t ex p o su re  to  a lk a l i  m a y  b e  g re a tly  
d ec rea sed  th ro u g h  th e  le s se n in g  o f  th e  seco n d ary  
d e te r io r a t io n  o f  th e  fiber a f t e r  o x id a tio n . W h ile  
a c tin g  to  d im in is h  a lk a l i d e te r io r a tio n  o f  oxid ized  
c o t to n  fib e r, th e s e  t r e a tm e n ts  a lso  in c re a se  th e  
c u p ra m m o n iu m  v iscosity  o f  th e  ox id ized  fiber a n d  
d ec rease  i t s  a lk a l i  so lu b il ity . T h e  ben e fic ia l a c tio n  
o f  th e s e  r e a g e n ts  is  be lieved  to  b e  d u e  to  th e  s t a 
b il iz a t io n  o f  w eak en ed  p o s itio n s  w ith in  t h e  c o tto n  
fiber a n d  n o t  to  a n  a c tu a l  rev e rsa l o f  d e g ra d a t io n .

T H E  damage cotton fiber sustains upon oxidation m ay be 
divided into two phases: A n  initial loss of strength that 
m ay be observed imm ediately following oxidation, and a 

second loss that becomes evident after the fiber has been exposed 
to the action of dilute alkalies. A s  far as textile quality is con
cerned, the damage to the fiber is the total loss of strength in 
both phases. When oxidation is effected b y  periodate and certain 
other known types of oxidizing agents, the subsequent loss of 
strength upon alkaline treatment represents a relatively large 
proportion of the total damage to the cotton fiber. Therefore 
if suitable means could be found for preventing this second part 
of the deterioration, a part of the fiber damage could be averted.

Recent work by Jackson and Hudson (<?), M ahoney and Purves 
(3), Grangaard, Gladding, and Purves (5), and Rutherford, 
Minor, M artin, and Harris (10) has shown that the principal 
reaction of periodic acid, or periodate, with cellulosic materials 
consists in cleavage of the 2,3-glycol position of certain glucose 
anhydride units, causing rupture of the carbon-carbon bond and 
formation of a dialdehyde configuration as shown in the following 
structural representation:

H  OH

-H , — O

O O

Ah  h A

H
C O'

¿ H 2OH

It is reasonable to explore the possibility that this dialdehyde 
configuration m ay be the grouping responsible for the alkali 
lability which Davidson (3) and Brownsett and Davidson (1 ) 
have observed in cotton fiber after periodic acid oxidation. 
Evidence presented b y  Rutherford and co-workers (10) makes 
it appear extrem ely likely that such is the case; they found that 
when the aldehyde groups of the oxidized fiber are converted to 
carboxyl groups under mildly acid conditions, the alkali solu
bility of the fiber is lessened. T h e present report deals chiefly

R IC H A R D  E. R E E V E S
Southern Regional Research Laboratory,

U . S. Departm ent of Agriculture, N ew  Orleans, Im.

with the strength and cuprannnonium fluidity of cotton fiber 
oxidized with periodic acid before and after treatm ent with re
agents that m igh t'be expected to react with and stabilize the 
dialdehyde grouping against alkali.

T a b l e  I. E f f e c t  o f  V a r i o u s  T r e a t m e n t s  o n  S t r e n g t h  o k  
C o t t o n  F i b e r “ O x id i z e d  b y  P e r i o d i c  A c id

D egree of 
O xidation^ T re a tm e n t6 Strength«*
Unoxidizcd N one 7 .03

control 1 h r. a t  100° C. in 0.026 N  N aO H 7.04
0.0089 Air d ried a fte r w ashing w ith d istd . w ater 6 .6 0
0.0089 1 hr. a t  100° C. in d istd . w ater 6 .67
0.0089 18 h r. a t  25° C. in 0.1 N  IIC l 6 .2 8
0.0089 18 hr. a t  25° C. in ta p  w ater, p l l  9.9 (a t

s ta r t) 5.91
0.0089 18 h r. a t  26° C. in 1 N  N aH C O j 4 .7 6
0 .0089 18 hr. a t  25° C. in 1 N  N lU O ll 4 .73
0.0089 18 hr. a t  26° C. in 0.1 N  N aO II 4 .57

° All co tton  fiber vised in th is  and  th e  following experim ents was Good 
M iddling g rade of 1‘A -inch  stap le  length. I t  was e x trac ted  in a  Soxhlet 
ex trac to r for 8 hours w ith  alcohol followed by w ater.

b M oles of perioda te  consum ed per 1C2 gram s of anhydrous fiber. All 
oxidations were carried  o u t a t  26° C ., using th e  desired a m o u n t of periodic 
acid in  60 p a rts  of d istilled w ater to  1 p a r t  liber. P e rio d a te  was determ ined 
by th e  arsonite procedure (4). In  m ost cases the  availab le  periodic acid was 
consum ed by  th e  fiber w ith in  24 hours.

e A pproxim ately  100 p a rts  so lution to  1 p a r t  fiber.
d M easurem ents were m ade on a Pressley fiber te ster. T he  values rep re 

sen t pounds requ ired  to  b reak  1 mg. of fibers c u t to  a  leng th  of 0.47 in .; each 
value  represen ts  th e  m ean of 10 or inoro de te rm ina tions.

E F F E C T  O F  R E A G E N T S  O N  O X I D I Z E D  F I B E R

The effect of certain common reagents on the strength of cotton 
fiber oxidized b y  periodic acid is shown in Table I. Those data  
confirm earlier observations (I, 3 ), in showing that the oxidation 
brings about a  relatively small loss of tensilo strength in com
parison with the loss that occurs upon alkaline treatment aftor 
oxidation. The action of distilled wator at high temperature or 
of dilute acids at room temperature does not liavo an adverse 

effect on tho strength of oxidized liber like that 
of alkalies. In order to prepare tho oxidized fiber 
with the least possible loss of strength, it was 
necessary to wash out tho oxidizing reagents with 
distilled water, since the tap water in this labo
ratory is alkaline (pH 9.0 to 9.9) and quickly 
brings about a  large loss of strength in tho 
oxidized fiber.

Some of the properties of a scries of cotton-fiber 
preparations oxidized by increasing amounts of 
periodic acid are illustrated by tho experiment re
ported in Table II. Increasing oxidation is ac

companied by increasing alkali solubility and cuprammonium  
fluidity as well as loss of tenacity. A fter alkaline treatment a 
much greater loss of strength is apparent, but the cuprammonium  
fluidity is not increased, presumably becauso all unstable posi
tions are broken by the alkaline cuprammonium hydroxide 
solution. Th is is in marked contrast to the behavior of hypo
chlorite-oxidized fiber, which is known to show increased cupram 
monium fluidity as well as further loss of strength aftor alkaline 
treatment. Strict comparison of fluidity values before and after

H
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F ig u r e  1 . S t a b i l i z in g  E f f e c t  o f  T r e a t in g  P e r io d a t e -  
O x id iz e d  C o t t o n  F ib e r  w i t h  D ia z o m e t h a n e  a n d  w i t h  

C h lo r i t e  b e f o r e  E x p o s u r e  to  A lk a l i

T a b l e  II . A l k a l i  S t a b i l i t y  o f  C o t t o n  F i b e r  a f t e r  O x i d a 
t i o n  b y '  P e r i o d i c  A c i d

Strength^ a fte r 
O xidation

F lu id it y  6 of Oxidized 
F ib e r , Rhea

Lo ss in  W t . Before Before A fte r
on A lk a lin e a lka lin e A fte r a lka line a lka lin e

Degree of Treatm ent® , tre a t a lka line tre a t tre a t
O xidation % m ent treatm ent m ent ment

0 .00 0 0 .0 0 5 .8 7 6 .0 2 1 .6 5 2 .0 9
0 .002 0 .9 8 5 .7 9 5 .8 6 9 .8 4 9 .51
0 .00 5 2 .0 0 5 .47 4 .51 2 3 .0 2 2 .4
0 .01 0 2 .9 6 5 .3 0 3 .3 0 3 2 .7 3 2 .8
0 .02 0 5 .9 6 4 .31 2 .0 9 4 7 .2 4 4 .5
0 .050 4 0 .7 3 .3 9 D isin tegrated 5 5 .3
° T rea tm e n t consisted of 100 p a rts  0.025 iV  N a O I i  in  the w ater bath  at 

100° C . fo r 1 h r . F ib e r  w as then washed w ith  d istilled  w ate r, allowed to 
stand  in  d ilu te  acetic ac id , washed free  of acid w ith  d is tilled  w ate r, and a ir-  
dried .

b See footnote <*, T a b le  I .
c Cupram m onium  flu id itie s were measured a t 25° C . ,  using C libbens and 

G eake type  viscom eters and cupram m onium  hydroxide so lution contain ing 
15 gram s copper and 240 gram s am m onia per lite r  (£). T h e  cellulose concen
tra tio n  was 0 .5 %  in  each case. T h e  un its  (rhes) represent rec ip rocal poise.

alkaline extraction is complicated by the fractionation which 
occurs when a portion of the fiber is dissolved by the alkali. The  
removal of soluble material would tend to result in a lower fluidity 
for the remaining material.

If the instability of the oxidized cotton fiber is actually caused 
b y the dialdehyde configuration, it should be possible to stabilize 
the aldehyde groups b y suitable chemical reactions so that further 
fiber degradation would not easily occur upon alkaline treatment. 
Such a  stabilization has already been reported by Rutherford 
and co-workers (.10), who employed chlorous acid and found that 
it converted the aldehyde groups of periodate-oxidized cellulose 
to carboxyl w ith an accom panying decrease in alkali solubility. 
A  second reagent which stabilizes periodate-oxidized cotton fiber 
is ethereal diazomethane, which was used in the methylation of 
cotton fiber (9). Other treatments tested for their effect on the 
fluidity of oxidized fiber are listed in Table I II .

I t  is apparent that sodium chlorite at pH  4  and ethereal 
diazomethane are the most effective of the reagents used. Other 
reagents which could be expected to react with aldehyde groups 
do so to only a slight extent or not at all under the conditions 
employed, or they form products not stable toward alkali.

T a b l e  I I I .  R e s u l t s  o f  T r e a t m e n t s  o n  C u p ra m m o n iu m  
F l u i d i t y  o f  C o t t o n  F i b e r  O x id i z e d  w i t h  P e r i o d i c  A c id

F lu id it y , R hes

Treatm en t

A lum inum  isopropylate  in  isopro
p y l a lcoho l, refluxed 1 h r.

Am m onium  cyan ide , 5 %  so ln ., 18 
h r. a t room tem p.

Ph en y l hyd raz ine  in  alcohol, 18 hr. 
a t room tem p.

P h e n y l hyd raz ine  hydroch loride +  
sodium acetate in  w ate r a t 
100° C . ,  1 h r.

Z inc  dust and 25%  acetic ac id , re- 
fluxed 3 h r.

H ydrogen 4- active  P tO  ca ta ly s t  in  
50%  alcoho l, 50 lb ., room  tem p., 
3 h r.

Sodium  b isu lfite , 10%  so ln . a t  room 
tem p ., 2 h r .

Sodium  ch lo rite  a t p H  4 , 1%  soln. 
1 h r. a t room tem p.
1 h r. a t 50° C .

D iazom ethane in  ether a t 0 ° , ap
pro x. 0 .5  m olar a t  s ta rt  of expt. 

i y « h r . ,0 .9 6 % O C H i  
20 h r ., 3 .86 %  Ö C H 3 
91 h r ., 5 .71 %  O C H s 
187 h r ., 7 .09 %  O C H j 

(2 treatm ents)
240 h r ., 7 .37 %  O C H 3

Degree of Before A fte r
Oxidation treatm ent treatm ent

0 .0089 3 1 .1 2 9 .9

0 .0089 31 .1 2 1 .9

0 .0089 3 1 .1 2 2 .4

0 .0 2 0 5 6 .0 5 4 .7

0 .02 0 5 6 .0 5 5 .0

0 .02 0 5 6 .0 5 5 .0

0 .014 3 8 .3 3 7 .5

0 .014 3 8 .3 2 5 .8
0 .01 4 3 8 .3 11.1

0 .0 1 0 3 6 .7 2 9 .9
0 .0 1 0 3 6 .7 19 .9
0 .01 0 3 6 .7 16 .0

0 .01 0 3 6 .7 14.1
0 .0089 3 1 .1 8 .0

S T A B I L IZ A T IO N  O F  O X ID IZ E D  F I B E R

A fter it was established that certain reagents could reduce 
the fluidity of cotton fiber that had been oxidized with periodic 
acid, it was of interest to determine whether this effect would 
be accompanied b y  a  decrease in the total loss of strength caused 
by the oxidation. Cotton fiber and yarn  were oxidized with  
known amounts of periodic acid, and a portion of each sample 
was treated with ethereal diazomethane or, in some cases, 
sodium chlorite at pH  4. A ll samples were placed in contact 
with dilute alkali and then subjected to tensile strength measure
ments under comparable conditions. T h e samples treated with  
diazomethane or chlorite showed significantly less loss of strength 
than the untreated samples. Th e effectiveness of these two 
treatments on cotton fiber is shown in Figure 1 . Table I V  in
dicates the effect of diazomethane on the strength and alkali 
solubility of oxidized cotton yarn. In all cases it is evident 
that an appreciable portion of the total loss of strength induced 
by the oxidation can be prevented.

The effect of chlorite treatment in lowering the alkali solubility 
of periodate-oxidized cotton fiber has already been noted (10). 
This observation was confirmed b y  the present work and was 
found to apply as well to the diazomethane treatment. Tables 
V  and V I  compare the alkali solubility (loss in weight on alkaline 
treatment) of oxidized cotton fiber before and after treatment 
with diazomethane and chlorite. A  marked reduction in solu
bility is effected b y  both treatments a t the higher stages of 
oxidation. The difference between corresponding results in the 
two untreated samples representing 0.05 M  oxidation is probably 
due to the fact that the chlorite and diazomethane series of

T a b l e  IV . E f f e c t  o f  D ia z o m e t h a n e “ o n  M e r c e r i z e d  
C o t t o n  Y a r n  O x id i z e d  b y  P e r i o d i c  A c i d

Degree of 
O xidation

0.00
0 .0 1
0 .0 5
0 .1 5

Lo ss  in  W t . on A lk a lin e
T rea tm e n t b, %_____

D iazom ethane- 
C o n tro l treated

0.00  0.00
2 .1 8  0 .4 3

1 2 .0  2 .3 8
7 5 .8  8 .4 0

B reak in g  S tren g th 6 a fte r 
A lk a lin e  T rea tm e n t, L b .

Co n tro l

1 .34
1 .0 2

. . ° - 13  D isin tegrated

D iazom ethane-
treated

1 .32
1 .16
0 .6 3
0 .31

°  T rea tm e n t consisted of 0.42 M  d iazom ethane in  ether a t 0 ° C . fo r 0 days. 
A p p ro xim ate ly  7 %  m ethoxyl w as in troduced  in  th is  treatm ent. 

b See footnote“ , T a b le  I I .
6 M easured on a Sco tt va rn  tester w ith  10 in . between ja w s ; each va lue  

represents the mean of 10 determ inations.
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oxidized samples were prepared under different conditions. 
W ithin each table, however, the treated samples were taken from  
the same batch of oxidized cotton fiber as the untreated samples. 
Also included are the values for strength and cuprammonium  
fluidity of the oxidized alkali-treated cotton fiber, with and with
out diazomethane or chlorite treatment. I t  is apparent that 
the treatments bring about a reduction of fluidity which per
sists after exposure to alkali at 10 0 ° C . Figure 1 shows how the 
diazomethane and chlorite treatments protected the strength of 
the oxidized fiber against the action of alkali.

D IS C U S S IO N

The work of Jeanes and Isbell (7) and Rutherford and co
workers (10) indicates that the action of chlorite upon the 
oxidized fiber can be regarded as selective oxidation of aldehyde 
groups to carboxyl groups, the latter presumably not being sus
ceptible to further deterioration in the presence of alkalies. 
T h a t chlorite under these conditions does not harm the fiber 
b y further oxidative side reactions is a remarkable fact which 
has received earlier mention by other workers (11). T h e prop
erties of the carboxyl-containing cotton fibers are extrem ely in
teresting and offer various possibilities for further study. The  
behavior of the fiber and fabric toward certain dyes is markedly 
altered. M etallic salts of the carboxyl-containing fiber are easily 
prepared, and b y  means of double decomposition reactions it is 
possible to precipitate colored metallic salts throughout the 
fiber. Figure 2  shows a cross-sectional view of ordinary and 
carboxyl-containing yarns which were treated with a copper salt 
solution, washed, and then treated with potassium ferrocyanide. 
It  is apparent that the copper salt was distributed quite uniformly 
throughout the oxidized fiber encircling the ordinary yarn.

T h e mechanism b y  which the oxidized cotton fiber is stabilized 
is much more obscure in the case of diazomethane than in that 
of the chlorite reagent. Diazomethane is known to react with  
aldehydic groups, but the simultaneous reaction with certain

T a b l e  V . E f f e c t  o f  D ia z o m e t h a n e 0 o n  C o t t o n  F i b e r  
O x id i z e d  b y  P e r i o d i c  A c id

Lo ss in  W t . on F lu id it y  d a fte r
Strength* a fte r A lk a lin e  T rea tm e n t, A lk a lin e  T re a t-  

A lk a lin e  T re a tm e n t6 ___________ % _________________  m ent, Rhes
Degree D iazo- D iazo- D iazo-
of O x i C o n methane- Con m cthane- Con methane-
dation tro l treated tro l trcated tro l treated

0 .00 0 6 .2 0 6 .17 0 .0 0 1 .28 2 .0 9 2 .4 0
0 .00 2 5 .8 6 6 .01 0 .9 8 1 .2 0 9 .51 3 .4 6
0 .00 5 4 .5 1 5 .7 3 2 .0 0 1 .20 2 2 .4 7 .1 5
0 .0 1 0 3 .3 0 4 .8 2 2 .9 6 1 .53 3 2 .8 11 .38
0 .02 0 2 .0 9 3 .2 0 5 .9 6 1 .39 4 4 .5 2 0 .0
0 .0 5 0 D is in te 

grated 1 .80 4 0 .7 2 .7 4 2 8 .3

°  T rea tm en t employed 0 .45 M  d iazom ethane in  ether a t 0 ° C . fo r 6 d ays ; 
approxim ate ly  6 %  m ethoxyl was introduced .

* W eight of sam ple recalcu lated  to a d ju st for loss of w eight on a lka line  
treatm ent and for gain in  w eight due to m ethoxyl content.

6 Sam e as th a t described in  footnote®, T a b le  I I .
d Cup ram m o nium  flu id itie s based on 0 .5 %  concentration of cellulose, 

a llow ance being made for increase in  w eight of sam ples due to m ethoxyl con
ten t.

T a b l e  VI. E f f e c t  o f  C h l o r i t e “  a t  pH  4  o n  C o t t o n  F i b e r  
O x id i z e d  b y  P e r i o d i c  A c id

Lo ss in  W t . on F lu id it y  a fte r
Strength* a fte r A lk a lin e  T rea tm e n t, A lk a lin e  T re a t-  

£>egree A lka lin e  T re a tm e n t6 _____________% _______________  m ent, Rhes
of O x i C h lo rite - Con Ch lo rite- Con C h lo rite-
dation C o ntro l treated tro l treated tro l treated

0 .0 0 0 6 .5 8 6 .5 7 0 .9 0 1 .82 2 .0 2 3 .2 3
0 .00 2 6 .4 9 7 .01 2 .3 0 1 .22 9 .7 3 3 .81
0 .0 0 5 5 .7 3 6 .3 0 2 .6 0 0 .8 7 1 8 .8 5 .8 6
0 .0 1 0 4 .5 3 6 .4 6 3 .6 6 0 .7 9 2 1 .7 7 .2 4
0 .0 2 0 3 .1 0 5 .5 7 5 .1 6 0 .7 3 4 2 .0 12 .95
0 .0 5 0 D is in te 

grated 4 .5 3 14 .94 1 .24 5 2 .1 2 3 .9

°  T rea tm e n t consisted of 2 %  sodium  ch lo rite  buffered a t  p H  4 .0  w ith  2 %  
potassium  acid  phtba late  and invo lved  use of 50 p arts  of so lution a t  60° C . 
fo r 1 hour.

* N o t recalcu lated  to allow  for loss of weight unon a lka lin e  treatm ent. 
c Sam e as th a t described in  footnote®, T a b le  I I .

F ig u re  2. C o tto n  F ib e rs  (X250^ a f te r  B eing  
T re a te d  W ith  S o lu tio n  o f  C o p p er S a lt ,  
W ash ed  F ree  o f  E xcess C o p p e r, a n d  P laced  

in  P o ta s s iu m  F e rro c y a n id e  S o lu t io n
D u rk  fibcrH  had  o x id ize d  b y  p e rio d a te  and
c h lo r it e ; l ig h t  c e n te r  fil> crs u liow  b eh av io r o f u n -  

o x id ized  co tto n .

hydroxyl groups in tho cotton fiber causes the picture to bo con
fused. Th e diazometimne-treated fibers do not have the same 
dyeing properties aa exhibited by tho chlorite-trcated samples. 
Further work is in progress to explore tho nature of the di
azomethane reaction products.

It  should be pointed out that the apparent reversal of tho 
deterioration of cotton fiber b y  periodic acid represents a logical 
extension of results already published by other workers in this 
field. Although less is known of the mode of attack of many 
other common agents of fiber degradation, it has seemed worth 
while to apply to other typos of damaged fibers tho reagents which 
successfully lessen pcriodic-acid-inducod fiber deterioration. 
T o  date, these reagents have been applied to fibers damaged by 
neutral and alkaline hypochlorite and by ultraviolet irradiation. 
In certain cases beneficial effects have been obsorvod on these 
other types of damaged fibers, but protective effect has not ap
proached in extent that shown 011 fibers oxidized by periodic acid.
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Solubility of W ater in  
LIQUID CARBON DIOXIDE

HOSM ER W . STONE
University of California, Los Angeles, Calif.

T he so lub ility  o f w ater in  liqu id  carbon  
dioxide is reported for several tem peratures 
from  —29° to  + 22 .6° C. T hese tem pera
tures involve a vapor pressure range for 
liqu id  carbon dioxide o f 15 to  60 a tm os
pheres. T he values reported in d ica te  a 
fairly regular increase in  so lu b ility  from  
0.02 per cen t w ater a t th e  lower tem pera
ture to  0.10 per cen t a t th e  h igher.

T H E  composition of certain phases of the equilibrium mix
tures of carbon dioxide and water, such as the solubility 
of carbon dioxide in liquid water, have been determined 

with satisfactory precision b y  a  number of workers, especially 
Weibe (3-6)] however, considerable uncertainty exists with 
regard to the solubility of water in liquid carbon dioxide. L o w ry  
and Erickson (£) attempted to determine this from the density 
of the gaseous phase coexisting with the liquid carbon dioxide 
in the presence and absence of water and then computing the 
solubility b y  R aoult’s law. Since the differences thejr observed 
were less than the experimental error, they concluded that water 
could not be soluble to more than 0.05 per cent in liquid carbon 
dioxide over a temperature range of —5 .8 °  to 2 2 .9 °  C.

The solubility is a matter of practical interest in the m anufac
ture of commercial solid carbon dioxide (dry ice) where too much 
moisture often causes a freeze-up in the plant due to the ac
cumulation of solid water. On the other hand, a certain amount 
of moisture has been regarded by some as essential to the produc
tion of d ry ice with suitable physical properties. W ithout water 
the dry ice was thought to shatter easily, particularly after stor
age. Josephson (1) took out a patent covering the deliberate 
introduction of water for the purpose of improving the physical

properties of dry ice. Although the desirability of any moisture 
in dry ice is doubtful, it is a point that is frequently raised in 
connection with the production of solid carbon dioxide. When 
carbon dioxide is used in certain types of fire extinguishers, the 
presence of too large an amount of water m ay cause serious 
trouble. Pressure drops in the carbon dioxide system  m ay pro
duce refrigeration resulting in the separation of solid water. 
This in turn m ay restrict the flow of the carbon dioxide. Hence 
the question of the solubility of water in the liquid carbon dioxide 
becomes of vital importance.

S O L U B I L I T Y  was determined directly b y  the apparatus 
shown in Figure 1. Although not indicated in the diagram, 

the carbon dioxide cylinder was immersed in a thermostat and 
the sodium-calcium hydrate tubes were placed in a water bath at 
room temperature. T o  charge the cylinder, a 25-m l. portion of 
distilled water was added to the clean cylinder; and after replac
ing the valve carrying the siphon tube, the cylinder was filled two 
thirds full with liquid carbon dioxide.

T o  ensure thorough mixing of the two liquids, the cylinder 
was placed on the rollers of a  ball mill and revolved for 8  hours at 
about 80 r. p. m. T h e room temperature during this mixing was 
above that at which the solubility was to be determined. N ext  
the cylinder was placed upright in a  thermostat in which the 
temperature was controlled within ± 0 .0 5 °  C . T h e water of the 
thermostat covered the needle valve as well as the cylinder to 
take care of the cooling resulting from the change of state and the 
drop in pressure which took place at this point. A fter allowing
2 4 -4 8  hours for the establishment of equilibrium at the tempera
ture of the bath, the cylinder valve was opened fully. Th e  
needle valve was then opened gradually so that the gas, when b y
passed through the flowmeter to adjust the rate, attained a rate 
of about 100 ml. per minute. A fter permitting sufficient flow to 
purge the siphon tube of an y possible droplets of entrapped water, 
the stopcocks were adjusted to allow the gas to enter the absorp
tion system. Th e magnesium perchlorate tubes were weighed 
filled with carbon dioxide while the sodium-calcium hydrate  
tubes contained dry air for both the initial and the final weighings. 
Th e completeness of the absorption of water b y  magnesium per
chlorate and of carbon dioxide b y  soda lime was assured b y  the

second tube of each of 
these reagents. T h e fact 
that the second tube 
showed little or no in
crease in weight during 
a run was evidence that 
neither the rate nor the 
amount of sample had 
been too great for the 
capacity of the absorb
ents. One charge of the 
perchlorate was ade
quate for m any runs so 
that the final weighing 
of one run was used as 
the initial weighing for 
the next. T h e first so
dium-calcium hydrate  
tube received a fresh 
charge for each deter
mination, since each run 
was continued until the 
appearance of the re
agent showed that theF ig u re  1. D ia g ra m  o f  A p p a ra tu s

128 4
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T a b l e  I. P e r c e n t a g e  o p  W a t e r  in  L i q u i d  C a r b o n  D i o x i d e  
S a t u r a t e d  a t  V a r i o u s  T e m p e r a t u r e s

Sam ple, W ate r, W ate r, D ev ia tio n
G ram s G ram s P e r  C ent from  M ean

A. A t  5 .08° C .
4 9 .4 2 0 .0301 0 .0609 - 0 .0 0 3 0
72.21 0 .0476 0 .0659 + 0 .0 0 2 0
58 .34 0 .0365 0 .0626 - 0 .0 0 1 3
9 4 .13 0 .0587 0 .0624 - 0 .0 0 1 5
7 1 .97 0 .0465 0 .0646 + 0 .0 0 0 7
6 7 .7 3 0 .0442 0 .0653 +  0 .0014
6 3 .93 0 .0413 0 .0613 +  0 .0004
6 7 .12 0 .0402 0 .0599 - 0 .0 0 4 0
7 3 .5 8 0 .0499 0 .0678 + 0 .0 0 3 9

Average 0 .0639 0 .0020

A verage deviation from  mean 3 .2 %

B. A t  1 © o p

118 .63 0 .0994 0 .0838 - 0 .0 0 6 2
99.41 0 .0894 0 .0899 - 0 .0 0 0 1
91 .37 0 .0817 0 .0894 - 0 .0 0 0 6
8 8 .6 6 0 .0811 0 .0914 - 0 .0 0 1 4
89 .22 0.0851 0 .0954 + 0 .0 0 5 4

Average 0 .0900 0 .0027

A verage dev iation  from  mean 3 .0%

C . A t  22.C

dÏ

3 1 .8 0 .0316 0 .0994 - 0 .0 0 4 6
1 4 .2 0 .0155 0 .1 0 9 + 0 .0 0 5 0
13 .3 0 .0130 0 .0980 - 0 .0 0 6 0
2 5 .4 0 .0231 0 .0910 - 0 .0 1 3 0
11 .7 0 .142 0 .121 + 0 .0 7 1 0
6 7 .7 0 .0695 0 .1 0 3 - 0 .0 0 1 0

Average 0 .10 4 0 .0078

Average dev iation  from  mean 7 .5%

D. A t  - -29° C .

5 47 .3 0 .1121 0 .0205 + 0 .0 0 1 0
199 .5 0 .0363 0 .0182 - 0 .0 0 1 3
3 05 .0 0 .0631 0 .0207 + 0 .0 0 1 2
5 35 .7 0 .0991 0 .0185 - 0 .0 0 1 0

Average 0 .0195 0 .0011

A verage dev iation  from  mean 5 .1 %

reaction had progressed nearly to the exit end of the tube. The  
third sodium-calcium hydrate tube was included as a  protection 
for the system  against the water and carbon dioxide of the atmos
phere. A  sulfuric acid bubbler following the third soda lime tube 
showed a  slight surge of pressure as the carbon dioxide was turned 
into the system  at the start of a run. N o further bubbles were 
observed during the run, an indication that practically all of the 
sample was absorbed by the two reagents. A  single determina
tion required a steady flow of gas from several hours to over
night. T h e  sum of the weights of the water and carbon dioxide 
absorbed was taken as the weight of the sample.

T h e low percentage of water made difficult w hat otherwise 
would have been a simple determination. Each  soda lime tube 
and contents weighed about 600 grams, and was capable of ab
sorbing about 100 grams of carbon dioxide. Th e heavy-duty  
analytical balance used to weigh these tubes had a capacity of 
2  kg. and a  sensitivity of 0.1 mg. Th e 0 .1 mg. sensitivity was not 
used with the carbon dioxide because the data for the water 
included only three significant figures. T h e magnesium per
chlorate tubes and contents weighed approxim ately 10 0  grams 
each and were weighed on a balance with a capacity of 2 0 0  grams 
and a sensitivity of 0.1 mg. T h e method was developed after 
m any less successful attem pts had been made with various 
modifications.

r P A B L E  I, A  and B , records the results with the method 
just described.

Th e values listed under C and D  were obtained in a different 
manner. In the case of C the entire experiment from the rolling 
of the cylinder to the absorption of the water was carried out in a  
room that showed a temperature variation of ± 1 °  C . The  
weight of the sample was determined b y  the loss in the weight 
of the cylinder. Since the cylinder weighed some 1 2  kg., the 
sample was weighed only to within a  few tenths gram. A fter the 
water had been absorbed by the magnesium perchlorate, the 
carbon dioxide was vented to the atmosphere instead of being 
absorbed b y  soda lime as above.

The results listed as D  were obtained by the method of analysis 
used for C, but the sample was liquid carbon dioxide taken from 
the N ational D ry  Ice Plant, Niland, Calif,, where operating condi
tions indicated that the liquid carbon dioxide was saturated with 
water at —2 9 °  C . Since the author had no facilities for tem
perature control at such low temperatures, the values from this 
analysis are included as an indication of the trend of the solu
bility.

Q E V 'E R A L  features of the experimental method should be 
considered. These include the fact that the carbon dioxide 

liquid and gaseous phases in equilibrium with water a t the same 
temperature and pressure contain different percentages of water, 
the possibility that droplets or particles of water form stable 
suspensions in the liquid carbon dioxide, the effect of the iron 
dissolved from the cylinder walls by the water-rich phase, the 
refrigerating effect resulting from the change of state and the 
expansion at the needle valve, and the disturbance of the equilib
rium resulting from the increase in volume of the gaseous phase as 
liquid carbon dioxide is drawn from the cylinder.

Th e fact that the liquid phase contains a different percentage 
of water from the gaseous phase made it necessary to take liquid 
carbon dioxide for analysis rather than samples from the gaseous 
phase. Analysis of the equilibrium mixtures of carbon dioxide 
in the two states with water showed that the gaseous phaso con
tained about half the percentage of water that the liquid phase 
contained for the particular temperature and pressure.

The possibility that droplets of water or solid particles of water 
at low temperature might remain suspended in the liquid carbon 
dioxide appears to be very real. Th e fact that the method gives 
a somewhat regular decrease in solubility of water in liquid carbon 
dioxide with a decrease in temperature could hardly bo explained 
if the suspension of water in the liquid carbon dioxide were at all 
stable. Hence, it has been assumed from a consideration of the 
densities of water, ice, and liquid carbon dioxide that, where 
water is in excess in the liquid state, the carbon dioxide liquid 
floats on top; at most temperatures at which the water is in the 
solid state, the water-ice floats on top of the liquid carbon di
oxide.

T he presence of iron in the water-rich phase was discovered 
when clear water which remained in the cylinder after the carbon 
dioxide had been exhausted was exposed to the atmosphere in an 
open beaker. On standing for some time open to the air, a  brown 
gelatinous precipitate characteristic of hydrated basic iron ap
peared. If the carbon dioxide was swept from the clear solu
tion by a  rapid bubbling of air, the precipitate appeared at once. 
One of the cylinders was copper-plated on the inside to avoid this 
difficulty. Later the matter was disregarded when the applicabil
ity  of the findings of W cibc and G addy (4) was recognized. 
T h ey reported the probable formation of an iron bicarbonate 
and did quantitative work which indicated that the amount of 
iron dissolved under these circumstances was small. 'The error 
resulting from such small amounts of dissolved iron on the vapor 
pressure of water and hence its solubility in the liquid carbon di
oxide is certainly of an order well outside the experimental limits 
of the work reported here.

\ \ l H E N  liquid carbon dioxide changes to the gaseous state 
at the needle valve with a drop of pressure to that of the 

atmosphere, there is a refrigerating effect which might conceiv
ably retain some of the water near the valve. Because the ca
pacity for water of the gaseous carbon dioxide is much greater at 
one atmosphere than that of the liquid carbon dioxide a t  the rela
tively high pressure within the cylinder, because the valve was 
immersed in a thermostatically controlled water bath, and be
cause the rate of flow was kept low (about 10 0  ml. per minute for 
the gas), it appears unlikely that this refrigeration effect resulted 
in incorrectly low values for the percentage of water found, E x 
perimental variations in the rate of gas flow from 00  to 2 0 0  ml.
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per minute were tried and gave no correlation with the deviation 
of the results. When the valve was not immersed in the water 
of the thermostat and the rate of gas flow was increased to 300 ml. 
per minute, moisture was seen to condense in the outlet tube 
from the valve. N o such condensation was ever observed under 
the conditions at which the determinations were carried out.

T h e question of the disturbance of the equilibrium between 
the water-rich liquid phase and the carbon-dioxide-rich liquid 
phase was raised by the fact that, as liquid is drawn from the 
cylinder, the volume of the gaseous phase was increased. Since 
this phase is poorer in water at the 15 -6 0  atmospheres range of 
pressure in the cylinder, the gradual loss of a greater percentage 
of carbon dioxide than of water to the gas phase might result in a 
supersaturation of the liquid carbon dioxide by water. Shaking 
the cylinder between determinations was tried with a view  to 
minimizing this difficulty. H owever, this entailed the removal 
of the cylinder from the bath which upset the thermal equilib
rium and introduced the possibility of entraining droplets of 
water in the siphon-valve part of the system. Since no notice
able change appeared in the values for the water content of the 
liquid carbon dioxide when this was done, much of the work was

carried out without any other agitation than that provided by the 
vibration of the stirring motor of the bath. Also, the sample 
entered the siphon at a point close to the layer of water and at 
some distance from the interface between the liquid and the 
gaseous carbon dioxide; this fact likewise mitigated against the 
possibility that the sample of liquid carbon dioxide might be
come supersaturated with water as a result of the increasing 
volume of the gaseous phase.

I t  is realized that the values here reported leave much to be 
desired, but in view  of the difficulties involved and the inade
quacies of the existing published data, the results appear to be of 
fundamental importance.
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P roperties  o f D etergen t Solutions
T H E R M A L  pH C O E FFIC IE N T S OF 

A L K A L IN E  SO LUTIO NS

LESTER E. KUENTZEL, JAM ES W. H ENSLEY, 
A N D  LESLIE R. BACON

W yandotte Chemicals Corporation, W yandotte, Mich.

T H IS  paper, the fourth of a series (I,  7, 8) concerned with 
the properties of detergent solutions, presents detailed pH  
data at 2 5 ° ,  4 0 °, and 60° C . on distilled water solutions of 

nine commercial alkalies sometimes used alone or in combination 
as laundry soap builders over concentration ranges of interest in 
laundry practice. Therm al pH  coefficients, A p II/ A T , for these 
builder solutions have been presented which permit the calcula
tion of pH  values at elevated temperatures from experimental 
data obtained at room temperature. T h e alkalies examined in 
the present work are: sodium hydroxide, sodium carbonate, so
dium bicarbonate, trisodium phosphate, tetrasodium pyrophos
phate, sodium tetraphosphate, sodium metasilicate, sodium ses- 
quisilicate, and sodium orthosilicate.

In general, the technique and equipment were the same as that 
described in the first paper (I). Only electrometric methods 
were used, however. Some improvements in technique and ap
paratus design were made to secure greater accuracy and ease of 
manipulation. B oth hydrogen electrode and glass electrode 
measurements were made on the same solution in most of the 
determinations. A s a rule there was close agreement between 
the two measurements except for values obtained from solutions 
a t elevated temperatures and very high pH  where the sodium ion 
error was considerable.

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

E l e c t r i c a l  E q u ip m e n t .  Hydrogen electrode potentials were 
measured b y  a simplified Queen potentiometer with which read
ings could be made to the equivalent of less than 0.01 pH  unit. 
Glass electrode potentials were measured by a  Leeds &  Northrop

potentiometer-electrometer 7660-A  which was calibrated to 0.002 
volt (0.03 pH  unit) and could be read accurately to the equivalent 
of the nearest 0.01 pH  unit. N ational Technical Laboratories 
N o. 1 1 9 0 E  glass electrodes were used. These electrodes arc 
especially adapted for use in alkaline solution and have very low 
sodium ion errors. A ll connecting electrical leads were well 
shielded.

P la tin u m  E le c t r o d e s . 5  X  10  mm. electrodes were cut 
from platinum foil, mounted in the end of sealed glass tubes, 
and palladinized. A  careful comparison of results obtained 
from both platinized and palladinized electrodes revealed negli
gible differences as long as the palladium coat was freshly formed. 
Upon continued use, a  difference became noticeable and it must 
bo assumed that the palladinized electrodes are in error; how
ever, since they were much easier to clean and replate, they were 
used and freshly plated before each measurement. T o  secure 
uniform and reproducible coatings of palladium black, an appara
tus was constructed whereby the cleaning and plating operations 
could be closely controlled. A  current density of 160 milliam- 
peres per sq. cm. applied to the electrodes for one minute while 
being electrolyzed cathodically in a  3  per cent palladium solution 
in hydrochloric acid produced a  light, satisfactory coating. The  
palladium solution was prepared b y  electrolyzing a palladium  
wire in I to 1  hydrochloric acid until the proper weight of palla
dium had dissolved. T h e  solution was maintained at approxi
m ately 3  per cent concentration b y  using a palladium wire anode 
for the plating operation.

E l e c t r o d e  V e s s e l s .  T h e vessels housing the electrodes and 
containing the test solution and saturated potassium chloride 
solution were made of P yrex (Figure I). Tubes K  and K ' , hold
ing calomel electrodes C and C', w et stopcocks »S' and S ',  and all 
connecting capillary tubing to liquid junctions J  and J ' ,  are filled 
with saturated potassium chloride solution to which has been 
added a small amount of calomel. T u b e M  containing duplicate 
hydrogen electrodes II and I I ',  and tube N  containing inter-
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Im proved apparatus for pH d eterm in ation  
is described. pH data  at 25°, 40°, and  60° C. 
are presented  for d istilled  w ater so lu tion s  
o f n in e  com m ercia l alkalies som etim es  
used alone and in  com bin ation  as soap  
builders, in c lu d in g  sod iu m  hydroxide, so 
d iu m  carbonate, sod iu m  b icarbonate, tr i
sod iu m  p h osp h ate , te trasod ium  pyrophos
p hate , sod iu m  tetrap liosp h ate, sod ium  
m etasilica te , sod iu m  sesq u isilica te , and  
sod iu m  orthosilica te . In  general, m u ltip le  
pH d eterm in ation s check w ith in  0.01 pH  
u n it o f  the average. A linear eq u ation  and  
tables o f  con sta n ts  provide for th e  ca lcu la
tion  o f  pH values over th e  range 25-60° C. 
for th e  con centration s 0.01, 0.1, and 1 per 
cen t to  a close approxim ation. T herm al pH  
coefficients, in  general, vary lit t le  w ith  con 
centration  and m ay be applied w ith in  th e  
above lim its  to  ca lcu la te pH a t oth er te m 
peratures from  any base pH m easurem en t.

changeable glass electrode G, as well as drain tubes from these 
vessels to pinchcocks P  and P ',  are filled with the test solution to 
be examined. Hydrogen enters at B  and is dispersed through a 
sintered glass disk, F, into a presaturatoT containing distilled water. 
Since the test solutions were dilute, there was not enough differ
ence in vapor pressure to warrant the use of the test solution in 
the presaturator. Hydrogen thus presaturated carried into the 
test solution nearly the same amount of water as the escaping 
hydrogen carried out. M oreover, the hydrogen outlet at E  was 
so designed that condensing vapor would not drain back into 
tube M . A ll electrical leads from the electrodes were run to 
switches which made it possible to connect an y pair of electrodes 
to the potentiometers. T w o  complete assemblies were built. 
One of these was used at room temperature ( 2 5 °  C .) only, 
whereas the other was 
used at elevated tem
peratures.

M a n i p u l a t i n g  
T e c h n i q u e .  W ith  
all tubes filled and 
stoppered; all elec
t r o d e s  in  p la c e ,  
h yd ro g en  p assin g  
through the appara
tus, and stopcocks 
a n d  p i n c h c o c k s  
closed, the apparatus 
is allowed to stand 
in the constant-tem- 
perature bath until 
thermal equilibrium  
is attained. This re
quires from a few 
minutes to an hour 
or more, depending 
upon the tempera
ture. T h e tempera
ture of the bath is 
controlled to within 
0 .0 3° C . by thermo
regulated heaters and 
ample stirring equip
ment. Stopcock 5  is 
then slightly opened 
to allow a  small 
amount of saturated 
potassium chloride to 
flow up into the drain

tube at J  and is closed again. Electrical contact is readily ob
tained through the loosely closed stopcock which is covered with  
saturated potassium chloride solution. T h e pinehcoek P  is opened 
sufficiently to drain off excess potassium chloride in the drain 
tubo and “ wipe”  a clean, sharp surface of contact between the 
potassium chloride solution and the test solution at opening J  of 
the 1-m m . capillary tubing. Th e pinehcoek is then closed. 
Hydrogen electrodes are adjustable vertically so that approxi
m ately half of the platinum foil is beneath the surface of the solu
tion and ttie hydrogen gas bubbles strike them as they rise. 
Hydrogen electrode measurements m ay now bo made.

T h e sequence of operations is repeated wit h corresponding parts 
of the equipment connecting with electrode vessel Ar which pro
duces a liquid junction at J '  and prepares the apparatus for glass 
electrode niSaSurements. B y  interchanging two glass electrodes, 
G and G', in vessel N  and making proper connections between 
electrodes and potentiometers, it. is possible to obtain eight o. m. f. 
measurements on two separate portions of the test, solution. 
Four hydrogon electrode values result from electrode combinations 
I I  and C, II  and O ', I I '  and C, I I '  and O', and four glass electrode 
measurements from electrode pairs G and 0 , G and O', (!' and ( ’ , 
and O ' and O'.

S T A N D A R D lZ A T IO N

Potassium acid phthalate (sample 84a) ¡vs supplied by the N a 
tional Bureau of Standards, was used as the prim ary standard (£), 
Beckm an buffers, marked pH  4.00 =*= 0.01, pH  7.00 a» 0 .0 1, and 
pH  10.00 =*= 0 .0 1  at 2 5 °  C ., were also used. T h e  pH values for 
these buffers at elevated temperatures were supplied b y  the manu
facturer; those obtained in the apparatus described checked 
within 0.01 pH  unit of the specified values at ¡ill temperatures 
A  0.05 molar sodium borate solution prepared from borax, which 
bad been finely ground and stored in a largo desiccator over satu
rated sodium bromide solution (^), proved to bo a satisfactory 
buffer for routine checks. pH  values for the borax buffor at ele
vated temperatures as calibrated against tho phthalate buffor 
were 9 .18  at 2 5 °  C ., 9.00 fit 40 °, anil 8 .91 at 0 0 °. Caro w as taken 
to avoid prolonged exposure of the buffers and solutions to atmos
pheric carbon dioxide.

L i q u i d - J u n c t i o n  P o t e n t i a l .  M any factors in tho construc
tion and operation of tho liquid-junction-forming apparatus de
scribed above ensure a  minimum; test solution || saturated po
tassium chloride liquid junction potential and maximum repro
ducibility. Th e contact area is about 1 sq. nun. and sym m etri
cal, and never varies in shape or size (3). Saturated potassium
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Measurements were alw ays made on the 
solutions within a few hours after preparation.

Experim ental data are presented in Table II. 
T h e pH  values were calculated from hydrogen 
electrode data b y  the equation :

pH  =  (E  +  E t -  E c) ^  0 .000198327’

where E  =  observed potential
Et, =  aqueous vapor pressure and 

barometric correction (6)
. E c =  calomel electrode potential

p H  values for glass electrode data were calcu
lated from the following equation suggested 
b y  Leeds &  N orthrup Com pany (6):

pH  =
(E  +  0 .4529 +  0.00002i) +  0 .000198327'

where E  =  observed potential 
/ =  ° C.
T  =  2 7 3 .1  +  t

M o d ern  O p e n -E n d  a n d  S hell T y p e  W ash e rs  in  a C o m m e rc ia l L a u n d ry

chloride solution in contact with the dilute builder solutions pro
vides a maximum difference in concentration and density. The  
potassium chloride solution contacts from below so that the ac
tion of gravity m ay be utilized in stabilizing the interface which 
is clearly visible during the pH  measurements. Repeated meas
urements through newly formed liquid junctions have never indi
cated a  detectable change in the liquid-junclion potential.

C a l o m e l  E l e c t r o d e  P o t e n t i a l s .  A  number of saturated 
calomel electrodes were made and allowed to stand in saturated 
potassium chloride solution at the temperature under which they 
were to be used for several days. T h ey  were never allowed to 
change temperature during the entire series of measurements nor 
were they used at more than one temperature. Under these con
ditions the potentials of the calomel half cells remained constant 
within one millivolt. Values for the potential of the calomel cells 
a t elevated temperature were calculated from a  relation sug
gested b y  National Technical Laboratories and used in previous 
work (7):

E c =  0.2601 -  0.000606i -  0.00000109I2

Liquid-junction potential E, is included in the values 
Th e fact that these figures made it possible 
to calculate pH  values from experimental 
data obtained in measurements on the stand
ard phthalate buffer at elevated temperatures, 
which agreed within 0.01 pH  unit with those 
submitted by the N ational Bureau of Standards, 
indicates a probable error of measurement of 
0 .0 1  unit or less.

M A T E R IA L S  A N D  D A T A

All builders used in the present work were 
high grade commercial products. Samples were 
taken from large stocks and stored in sealed 
glass jars. Th e N a ,0  and SiO . contents of these 
materials appear in Table I. Solutions were 
made up in carbon dioxide-free distilled water.

E ach  pH  value recorded represents an 
average of the results of two to eight indi
vidual determinations. In  general, these 
multiple pH  readings were within 0.01 unit 
of the average. Since National Technical 
Laboratories N o. 1 1 9 0 E  electrodes were used 
for all glass electrode determinations, the 
sodium ion correction in solutions of 0 .10  
per cent or less are negligible at 2 5 °  C .  Inas

much as we had no correction table for sodium ion errors at ele
vated temperatures for use with the 1 1 9 0 E  electrode, all glass 
electrode pH  values are uncorrected. However, in every case 
where the error m ight be large, hydrogen electrode measurements 
were made. An examination of the differences in pH  values as 
measured by the hydrogen electrode and glass electrode a t high 
pH  and temperature indicates that the sodium ion error increases 
not only w ith increasing pH  but also with rising temperature.

Hydrogen electrode pH  values are not recorded for solutions of 
sodium bicarbonate. There was a  steady drift of potential dur
ing attem pts to make such measurements. I t  would seem advis
able to use a rocking-arm type hydrogen electrode for such meas
urements so that only a minimum amount of hydrogen passes 
through the solution. However, the pH  values are relatively 
low and reliance m ay be safely placed in the glass electrode 
values.

T h e r m a l  pH  C o e f f i c i e n t s .  N early straight lines resulted 
when pH  values in T able I I  were plotted as pH  «s. temperature. 
Th e maximum pH  differences between these lines and the experi
mentally determined points are also shown in Table II , along 
with thermal pH  coefficients, A p H /A 7 ’, representing the slopes 
of these lines. W ithin the range 2 5 -6 0 °  C . ,  pH  values m ay becalculated.

T a b l e  I. C o m p o s i t io n  o f  A l k a l i e s

N o m ina l • . Fo u n d , % Theor«
B u ild e r Fo rm u la N a iO ° S iO i N a jO *

Sodium  hydroxide ' " N aO H 7 6 .5 7 7 .5
Sodium  carbonate N aiC O * .5 8 .1 5 8 .5
Sodium  b icarbonate N a H C O j 3 7 .4 3 6 .9
T riso d iu m  phosphate N a jP 0 4 .1 2 H ,0 1 8 .5 « 2 4 .5
Te traso d ium  pyrophosphate N aiPaO ï 22 .3^ 4 6 .6
Sodium  tetraphosphate NaaPiO u 9 .9 « 3 9 .6
Sodium  m etasilicate N a jS i0 a .5 ïÎ2 0 2 9 .5 28! Í5 2 9 .2
Sodium  sesqu isilicate N aaH S iO i.SH îO 3 6 .7 23 .81 3 6 .9
Sodium  orthosilicate Na«SiO«(2HsO) 5 8 .6 2 5 .3 5 5 6 .3

°  T o ta l a lk a lin ity  to m ethyl orange end p o in t ca lcu lated  as per cent. 
b T h eo re tica l to ta l N a jO  content in  accordance w ith  fo rm u la .
c Co m m ercia l triso d ium  phosphate com m only carries less than  12 molecules of w ater of 

h yd ra tio n ; the m ethyl orange end po in t shows two th ird s  of the a lk a li present.
A E n d  po in t shows h a lf the N a jO  content of the pure compound. 
e E n d  point observed shows no sim p le re la tio n  to com position.
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T a b l e  II.  E l e c t r o m e t r i c  p H V a l u e s  f o r  S o l u t i o n s  a n d  T h e r m a l  p H  C o e f f i c i e n t s “

M a i .

Cinnm . 25* C . 40 “ C . 60° C . A D ev ia-
B u ild e r % H G H G H G A p H /A  T B tiont>

Sodium  hydroxide 1 .0 0 13 .16 13 .04 1 2 .70 12 .60 12 .22 1 1 .90 - 0 .0 2 6 13 .78 0 .0 2
0 .1 0 12 .27 12 .29 11.81 1 1 .8 0 11 .29 11.27 - 0 .0 2 8 12 .96 0 .0 2
0 .0 1 11 .30 10 .83 1 0 .84 10.33 - 0 .0 2 7 1 1 .96 0 .0 3

Sodium 1 .0 0 12 .89 12.81 12 .46 1 2 .37 11 .91 1 1 .7 2 - 0 .0 2 8 13.59 0.00
orthosilicate 0 .1 0 1 2 .02 12.01 11 .58 1 1 .57 11 .02 10 .95 - 0 .0 2 8 12.72 0.00

0 .01 1 1 . 0 1 1 1 .0 0 10 .56 10 .55 1 0 .02 10 .03 - 0 .0 2 8 11 .70 0 .01

Sodium 1 .0 0 12 .68 12 .64 1 2 .2 3 12 .14 1 1 .72 11 .59 - 0 .0 2 7 13 .35 0 .0 2
sesquisilicate 0 .1 0 11 .80 11 .79 11 .34 11 .34 10 .83 10 .83 - 0 .0 2 7 12 .40 0 .0 3

0 .01 10.71 10 .69 10 .28 10 .28 9 .8 6 9 .87 - 0 .0 2 4 11 .28 0 .0 3

Sodium 1 .0 0 1 2 .45 12 .44 1 2 .0 2 12 .02 11.53 11 .54 - 0 .0 2 6 1 3 .08 0 .0 1
m etasilicate 0 .1 0 11 .55 11 .14 10 .62 10.64 - 0 .0 2 6 12 .20 0 .0 1

0 .01 1Ó.‘ Ś6 10 .55 1 0+ 4 10 .15 9 .71 9 .7 1 - 0 .0 2 4 11 .15 0 .0 2

TriBodium 1 .0 0 12 .00 11 .99 1 1 .60 11 .59 11 .22 11 .22 - 0 .0 2 2 12 .53 0 .0 2
phosphate 0 .1 0 11.31 11.31 10.91 10 .65 10.63 - 0 .0 1 9 11.74 0 .0 5

0 .0 1 10.29 10 .29 Ô! 84 9 .8 5 9 .6 5 9 .6 5 - 0 .0 1 8 10.07 0 .0 8

Tetrasod ium 1 .0 0 10 .16 1 0 .17 1 0 .04 10 .03 9 .6 4 9 .6 5 - 0 .0 1 4 10 .65 0 .0 6
pyrophosphate 0 .1 0 10 .03 9 .8 9 9 .6 5 9 .6 4 - 0 .0 1 1 10.32 0 .0 2

0 .01 9 ! so 9 .5 0 9.'36 9 .3 6 9 .2 3 - 0 .0 0 8 9 .6 9 0 .0 2

Sodium 1 .0 0 8 .0 3 8 .0 3 8 .0 8 8 ..09 8 .1 0 8 .11 +  0 .002 7 .9 9 0 .0 2
tetraphosphate 0 .1 0 8 .7 0 8 .6 9 8 .7 8 8 .7 8 8 .7 2 8 .7 3 0 .0 0 0 8 .7 4 0 .0 4

0 .01 8 .8 3 8 .8 2 8 .6 7 8 .6 8 8 .5 0 8 .51 - 0 .0 0 1 8 .8 5 0 .01

Sodium 1 .0 0 11 .25 11 .26 10 .99 10 .97 10.61 10 .62 - 0 .0 1 8 11 .70 0 .01
carbonate 0 .1 0 10 .94 10 .65 10.29 10 .30 - 0 .0 1 9 11 .42 0 .01

0 .0 1 îô.'io 1 0 .40 1Ó.'Ó9 1 0 .09 9 .7 4 - 0 .0 1 9 10 .80 0 .0 2

Sodium 1 .0 0 8 .1 8 8 .1 0 . . . 8 .1 4 - 0 .0 0 1 8 .1 8 0 .0 4
b icarbonate 0 .1 0 8 .4 3 8 .3 7 . . . 8 .4 8 + 0 .0 0 1 8 .3 7 0 .0 6

0 .01 8 .2 8 8 .0 7 8 .0 8 - 0 .0 0 5 8 .3 3 0 .0 8

“  H  ind icates hydrogen electrode va lues and G  ind icates g lass electrode va lues. 
& F ro m  linear re la tio n .

calculated for the several builders at 0 .0 1 , 0 . 1 , or 1 .0  per cent con
centrations from the relation,

pH  =  A t +  B
where t =  temperature, °  C.,

A , B  = constants from Table I I  (A  =  A p H / A T)

or for any concentration, if a base pH  value is 
known, b y  the relation

pH,, =  pH,, +  A{Ut -  h )

T he data of Table I I  will 
aid in closing some of the 
gaps in the pH  literature 
a t higher temperatures. 
T h e effect of increased 
temperature is generally 
to lower pH  in alkaline 
solutions. Th us for 1 per 
cent caustic soda solu
tions, an increase from 
2 5 °  to 6 0 ° C . causes the 
pH  to fall 0.94 pH  unit; 
sodium metasilicate, 0 .71  
unit; tetrasodium pyro
phosphate, 0 .52 ; and so
dium bicarbonate 0.04. 
These differences are re
flected in the temperature 
coefficients, whose values 
are little affected b y  con
centration for the stronger 
bases but become more vari
ant for the milder alkalies.

M uch theory attem pting 
to relate pH  and deter- 
gency in the past has 
suffered from nonavail
ability of reliable pH  data 
at the elevated temperatures 
of detergent processes. Th e  
m utual effects on pH  of soap 

and builder in combination at higher temperatures have been 
shown to be considerable for the modified soda-soap system  (I). 
M uch similar work for other soaps and other builders, correlated 
directly with detergency studies, appears to be prerequisite to 
further broad generalizations on pH-detergency relations.
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T a b l e  I II . G l a s s  E l e c t r o d e  E r r o r s

where the approximate value of A  is determined 
with reference to concentration range from Table  
II.

C O N C L U S IO N S

T h e N o. 1 1 9 0 E  glass electrode requires no 
sodium ion correction in caustic soda or silicate 
solutions at 0 . 1  per cent concentration over the 
range 2 5 -6 0 °  C . but shows a deviation increasing 
with temperature and with alkalinity in 1  per cent
solutions which are more alkaline than the »..... .........
metasilicate. For these solutions the sodium ion 
correction asobtained from a correction curve sup
plied b y  the manufacturer with the glass electrode does not fully 
account for the experimental differences between glass and hydro
gen electrode pH  determinations. These values are shown in 
Table I II .  D ata  for sodium error corrections a t elevated tem
peratures are not available, but results from the present investi
gation included in Table I I I  indicate a  rapidly increasing diver
gence and the probable magnitude of the error under such condi

tions.
Nevertheless, the 1 1 9 0 E  glass electrode confirms its earlier 

promise of greatly extending the alkaline ranges over which satis
factory pH  measurements could be made, with or without sodium 
ion corrections. N o difficulties have arisen from using it at ele
vated temperatures.

Substance 

Sodium  raetasilicate

Sodium  seaquisilicate

Sodium  orthosilicate

Sodium  hydroxide

°  N atio n a l Tech n ica l La bo ra to ries , d raw ing  C -9 0 E .

Te m p .,
Sodium

N or p H  H y  pH
G lass

p H  D if  N a  Ion
m a lity drogen ference C o r .“

25 0 .09 9 12 .45 12 .44 0 .01 0 .01
40 0 .09 9 12 .02 1 2 .02 0 .0 0
60 0 .09 9 11.53 11 .44 0 .0 9
25 0 .1 1 8 12 .68 12.04 0 .0 4 0 .01
40 0 .1 1 8 12.23 12.14 0 .0 9
60 0 .11 8 11 .72 11 .59 0 .1 3
25 0 .1 9 0 12.89 12.81 0 .0 8 0 .0 3
40 0 .1 9 0 12 .40 12.37 0 .0 9
60 0 .1 9 0 11.91 11 .72 0 .1 9
25 0 .2 5 0 13.16 13.04 0 .1 2 0 .0 4
40 0 .25 0 12 .70 12 .00 0 .1 0
60 0 .25 0 12 .22 1 1 .9 0 0 .3 2
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BORATED RESINS
ER NEST P . IRANY, Shawinigan Chemicals Ltd., Shawinigan Falls, Quebec, Canada

T H E  reactions of boric acid with monohydric alcohols follow 
the normal course of esterification. Combination takes 
place slowly in the absence of catalysts but is m arkedly ac

celerated b y  mineral acids. In  the case of polyhydric alcohols, 
however, esters form readily, even without acid catalysts. This  
trend is still more pronounced in the action of boric acid upon 
macromolecular substances which carry multiple numbers of h y
droxyl groups on every molecule. This description applies to 
m any technically important plastics such as polyvinyl alcohol, 
partially hydrolyzed polyvinyl esters and acetals, and cellulose 
esters and ethers.

Solutions of these resins are viscous fluids. Upon addition of 
small amounts of boric acid these solutions change quickly into 
elastic gels which are insoluble, nonadhcrent soft solids, contain
ing the original solvent as dispersed phase. T h e  presence of 
water or alcohols prevents this phenomenon entirely, and their 
addition even in small amounts causes the gelled body to revert 
to the condition of a viscous fluid solution. W hen the solvents 
are evaporated, the resins are obtained in the form of insoluble 
and infusible masses from which, however, they can be recovered 
in their original condition b y  contact with water or alcohols. 
T h e same effect is observed if boric acid is added to the resins on 
hot mixing rolls: they lose their plasticity and are converted into 
loose infusible masses w’hich, upon repeated passage, disintegrate 
into powder.

These observations are readily explained, considering that 
boric acid is tribasic and capable of forming spatially interlinked 
polyesters with the macromolecular polyalcohols. T h e resulting 
structures are a continuous phase whose formation forces solvents 
and plasticizers present to disperse within its network of fixed and 
bridged macromolecules. Th e w'hole system  assumes the charac
ter of an insoluble and infusible gel.

T h a t the bridging is brought about by the formation of boric 
acid esters or some type of more loosely bound complexes of an
alogous structure is supported b y  the following facts: Polyvinyl 
alcohol which is entirely insoluble in the lower aliphatic alcohols 
dissolves readily in wrarm methanol in the presence of one mole of 
boric acid, and this solution tolerates the addition of considerable 
quantities of benzene. T h is clearly indicates that polyvinyl 
alcohol is not present as such but in combination, evidently with  
boric acid. A ll insolubilized borated resins release boric acid and 
are recovered unchanged if treated with w'ater. F o r  example, 
a polyvinyl acetal resin (Alvar) rendered entirely insoluble b y  
treatment with 2  to 5  per cent boric acid and drying, remains en
tirely unaffected by dioxane which is normally an excellent sol
vent for it; upon addition of a few per cent of w ater, it dissolves 
immediately. T h e same borated resin, suspended in water and 
heated, coalesces at exactly the same temperature as the un
treated resin but fails to do so in a saturated aqueous solution of 
boric acid. Th e same observations can be made with plasticized 
cellulose acetate, using acetone. T h a t the available alcohol groups 
of the borated resin are actually engaged is indicated b y  the fact 
that efficient esterification agents, such as acetic and phthalic 
anhydrides and benzoyl, phthalyl, and phosphorus chlorides, 
are alrpost without effect. Acetalization also fails.

Q uantitative experiments were carried out b y  placing a  resin 
solution of known concentration into a miniature mixing ma
chine and adding successive small amounts of boric acid. In
cipient gelation could be observed clearly b y  the motion, adhe
sion, and cohesion of the material. Beyond a certain minimum  
of boric acid sufficient to effect the phase inversion, further addi-

Boric acid  reacts readily w ith  m acrom olecu 
lar su b stan ces su ch  as cellu lose esters and  
ethers and  partia lly  hydrolyzed  polyvinyl 
esters and  aceta ls, w h ich  co n ta in  a p lu ra lity  
o f  hydroxyl groups per m olecu le . T he  
products form ed are sp atia lly  lin k ed , in 
so lub le, in fu sib le  boric acid  esters or ester
lik e  associa tion  com pou n ds. T hese com 
poun d s are hydrolyzed  by m ere co n ta ct  
w ith  w ater or a lcohols and  regenerate th e  
orig inal th erm o p la stic  resin  w ith o u t  
change. Various u ses can  be m ad e o f  th is  
effect—for exam ple, in  th e  p rod uction  o f  
th erm op lastic  and  rubberlike m ateria ls in  
th e  form  o f  fine powders or in  tem porary  
protective coatin gs; m argin a l ad d ition s o f  
acid boric provide a m ean s o f  sen sitive  con 
tro l o f  m o ld in g  m ateria ls and in  film  casting .

tions caused little change. Agents capable of restoring fluidity, 
such as wTater, methanol, cetyl alcohol, ethylene glycol, etc., seem 
to be effective in a stoichiometric ratio relative to the m acro
molecular alcohol but not to the boric acid present.

T h e minimum of boric acid required to cause gelation depends 
on the chain length of the macromolecules. Eviden tly, if at least 
two points of every chain molecule m ust be fixed in order to pro
duce a continuous lattice, the effective amount of boric acid  
should be inversely proportional to the molecular weight of other
wise similarly constituted macromolecules. Fo r example, tw'o 
analytically comparable polyvinyl acetal resins made from dif
ferent polyvinyl acetates (solution viscosities,1 5  and 95 centipoises, 
respectively) required 0.30 and 0 .15  per cent boric acid to become 
completely insoluble. The smallness of these amounts shows that 
only a few bridges are required for effective lattice formation and 
that the yield per boric acid molecule m ust be high.

A ll polyvinyl resins are mixtures of polymer homologs varyin g  
greatly in molecular w'eight. I f  an insufficient amount of boric 
acid is added to a  solution, the longest and most susceptible 
molecules are precipitated W'hile the shorter ones remain in solu
tion. B y  this means sharp fractionations can be effected with
out need of the exacting control of conditions on which the usual 
precipitation methods depend. For example, a polyvinyl acetal 
resin (A lvar 7-90, containing 8 .2  per cent polyvinjd alcohol) in 
toluene solution was treated with 0 .6  per cent boric acid which 
precipitated a firm gel and left an approxim ately equal quantity 
of resin in solution. T h e two fractions were boiled with water, 
dried, and compared (Table I , A ).  Fractionation of the same 
resin with the same amount of boric acid but in a  different solvent 
(80 toluene-20 xylene) gave almost the same result. Th is is in 
accord with the fact that the insolubilized portion is generally 
insoluble because of its structure (Table I, B ) . T h e precipitated 
portion of A  w'as redissolved, treated twice again under the same
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conditions, and yielded only negligible amounts of soluble mate
rials whose viscosities fell •within less than 5  per cent of that of the 
first crop. T h e  data under C refer to another resin (A lvar 15-70, 
5.6 per cent polyvinyl alcohol), sim ilarly treated. T h e constancy 
of the analytical values shows that only the molecular weight is 
subject to fractionation.

T h e action of boric acid on macromolecular substances con
taining hydroxyl groups is essentially one of vulcanization or 
curing. H owever, unlike the permanent change brought about in 
rubber or thermosetting plastics, this effect is immediately and 
completely reversible, m erely b y  contact with water. I t  is pos
sible, therefore, to convert thermoplastic resins into inert, in
soluble, and infusible masses for the convenience of some opera
tion, and afterwards to recover them unchanged b y  washing or 
leaching w ith water.

T a b l e  I. A n a l y s i s  o f  P o l y v i n y l  R e s i n  F r a c t i o n s

- P o ly v in y l-V isco a ity  in  5 %  T o lu 
ene So ln ., CentipoiBea A ce ta te , % A lcoho l, %

F ra c tio n  A
O rig ina l 5 .8 3
Solub le 3 .5 6
Inso lub le  7 .4 6

11 .16  
3 .3 6  5 .6 2
6 .9 5  13 .47

1 4 .8

B C 

4 0 .0

1 5 .0  15 .1

A B
8 .20  

7 .3 5  . . . .
8 .2 2  8 .2 5

C
5 .6 0

F I N E L Y  P O W D E R E D  T H E R M O P L A S T IC S

T h e task of comminuting thermoplastic materials is limited by 
their nature. D evices based on attrition are useless because of 
the difficulty encountered in dissipating the generated heat. 
Crushers using the impact principle cannot reduce tough plastics 
below a  particle whose mass is insufficient to provide the energy 
required for further shattering at any safe speed of the machine. 
T h is lim it is usually between 30 and 50 mesh.

If, however, the thermoplastic material has been converted into 
a  heat-insensitive form b y  treatment with boric acid, it can be 
ground or crushed in this condition by any effective means and 
to any required fineness (patents assigned to Shawinigan Chemi
cals L td .). Th is actually has been done with thermoplastic 
resins which are among the toughest types known: high-polvmer 
polyvinyl formáis (Form vars), acetals (Alvars), butyrals (B ut- 
vars, used in safety glass and rubber substitutes), as such or com
bined with large amounts of plasticizers; plasticized cellulose 
acetates and acetate-butyrates (Tenites); high-molecular cellu
lose ethers, etc. A ll these materials are converted into brittle 
infusible masses upon admixture of 2  to 5  per cent boric acid and 
can be reduced to fine powders with such ease that a single pass 
through a small impact crusher connected with an air-floating 
train yielded about 60 per cent fines passing 10 0  mesh, the re
m ainder containing little material coarser than 80 mesh.

These fine powders can be leached free from boric acid by 
stirring with a few changes of water. T h ey  are then again ther
m oplastic and must be dried at a low enough temperature to 
avoid coalescence. T h e dry powders are dense, free flowing, and 
stable; they are in substance identical with the original mate
rials.

Plasticizers do not interfere with the process even if present in 
high amounts. T h ey  are converted into dispersed phases and 
accom pany the resin through all operations without imparting 
plasticity but assume again their original function in the recov
ered material. Their amount is limited only b y  considerations 
of stability of the powder under storage conditions.

These fine thermoplastic powders cannot be obtained b y  any  
other known methods and represent a new type of product. I t  
is not improbable that their availability in quantity and variety  
m a y stimulate entirely novel applications in m any fields. Prom
ising trials have been conducted with unplasticized, high-poly- 
mer, polyvinyl formal (Form var 15 -9 5) powders in the Schori

gun. T h e  powder is sprayed through the flame of a gas torch 
upon m etal surfaces where it  forms a substantial, highly resistant 
coating. Borated or recovered resin powders of this type are of 
interest in the making of abrasive tools.

M O L D IN G

In making resin powders b y  the above method, enough boric 
acid  m ust be used to assure the formation of rigid molecular lat
tices. B y  employing smaller or marginal amounts, various 
physical properties can be sensitively adjusted.

F o r example, the usefulness of thermoplastic resins for injec
tion molding depends not only on their respective fluidities under 
given temperature conditions, but also on some constitutional 
factor which m ay be described as the ability to transmit a di
rected force as such, without dissipating it in form of hydro
static pressure. I t  appears that this quasi solid quality is closely 
connected with the presence of a  lattice structure which, in more 
or less effective disposition and continuity, is superimposed upon 
the essentially fluid substance of the resin. I f  it is lacking, proper 
performance in the injection machine cannot be assured by either 
higher temperatures or increased admixturo of plasticizers. 
Thus, most plasticized cellulose acetates (Tenites) inject moro 
easily into intricate molds than certain polyvinyl acetal (Alvar) 
compounds, in spite of the fact that their absolute fluidities 
(measured b y  outflow through a heated steel capillary under high 
pressures) are much lower. In Table I I  temperatures of equal 
fluidity are given together with temperatures at which molded 
articles begin to deform or “ unmold” . It  appears that the more 
easily injectable Tenites are generally more rigid than the A lva r  
compounds. Addition of boric acid to the latter tends to narrow 
the differences among the recorded temperatures; at the same 
time it actually improves the injectability, form stability, toler
ance for plasticizers, and resistance against solvent action of the 
Alvars.

T a b l e  II. F l u i d i t y  a n d  S o f t e n i n g  T e m p e r a t u r e s

Resin

*1 enite H a 
Ten ite  M S a

A lv a r  11-90**, 5 %  p lastic izer« 
4 -0 .5%  boric acid 
4 -1 .0%  boric acid

A lv a r  11-90, 10%  p lastic izer 
- f  0 .5 %  boric acid 
4 -1 .0%  boric acid
0 Celluloso acetate (E a s tm a n ).
*> P o ly v in y l aceta l (Shaw in igan ). 
c D ib u ty l phtha latc .

M ottled moldings are made from mixed granulated plastics of 
different colors and flowing properties. T h e latter must bo care
fully adjusted in order to produce precisely repeatable effects; 
this is very conveniently done by addition of boric acid within a 
range of a few tenths of one per cent.

IN S O L U B L E  F I L M S  F R O M  S O L U T IO N S

Where insoluble films are required, present practice employs 
solutions of heat-reactive resins which, after evaporation and 
baking, are rendered insoluble b y  an irreversible chemical process. 
Borated thermoplastic resins can be deposited from solutions 
which are maintained in fluid form b y  small additions of water or 
alcohol to the solvent. When evaporated to dryness, the coatings 
are insoluble except in solvents containing tvater or alcohol; they 
are also light colored and unaffected b y  heat. Film s of this kind 
m ay find m any practical applications as protective coatings for 
temporary use.

E q u a l
F lu id ity Softening 

P o in t , » C .P o in t . 0 C .

126 125
126 120

03 84
100 70
108 74

00 50
05 54

100 05
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T a b l e  I I I .  E f f e c t  o f  B o r i c  A c id  o n  S p e e d  o f  F i l m  C a s t i n g

M in . Lo ad ,
after L b ./ E lo n g a

F ilm C asting S q . In . Sec. under Lo ad tio n , %

B la n k 6 15 Too soft
Borated 6 15 Too soft

B la n k 9 20 10 B ro ke
Borated 9 20 30 150

B la n k 11 30 5 B ro ke
Borated 11 30 60 100

B la n k 15 30 30 Bro ke
Borated 15 30 Perm anent 50

B la n k 18 30 60 200
Borated 18 30 Perm anent N il

Fo r example, 2 5  parts of a  polyvinyl acetal resin (A lvar 15-SO) 
and 5 parts dibutyl phthalate are dissolved in 70 parts ethyl ace
tate containing 2  per cent water. T o  this solution are added 0.5 
part boric acid, enough to cause complete insolubility of the evap
orated film but not enough to make it brittle. In this condition 
it is neither dissolved nor softened b y  dry ethyl acetate or any 
other anhydrous nonalcoholic solvent but dissolves at once if 
small amounts of water or alcohol are added to the latter.

T h e capacity of borated resins to hold plasticizers or solvents 
dispersed as an internal phase is remarkable, amounting to pro
portions as high as 1 : 1 5  or more. These compounds are non- 
tacky nonsweating gels which can be used in the preparation of 
hectograph masses, coatings for printing rolls, etc.

A s an illustration, the above example of an insoluble coating 
can be modified to a mixture of 2 0  parts resin and 80 parts di
butyl phthalate, dissolved in 40 parts ethyl acetate containing 2 
per cent water and 0.4 part boric acid. When cast, the viscous 
but entirely fluid solution leaves a firm nontacky gel, which ab
sorbs and retains printing inks, stains, and dyes, and is little af
fected b y  temperature changes. I t  is generally insoluble but can 
be readily dissolved and recast using aqueous solvents.

F I L M  C A S T IN G

An important factor in casting films from solutions b y  the usual 
methods is the rate at which the solvent is released in the final 
stage when the film is supposed to .become self-supporting. In

m any cases small amounts of solvent are retained so tenaciously 
that subsequent operations are seriously delayed; in nearly all 
cases faster and more economical casting would result if the ten
sile strength of the “ green”  film could be improved without re
sorting to enforced drying methods. Th is is readily achieved 
b y the phase inversion caused b y  small amounts of boric acid 
added to responsive film-forming media, such as all cellulose de
rivatives and polyvinyl acetal resins. Although the last rem
nants of solvent are not removed, these films gel upon reaching 
the stationary retentive condition and assume full physical 
strength which allows subsequent handling without delay.

T h e data in Table I I I  show7 this effect in films cast from a solu
tion of 100 parts polyvinyl acetal resin (A lvar 15-80) in 250  parts 
ethyl acetate containing 5  parts water and 2  parts boric acid. 
Th e films were cast on a glass plate, lifted after a given number of 
minutes, and immediately placed under load. Blank tests were 
carried out without boric acid.

T a b l e  IV .

B o ric  
A c id , %

None
0 .2
0 .5
1 .0
2 .0

E f f e c t  o f  B o r i c  A c i d  o n  S i n t e r i n g  
T e m p e r a t u r e

%  Elongatio n  a t 80 °  C . a fte r :

In fin ite
300

25
12

N il

25 m in .

In fin ite
100

20
4

60 m in .

25
6

Sintering  
P o in t , ° C .

135
175
180
195
205

En tirely analogous results were obtained with the same resin 
plasticized with 1 5  per cent triethylene glycol hexoate, using the 
same solvent, and also w ith a solution of 60 parts cellulose acetate, 
40 parts triacetin, and 2  parts boric acid in 400 parts methyl 
ethyl ketone containing 2  per cent water.

In  amounts up to 2  per cent, boric acid remains dissolved or 
homogeneously dispersed in the films and does not interfere with 
their transparency. It  contributes m arkedly to their heat re
sistance as shown in Table IV . Film s of the polyvinyl acetal 
resin referred to in Table I I I  (A lvar 15-80) were completely dried 
at 60° C . and suspended at 8 0 ° C . under a load of 50 pounds per 
square inch. T h e sintering temperatures were observed by  
slowly heating without load.

High-Temperature Heat Content o f 
CALCIUM CARBIDE

G. E. MOORE
Pacific Experim ent Station, U . S . Bureau of M ines, Berkeley, C alif.

P A R T  of the program of thermodynamic investigation of 
metallurgically important substances being conducted at 
this station involves measurement of heat contents above 

2 5 °  C . b y the so-called drop method; this paper presents some 
data obtained on a high-grade commercial sample of calcium car
bide in the range 20 0° to 10 0 0 ° C . This sample was part of that 
used by Kelley (2 ) in low-temperature specific-heat measure
ments, and it is probably of the highest purity available at present 
(91 per cent). Although there is considerable uncertainty in 
correcting for the impurities, it nevertheless seemed desirable to 
obtain and report these data on this im portant substance.

►  T H E  method and apparatus were described previously (5)- 
Th e sample was contained in a  sealed platinum-rhodium  
alloy capsule; there was some action of the carbide on the con
tainer after the measurements a t 10 0 0 ° C ., but it was insufficient 
to cause any appreciable error. T h e error in the measurements is 
certainly not more than one per cent throughout the entire range 
studied, and the results are in general reproducible to a few tenths 
per cent.

Correction was made for the major impurities reported by  
Kelley (2 )— namely, 6 .47 per cent CaO, 1 . 1 5  per cent SiOj, and 
0 .77  per cent A lsO,— using data from his tables (3). T h e mate-
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300 500 700  900

T , ° K .

1 1 0 0

F ig u r e  1 .  H e a t C o n te n t  o f  C a lc iu m  C a rb id e  above  
2 9 8 .1 6 °  K .  f

rial was not reanalyzed, but it bad been carefully preserved in a 
sealed glass container during the interim between K elley’s work
(2) and the present measurements. The correction for these 
impurities averages about 2  per cent, and as the assumption of 
additivity of special heats m ay be considered only as an approxi
mation, an over-all accuracy of better than 2  per cent cannot be 
claimed.

Th e results, expressed in defined calories (1 calorie =  4 .18 3 3  
International joules) are assembled in Table I. Column 1 gives 
the absolute temperature, and column 2  the heat liberated per 
gram of material in dropping from temperature T  to 2 9 8 .16 °  K .;

all results are corrected to this final temperature. Column 3  
presents the result of correcting column 2  for the m ajor impuri
ties, and column 4  gives the heat content per gram molecular 
weight of calcium carbide (64.10  grams, in accordance with the 
19 4 1  International Atom ic W eights). T h e latter are shown also 
in Figure 1.

Table I I  summarizes values read at even 10 0 ° C , intervals from 
the smooth curve through the data, together with the calculated 
entropy increments from 2 9 8 .16 °  K . to temperature T.

►  T H E  only previous measurements in this range are three re
sults reported by R u ff and Josephy (4), which differ from the 
present values b y  an average of about 10  per cent. In  view  of 
the differences in experimental methods and the fact that uncer
tainties in both methods are greatest near room temperature, the 
data reported here agree satisfactorily with K elley's results at 
room temperature.

G- + 0

D eterm ination s o f  th e  h ea t co n ten t, above 
25° C ., o f  a sam p le o f  ca lc iu m  carbide of 
91.0 per cen t p urity  w ere m ad e in  th e  range  
200° to  1000° C. C orrection for th e  m ajor  
im p u rities  *was applied. T h e data show  a 
tra n sitio n  a t  447° =±= 5° C ., w ith  a heat 
effect o f  1330 calories per gram  m olecu lar  
w eigh t. B elow  th e  tra n sitio n  tem p eratu re  
th e  data  are represented  by th e  eq u ation :
H t  -  H jn.u  =  1 6 .4 0 T  - f  1 .4 2  X  1 0 ~ s T J +

2_I07 X 10_‘ _  5 n o

and above th e  tra n sitio n  by th e  eq u ation :  

H t  -  H m u  =  1 5 -4 0 T  +  1 .0 0  X  1 0 “ » T s -  3 1 5 6

C-fO

T a b l e  I. H i g h - T e m p e r a t u r e  H e a t  C o n t e n t  o f  C a l c i u m

C a r b i d e

H t — //its.it, H t  — Hns.is. H t  — Hm. u .T, ° K . ca l./g ram cal./g ram  (co r.) ca l./g ram  m ol. w t.

6 5 2 .3 9 0 .9 5 9 2 .5 1 5,930
6 5 3 .3 9 1 .2 b 9 2 .8 s 5,950
6 5 7 .2 9 1 .7 3 9 3 .2 9 5,980
8 7 3 .3 108 .6 172.1 11,030
8 7 3 .2 169 .0 172 .5 11,060

1 09 7 .6 2 30 .3 2 3 4 .0 15,000
1 096 .9 230 .1 2 3 4 .0 15,000
1271 2 77 .7 2 81 .4 18,040
1262 2 7 5 .5 2 79 .2 17,900
4 8 1 .2 4 5 .0 9 4 5 .8 7 2,940
4 8 0 .8 4 5 .2 4 4 6 .0 2 2,950
7 7 8 .6 143 .4 147 .0 9,420
7 15 .5 113 .0 115 .0 7,370
7 4 1 .5 1 34 .5 137 .9 8,840
7 1 9 .9 125 .6 128 .2 8,220
708 .1 108 .3 1 10 .0 7,050
749 .4 135 .3 138 .5 8,880

T a b l e  II. H i g h - T b m p e r a t u r e  H e a t  C o n t e n t  a n d  E n t r o p y
o f  C a l c i u m  C a r b i d e  a b o v e 2 9 8 .16 °  K . a t  10 0 ° I n t e r v a l s

S t  — Sns. S t  — Sits.it,
H t — Hiis.it , ca l./g ram  m oL H t  — Hns.it. ca l./g ram  m oi.

ca l./g ram w t./deg . ca l./g ram w t./deg .
T, ° K .  m o l. w t. T, 0 K .  m o l.w t.

400 1600 4 .6 2 800 9,790 18.32
500 3260 8 .3 2 900 11,520 2 0 .3 6
600 4995 11 .47 1000 13,250 22 .19
700 6760 14. 19 1100 15,020 23 .87
720° 7120 14 .70 1200 16,780 25.41
720& 8450 10 .55 1300 18,590 26 .86

a Lo w -tem peratu re  form .
H igh-tem perature fo rm .

The data show a transition at 7 2 0 ° ±  5 ° K .  (4 4 7 ° C .) with an 
accompanying heat effect of 13 3 0  calories per gram  molecular 
weight. Bredig (1)  reported the existence of a  transformation in 
this region, to which he assigned the temperature 4 5 0 ° =*= 2 0 °  C .;  
the work described in the present paper was done before Bredig’s 
work was published and constitutes an independent observation. 
A s the method employed in the present work involves mild 
quenching of the sample in each measurement, presum ably the 
final form was the one designated “I I I ” b y Bredig, and the trans
formation observed here is I I I  I V  (tetragonal cubic). The  
other forms described b y  Bredig are not involved in these meas
urements. Assuming that the entropy obtained b y  K elley at 
2 9 8 ° K . is that of the usual tetragonal form (III)  and hence that 
of the final state of these measurements, the application of these 
data above 4 5 0 ° C . is unambiguous.

Th e following equations express the heat content above 
2 9 8 .16 ° K . and the heat capacity per gram molecular weight for 
each of the two forms as a function of the absolute temperature 
within the indicated range. T h e equations for C„ were obtained 
b y differentiating the heat content equations.

From  30 0 ° to 7 2 0 ° K .:

H t -  Hm .is =  16.40 T  +  1 .4 2  X  1 0 -3  T i +

M L £ i ° i _ 5 7 1 0  (1)

2 07  V  105
Cp = 16.40 +  2 .84  X  1 0 - 3 T  -  (2)
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From  7 2 0 ° to 1 2 7 5 °  K .:

H t -  ffs* .u  =  15 .4 0 71 +  1.00 X  10  ~ 3 T 2 -  3 1 5 6  (3)

Cp = 15 .4 0  +  2.00 X  1 0 ' 3 T (4)

Equation 1  was derived from Cp =  14 .9 3  at 2 9 8 .16 ° I f. (2) and 
two heat content values from Table I I ; it fits the data to 0.4 per 
cent. Equation 3  represents the data to about 0.2 per cent.
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Pectin  as an  Em ulsifying A gent
COMPARATIVE EFFICIENCIES OF PECTIN, TRAGACANTH, 

KARAYA, AND ACACIA

HARRY LOTZKAR A N D  W. DAYTON MACLAY
Western Regional Research Laboratory, U . S. Departm ent of Agriculture, A lbany, Calif.

P ectin  as an  em u lsify in g  agen t is com pared  
w ith  gum s tragacanth , karaya, and acacia  
in  a stu d y  o f aqueous em u lsion s o f olive, 
cotton seed , and m ineral oils under various 
con d itions o f  acid ity , ratio  o f  o il to  w ater, 
and con cen tration  o f agen t by m easure
m en t o f changes w ith  tim e  in  th e  specific  
in terfacial surface o f th e  dispersed o il, h y -  
drogen-ion  con cen tra tion , and  viscosity .

T H E  importation of gums tragacanth, karaya, acacia, and 
carob was approximately 24  million pounds in 19 39  (9). 
Shipping difficulties have curtailed the importation of 

these gums, and it has therefore become advisable for the phar
maceutical, cosmetic, and food industries to look for satisfactory 
domestic substitute materials. Pectin, potentially available  
from the culls and cannery wastes of apples and citrus fruits in 
amounts in excess of 50 million pounds per year, has shown 
promise. Goldner and other investigators (I, 7) have declared 
pectin unsatisfactory as a substitute emulsifying agent for traga
canth and acacia. However, in a  subsequent paper Goldner (2) 
reversed himself and pronounced pectin satisfactory.

So far as can be ascertained, no quantitative study has been 
made on the relative merits of pectin and these gums as emulsi
fying agents. K in g and Mukherjee (3 , 4), in defining the stabil
ity  coefficient of an emulsion as the reciprocal of the rate of 
change of the interfacial area per unit area of fresh emulsion 
interface, established a quantitative criterion of emulsion stabil
ity. Th e present study was undertaken to determine quanti
tatively the stability of emulsions of olive oil, cottonseed oil, and 
mineral oil w ith water, stabilized w ith pectin, tragacanth, karaya, 
and acacia under diverse conditions of acidity, ratio of oil to 
water, and concentration of emulsifying agent. Changes in the 
emulsions were followed b y  measuring the pH , viscosity, and F ig u r e  1 . E m u ls io n  I n t e r f a c i a l  A re a s  vs. S to r a g e  T im e
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T a b l e  I. D a t a  f o r  40 P e r  C e n t  O l i v e  O i l  E m u l s i o n s

w t .  % p H  of 
D ilu e n t

p H  of E m u ls io n V isco s ity , Centipoises
In it ia l 

Sp . Surface
S ta b ility

Coefficient
No. S ta b ilize r 0 d ays 60 d ays 0 days 

Pectin -S tab ilized  Em u ls io n s

60 days <70, Sq . D rn ./G . k, W eeks

1 0 .5 6 .5 4 .5 4 .6 98 B 17 5
2 0 .5 2 .6 2 .9 3 .0 79 60 26 17
3 0 .5 1 .6 1 .7 2 .0 74 43 51 4
4 1 6 .5 3 .8 3 .9 500 380 24 50
5 1 2 .6 3 .0 3 .8 400 12 46 3
G 1 1 .6 1 .9 2 .0 325 275 46 50
7 1 .5 6 .5 3 .9 4 .2 1700 50 23 >200
8 1 .5 2 .6 3 .0 3 .0 1600 1500 37 43
9 . 1 .5 1 .6 2 .0  2 .0  1100 

T ragacan th -S tab ilized  Em u ls io n s

1000 56 >200

10 0 .5 6 .5 5 .9 4 .8 120 25 15 8
11 0 .5 2 .6 3 .7 3 .7 110 95 18 9
12 0 .5 1 .6 1 .8 1 .9 90 50 17 14
13 1 6 .5 5 .9 4 .1 480 145 29 10
14 1 2 .6 4 .0 4 .0 485 325 14 17
15 1 1 .6 2 .0 2 .1 375 200 24 >200
16 1 .5 6 .5 5 .8 4 .4 2000 42 12 29
17 1 .5 2 .6 4 .0 3 .6 2000 43 17 17
18 1 .5 1 .6 2 .1  2 .3  1500 

A cacia-S tab ilized  Em u ls io n s

600 28 >200

19 1 6 .5 5 .6 5 .6 10 9 89 17
20 1 2 .6 3 .7 3 .8 8 7 55 33
21 1 1 .6 1 .9 2 .1 7 6 17 50
22 3 6 .5 5 .2 4 .6 26 20 117 25
23 3 2 .6 4 .0 3 .9 18 18 101 25
24 3 1 .6 2 .7 2 .7 14 11 80 17
25 6 6 .5 5 .1 4 .3 50 47 145 29
26 6 2 .6 4 .0 4 .2 50 41 128 >200
27 6 1 .6 3 .2 3 .2 30 30 131 25

that the specific surface 
changes with time in some 
s i m p l e  m a t h e m a t i c a l  
m a n n e r .  K i n g  a n d  
M u k h o r j c o  (-)) assumed 
that the rate of change of 
the specific surface of an 
emulsion is proportional to 
the initial specific surface 
of the emulsion. However, 
in plotting their data thoy 
found it necessary to as
sume two rates, an initial 
rapid change followed by a 
much slower change. This  
behavior suggests that the 
change in the specific sur
face m ay be an exponential 
f u n c t i o n  o f  t h e  t i m e .  
Therefore, in treating the 
present data it was as
sumed that the rate of 
change of the specific sur
face at any time is propor
tional to the specific surface 
at that time. In other words,

specific interfacial area of the dispersed 
oil at regular intervals over a period of 
1 0  weeks; and the stability coefficients 
were computed from the data on the specific 
surfaces.

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

Emulsions were made up to contain by 
volume 25, 40, and 60 per cent olive oil, 
cottonseed oil, or mineral oil dispersed in 
water whose pH  was adjusted b y  the addi
tion of hydrochloric acid and stabilized 
with pectin (citrus, 2 0 0  grade, rapid set), 
tragacanth (IT. S. P .), karaya (xxx grade), 
and acacia (N o. 1 grade). T h e emulsifying 
agent was dispersed in the oil, and then the 
diluent was added a t one time. T h e mix
ture was shaken in a jar until emulsified. 
T h e coarse emulsion was transferred to a 
m ortar and triturated until smooth. The  
product was passed through a hand homo- 
genizer (three times) and finally mixed in a 
W aring Blendor for 10  minutes. M eth yl- 
p-hydroxybenzoate (0 .1  per cent) was added 
as a preservative, and the emulsions were 
stored in the dark at 2 2 °  C .

A t  2-week intervals photomicrographs of 
the emulsions were taken at a magnifica
tion of 14 4  to 200 times. A  Spencer bright- 
line hem acytometer was used as a  slide, and 
the exact magnification was determined 
from the lines on the hemacytometer. Th e  
method used in calculating the specific in
terfacial areas b y  means of size-frequency 
analysis of the photomicrographs was de
scribed by K in g and Mukherjee (S ). A  glass 
electrode potentiometer was used in measur
ing the hydrogen-ion activities; a Stormer 
viscometer, calibrated against a series of 
aqueous glycerol solutions of known vis
cosities (8), was used to measure the vis
cosities in centipoises of the emulsions at 
2 2 ° C.

E M U L S I O N  S T A B I L I T Y

T o  represent numerically the stability of 
these emulsions, it is convenient to assume

P e c t i n  E m u l s i o n  2 9  T r a g a c a n t h  E m u l s i o n  41

A f tc r  10 w c c k s  ( X  144) A f te r  10 w ee ks ( X  114)

F ig u re  2. D eg rad n tio n  o f  C o m p a ra b le  E m u ls io n a  S tab ili/.ed  w ith  
P c c lin  a n d  T ra g u e a n  til

F rt-sh ly  prepare«! ( X  192) F r e s h ly  p re p a re d  ( X  194)
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T a b l e  I I .  D a t a  f o b  40 P e r  C e n t  C o t t o n se e d  Oi l  E m u l sio n s

W t. %  
S tab ilize r

p H  of 
D ilu e n t

p H  of Em u ls io n V isco s ity , Centipoise8
In it ia l 

Sp . Surface
S ta b ility

Coefficient
No. 0 weeks 10 weeks 0 weeks

Pectin -S tab ilized  Em u ls io n s

10 weeks ca, Sq . D m ./G . k, W eeks

28 0 .7 5 6 .6 4 .2 3 .5 210 15 16 11
29 0 .7 5 4 .0 3 .6 3 .6 200 85 24 33
30 0 .7 5 2 .9 3 .2 3 .2 195 140 38 40
31 0 .7 5 2 .1 2 .5 2 .5 170 160 48 >200
32 1 .2 5 6 .6 3 .7 3 .2 940 30 29 6
33 1 .2 5 4 .0 3 .3 3 .4 950 930 30 100
34 1 .2 5 2 .9 3 .1 3 .2 880 880 41 >200
35 1 .2 5 2 .1 2 .6 2 .6 735 680 54 >200
36 1 .7 5 6 .6 3 .6 3 .2 3400 B 34 5
37 1 .7 5 4 .0 3 .3 3 .3 2800 2800 36 67
38 1 .75 2 .9 3 .1 3 .4 2500 2800 38 67
39 1 .75 2 .1 2 .7  2 .8  2025 

T raEao an th -S tab ilized  Em u ls io n s

2075 52 200

40 0 .7 5 6 .6 6 .1 4 .4 “ 270 B 34 7
41 0 .7 5 4 .0 5 .0 4 .1 “ 240 B 32 6
42 0 .7 5 2 .9 4 .2 4 .3 “ 250 B 23 20
43 0 .7 5 2 .1 2 .8 2 .9 205 240 11 67
44 1 .2 5 6 .6 5 .5 4 .4 “ 880 B 44 2
45 1 .2 5 4 .0 5 .0 4 .1 800 440 21 12
46 1 .25 2 .9 4 .3 4 .1 “ 750 B 18 9
47 1 .25 2 .1 3 .2 3 .4 580 630 13 200
48 1 .75 6 .6 5 .8 3 .9 “ M B 16 12
49 1 .7 5 4 .0 5 .1 3 .9 1600 860 15 100
50 1 .75 2 .9 4 .4 4 .3 1750 600 16 15
51 1 .75 2 .1 3 .4 3 .6  1550 

K a ra y a -S ta b ilize d  Em u ls io n s

1060 14 100

52 1 .25 4 .0 4 .3 4 .5 M 1050 12 100
53 1 .25 2 .9 4 .2 4 .2 2050 1950 24 33
54 1 .25 2 .1 3 .7 3 .7  1300 

A cao ia-S tab ilized  Em u ls io n s

1000 130 40

55 1 .75 6 .6 5 .6 4 .5 11 7 47 200
56 1 .75 2 .9 4 .1 4 .5 10 10 56 40
57 1 .75 2 .1 3 .2 3 .4 9 59 25
58 3 .5 6 .6 5 .3 4 .4 19 " Í 7 60 167
59 3 .5 2 .9 4 .1 3 .9 18 18 66 100

“ A t  the end of 5 weeks.

=  k 'a

where a = specific surface, k ’ 
k  =  stability coefficient.

In Figure 1  the specific sur
face as ordinate is plotted 
against the time as abscissa 
on semilog paper for several 
representative runs to illus
trate the agreement between 
the data on the change of 
specific surface with time and 
the exponential hypothesis. 
T h e lines were determined by 
fitting the data to the above 
equation by the method of 
least squares. Th e instability 
coefficients, from which the 
stability coefficients were de
termined, were calculated to 
the nearest 5  X  10 - 3 , the 
estimated experimental error 
in k '.  Values recorded as 
> 2 0 0  imply that the apparent 
variation in the specific sur
face m ay be due to experi
mental error and that no 
significant change in the spe
cific surface had taken place.

In  several cases the emul
sions either had broken with
in the period of observation 
or had deteriorated to such an 
extent that it was improbable 
the photomicrographs taken 
under these conditions were

=  instability coefficient, and

dimensions of weeks, 
within the period of 
naise consistency— i. e., 
container.

representative. Thus, de
formities of the oil particles 
and evidence of free oil in 
the photomicrographs were 
interpreted as gross deteriora
tion of the emulsions; these 
photomicrographs were dis
carded, and the calculations 
of the stability coefficients 
were made from the photo
micrographs that were con
sidered acceptable. Repre
sentative photomicrographs 
are shown in Figures 2  and 3.

The data on viscosity, pH, 
the graphically determined 
initial specific surface, and the 
calculated values of the sta
bility coefficients are recorded 
in Tables I, I I ,  and I I I .  B e
cause the generalizations de
duced from the study of the 
40 per cent oil emulsions are 
likewise applicable to the 2 5  
and 60 per cent oil emulsions, 
the tables for the latter are 
omitted. T h e values for ini
tial specific surface (o-0) are 
expressed in units of square 
decimeters per gram of dis
persed oil; those for stability 
coefficient are expressed in 

denotes that the emulsion broke 
M  denotes

B
observation and m ayon-

too viscous to be poured from the

T a b l e  I I I ,  D a t a  f o r  40 P e r  C e n t  Oi l  M i n e r a l  E m u l sio n s

W t. % p H  of 
D ilu en t

p H  of Em u ls io n  V isco s ity , Centipoises In it ia l  
Sp . Surface

S ta b ility
Coeffioiont

No. S tab ilize r 0 weeks 10 weeks 0 weeks 10 weeks 

Pectin -S tab ilized  Em u ls io n s

izo, Sq . D m ./G . k, W eeks

60 1 5 .9 3 .2 3 .3 410 380 99 >200
61 1 4 .0 3 .2 3 .3 425 390 97 >200
62 1 3 .0 3 .3 3 .2 415 385 97 200
63 1 2 .0 2 .5 2 .5 350 330 76 200
64 1 .5 5 .9 3 .2 3 .2 1275 1080 129 >200
65 1 .5 4 .0 3 .2 3 .2 1300 1070 132 >200
66 1 .5 3 .0 3 .2 3 .2 1220 1080 121 200
67 1 .5 2 .0 2 .7  2 .6  1030 

T ragacan th -S tab ilized  Em u ls io n s

880 100 200

68 1 5 .9 5 .5 4 .1 510 340 51 6
69 1 4 .0 5 .5 4 .1 490 335 56 6
70 1 3 .0 4 .9 4 .6 500 350 56 9
71 1 2 .0 2 .9 3 .0 410 395 14 43
72 1 .5 5 .9 5 .5 4 .1 970 635 60 2
73 1 .5 4 .0 5 .5 4 .0 970 665 44 2
74 1 .5 3 .0 5 .0 4 .1 900 700 48 2
75 1 .5 2 .0 3 .3 3 .3  820 

K a ra y a -S ta b ilize d  Em u ls io n s

785 15 200

76 1 5 .9 5 .2 4 .5 1070 695 113 100
77 1 4 .0 4 .4 4 .4 940 770 103 >200
78 1 3 .0 4 .4 4 .3 975 665 121 100
79 1 2 .0 3 .7 3 .7 650 645 116 200
80 1 .5 5 .9 5 .1 4 .4 M M 120 100
81 1 .5 4 .0 5 .1 4 .4 M M 135 200
82 1 .5 3 .0 4 .4 4 .3 M M 127 200
83 1 .5 2 .0 3 .8 3 .8  M  

A cacia-S tab ilized  Em u ls io n s

M 129 200

84 2 5 .9 5 .0 4 .8 16 13 71 17
85 2 4 .0 4 .4 4 .7 15 11 78 15
86 2 3 .0 4 .4 4 .5 15 15 84 15
87 2 2 .0 3 .4 3 .4 12 13 63 33
88 4 .5 5 .9 5 .1 4 .4 32 29 120 40
89 4 .5 4 .0 4 .4 4 .4 32 30 127 40
90 4 .5 3 .0 4 .4 4 .3 31 34 115 >200
91 4 .5 2 .0 3 .7 3 .7 26 27 119 200
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Th e scope of this investigation limited the 
study to the effect of acidity, concentration 
of emulsifying agent, and ratio of oil to 
water on the pH , viscosity, and initial spe
cific surface. T h e present data are adequate 
for comparison of the instability of the emul
sions but are inadequate for reaching conclu
sions— for example, on the mechanism of the 
degradation of the emulsions or on the effect 
of acidity or concentration of emulsifying 
agent on particle size. T h e assumption of 
exponential change of specific surface with 
time is purely arbitrary, for the surface 
measurements reported here are not suffi
ciently precise to establish the correct 
mathematical dependence.

P A R T I C L E  S I Z E  A N D  V I S C O S I T Y

S T A B I L I T Y

Th e consistent trend in the stability
Coefficients of the tragacanth-stabilized T r a g a c a n t h  e m u ls io n  72 A c a c ia  e m u ls io n  111)

emulsions with the acidity of the emulsions F ig u r e  3.
is in accord w ith the observations by  
Kranz and Gordon (o) th at tragacanth- 
stabilized emulsions of N ujol and cotton
seed oil have maximum stability between diluent pH  1.9  and 2.3.

Th e trend of the stability coefficients with acidity of pectin- 
stabilized emulsions of cottonseed oil is parallel to that of traga
canth-stabilized emulsions. However, there appears to be no 
particular trend for the pectin-stabilized emulsions of olive oil 
and mineral oil. T h e stability data for the acacia-stabilized 
emulsions are in agreement with the conclusion of K ranz and 
Gordon (5) that acacia-stabilized emulsions are stable over the 
entire pH  range. O ver the p H  range investigated, the emulsify
ing efficiency of karaya does not v a ry  appreciably with the acidity 
of the emulsions.

Th e present data support the view taken by K in g and Mukher- 
jee (4 ) that the degree of dispersion of the oil is unrelated to the 
stability. Also, no dependency between initial viscosity and 
stability has been observed. Greater viscosity m ay prevent 
creaming but does not necessarily enhance stability. Thus, 
acacia-stabilized emulsions are much less viscous than the emul
sions prepared with pectin and the other gums, y e t they are as 
stable as the latter.

T h e stability of an emulsion m ay depend on factors influenc
ing the chemical stability of the emulsifying agent as well as on 
the physical characteristics of the freshly prepared emulsion. 
Th e correlation between stability coefficients and the change in vis
cosity of the emulsions on storage lends some weight to this view.

Th e variation of emulsifying efficiency with acidity and from 
oil to oil limits generalizations that can be made on the compara
tive emulsifying efficiencies of pectin and the gums. There is

P a r t ic le  S ize o f  S ta b iliz e d  M in e ra l O il E m u ls io n s  (X  196)

little difference between pectin and tragacanth as emulsifying 
agents for olive oil. Both aro more offoctive at the lower p n  
values. Pectin appears to be slightly better than tragacanth as 
an emulsifying agent for cottonseed oil. I t  is possible to make 
these comparisons because the stability trends of pectin and 
tragacanth are practically parallel. A s  an emulsifying agent of 
mineral oil, pectin is clearly superior to tragacanth and acacia, 
and is at least equal to karaya. This is in agroomont with the 
results of Merrill (f>) who measured tho mechanical stability of 
emulsions 62, 70, 78, and 86  by means of the recently developed 
centrifugal force method.

In presenting these data the authors hope that this information 
will furnish tho pharmaceutical and food industries and othor 
users of difficultly obtainable emulsifying agents with a guide to 
what m ay be expected of pectin as an emulsifying agent under 
various conditions.
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Table I I  reveals a definite effect of acidity 
of the cottonseed oil emulsions on the average 
size of oil droplets as indicated by initial spe
cific surface. T h e average particle size de
creases with increasing acidity, except for 
the tragacanth-stabilized emulsions where it 
increases. Tables I  and I I I  also reveal trends 
in particle size with acidity, but some of these 
trends are not consistent with those in Table
II. The data show that the viscosity of the 
emulsions decreases with increasing acidity. 
In general, the tragacanth-stabilized emul
sions are coarse and viscous, the acacia 
emulsions are fine and fluid, the karaya emul
sions are gelatinous, and the pectin emulsions 
are fine and viscous.

P e c t in  e m u ls io n  6-i K n r u y n  e m u l s i o n  8 0



MIXED CALCIUM SALTS OF 
Soaps and  A nionic D etergents

GILBERT D . M ILES A N D  JOHN RO SS
Colgate-Palm olive-Peet Com pany, Jersey C ity , N . J .

W H E N  soap is dissolved in 
water containing calcium 
and magnesium salts, the 

familiar curds of calcium and 
magnesium soaps are formed. If, 
in addition to these materials, a 
typical sulfated or sulfonated de
tergent is present, it has been 
stated that these soap curds will 
be either rendered soluble or dis
persed {2, 4)-

The formation and colloidal 
behavior of calcium soaps were 
discussed by Frisch and V alk 6
(S). According to them, in the 
presence of insufficient calcium  
salt, a colloidal solution or a very fine suspension of 
particles is produced, whose constitution they expressed b y the 
formula:

[xCaOb.yNaOl.zOl] +  zN a+  

where 0 1  =  oleate radical

This view  was in agreement with the theory of colloidal electro
lytes of Pauli (7). V a lk 6  {10) extended this theory to include 
the behavior of calcium soaps in the presence of the calcium salts 
of anionic detergents (presumably of the type of long-chain alcohol 
sulfates). He postulated the formation of the complex, [xC a O h -  
yM ] +  y /2  C a + + , where M  is the soap ion stable to hard water. 
T h e greater the ratio of y /x ,  the greater the stability of the 
solution of the complex.

Th e so-called dispersing effect of anionic detergents has often 
been described in the literature as due to protective colloids or 
peptization. In  order to examine the efficiency of these effects, 
Lindner (6) and Kuckertz (5) made determinations of turbidity 
and precipitation in mixtures of common soap with anionic 
detergents. V alk 6  pointed out that such measurements were 
arbitrary since these system s are unstable and v a ry  w ith time.

F O A M  S T A B I L I T Y

In the course of study of foaming characteristics of solutions 
of sulfated detergents in the presence of soap and hard water, 
the foams were found to be stable only within a  limited pH  
range. Taking the loss in foam stability as a guide, the variation  
in behavior of solutions of these mixtures was followed by the 
pour foam test described by Ross and Miles (S). In  the follow
ing discussion, for the sake of sim plicity all the foam stability 
values represent the initial foam observed immediately after 
the formation of the foam and do not indicate the stability of 
such foam to longer drainage and other changes which occur with 
time.

Th e height of foam of sodium lauryl sulfate as a function of 
the concentration of the solution in distilled water at 4 6 °  C . is 
shown in curve A , Figure 1. W hen an equivalent amount of 
calcium chloride is added to the solution of sodium lauryl sulfate,

the foam is improved slightly 
as shown in curve B. Fo r com
parison, the variation of foam 
with concentration for sodium 
laurate is shown in curve C.

I 11 the following experiment the 
effect of one molecular equiva
lent of soluble calcium salt upon 
a mixture of one molecular equiva
lent each of sodium lauryl sul
fate and sodium laurate was ex
amined:

T o  400 cc. of a 0.005 molar 
solution of sodium lauryl sulfate 
in distilled water (400 cc. of 
solution will contain 0 .0 0 2  mole 

of material), a solution of calcium chloride was added in 
increments so that finally there w as 0.005 gram mole per 
liter of calcium salt present. The calcium chloride solution 
used was a relatively concentrated solution (5000 p. p. m.) 
so that dilution factors incurred m ay be considered negli
gible, since only a  total volume of 40 cc. was added. After 
each addition the foam of the solution was measured and 
the results are shown in curve D, Figure 2. W ith the 
addition of calcium chloride the foam rises to a steady 
level. Th is procedure was repeated b y  adding calcium chloride 
solution to a solution which was 0.005 molar in sodium lauryl 
sulfate and 0.005 molar in sodium laurate. A s  the calcium  
chloride was added, a precipitate formed and the foam test was 
run in the same manner; the result is shown in curve E. The  
final total amount of calcium chloride added was equivalent to 
the sum of the amount of sodium laurate and sodium lauryl 
sulfate present. I f  insoluble calcium dilaurate were precipitated, 
the remaining solution should have contained a mixture of sodium 
lauryl sulfate and calcium chloride; for such a  mixture curve D  
should have been followed, at least approximately. Th e falling 
off in foam m ay be explained b y  assuming that the sodium lauryl 
sulfate as well as laurate are no longer present in the same form 
or concentration as they were before the addition of calcium  
chloride. Th e solutions in this experiment were maintained at 
pH  7 .5  and 4 6 °  C.

A  modification of the experiment was made in which a large 
excess of sodium lauryl sulfate over the sodium laurate was 
present in the solution. The actual proportions used were 
0 .0 0 1  mole of sodium lauryl sulfate and 0 .0 0 0 1  mole of sodium 
laurate. Stepwise addition of calcium to this mixture resulted 
in a minimum foam stability of 60 mm. when two equivalents of 
calcium on the soap basis had been added; further addition of 
calcium did not alter the foam stability.

E f f e c t  o f  T im e .  The following experiment was performed 
to examine the effect of freshly precipitated calcium dilaurate 
upon the foam of lauryl sulfate: T o  a solution containing 0.001 
gram mole of sodium laurate, a  solution containing 0.0005 gram  
mole of calcium chloride w as added so that precipitation of 
calcium dilaurate w as approxim ately complete. Then, while

E vidence is p resented  for th e form ation  o f  
m ixed  sa lts  o f  ca lc iu m  w ith  fa tty  acids and  
sy n th etic  an io n ic  d etergen ts. T he pH lim 
its  necessary for th e  form ation  o f  th ese  
sa lts is d iscussed . C onsideration  o f th e  for
m a tio n  o f th ese  m ixed sa lts in  m ixtures  
co n ta in in g  su lfa ted  d etergen ts, soap, and  
ca lciu m  sa lts  leads to  a p lau sib le exp lana
tio n  o f th e  decrease in  b o th  th e  foam in g  
and detersive properties o f su ch  m ixtures. 
No corresponding behavior h as b een  found  
for m agn esiu m  sa lts .

1298



D ecem ber, 1943 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 1299

3

02 0.4 o.5
CONCENTRATION GMS./lOOCC.

F ig u re  1. V a r ia tio n  o f  F o a m  w ith  C o n cen 
t r a t io n  o f  S o lu tio n  a t  46° C . a n d  pH  o f  

A p p ro x im a te ly  7.0-8.0
A . S o d iu m  la u r y l  s u lf a te  in  d is t i l le d  w a te r
B.  S o d iu m  la u r y l  s u lfa te  +  c a lc iu m  c h lo r id e
C . S o d iu m  la u r a t e  in  d is t i l le d  w a te r

stirring and maintaining the same temperature of 4 6 °  C ., a 
solution containing 0 .0 0 1  gram mole of sodium lauryl sulfate 
was added and the pour foam test was made at definite time 
intervals after mixing. Th e result is shown in curve F, Figure 3. 
T h e initial height of foam for the sodium lauryl sulfate falls to a 
certain low level gradually w ith time. A s the curve shows, it 
w as some time before the loss in foam height was observed and 
20 minutes before the final low value was reached. This result 
indicates that there is a slow interaction between the flocculent 
calcium dilaurate and the solution of sodium lauryl sulfate, re
sulting in a loss of foam stability.

E f f e c t  o f  pH . The influence of p H  was next examined with 
the results shown in Figure 4. The foam of a 0 .1 per cent solu
tion of sodium lauryl sulfate in distilled water at 4 6 °  C . as a 
function of p H  is given by curve H . Curve K  shows the effect 
of adding 10 0  p. p. m. hardness (in the form of calcium chloride) 
to a 0 . 1  per cent solution of sodium lauryl 
sulfate. Sodium laurate was then added to 
lauryl sulfate solution so that the solution 
contained 0.025 per cent sodium laurate 
(curve J ) .  T o  this solution calcium chloride 
(to make 10 0  p. p. m. hardness) was then added, 
and curve L  was obtained by varyin g the pH.
Adjustm ents of pH  were made by the addi
tion of 0 .1 N  sulfuric acid or 0 .1 N  sodium 
hydroxide, and pH  measurements were made 
with a Beckm an glass electrode apparatus, 
using a type E  electrode. Over the range ex
amined, variation in pH  had substantially no 
effect upon solutions of (a) sodium lauryl sul
fate, (6) a mixture of sodium lauryl sulfate with 
sodium laurate, and (c) a mixture of sodium 
lauryl sulfate with calcium chloride. How
ever, when all three components are present 
t o g e t h e r — n a m e l y ,  sodium lauryl sulfate, 
sodium laurate, and calcium chloride— at a criti
cal pH  of about 5 .2  a foam which is stable 
from pH  2.0 to 5 .2  suddenly becomes unstable 
and falls to zero a t about pH  7. Th is effect is 
reversible and, upon lowering the pH  of the 
mixture below 5.2, the foam is restored to its 
original value. Th e critical pH  5 .0 -5 .5  is also 
the pH  below which the calcium laurate is 
converted into lauric acid and calcium salts.

30 0

F O R M A T IO N  O F  M IX E D  S A L T

These results can be explained by assuming the formation of a  
mixed calcium salt of the fatty  acid and detergent or of a variable 
complex composition as suggested b y  Valk<5, if we postulate that 
such a complex or mixed salt, as a precipitate or some other 
form, has a deleterious effect upon foaming properties.

A  mixed salt such as calcium laurate lauryl sulfate m ight be 
expected to show some chemical properties of both calcium  
dilaurate and calcium dilauryl sulfate. From  titrations, the 
mixed salt and calcium dilaurate showed breaks at the same 
critical pH  (5.0—5.5 ); the bearing of this critical value upon 
foaming properties was described above.

More direct evidence of the existence of such mixed salts was 
found in the preparation of these compounds b y different methods 
which gave a product with constant stoichiometric proportions 
b y analysis. Th e general procedure of preparation follows: To  
a solution of 1 . 1  grams of sodium laurate in 2 0 0  cc. of distilled 
water, a solution of 1 .5  grams sodium lauryl sulfate in 100 cc. 
distilled water was added. T o  this m ixture 0 .55  gram  calcium 
chloride in 60 cc. water was added gradually w ith stirring at 
2 0 ° C. The pH  of the solution a t  the end of the addition was 
7.3. Th e fine precipitate was filtered off and washed free from 
chloride ion with water a t 4 0 -5 0 °  C . The product was dried 
in a vacuum  desiccator over concentrated sulfuric acid. Th e  
yield was almost equal to the theoretical amount.

Analysis: Found C a  =  8 .1 3 % ;  S  =  6 .4 0 %
Calculated for C a iO jC ijII ^ O ^ C n llw iC a  =  7 .9 3 %  S  =  6 .3 5 %

A  sample of this material (0.4000 gram) was mixed with excess 
dilute hydrochloric acid at 3 0 °  C. and the mixture extracted with  
petroleum ether. After washing and drying the extract, 0 .15 3 2  
gram lauric acid was obtained. Theory required 0 .16 0 3 gram  
lauric acid. Calcium  lauryl sulfate would have given no lauric 
acid and calcium laurate would give approximately twice this 
weight.

Th e following method using nonaqueous solvents, gave ex
cellent results: Acid lauryl sulfate was prepared from pure 
lauryl alcohol and chlorosulfonic acid in liquid sulfur dioxide, as 
described by Ross et al. (9). T o  a solution of 1.40  grams of dry  
acid lauryl sulfate in 30 cc. of benzene, 2 .2  grams of anhydrous 
calcium dilaurate were added, together with some glass beads

O.OOI
M O L E S

0.002 40
MINUTES

F ig u re  2. E ffect o f  A dd ing  
C a lc iu m  C h lo rid e  to  a n  E q u i-  
m o la r  S o lu tio n  o f  S o d iu m  
L a u ry l S u lfa te  a n d  S o d iu m  
L a u ra te  a t  46° C. a n d  pH  7.5

D r 0.002 m o le  s o d iu m  la u r y l  n u l-  
fa te  +  c a lc iu m  c h lo r id e  

E.  0.002 m o le  so d iu m  la u r y l  s u lfa te  
■f 0.002 m o le  n o d iu m  la u r a t e  -f* 
c a lc iu m  c h lo r id e

F ig u re  3. E ffect o f  T im e  o n  th e  
A d d itio n  o f  S o d iu m  L a u ry l 
S u lfa te  S o lu tio n  to  a  F re sh  S u s 
p e n sio n  o f  H a rd  S oap  a t  46° C. 

a n d .p l l  8.0
F, S o d iu m  la u r y l  n u lfu to  +  c a lc iu m  

d ila u r u te
G.  S o d iu m  la u r y l  n u lfa te  +  m u g n c * iu m  

d ila u r u te



1300 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 35, No. 12

in a  stoppered flask. A  clear gel formed from which a white 
solid precipitated when 50 cc. of dry ether were added. The solid 
was filtered off,-washed with ether, and dried. From  the sol
vents 1.0 7  grams of Ia,uric acid were recovered (theory 1.00 grams). 
T h e solid salt was identical in properties with the mixed salt 
prepared b y  the w et method.

F ig u re  4. V a ria tio n  o f  
F o am  w ith  H y drogen  
Io n  C o n c e n tra tio n  a t  

46° C.
n .  S o lu t io n  o f  0 .1 %  » o d iu m  

la u r y l  s u lfa te  in  d is t i l le d  
w a te r

J .  S o lu t io n  o f  0 .1 %  s o d iu m  
la u r y l  s u lfa te  +  0 .0 2 5 %  
s o d iu m  la u r a t e  in  d is 
t i l le d  w a te r  

K.  S o lu t io n  o f  0 .1 %  s o d iu m  
la u r y l  s u lfa te  +  100
p . n . m .  c a lc iu m  h a rd n e s s  

L.  S o lu t io n  o f  0 .1 %  s o d iu m  
la u r y l  s u lfa te  +  0 .025%  
s o d iu m  la u r a t e  +  100
p. p . m . c a lc iu m  h a rd n e s s

The method of preparation in aqueous solutions was varied 
by using excess of one reagent at a time, varying the temperature 
of preparation, and varying the pH  of the aqueous solvent be
tween 7  and 10. In all these experiments the product was es
sentially the same and analyses were remarkably close to the 
theoretical for the simple mixed salt. Furthermore, photo
micrographs of crystals prepared from aqueous solutions il
lustrate the microscopic structure of the crystalline salts. The  
composition of these crystals was also checked b y  chemical 
analysis.

C R Y S T A L  E X A M IN A T IO N

In the following cases all of the products examined micro
scopically were prepared b y  adding a  solution of calcium chloride 
to solutions of sodium laurate, sodium lauryl sulfate, or a mixture 
of both, all in equivalent amounts, to yield a liter of 0.001 M  solu
tion of the desired compound in water. Th e calcium chloride 
was added at 4 0 ° C . and the pH maintained between 7 .2  and 8.0. 
Upon cooling to room temperature, the crystals which separated 
were examined microscopically after standing for a sufficient 
time to permit satisfactory growth (Figure 6).

M ix e d  S a l t .  Crystals are rather small but nicely shaped 
rhombs and some elongated irregular shapes with pointed ends. 
The acute angles of rhombs are 5 6 °. Th e angles of pointed ends 
are 1 0 5 °  and 1 1 0 ° ,  chiefly the larger. Extinction oblique 3 5 °  and 
2 8 *.

Compensation shows slow component in general direction of 
long axis of crystals. N  — 1.49, birefringence weak. Concentra
tion of the mother liquor yielded the same crystals.

C a l c iu m  L a u r y l  S u l f a t e .  Crystals are long large rhombs 
with one end rhomb-shaped and the other pointed, and an oc
casional trapezoid. The rhombs predominate and are from five 
to at least twenty times the size of the rhombs obtained from the 
mixed salt. Acute angles of rhombs are 5 9 °, angles of pointed 
ends are 12 0 ° . Extinction oblique 2 0 °, also occasional 1 1 °  and 3 ° .  
Compensation shows slow component in general direction of long 
axis of crystal. N  =  1.49, birefringence weak.

C a l c i u m  L a u r a t e .  Such exceedingly small crystals occur 
that they are barely visible at 450 diameters. Between crossed 
Nichols they can be observed, as flashes of polarized light 
are transmitted due to changing orientation when the crystals 
roll over and over under the cover glass; the effect is that of 
stars twinkling.

I t  is apparent that the mixed salt possesses characteristics 
which distinguish it from the calcium lauryl sulfate or calcium 
dilaurate. From  these results it seems that a mixed calcium 
salt of a fatty  acid and a sulfated detergent can be formed which 
has the following simple composition:

O O C R

C a /

O SO .R '

A  compound of the complex structure [rC a O L .y M ] +  y /2  C a ++  
as suggested b y  Valkô would have a  composition varying with 
the proportion and concentration of the components from which 
it was formed.

D E T E R S I V E  p o w e r

Factors which affect the foam stability of a  solution of ma
terial often affect the detersive power of that material in a 
similar direction. Considering the detersive value of a  material 
as arbitrarily measured b y  the Launder-Ometer test, it is known 
that the washing efficiency of a  mixture of two soaps m ay be 
expected to be approximately intermediate between those of the 
component soaps. Detergent efficiency was measured in a 
modification of the Launder-Ometer described b y  Appel, Smith, 
and Christison (I). Th e soil on cotton cloth was prepared from 
Oil D ag (graphite and mineral oil) and cottonseed oil, and the 
relative light reflection of the sample after washing was deter
mined with a B  Lange Universal reflectometer. T h e repro
ducibility of this test m ay be =*=10 per cent when the detersive 
efficiency is high.

Using 300 p. p. m. hard water and decreasing amounts of 
kettle soap, a detergency curve such as M  in Figure 5  was ob
tained. Similarly, with a synthetic detergent in the same 
hard water, curve N  was obtained. W hen mixtures of constant 
total concentration but variable ratios of soap to synthetic

F ig u re  5. V a ria tio n  in  D e te rs iv e  E ffic iency  fo r  V ary 
in g  P ro p o r tio n s  o f  a  M ix tu re  o f  C o m m e rc ia l T allow  
Soap w ith  a  S u lfa te d  S y n th e t ic  D e te rg e n t a t  43° C. 
in  300 P . P . M . C a lc iu m  H a rd  W a te r  a t  a  p H  o f  A pprox i

m a te ly  10
S o a p  a lo n e
S u lf a te d  d e te rg e n t a lo n e
M ix tu re  so a p  4* s u lfa te d  d e te rg e n t  a t  to t a l c o n c e n tra t io n  
o f  0 .55%
T h e o r e t ic a l c u rv e  a s s u m in g  re m o v a l o f  m ix e d  c a lc iu m  s a lt  o f  
so ap  a n d  s u lfa te d  d e te rg e n t

M.
iV.
P.

R.

detergent were examined, curve P  was obtained; it shows a 
minimum found to be characteristic of such mixtures of soaps 
and synthetic detergents in hard water. Assum ing that calcium 
salts above pH  7  will combine with equivalent amounts of syn
thetic detergent and fatty  acid whenever these are present to
gether, to form a product which itself has substantially no 
detergent properties as measured in this test, theoretical curve 
R  was calculated. Thus at any given concentration of the 
mixture, it was assumed that the material present in the higher 
molecular concentration -was responsible for all detersive action 
and the effective concentration of this material was calculated
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by subtracting from its apparent concentration an amount suf
ficient to combine as mixed calcium salt with all of the other 
detergent material present. This calculated concentration of 
effective detergent was then located upon curve N  or M  of the 
pure chemicals; the calculated effective detersive efficiency of

mixtures tested. Fo r example, the effects of calcium salts in 
mixtures of soap and anionic detergents can occasionally be 
masked if the concentration of soap, synthetic detergent, or 
mixture of the two is too high. H owever, within a  specific range 
of pH  there is evidence that mixed salts can be formed with

C a  la u r y l  su lfn to  fro m  w a te r  a t  25° C .  C a  la u r a t o  f ro m  e th a n o l a t  25° C .  M ix e d  s a lt  f ro m  w a te r  a t  2 5 ° C .

F ig u r e  6 . P h o t o m ic r o g r a p h s  o f  C r y s ta ls  ( X  100)

the mixture was thus obtained which closely approximates 
experimental curve P. Th us the formation of mixed calcium  
salts of fa tty  acids and sulfated detergents also offers an ex
planation of the detersive behavior of the above mixtures.

T h e behavior of magnesium salts was also examined. T o  a 
solution of 0 .0 0 1  gram mole of sodium laurate in distilled water, 
a solution of 0.0005 gram mole of magnesium sulfate was added 
with stirring at 4 6 °  C .; a  solution of 0.001 gram mole of sodium 
lauryl sulfate was added immediately to the freshly precipitated 
magnesium dilaurate, and the foam test was measured at definite 
intervals. From  curve G, Figure 3, it is apparent that magnesium  
dilaurate has no deleterious effect on the foam value of sodium 
lauryl sulfate. This is an interesting distinction between the 
properties of calcium and magnesium salts.

The magnesium laurate-lauryl sulfate was prepared in an
hydrous media; but upon treatment with hot water, it showed 
the properties of a mixture of magnesium dilaurate and m ag
nesium lauryl sulfate.

T h e mixed salts of calcium with fa tty  acids and anionic 
detergents in general appear to be definite solids of crystalline 
or pearly appearance. In  the course of this investigation it has 
been shown that the reduction in foam stability cannot be 
accounted for by the presence of calcium, lauryl sulfate, laurate 
ions, or a solid precipitate. If, for example, it is assumed that 
the mixed salt does not behave as a  strong electrolyte, the non
electrolyte portion in solution could account for the reduction 
in foam stability.

In addition to the data reported, evidence was also found for 
the formation of mixed calcium salts in mixtures of a  wide 
variety of soaps and synthetic commercial anionic detergents.

Comparison of the relative solubilities of the calcium soaps 
with the calcium salts of the anionic detergents studied does not 
suggest any relation from which the formation of the mixed salt 
as a precipitate might be predicted. The calcium soaps of the 
saturated fa tty  acids range in solubility at 5 0 °  C . from about 
0 .13 0  gram  per liter for lauric to 0.03 gram  for stearic; the cal
cium salts of the sulfates and sulfonates range from 0.75 gram  
per liter for calcium lauryl sulfate to over 10 0  grams for the 
calcium salts of sulfated glycerol monolaurate.

In order to demonstrate clearly the effects described, it was 
necessary to limit the concentrations of the components of the

concomitant deleterious effects on both foaming and detersive 
properties of the mixtures to which calcium salts were added. 
Th e properties of the mixed salts v a ry  widely with changes in 
the type and molecular weight of the fa tty  acid and anionic 
detergent employed.

In  the above discussion the behavior of calcium and magnesium 
salts with sodium laurate and sodium lauryl sulfate was de
scribed because these materials demonstrate clearly the effects 
of mixed salt formation. B oth sodium laurate and sodium 
lauryl sulfate are the lower members of the respective homologous 
series which exhibit certain of the characteristics of surface 
active materials. I t  seems permissible to suppose that certain 
behavior, such as compound formation, occurring in relatively 
concentrated solutions might have a parallel to some degree in 
dilute solution. The experimental observations do not support 
the conception of continuously variable composition as re
quired b y  the theory of V alk6 . W e do not propose that foam 
stability or detergency in themselves are direct evidence for 
the existence of mixed salts, but the assumption of the formation 
of these simple salts leads to a plausible explanation of the ob
served effects. Strong support for the formation of mixed salts 
is given by the analytical and microscopic examination.

A C K N O W L E D G M E N T

Microscopic examination of the crystals was made b y  A . I. 
Gebhart.
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Refractive Index Nomograph for 
Liquid Fatty Acids

3 0 -

D ORINSON, McCorkle, and Ralston (2) presented excel
lent data covering the variation of refractive index, «¿, 

with temperature, t ° C., for the normal saturated fatty acids 
from caproic to stearic, inclusive, in the liquid state. They 
established the general linearity of with f and showed a 
break in the curve at 40° C. for the 
acids from caproic to pelargonie, in
clusive.

These data enabled the construc
tion of a chart, by line coordinate 
methods (i), for determining the 
refractive indices of these acids 
at any temperature in the range of 
applicability. The use of the chart 
is illustrated as follows: What is 
the refractive index of pelargonie 
acid at 00° C.? As shown by the 
broken line, connect 60 on the i-scale 
with the pelargonie acid point labeled 
40 — 80° and produce the line to the 
ni, axis where the refractive index 
is read as 1.4171.

In a similar manner, using the 
other pelargonie acid point, the re
fractive index at 30° C. is found to be 
1.4287 although the isopleth for these 
data is not shown. The full-scale 
chart (10 X 17 inches) yields values 
of which agree with the original 
data within the probable experi
mental error.

D. S. DAVIS
W yandotte Chemicals Corporation, 

W yandotte, M ich.

60—
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(1) Davis, D. S., “ Empirical Equations
and Nomography” , Ist ed., p. 140, 
New York, McGraw-Hill Book Co., 
1943.

(2) Dorinson, A., McCorkle, M. It., and
Ralston, A . W ., J . Am. Chem. 
Soc., 64, 2739 (1942).
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PAPER SHORTAGE
Because of critical shortages, 

th e  A m e r i c a n  C h e m i c a l  

S o c i e t y  has been forced to cut 
its use of paper to a minimum. 
It  will no longer be possible 
to print the customary number 
of extra copies to supply de
mands for volumes and sets in 
subsequent years. Therefore, it 
is suggested that subscribers 
who do not bind their journals, 
save current issues for later sale.
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C O R R E S P O N D E N C E

H e a t  C a p a c i t i e s  o f  H y d r o c a r b o n  G a s e s

S i r :  In a previous paper {21) a method of calculating gaseous
heat capacities of hydrocarbons at zero pressure was presented. 
Since that time it has been desirable to convert these heat ca
pacity values to one atmosphere pressure; the Berthelot equation 
of state (24) was used, and m ay be written in the form of E q u a
tion 1  when converting heat capacities from zero to one atmos

phere pressure:

ACp = 5.0 3 T>JPCT' (1)

where A C , =  molar increase in heat capacity at T°  K .
P c = critical pressure, atm.
T c =  critical temperature, 0 K .

T able I  contains selected data for the critical temperature and 
pressure of the hydrocarbons concerned. B y  means of Eq u a
tion 1 and Table I , the molar increase in the heat capacity was 
calculated and added to the heat capacities at zero pressure tabu
lated in the previous paper {21). T h e resulting heat capacities 
at one atmosphere pressure are presented in Table II.

In  a private communication Herman D . Noether pointed out 
that the assignment of acetylenie frequencies {21) was not in 
agreement with those of Crawford (~, 8), or Glockler and D avis  
{12). T h e original frequency assignment was arrived at by tak
ing the experimental heat capacity data of Kistiakow sky and 
R ice {13, H ),  subtracting all the energy except that in the C = C  
bond, and then distributing this energy between two frequencies 
to give the best fit with the experimental data. On practical 
grounds the original frequency assignment came well within the 
limits of accuracy possible ( ± 4  per cent) b y  this method of cal
culating heat capacities, but from a theoretical standpoint it is

not in line with the conception that the vibrational frequency 
of a bond increases as the binding force increases.

It  seems best, then, in the light of this theoretical treatment 
to reassign the values of the acetylenie frequencies as follows: 
F o r the valence vibration of the C = C  bond v — 2 2 1 5  cm .- 1 , and

T a b l e  I .

M ethane
Acetylene
E th y le n e
E th a n e
M ethylacety lene
Allene
Propylene
Cyclopropane
Propano
D im ethy laccty lene
Butad iene
1-Butcne
2-Butene 
Bu tan e  
Isoprene 
Pentylene 
Pentane 
H exane 
H eptane 
O ctane 
Cyclohexenc 
Cyclohexane 
M ethylcyclo hexane 
Benzene 
Toluene
Phenylaccty lene
Styrene
Ethylbenzene
Propylbenzene

H y d r o c a r b o n  C r i t i c a l  C o n s t a n t s

C ita tio n

Ćo£ Tc, °  K . Pc, A tm .

- 8 2 .1 191.1 4 5 .8
3 5 .9 309 .1 6 1 .7

9 .6 2 S 2 .8 5 0 .7
3 2 .3 3 0 5 .5 4 8 .2

121.6 3 9 4 .8 5 4 .7 «
120 .7 3 93 .9 5 3 .2«
9 1 .4 3 6 4 .6 4 5 .4

124 .6 3 97 .8 5 4 .2
9 6 . S 3 7 0 .0 4 2 .0

2 1 5 .S 4 8 9 .0 3 1 .3
161 .8 4 3 5 .0 4 2 .0
160 .0 4 33 .2 4 2 .1
155 .0 4 28 .2 4 2 .1
152 .8 126.0 3 6 .0
2 0 1 .0 4 7 4 .0 5 5 .6
2 02 .6 4 7 5 .8 4 0 .4
197 .2 4 70 .4 3 3 .0
2 34 .7 5 07 .9 2 9 .5
2 6 7 .0 5 40 .2 2 7 .0
296 .4 5 69 .6 2 5 .2
2 51 .8 5 2 5 .0  • 3 6 .6
2 81 .0 5 54 .2 4 0 .6
3 01 .5 5 74 .7 3 4 .4 «
2 8S .5 561 .7 4 7 .8
3 2 0 .6 5 93 .8 4 1 .6
3 1 2 .8 5 86 .0 4 0 .0
3 7 3 ,0 6 46 .2 4 6 .1
3 46 .4 6 19 .6 3 8 .1
3 65 .6 638 . S 3 2 .3

C a lcu lated  b y  one of two methods {17, S3),

T a b l e  II . M o l a r  H e a t  C a p a c i t i e s  o f  H y d r o c a r b o n  G a s e s  a t  O n e *  A t m o s p h e r e  P r e s s u r e  ( C J )

T° K .

M ethane
Acety lene
E th y le n e
E th a n e
M ethylacety lene
A llene
Propylene
Cyclopropane
Propane
D im ethy laccty lene
Butad iene
1-Butene
2-Butene 
B u tan e  
Isoprene 
Penty lene  
Pentane 
H exane 
H eptane 
Octane 
Cyclohexcno 
Cyclohexane 
M ethylcyclo hexane 
Benzene 
Toluene
Phenylaccty lene
Styrene
Ethy lb enzene
Propylbenzene

250

8 .3 9
8 .9 0
9 .6 7

11 .93
13 .69
12.57
14.11
14.82
15.71
18.24  
16.49 
18 .03  
17 .32  
19 .65  
2 0 .1 8
2 1 .9 6
23.61
27 .71
3 1 .83  
3 5 .9 8  
2 2 .92  
2 5 .1 0  
2 9 .0 0
17 .97  
2 2 .1 9
2 4 .2 4
24 .61  
2 6 .27  
3 0 .5 4

300

8 .8 9
10 .72
10 .49  
13 .16  
14 .68  
13 .64
15 .63  
16.54
17.64 
19.67  
18 .28  
2 0 .2 4
19 .64  
2 2 .2 6  
2 2 .7 8  
2 4 .8 5  
2 6 .8 9
31 .61  
3 6 .3 5  
4 1 .1 0  
2 6 .4 4  
2 9 .0 0  
33 .37
20.61
2 5 .5 0  
27 .61  
2 8 .1 5  
3 0 .2 3  
3 5 .0 5

350

9 .5 5
11 .48
11.57
14.56  
15 .79  
14 .87  
17 .37
18.42 
19 .89
2 1 .43  
2 0 .2 8  
2 2 .67  
2 2 .24  
2 5 .27  
2 5 .5 9  
2 8 .1 3  
3 0 .6 5  
3 6 .1 0
4 1 .5 7  
4 7 .0 5  
3 0 .3 9  
33 .01
3 8 .2 6  
2 3 .6 2
2 9 .2 6  
31 .33  
3 2 .21  
3 4 .7 3
4 0 .2 7

400

10 .30
12 .14  
12 .69
16 .15
16.94
16.16  
19 .19
2 0 .3 3
2 2 .2 4  
2 3 .2 9
2 2 .3 5
2 5 .3 5
2 4 .9 4  
28 .41  
2 8 .4 8  
3 1 .62  
3 4 .5 7  
4 0 .7 8  
4 7 .01
5 3 .2 4  
3 4 .4 0  
3 7 .8 2  
4 3 .2 2  
2 6 .6 6  
3 3 .1 0  
3 5 .0 6  
3 6 .2 8
39 .33  
4 4 .6 0

450

11 .08
12 .70
13.81
17 .70  
18 .07  
17 .44  
2 0 .9 9  
2 2 .1 8
2 4 .5 5  
2 5 .1 2  
2 4 .3 8  
2 7 .9 0
2 7 .5 5  
3 1 .4 6
3 1 .25
3 4 .8 2  
3 8 .3 5  
45 .31
5 2 .2 6
5 9 .22  
3 8 .3 0
4 2 .2 3  
4 8 .0 3  
2 9 .6 2  
3 6 .7 9  
3 9 .6 5  
4 0 .2 0
4 3 .7 6
5 0 .7 6

500

11.84
13.14
14 ,89
19 .20
19.16
18.70
2 2 .7 2
23.91
2 6 .7 5
2 6 .8 8
2 6 .3 3
30.31
3 0 .0 4
3 4 .3 6
3 4 .0 4
3 7 .94
4 1 .9 5  
4 9 .5 9
5 7 .22  
6 4 .8 3  
4 1 .9 4  
4 6 .2 5  
5 2 .5 2
3 2 .3 6
4 0 .2 3  
41.98-
4 3 .8 8
4 7 .8 9  
5 5 .57

600

1 3 .28
13 .92  
16 .87
2 1 .9 2  
2 1 .1 6  
2 1 .0 1
2 5 .8 6  
2 7 .0 0  
3 0 .7 0
3 0 .0 6
2 9 .8 6  
34 .67
3 4 .4 8  
3 9 .5 4  
3 8 .6 9  
4 3 .5 2  
4 8 .3 4  
5 7 .2 0
6 6 .0 7
7 4 .9 3  
4 8 .3 8
5 3 .4 8  
6 0 .4 5  
3 7 .1 9
4 6 .2 8  
4 7 .7 9  
5 0 .31  
5 5 .1 6  
6 4 .04

700

14 .59  
14 .58  
18.51 
2 4 .3 0  
2 2 .9 2  
2 3 .0 3  
2 8 .5 7
2 9 .6 4
3 4 .11  
32 .83  
3 2 .9 0  
3 8 .4 3  
38 .29  
4 3 .9 8  
4 2 .7 8  
4 8 .2 8
53 .81  
6 3 .6 9  
7 3 .5 6  
8 3 .4 5
53.81
5 9 .6 0  
6 7 .1 5  
41 .21  
51 .24  
5 2 .62
5 5 .6 4  
62 .20
71.11

800

15 .78  
15.16 
19 .96
2 6 .3 8  
2 4 .54
2 4 .7 9  
3 0 .93  
31 .92  
3 7 .0 6  
3 5 .3 2
3 5 .5 3  
4 1 .6 5
4 1 .5 4
4 7 .81  
46 .27
5 2 .3 8  
58 .49  
69 .64  
7 9 .9 8  
9 0 .72  
58 .41
6 4 .82
7 2 .8 2  
4 4 .5 8
5 5 .5 5  
5 6 .6 9  
60 .15  
6 6 .3 0  
7 7 .0 5

900

16 .84  
15 .69  
2 1 .4 5  
28 .21
2 5 .8 5
2 6 .3 3  
3 2 .9 8
3 3 .9 0  
3 9 .6 4  
3 7 .3 5  
3 7 .7 9
4 4 .2 8  
4 4 .21  
51 .11  
4 9 .2 7  
5 5 .74  
6 2 .5 4  
7 4 .0 2  
8 5 .4 9  
9 6 .9 7
62 .33
6 9 .2 9  
7 7 .6 7  
4 7 .4 0  
5 9 .1 0  
5 9 .9 6
6 3 .9 0  
7 0 .5 8  
8 2 .07

1000

17 .79
16.17
2 2 .6 2
2 9 .8 2
2 7 .0 7
2 7 .64
3 4 .7 6  
35 .61  
4 1 .8 8  
3 9 .1 9
3 9 .74
4 6 .8 4
4 6 .7 8  
5 3 .99
5 1 .8 5  
5 8 .93  
6 6 .0 4  
7 8 .1 5  
9 0 .2 6  
102 .3
6 5 .65
7 3 .0 8
8 1 .7 9
4 9 .7 7  
62 .11
6 2 .7 5
6 7 .0 9  
71 .21  
8 6 .3 2

1 10 0

18 .63  
16 .60
2 3 .6 3  
31 .21  
2 8 .1 2
2 8 .7 7  
3 6 .2 9  
3 7 .1 0
4 3 .8 0
4 0 .7 8
4 1 .4 2  
4 8 .9 2  
4 8 .8 8  
5 6 .4 8  
5 4 .07
6 1 .56  
6 9 .0 6  
8 1 .7 2  
9 4 .3 6  
107 .0
6 8 .5 6
7 6 .4 2  
8 5 .3 9
51.81  
6 4 .67  
6 5 .1 3
6 9 .7 9  
7 7 .32  
8 9 .97

1200

19 .38
17 .00  
24 .51  
3 2 .4 3
2 9 .0 5  
2 9 .7 6  
3 7 .6 3  
3 S .4 2
4 5 .5 0  
4 2 .17  
4 2 .8 8  
5 0 .7 4
5 0 .7 0  
5 8 .6 5  
55 .99  
6 3 .84
7 1 .7 0  
8 4 .8 2  
9 7 .93
1 1 1 . 0
7 1 .0 5  
7 9 .2 9
8 8 .5 0  
53 .54  
G 6.87 
6 7 .1 5
7 2 .1 0  
80 .01
93 .11

1300

2 0 .0 3
17 .35
2 5 .2 6
3 3 .5 0  
2 9 . S4 
30 .61
3 8 .7 9  
3 9 .5 6
4 6 .9 6
4 3 .3 6  
44 .11  
5 2 .2 8  
5 2 .25
6 0 .5 0  
5 7 .6 3
6 5 .7 9
7 3 .9 6  
8 7 .4 8  
10 1 .0  
114 .5  
7 3 .2 0
8 1 .7 8  
9 1 .1 8
55 .04  
6 8 .7 5  
68.86 
7 4 .07
8 2 .27
9 5 .7 8

1400

2 0 .6 0
17.67
2 5 .9 2  
3 4 .4 2  
3 0 .5 4  
3 1 .34  
3 9 .7 9  
4 0 .5 6
4 8 .2 4  
44 .41  
4 5 .1 9  
5 3 .6 3  
5 3 .6 0  
6 2 .1 5
5 9 .0 6  
6 7 .4 8
7 5 .9 3  
8 9 . SO
103 .6  
117 .5  
7 5 .0 8
83 .94  
9 3 .52
5 6 .33  
7 0 .3 8
7 0 .3 4  
7 5 .7 6
8 4 .2 5  
98.01

1500

2 1 . 1 0
17 .95  
2 6 .5 0
3 5 .2 2
31 .1 3  
31 .9 8  
40 .6 6
41 .43  
4 9 .3 5  
4 5 .3 2
4 6 .1 4  
54 .81
51 .79
63 .54  
60 .3 0  
6 8 .9 7  
7 7 .64
9 1 .8 3  
106 .0  
12 0 .1  
76.71
8 5 .8 3
9 5 .5 5
5 7 .4 4
7 1 .7 9  
7 1 .6 0
7 7 .2 3
8 5 .9 6  
10 0 .1
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for the deformation vibration of the C = C  bond 5 =  3 3 3  cm .- 1  a c k n o w l e d g m e n t
Using these new frequencies, the acetylenic bonding contributions I t  is m y pleasant duty to thank Herm an D . Noether for point-
to the heat capacity are listed for a series of temperatures in jng out the shortcomings of the earlier acetylenic frequency as-
Table I I I ,  and should be employed in place of their counterpart signment, and the D ow  Chemical Com pany for permission to
in the previous paper (21). publish this work.

L I T E R A T U R E  C IT E D

T a b l e  III . A c e t y l e n i c  B o n d in g  C o n t r i b u t i o n s  t o  H e a t  
C a p a c i t y  ( c a lo u ie s / m o le / b o n d )

y =  2215, 5 «■ 333, * = 2215, a -  333,
0 K. 0 »  3178° d «  478® T% ° K . 0 -  3178® 0 »  478°

250 0 .0009 1.4782 800 0 .6743 1.9290
300 0 .00 5 » 1.6152 900 0 .7696 1 .9409
350 O.Olc.6 1.7052 1000 0 .9104 1.9497
400 0 .0445 1.7665 1100 1.0345 1 .9560
450 0 .0S40 1.8103 1200 1.1423 1.9609
500 0 .1398 1.8423 1300 1.2356 1 .9648
G00 0 .2821 1.8853 1400 1.3156 1.9679
700 0.44G6 1.9114 1500 1 .3852 1 .9703

« B « 1.435 X  v ib ra tio na l frequency.

Calculation of the heat capacity of acetylene with the new fre
quencies gives results as much as 12 .5  per cent lower than the 
data of Frost (11). Th is is understandable, for the theoretical 
assignment of frequencies in acetylene (20) is considerably differ
ent from those for the substituted acetylenes (7, 8 ,1 2 ), on which 
the new frequency assignment is based. Consequently, the data  
in Table I I  are those of Frost (11) converted to one atmosphere. 
Other acetylenic derivatives in Table I I  were from the new fre
quencies. T h e new data calculated for methylacctylene are 
2 .8  per cent or less below the experimental (18) and calculated (8) 
values; those calculated for dimethylacetylene are 1 .4  per cent 
or less above the experimental values (14). Excep t for acetylene, 
the new frequencies reproduce the experimental heat capacities 
as well as the frequencies first employed (21).

(1) Altschul, Z. physik. Chem., 1 1 ,  57 7  (1893).
(2) Aston, Szasz, and Fink, J . Am. Chem. Soc., 65, 1 1 3 5  (1943).
(3) Beattie, Ibid., 59, 1586 (1937).
(4) Beattie, Poffenberger, and Hadloek, J . Chem. Phys., 3, 96 (1935/
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D a n i e l  R .  S t u l l
T h b  D o w  C h e m i c a l  C o m p a n t  
M i d l a n d , M i c h .

A u t o c l a v e s  f o r  P r e s s u r e - T e m p e r a t u r e  R e a c t i o n s

S ir  : W ith reference to the section on "S a fe ty  Devices”  on page 
942 of this article (September, 1943), the following question has 
been asked: W as it intended that a frangible diaphragm with a 
rated bursting pressure of one and a  half or two times the design 
pressure of the vessel should be used as the sole safety device? The  
answer is definitely negative, for the A . S. M . E . Code specifies that 
relief devices shall function at the design pressure; hence, it 
would be permissible to use a safety head with a  bursting pressure 
fixed at one and a half or two times the design pressure (depending 
upon operating conditions) only when the vessel is equipped with  
another safety device set to let go a t the design pressure. The  
discussion in question was strictly limited to such practice.

However, now that the question has been raised, it might be well 
to am plify this discussion. First, it might be pointed out that 
most engineers consider two pressures when designing autoclaves 
and other pressure vessels— the operating or working pressure 
and the design pressure; the latter should always be set at least 
1 0  per cent above the operating or working pressure and w'ould 
correspond to the setting of the usual safety valve.

The writer know's of a number of cases in which safety heads 
are the sole safety device. In  such cases the design pressure of 
the vessel should not be lower than the rated bursting pressure of 
the rupture disk; even then, in many instances the best practice 
might call for a safety valve in parallel with the safety head. 
Further, in such cases the design pressure should be at least 50

per cent above the wmrking pressure, for if operated a t a  pressure 
too close to the rated bursting pressure, the rupture disk m ay be 
overstressed. This m ay result in prem ature. failure which in 
some cases can entail the loss of valuable batches of chemicals 
being processed.

W hen vessels are used for com paratively low operating pres
sures, the design pressure can be 50 per cent higher than the 
working pressure without an excessive increase in the cost of the 
equipment; but for high-pressure autoclaves it is probably de
cidedly preferable (from the standpoint of initial cost) to use a 
safety valve set at the design pressure and then, solely as an 
emergency safety device, a safety head with a rupture disk having 
a bursting pressure of one and a half or two times the design 
pressure.

Finally it should be borne in mind that the above remarks 
apply only to cases where vessels are being operated at per
missible maximum pressures. In m any instances vessels are 
actually operated at much lower pressures than those on which 
design was based. This sometimes makes it possible to use a 
rupture disk with a rated bursting pressure equal to or lower than 
the design pressure of the vessel but still following the recom
mended practice of being 50 pier cent above the actual operating
pressure. _

D . B . G o o c h
B l a w - K n o x  C o m p a n y  
P i t t s b u r g h , P e n n a .
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D o n ’ t  g e t  l e f t

Refiners w ho put off their post
war planning too long are likely to 
be left at the post—or at least, not to 
be in at the finish

C A T A L Y T I C  C R A C K I N G

R E F O R M I N G

H Y D R O G E N A T I O N

A L K Y L A T I O N

I S O M E R I Z A T I O N

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

H Y D R O F O R M I N G

D E H Y D R O G E N A T I O N

P O L Y M E R I Z A T I O N

U N I S O L  T R E A T I N G

R E T R E A T I N G

P O L Y T R E A T I N G

S W E E T E N I N G
>

U .  O .  P .  C A T A L Y S T S  U .  O .  P .  I N H I B I T O R S

O IL  IS  A M M U N IT IO N  — U S E  IT  W IS E L Y C A R E  FO R  Y O U R  C A R  FO R  Y O U R  C O U N T R Y

Universal Oil Products Co. (UUP)  Petroleum Process Pioneers 
C h i c a g o  4 ,  1 1 1 . ,  U . S . A .  \  F o r  A l l  R e f i n e r s

T h e R efiners In stitu te  o f  P etro leu m  T echnology



Q U Y  O v e r  1 5 0 0  A l c o  H e a t  E x c h a n g e r s

W J & R  H a v e  B e e n  S h i p p e d  T o  4 0  N e w

B O N D S  A v i a t i o n  G a s o l i n e  P l a n t s .

 ★      -  -------------------------------------------------

A M E R I C A N  L O C O M O T I V E  C O M P A N Y
A L C O  P R O D U C T S  D IV IS IO N

30  CHURCH ST., NEW Y O R K  (8), N. Y. DUNKIRK, N. Y.

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

I  h e  f l a m e  o f  w a r  p r o d u c t i o n  m u s t  b e  k e p t  b u r n i n g .  F a i l u r e  f r o m  a n y  c a u s e  

n o t  o n l y  d e l a y s  p r o d u c t i o n ,  b u t  m a y  m e a n  c o s t l y  d a m a g e  t o  f u r n a c e s  a n d  

e q u i p m e n t .  P r i t c h a r d  E m e r g e n c y  G a s  S t a n d - B y  P l a n t s  e l i m i n a t e  t h i s  p o s s i b i l i t y ,  

t h u s  i n s u r i n g  v i t a l  i n d u s t r y  a  c o n s t a n t  s u p p l y  o f  g a s .

P r o p a n e  is t h e  i d e a l  f u e l  f o r  n a t u r a l  g a s  s t a n d - b y .  P r o p a n e - a i r  c a n  b e  s u b 

s t i t u t e d  f o r  n a t u r a l  g a s  in  i n d u s t r i a l  d i s t r i b u t i o n  s y s t e m s  w i t h o u t  b u r n e r  a d j u s t 

m e n t s .  T h e  e m e r g e n c y  c h a n g e - o v e r  c a n  b e  a c c o m p l i s h e d  in  a  f e w  m i n u t e s .  

B u t a n e  o r  P r o p a n e - B u t a n e  LP G a s  m i x t u r e s  c a n  b e  u s e d  i n t e r c h a n g e a b l y .  

D e l i v e r e d  b y  r a i l  o r  t a n k  c a r  in  o f f  p e a k  s e a s o n s ,  i t  is  r e a d y  in  c a s e  o f  e m e r g e n c y  

o r  a  c r i t i c a l  g a s  s u p p l y  p e r i o d .

J .  F. P r i t c h a r d  a n d  C o m p a n y  G a s  E n g i n e e r s  a r e  t h o r o u g h l y  e x p e r i e n c e d  a n d  

c a p a b l e  o f  d e s i g n i n g ,  e n g i n e e r i n g  a n d  c o n s t r u c t i n g  c o m p l e t e  E m e r g e n c y  G a s  

S t a n d - B y  P l a n t s .  I n s u r e  y o u r  p r o d u c t i o n ,  p l a n t  a n d  e q u i p m e n t  a g a i n s t  d i s a s t e r ,  

i n s t a l l  a  P r i t c h a r d  S t a n d - B y  P l a n t .  C o n t a c t  y o u r  n e a r e s t  P r i t c h a r d  r e p r e s e n t a t i v e ,  

h e  w i l l  b e  g l a d  t o  a d v i s e  y o u .  J .  F . P R I T C H A R D  A N D  C O M P A N Y ,  G as Division, 
F i d e l i t y  B u i l d i n g ,  K a n s a s  C i t y ,  M i s s o u r i .

K A N S A S  C IT Y H O U S T O N  

N EW  Y O R K

P i t t s b u r g h

t u l s a

C H I C A G O

O R  T H E  C H E M I C A L  » P E T R O L E U M  *  G A S  A N D  P O W E R  I N D U S T R I E S !
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Visualize here, in place of this flow chart, a 

diagram of your own processes. Then ask your
self, “ Where will efficient D R Y ing of the gases 

or liquids we’re working with help us improve 

and speed up production?”— “ Will control of 
moisture in the atmosphere make us inde
pendent of outside weather conditions?”— “ Will 
the control of the moisture content of raw 
materials improve our processing?”

You decide where you can use D RYing to 
advantage. Then let Lectrodryer engineers help 
you determine how to do that job.

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

L E < T R O D R Y E R
le t U.S. Pal Oil,



I n  d y e i n g  a n d  f i n i s h i n g . . . i t  p a y s  

t o  t a k e  t h e  a l l - i m p o r t a n t  f i r s t  s t e p  w i t h

R H O Z Y M E  D-200

R O H M  &  H A A S  C O M P A N Y
u i s h i .\<;t <>,\ sQL.tni:, p i m . t n i l p i ii a . pa .

Maaulaenirers ol Chemicals iirc&ding Plastics . . .  Sjntfietic insecticides . . .  fimglbies. .. iraysiM.. .  Chemicals far tłu leather, Tentile asd otter Industries

T HE all-important first step in wet 
processing of fabrics is proper 

preparation for dyeing and finishing. 
Make sure the first step is right . . . 
desize with RHozyme D-200.

In addition to consistent results, 
RHozyme D-200 offers new desizing 
economies. It is ten times as strong as 
D egomma 20-F, the first Rohm & Haas 
textile enzyme introduced in 1930. For 
maximum efficiency, use RHozyme 
D-200 and Triton W-30.

RHozyme D-200 has an unusually 
wide application for desizing, meeting 
changing styles and conditions with the 
same assured results. Ask to have one 
of our technical representatives call 
to discuss this new enzyme with you.

R H o z y m e ,  D e g o m m a  arid  T r i t o n  are trade-marks o f  Rohm  
&  H aas Com pany ,  R eg . U .S . P at. Off.

3  awards to Rohm &  Haas 
Company an d  its associated 

firm s ,  The Resinous Products 
& Chemical Com pany and  
Charles Lennig & Company.
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S t o s v e l t o u d e .

FOR
PROPANE

I N  the marketing of propane it is necessary to 
provide safe storage facilities for this gaseous 

hydrocarbon. Welded steel pressure vessels such 
as thc^one shown above are serving as “store
houses for this product as well as countless other 
products produced at refineries, chemical plants, 
synthetic rubber plants and other types of indus
tries.

The designing and fabricating of this type of 
equipment has been a specialty at our plants for 
years. A t our Birmingham plant the skill and

complete facilities for x-raying and stress-relieving 
of pressure vessels are available to industry. 
Vessels up to 13 ft. 2 in. in diameter and as long; 
as can be shipped can be handled in the stress 
relieving furnace. A t our other plants we are 
equipped to fabricate pressure vessels to m eet 
A PI-ASM E specifications.

I f  welded steel pressure vessels or other types of 
storage tanks can aid you in your production, write 
our nearest office outlining your requirements. 
There is no obligation.

Calif. Yard 
Seneca, III. Shipyard 
Newburgh, N. Y. Yard

C H I C A G O  B R I D G E  
S t  I R O N  C O M P A N Y

Cleveland 1 5 . . . .  . ^ S l f S a l l  B ld f ' M K b k  t T ^ .1 ..................................................... 3 6 3 9  Clinton D rive
N ew  York 6   3 3 7 4  Broadw ay B  d t  W B w E k  V " ; ...................................................16 36  H unt Bldg.
Philadelphia 3 .    .................................    16 3 6  f t s S  ..........................................

H aV O na......................................................... 402 Edificio Abreu W a s h f e t : : V . Y . V . .........33o 'B ow en  B l d f

PIa,' tS Ín B IR M IN G H A M ’ CHICAGO, a n ä  G REENVILLE. PENN A. In  C A N A D A -H O R T O N  STEEL W O RK S LIM ITED . F O RT E R IE . O N T.



One o f America's freight-carrying giants o f 
the air getting a weight check-up on two 
Fairbanks-Morse A ircraft Scales and a 

Fairbanks-Morse Crane Scale.

FAIR BAM KS -  M O R S E
DIESEL ENGINES 
PUMPS 
MOTORS 
GENERATORS

WATER SYSTEMS
scales
STOKERS 
FARM EQUIPMENT

RAILROAD EQUIPMENT

•  w a r w o r k : m eans w e i g h - w o r k  for F a ir 
b anks-M o rse  Sca le s . T h e y ’re  w e ig h in g  
m unitions . . . food . . .  chem icals . . . tanks 
. . .  a ir c ra f t . . . shells . . .  ju st about every
thing, in  fact. T h ey  are weighing at speeds 
w hich  hum an hands can’t m atch. T h e y ’re 
weighing w ith  accuracy that hum an eyes 
can’t equal. T h e y ’re working in  endless 
shifts that hum an stam ina can’t endure. 
T h e y ’re helping to speed up A m erica ’s w ar 
effort on the production front, for Fairbanks- 
M o rse  Scales are “ at hom e”  on the produc
tion front, in  peace or in  war. Fa irbanks, 
M o rse  &  Co., Fa irbanks-M orse Build ing , 
Chicago, Illino is .

  A a A a

Weighing an "egg”  for the Axis. Correct weight fo r accurate gunnery.

Frozen eggs—NOT for the Axis! Weighing charging materials at iron works fum

F a i r b a n k s - M o r s e  S c a le s  
in  W a r w o r k



Separators fo r the separ 
vapor.

D avison gel type catalyst 
cracking plant.

plants o f the Standard O il Com pany (New Jersey)

Here, for the first time in  a commercial plant 
large quantities of a solid catalyst are circu
lated w ith the vapors being cracked. After the 
reaction is complete, the catalyst is separated 
from the vapors in  suitable separators.

T h e  finely powdered Davison catalyst is cir
culated through portions o f the "ca t”  cracking

T H E  D A V I S O N

7

plant at rates o f hundreds of tons per hour.
Davison cooperative research and "know  

how ”  in  the field of gel type catalysts, and 
catalyst supports, have done m uch toward 
the solution o f war time problems, and prom 
ise to play an even greater role in  peace 
time industiy.

E M I C A L  C O R P O R A T I O N
B a l t i m o r e  3 ,  M a r y l a n d

COPYRIGHT 1943. THE DAVISON CHEMICAL CORPORATION
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Ask POWELL for 
the Answer to 
all your VALVE 
requirements

THE WM. POWELL CO.
Dependable Valves Since 1846 

CINCINNATI 22, OHIO

Ask POWELL for 
the Answer to 
all your VALVE 
requirements

THE WM. POWELL CO.
Dependable Valves Since 1846 

CINCINNATI 22, OHIO

POWELL makes a 
complete line in 
pure metals and 
special alloys for 
Corrosion Service.
THE WM. POWELL CO.

Dependable Valves Since 1846 
CINCINNATI 22. OHIO

POWELL makes a 
complete line in 
pure metals and 
special alloys for 
Corrosion Service.
THE WM. POWELL CO.

Dependable Valves Since 1146 
CINCINNATI 22, OHIO

Ask POWELL for 
the Answer to 
all your VALVE 
requirements

THE WM. POWELL CO.
Dependable Valves Since 1846 

CINCINNATI 21 OHIO

Ask POWELL for 
the Answer to 
all your VALVE 
requirements

THE WM. POWELL CO.
Dependable Valves Since (846 

CINCINNATI 21 OHIO

POWELL makes a 
complete line in 
pure metals and 
special alloys for 
Corrosion Service.
THE WM. POWELL CO.

Dependable Valves Since 1846 
CINCINNATI 21 OHIO

See our exhibit et the 19th Expoti* 
lion of Chemicel Industriel, Madlion 
Square Garden, New York, N. Y ., 
Dec. 6-11 .1943.

POWELL makes a 
complete line In 
pure metals and 
special alloys for 
Corrosion Service.
THE WM. POWELL CO,

Dependable Valves tin» 1148 
CINCINNATI 22. OHIO

jf e / g  'p û ftŒ ll̂ o r  i& e  A n s w e r

f o  ( t / t *  y o u r M li/ if

A Seid Star, le be added le »er Marlllme 
"M" Pennant, has fuel been imrded vi 
1er sentlnaed merlterient preduellen per
formance dnrliti the lut ill months.



D Y N A L O G

Electronic  M e a s u re m e n t  a n d  Control

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

F o x b o r o  e n g i n e e r s  b l a z e  t h e  w a y  

t o  e l e c t r o n i c  s e n s i t i v i t y  i n s t r u m e n t s !

Today, a  lead in g  w ood chem icals plant is obtaining  

batch distillation tem perature records that can  b e read  

to 1/10°C.! This h igh sensitivity and accuracy m eans  

extra production -  increased  output of the desired cut. 
It is a  production and econom ic achievem ent brought 

about by Foxboro's Electronic D ynalog Instruments.
Yet, this is on ly  one exam ple of the "m ilestones"  

Foxboro h as estab lished  in electronic instrumentation.

Pre-War and Wartime Developments

For m ore than eight years, Foxboro Verigraph Elec
tronic Instruments h ave been  w id ely  used in rubber 
and paper industries. In m eteorological service, a  
Foxboro Electronic Temperature Recorder h as per
formed outstandingly for three years. And other e lec
tronic in stru m en ts  b y  F oxboro  are  n o w  e n a b lin g  
u n iq u e  s p e e d  an d  a c c u r a c y  in s tr e s s  a n a ly s is  of 
war p lanes.

Vol. 35, No. 12

wood chemicals plant.
process range expanded to full chart width.



b y  t O X B O R Ö
R E G . U . S .  P A T . O F F .

. . . N e w  D e g r e e s  o f  S e n s i t i v i t y  

i n  m e a s u r i n g  p r o c e s s  v a r i a b l e s !
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In te r io r  v ie w  of w a r p la n e  w in g  (left) s h o w s  in s ta l-  
la tio n  of SR-4 s t r a in  g a g e s .  T h e  a u to m a tic - s w itc h 
in g  E lec tro n ic  R e c o rd e r  (a b o v e )  e n a b l e s  e x a c t ,  
s p e e d y  r e a d in g  of 4 8 -te s t-p o in ts  u n d e r  a n y  lo a d in g !

Im p o r t a n t  F u tu re  Im p lic a t io n s

Today's production of these instruments is focused  
on war applications. Tomorrow, the sa m e  a d v a n c e d  
sen sit iv i ty  w ill b e  ava i la b le  to all industry in Foxboro 
DYNALOG Instruments. Difficult m easurem ent and  
control problem s w ill b e v a stly  sim plified. In som e  
industrial operations, DYNALOG Instruments w ill pro
v id e  the first practical instrum entation ever developed! 
The Foxboro Com pany, 40 N eponset A venue, Foxboro, 
M assachusetts, U. S. A. Branches in principal cities.

T y p ic a l  in s ta l la t io n  o f V e r ig r a p h  R e c o rd e r  in  p a p e r  m ill. T h e s e  e le c 
tro n ic  in s tru m e n ts  c o n tin u o u s ly  m e a s u r e  m o is tu re  of m o v in g  s h e e ts .  
S e n s it iv e  to  c h a n g e s  a s  s m a l l  a s  1 /1 0  o f 1%1



THIS STAINLESS TUBING

W E L D E D

Equipment sticb as beat exchangers, pipe lines 
and beating coils stays on the job longer -when 
made from this Stainless Tubing .

Fo r positive protection against specific corrosive 
elements, and oxidation from  high temperatures, 
it w il l  pay you to learn more about this tubing.

Tn many plants, processes are completed faster 
because Carpenter W e ld ed  Stainless Tub ing  helps 
to reduce maintenance time. A nd  because the 
inside surfaces are smooth, no tiny particles can 
lodge and give corrosion or product contamina

tion a foothold. A n d  this tubing is easy to clean, 
easy to keep clean.

Fo r help w ith  your special problems where cor- 
osion and heat present processing difficulties, 

consider Carpenter as your general headquarters 
fo r useful inform ation about Stainless Tubing. 
M uch  o f our pioneering w ork  and years o f 
experience can probably be put to good use in 
solving your problems. D rop  us a line today.

USE THIS PRINTED HELP TO GET THE MOST 
FROM THE STAINLESS TUBING YOU USE I

This convenient file folder provides some 
o f the basic information you need when 
considering the use o f Stainless Tubing. 
It gives data on corrosion resistance, 

c . , ^  , .Ph>'sicaI properties o f Carpenter W elded
Stainless Tubing, sizes and shapes available, etc. A  note 
on your company letterhead will start your copy on its 
way, so let us hear from you today.

THE CARPENTER STEEL COMPANY
W elded A lloy Tube Division •  Kenilworth, N. J .



Y O U R  P R O D U C T ,  T O O ,  M A Y  B E  I M P R O V E D

t h r o u g h  a  " P a r t n e r s h i p "

These products and m any hundreds more were each im proved through a "p a r tn e rsh ip ”  of 
knowledge. Y o u r  com pany, for example, possesses a wealth o f product experience and m anu fac 
tu ring  know-how. H ercu les, on the other hand, has acquired in  the past 30 years a vast storehouse 
o f chem ical knowledge. B y  sharing this knowledge w ith  each other, you r products and ours m ay 
be m ade better, more sw iftly , more th r ift ily . S im ila r  "pa rtne rsh ip s”  have produced tougher tires; 
longer-lasting cements; more pow erfu l insecticides; better textiles, p lastics, paints, papers; and 
an endless lis t o f articles. Perhaps we can furnish you w ith  technical data , lite ra tu re , or assistance 
on some specific problem . W r ite  H ercu les Pow der C om pany, In c ., W ilm in g ton , D e law are .



N e w  t y p e  p l a s t i c  

t o o l s  s a v e  m a n p o w e r  

a n d  m e t a l

A  new ethyl-cellulose based therm op lastic— cast 
like  m olten m etal in to  form ing blocks, d rill jigs, 
stam ping dies, and other tools— is speeding up 
the m anufacture o f a ircra ft parts and saving  
large quantities o f m etal.

These new p lastic tools— capable o f w ith stan d 
ing repeated h yd rau lic  press and drop ham m er
pressures as high as 2 or 3 tons— are on ly one-
sixth the weight o f o rd inary m eta l tools. T h e y  
also perm it lower casting tem peratures and 
more exact m old dimensions . . . resulting in less 
m achin ing and a 3 3 %  saving in 
form ing time. T h e  p lastic tools 
m ay be recast and re-used several 
times. A t the present tim e ethy l 
cellulose is so critica l that its use 
for these tools is allocated to on ly  
the a ircra ft industry. Hercu les
w ill be glad to furnish you w ith
names and addresses o f producers 
o f this p lastic. W r ite  Cellulose 
Products  D epartm ent, Hercules.

R e ce n tly  concluded a t K ansas  S ta te  College was a 3-yea 
test on cattle  and com m ercial insect sprays. In  these tests 
T h an ite  , the new  toxic agent for insecticides developed b ’ 
Hercu les, showed greater knockdown and k illing  power thai 
an y  other toxic agent tested. T h e  investigations have  als< 
shown that T h an ite  sprays offer longer-lasting repellency 
are non-toxic and non-staining even in  high concentrations 
and leave no residual odor or taste to foods.

These and other findings are to be included in a new  bool 
now  being prepared. I f  you w ou ld  like us to send you a cop) 
o f this book as soon as it  is published, or i f  you w ish technical 
data  regarding T h an ite  im m ed iate ly , w rite  N a v a l Stores 
D epartm ent, H ercu les Pow der Com pany.

*R eg . U . S . P a t .  O ff. b y  H e rc u le s  P o w d er  C o m p a n y

B a d  N e w s  f o r  P l i e s
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D o  Y o u  W a n t  t o  K n o w  M o r e  
A b o u t  W o r k in g  S ta in le s s  S t e e l  ?

R O L L

SH EA R

B L A N K

D R A W

SPIN

PR ESS  OR 
B R A K E  FO RM

FO R G E

SILVER  BRA ZE

A N N E A L  

P IC K L E  

R IV ET  

G R IN D  

POLISH 

B U FF  

A N D  ETC H  IT  

. . .a n d  H ow  to 

PRO TECT IT 

During Fabrication 

and C LE A N  IT 

After Fabrication

left— thoroughly! I t  tells what to 
do— and w h a t not to do. I t  has 
helped thousands of fabricators—  
and it  can help you.

In  it  you w il l  find tables showing 
approximate blank diameters for 
cylindrical shells, speeds for ma
chining, an n ea lin g  temperatures, 
p ick ling treatments, physical and 
mechanical p roperties o f ferrous 
and non-ferrous metals, hardness 
conversion figures and sheet metal

gauges. Recom m ended forg ing 
temperatures are given. The  va ri
ous steps in  g rind in g , po lish ing  
and buffing are outlined.

You’l l  find a ll this and much more 
of interest in  this highly useful book 
prepared from more than twenty 
years of experience w ith  stainless 
steels. W rite  t o d a y  for your copy.

R E P U B L I C  S T E E L  C O R P O R A T I O N
Alloy Steel Division, Dept. E C

Sales Offices • 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

R E P U B L IC
B e rg e r  M a n u fa c t u r in c  D iv i s io n  • C u lv e rt  D iv is io n  
N ile s  Stee l Products D iv is io n  • S tee land  T u b e s  D iv is io n  
U n io n  D ra w n  Steel D iv is io n  • T ru sc o n  Steel Com pany 
E x p o rt  D epartm ent: C b ry s ltrD ld n .. N e w Y o r k  1 7 .N .Y .

STAINLESS STEEL
Other Republic products include Carbon, A lloy and "A irc ra ft  Q u a lity "  Steels — Pipe, Sheets, Bolts ond Nuts, Tubing





TM* 8*«'llft plant operat« 
WllbnMt vibrnlfpn, over J  
f«et s f  wafer, atop of pillps

lotfalfatfon I» »wo CLARK 
Balanced Opposed £|e<»rl<. 
Driven Compressors, Avail, 
«bl« In * l« s  from 50 fo 
1000 H,P,, for pressores from 
2 0 " ypcuum fo 3000 Ib«.

L\'"!r V  "  ' ' l

How would you like to operate a seagoing  
compressor plant? These CLAEK Balanced  
Opposed Compressors are operating over 20 
feet of water, atop of piling — a  mile from shore 
in Lake Maracaibo, Venezuela. If there were 
the least horizontal vibration, the plant would 
long ago have gone for a  ride in the lake. But 
these compressors a re  e le c tr ic  d r iv e n  a n d  
em ploy the balanced opposed principle of com
pletely counterbalanced operation. Compressor 
cylinders are opposed, and pistons move in 
opposite directions simultaneously.

This unit is especially adapted for locations 
where it is impossible to construct firm, solid 
foundations. It is w idely used for natural gaso
line and vapor recovery plants, gas and air lift, 
refrigeration, and in ' special process work, for 
which automatic control of pressures or volume 
can be readily built in.

C L A R K  B R O S . C O ., IN C . 
O le a n , N e w  Y o r k ,  U .S .A .

Domestic Sales Offices and Warehouses: Tulsa/ 
Okla.; Houston, Tex.; Chicago, Ilf. (122 N. 
Michigan Ave.); Boston, Mass. (131 Clarendon 
St.); Huntington Park, Calif, (5715 Bicket St.) 
Foreign Offices: London, England; Avda Roque 
Saenz Pena, 832, Buenos Aires.

AFFILIATED COMPANIES: Dresser Mfg. Co., 
Bradford, Pa.; Pacific Pump Works, Hunting
ton Park, Calif.; Bryant Heater Co., Cleveland, 
Ohio; BoYaird & Seyfang Mfg. Co., Bradford, Pa,



T h e  u n d e r - c o v e r  s t o r y  o f  A m e r i c a ' s  w a r  p r o d u c t io n

•  T h e y  m oved in  a t  night — one o f the 
fastest, m ost efficient m echanized forces 
the w orld has ever s e e n ...E x a c tly  2 4 1  
d ays later th ey  m oved out, and behind  
them, w here a  prairie had been before, 
w as one o f  the greatest industrial units 
in  the w orld— under the cover o f a  single 
roof.

O ur p art in  the sto ry  o f the building of 
A m erica 's v a s t  production facilities in 
cludes the B a rre tt R o ofs w hich to d a y  
protect scores o f w artim e giants built for 
the A rm y  and the N a v y ,  for F o rd ,

Cu rtiss-W righ t, G lenn L .  M a rtin , N o rth  
A m erican A viatio n , U nited A irc ra ft and  
m an y others. T h u s B a rre tt Roofs, like 
m an y other B a rre tt basic products, are 
contributing to help keep this nation  
strong in w ar.

T o d a y  B a rrett Toluol is being used for 
T N T . .. Benzol fo rT e try l.. .Phenol for p ly 
w ood plan es...A n h yd ro u s A m m onia for 
nitric a cid ...P h th a lic  A n h yd rid e fo r ship, 
tan k and truck finishes.. .D ib u tyl P h th a- 
late for smokeless pow d er...P yrid in es for 
sulfa drugs...Q uinoline for vitam in s...

R ub ber Com pounding m aterials for 
extending v ita l rubber supplies...

B ecause these and scores o f  other 
B a rre tt basic products are required to  
speed the m anufacture o f  the nation’s 
w ar weapons, deliveries for civilian  use 
m a y h a v e  to  be curtailed or delayed. A ll  
B a rre tt ’s p lan t facilities and 89 years  
o f  m anufacturing experience are being 
utilized to  keep production a t  top speed 
to m eet the increasing dem ands o f  
essential w artim e requirem ents.

THE BARRETT DIVISION
ALLIED CHEMICAL & DYE CORPORATION 

40 Rector Street, New York 6, N. Y.

^ ^ " TA?PCHEM,CAlS! Phr ° ' "  “ ■ —  • "«■>«»■—  . PhthalicAnhydrides Cursor ( Parocoumarone-Indene Re„n | . Rubber Compounding Materials . Bordol* .
Barretan . Pickling Inhibitor. • Benzol • Toluol .  Xylol • Solvent Naphtha . Hi-Flash Solvent •
LlIuoT". S . ,Ĉ micaU * Agents . Tor Distillate . Anhydrau. Ammonia • Ammonia
liquors Sulphate of Ammonia . Ammonium Nitrate . Areadian», the American Nitrate of Soda
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O N E  O F  
A M E R I C A 'S  
G R E A T  B A S I C  
B U S IN E S S E S

Beg. U. S. Pat. OfT.
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A M E R I C A N  F L A N G E  &  M A N U F A C T U R I N G  C O . IN C .
30 R o ckefe lle r P la z a , N ew  Y ork  20, N . Y.

P lease  sen d  m e , free  o f  c h a rg e , a  copy o f  th e  I)e  Luxe 
E d itio n  o f  “ We W'ere T h e re .”

N a m e ...................................................................   P o s it io n .........................

F irm ...........................................................................................................

Address  ....................................... .................... .................... ..
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[f jgj ''The pilots were quiet 
and solem n that n ight". • .

B e  L u x e  B o u n d  C o p y  
F r e e  U p o n  R e q u e s t

M any tales have been told o f m en  and tanks 
and planes. There is a story, too, o f  the drum s 
o f oil and gasoline th a t have gone w ith  them  
to  d istan t lands, and have played a part in  
strange adventures.

T hat story is told in  “ We Were There”  — a 
m odern odyssey th a t carries th e  reader through h istory-  
m aking exploits in  Africa, th e  Pacific, T un is, th e  A leu
tian s, Java and Alaska. It is profusely illu strated  w ith  
original portraits o f  W inston C hurchill, G eneral C hiang  
K ai-shek, G eneral Carl Spaatz, G eneral Sir B. L. M ont
gom ery, Lt. Col. J im m y Devereux, and pencil stu d ies o f  
natives o f  T un isia , th e  A leutians and Java. A copy o f  the  
De Luxe E dition , b eau tifu lly  bound, will be sen t free 
upon request. Ju st m ail th e coupon.



e q u i p m e n t  is  h e a t -t r e a t e d
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• .£  n la r g e  re fin e r y

t h T r T c no m p l e x p e y o ^ emd

s r -aen ts o f s y n th e t.c  products-

cial heat-treating (urfiace exp|or-
final check, is subjected ^

ing eye of the X- Y Qy or -m.

flaW in f  S ,rh t U can go undetected, 

periection ct its products.

T H E  B A B C O C K  &  W I L C O X  C O .  8 5  L I B E R T Y  S T R E E T ,  N E W  Y O R K  6 ,  N .  Y .
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leading part in PP manufactunng 

The B&W « « * * “ £  drums. towers,
high-pressure ^  unsurpassed.
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e q u i p m e n t

c o m p l i c a t e d  design-

mCTted i t t ’a T ^ . efficient, and are guarantees o
*,r a l products, economical h s_41T



A n o t h e r  T o u g h  L e a d  B u r n i n g  

l o b  S i m p l i f i e d !
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H O U S T O N . T E X A S

Sep tem b er 3-6, 1 9 «

L ead C o n s tr u c tio n  CorP

f T ^ o x 1 7 1 5
HÍUST0B , T e x a s
1 10 0 3 ,1  th e  le a d

b u rn e rs  ^ ^ c o n t r a c t i n g  a  0
e x p e r ie n c e  m  ^  T o m lin s o n ,^
n a t u r e .

b u rn e rs  ^ c o n t r a c t i n g  -  -
e x p e r ie n c e  m  Torollna o n ,
n a tu r e -  l0 e r in t e n d e n t , Mr ■ s a t i s f a c t o r y ^
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T H E  A N D R E W S  L E A D  C O N S T R U C T I O N  C O R P .

L E A D  B U R N I N G  C O N T R A C T O R S  .  1 2 0  B R O A D W A Y ,  N E W  Y O R K  5 ,  N .  Y.
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H D A M S  P O R O -S T O N E  FILT ER S e m b o d y  th e m ost a d v a n c e d  Ideas in the  

d 4 s '9 n an<  ̂ construction  o f pressure filter eq u ip m en t fo r acid s and co rro sive  

liquids. Su p p lie d  in tw o  ty p e s — the rubber-lined " C F R "  and th e lead-lined  

" C F L " — each  with its sp e cific  a p p lica tio n  d ep en d in g  on o p e ra tin g  conditions.

, These to ta lly  en clo sed  filter units a re  co m p a c t, easily  installed, rea d ily  c lean ed  

b y  b ack  w ash in g. S p e cia l construction o f P O R O -S T O N E  filter m edium  

assures long life and a minimum o f  m ain ten an ce tim e and exp en se. A d a p t 

a b le  to  a w id e v a rie ty  o f industrial ap plicatio n s. W r ite  fo r Bulletin 3 0 2 ,  

contain in g full d etails.

C O R R O S I O N  R E S I S T A N T
H e a v y  d u ty  shell an d  all internal p a rts  a re  lead  

o r ru b b er lin ed. C o rro sio n  resistant p oro u s fil

terin g  piedium  an d  b o n d in g m aterial.

j A C C E S S I B I L I T Y
A d a m s ’ d esig n  perm its inspection or rem oval 

o f  tu b es w ith ou t disturbing shell or p i p i n g

condition s.
1

R. P. Adams Co.

C L E A N I N G
The clean in g p ro cess  is easily, quickly and n eatly  

a cco m p lish ed  b y  back w ash ing a single tu b e a t  a  

tim e o r th e c o m p le te  shell.

I N S T A L L A T I O N
The c o m p a c t, self-con tain ed  d esign  perm its in

stallation a t  flo o r level or e le v a te d . O n ly  th ree  

co n n ectio n s req u ired .

Buffalo, N. Y.

ADAM S ^ o n a - S t w e  >
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A T  Y O U R  S E R V I C E  . . .

F ifty  grades o f  sod ium  silicates are here fo r present day needs 
in  num erous industries and fo r  the needs to come. T h e  useful 
com binations in  the range from  3 N a 20 :  2 S i0 2 to N a 2Or 3.9 S i 0 2 
serve as detergents, adhesives, cements, co llo id s , inh ib ito rs , 
coagu lating  and defloccu lating  agents and in  m any o ther ways.

I d  certain applications, such as film 
form ation, the b loom  that appears 
on sodium  silicate may be objec
tionable. For non-b loom ing films, 
turn to  potassium  silicates. Several 
grades are offered under the gen 
eral name o f Kasil.
Kasil No. 1 M olecular ra tio  1:3.9 29° 11 a ume
Kasil No. 2 M olecular ra tio  1:3.9 32° Baume
Kasil No. 6 M olecular ra tio  1:3.29 4 0 .5 ’ Baume

Y et another difference in  the be
havior o f potassium  as compared 
with sodium  is in  its use as a binder 
in carbon arc pencils. K asil gives 
a quieter burning arc o f greater

length. H ence, formulas for w eld 
ing  electrodes used for metals such 
as stainless steel specify potassium  
silicate.

W ould you like to have m ore in 
formation on K asil Potassium  S ili
cates? Perhaps they may open the 
way to new  products or im proved  
processes. W e w elcom e the oppor
tunity to explore these possib ilities.

P H I L A D E L P H I A  
Q U A R T Z  C O M P A N Y
G en’I Offices: 125 South T h ird  St., P h ila i 6, Pa. 
C hicago Sales Office: 205 W est W acker Drive



D ecem ber, 1943 I N D U  SJT 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 93

T o r  ( o n f i t u c

a n d % e lia 6 le  S e n d e e

NATIONAL AND KARBATE CARBON AND GRAPHITE PRODUCTS
TRADEMARK TRADEMARK

are extremely versatile and readily adapted to the con
struction o f equipment o f conventional design as well 
as special equipment of new design.

Outstanding performance and economies, along with 
simplification of design, are made possible by the 
following unique and advantageous combination o f  

physical and chemical properties offered by these 
materials.

ItcBistuuce to severe thermal shook ' Mo deformation 
at high temperatures ' Mol wet by molten metals -  
no sticking '  Meehunioul strength maintained at 
high temperatures '  No reaction with most acids, 
alkalies and solvents no contamination '  High 
rate of heat transfer (Graphite and graphite huso "K a r -  
hatc”  products) * I,ow rule of heat transfer (Carbon 
and carbon huso "K arb u te”  products) < t,ow thermal  
expansion '  Good electrical eoiiductivily t Self- 
lubricating ' Available in impervious grades < 
Available in highly permeable (porous carbon and 
graphite) grades '  Easily machined and fabricated.

Practically any design can he machined nr fabricated 
from available stock in the form of beams, blocks, slabs, 
brick, plates, round and rectangular rods, tubes and 
cylinders, pipe, fittings, valves, tower sections and 
tower accessories.

Special shapes or forms can he molded or extruded 
when quantity justifies.

The illustrations show only a few of the many diversi
fied applications of these products.

Write fo r  descriptive literature

4 T  h igh  a ll-m rfeyn  eUctrosuatic
prerú p ita lo r

H ë t u r r i  b e n » 1 
C'eding rmt

P o ro u s Carfum D iffu se r

H eaders f o r  h ea t  
exchanger

Sec tio n s  o f  seg m en ta l ty p e  
reaction  tower

7  ub e  a n d  shell hea t exchange  u n i t

P ip e , F ittin g s , I t  abide Caps 
a n d  T ra y s

NATIONAL CARBON COMPANY, INC.
Unit of (Jñloif Coriid* end Caiioii Cwpotatioo

m
CAzeott m owers  e  tvwoH, c u v é l a m ,  onto

Go,wat Offkoti 30 iatl Mod St., How Yodt, U, Ÿ,
Sefot Offii«* How Yotk - * Œioÿo - St, took ,  , fmtHtO
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DOW THERM 
580  °F

VAPOR
2 / ^ G A

The Simmonson-Mantius process 
for reconcentrating H2S O i operates 

under vacuum with temperatures 
of 350 Deg. F. or higher. Use of a Dowtherm 
system for the process heating offers several 
unique advantages. The condensing Dow
therm Vapor at 21 psi pressure and 580 
Deg. F. gives the maximum evaporative effi
ciency with minimum heating surfaces; 
costly pressure equipment is eliminated. In 
addition Dowtherm's high operating tempera
ture makes possible successful operation with 
only two stages of the acid concentrator. 
Normally, when steam is used, three stages 
are necessary.

For new users of this process who do not 
have available the high pressure steam neces
sary for the higher stage of acid concentra
tion, Dowtherm offers the practical and eco
nomic solution.



A  M E S S A G E  T O  T H O S E  W H O  F O R G E T

We have a photograph very much 
like the illustration on this page, but 
we cannot publish it.

Its grim reality is simply too shock
ing; and yet that very reality might 
serve a useful purpose. For, all too 
many of us read the casualty list in 
terms of numbers, forgetting that each 
unit in the number is an American boy 
lost or wounded or dead.

In very' much the same way we read 
figures about production at home, for
getting that figures on production-and  
figures on lowered production due to 
slow dow ns-can be a real measure of 
the men who won’t come back.

It is only when we think of these 
numbers of lost hours of production in 
life-and-death terms of men, that we 
realize how vital it is to win the earliest 
victory; and that the way we at home 
can best contribute toward this, is to 
eliminate industrial slow downs.

Fortunately m any types o f slow  
downs can be prevented.

Not among the least of these is the 
slow down due to valve failures. The 
way to prevent this type is to avoid 
valve trouble before it starts.

Have the valves in your plant in
spected regularly. Have the operation 
and maintenance of valves entrusted 
to experienced hands. If workers are 
new, be sure that they are trained at 
the earliest moment to operate valves

properly. When new valves arc in
stalled, make sure that they are selected 
and installed by experts.

Jenkins Engineers are ready to assist 
any management in developing a prac
tical program of valve conservation.

Reprints of I ft is advertisement are available
for display in your plant. »

Jenkins B ros., 80 W hite Street, New 
Yo rk  13, N . Y . ; Bridgeport, C Jonn .j 
A tlan ta , G a , ; Boston, M ass.; I'h ila- 
delphia, P a .: Chicago, I I I .  Jenkins t\
B ros., L td ., M ontreal; London, Eng. < 22*

--------------------------------

J E N K I N S  V A L V E S
S I N C E  1 8 6 4  

For every industrial, engineering, marine and power 
p la n t serv ice  . . . in B ronze, Iro n , C ast S te e l and  
Corrosion-Resisting Alloys . . .  125 to COO Lbs. pressure.
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H o w  S o l v e n t  V a p o r s  A r e  R e c o v e r e d  F r o m  A i r

W i t h  C O L U M B I A  A c t i v a t e d  C a r b o n

V A P O R - L A D E N  

A I R  I N L E T
E X H A U S T  A I R  

S O L V E N T  F R E E '

a d s o r b i n g

b l o w e r

1
A D S O R B E R S

A J

gOL_UI1B]A ACTIVATEO CARBON

L O W  P R E S S U R E  S T E A M
L

^UIÏBj_Â ACTIVATED CARBON1.

A
C O N D E N S E R

T

C O N T I N U O U S

D E C A N T E R

W A T E R
/

r e c o v e r e d

s d l v e n t

S O L V E N T  r e c o v e r y  p la n t s  u s in g  C O L U M B I A  

A c t i v a t e d  C a r b o n  a re  b e in g  u s e d  in  m a n y  

t y p e s  o f  m a n u fa c tu r in g  o p e r a t io n s  w h e r e  so lv e n ts  

a r c  v a p o r iz e d . A l l  k in d s  o f  o r g a n ic  s o l v e n t s -  

a lc o h o ls  c h lo r in a te d  c o m p o u n d s , esters, e th e rs , 
h y d r o c a r b o n s , k e to n e s, a n d  c a r b o n  b i s u l f i d e - c a n  

b e  r e c o v e r e d  w it h  h ig h -o p e r a tin g  e ffic ie n c y  a n d  
lo w  r e c o v e r y  co st. M a n y  o f  th e  la r g e  p la n t s  a r e  
a u t o m a t ic a l ly  o p e ra te d .

H e r e  is  b o w  o n e  s im p le  t y p e  o f  s o lv e n t -r e c o v e r y  
sy ste m  w o r k s :

T h e  v a p o r -la d e n  a ir  is  d r a w n  in to  th e  c o lle c t in g  
p la n t  b y  th e  b lo w e r , a n d  is p a sse d  t h r o u g h  th e  

b e d  o f  a c tiv a te d  c a r b o n . T h e  a c t iv a t e d  c a r b o n  

a d s o rb s  th e  s o lv e n t  v a p o r , a n d  th e  s o lv e n t-fr e e  a ir  
is  d is c h a r g e d  to th e  a tm o s p h e r e .

W h e n  th e  a c t iv a t e d  c a r b o n  h a s  a d s o r b e d  th e  
d e s ir e d  a m o u n ts  o f  s o l v e n t . . .  in  o r d in a r y  o p e r a 
tio n s  th is  ta k e s  a b o u t  30 m in u te s  to o n e  h o u r  

th e  a i r  s tr e a m  is  s w itc h e d  to a n o th e r  a d s o rb e r .

"M ." i, , of C h id . a„d Carbon Cb-micI, Cor„„,a,i„„

T h e  a d s o rb e d  s o lv e n t  is  d r iv e n  o u t  o f  th e  c a r b o n  

b e d  w it h  lo w -p r e s s u r e  ste a m  a n d  th e  ste a m -  
s o lv e n t  v a p o r  m ix t u r e  is  c o n d e n se d .

I f  th e  s o lv e n t  is  n o t  s o lu b le  in  w a te r , it  is  

s e p a r a te d  b y  an  a u to m a t ic  d e c a n te r . W h e n  th e  

s o lv e n t  is  w a te r -s o lu b le , it  is  s e p a r a te d  b y  d is 
t illa t io n . J

W e  d e sig n  a n d  s u p p ly  c o m p le te  s o lv e n t  r e 

c o v e r y  p la n t s  to m e e t in d iv id u a l  m a n u fa c tu r in g  

p ro b le m s . W r it e  fo r  o u r  b o o k le t , “ S o lv e n t  R e c o v 

e r y  b y  th e  C O L U M B I A  A c t i v a t e d  C a r b o n  S y s t e m .”  

I  o r  in fo r m a t io n  c o n c e r n in '’' th e  u se s  o f  

C O L U M B I A  A c t iv a t e d  C a r b o . U a d d r L :

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

C o r p o r a t i o n

Unit of Union Carbide and Carbon Corporation 
3 0  E ast 4 2 n d  S tr e e t  |T H d  N ew  Y o rk , N. Y.

P r o d u c e r s  o f  S y n t h e t ic  O r g a n ic  C h e m ic a l s

b u y  u n i t e d  s t a t e s  w a r  b o n d s  a n d  s t a m p s
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P a r t  o f  a  S i n g l e  J o b  o f

n Q C f r t & t u Û L

Plate ^  Sheet Wc
The photo above shows four (dj fcponUI ("» fo> dud 

collection system - 7-foof diameter, The T's ore falnf* «t».d It Bill ,'t !n< h 
plate with forged bar flanges and of all welded • OUjjiMi linn IfiU »Pjufjn 
meat is part of 200 carloads of equipment lor >>><■ ion i/ifm t 
preparatory to the manufacture of aluminum, Built In (he (,[«nf
in Johnson City, Term,

/.< rîg-*; Cr* 'A ï  ¡<(»
d ^ - ie r s ,  «»'g- -g -  v '* ' • ■
15 fî-i-  ?4sriîa**^ iy
A Zsk -tr-" Crfy, *• • •

If it's made of  Iron or S tee l  — 
d ra w  a p ic tu re  o f  H — yf& 'lf bui ld  It,
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PROCESS ENGINEERING AND DESIGN
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e .  b .  £ l c i c i c | G r &  m m  c ° *

B O S T O N  E S T .  1 8 4 1

New York • Philadelphia * San  Francidco • London 

P R O C E S S  E N G I N E E R S  A N D  C O N S T R U C T O R S  FOR THE C H E M I C A L ,  PETROLEUM AND PET R O - C H t  MI C A l  I NDUE T M  K if

INITIAL PLANT  O PERA TIO N

ii s/>7/ America’s most serious busi
ness of the moment. Industrial efficiency 
is high—but not high enough. Production 
is huge —but still short of goals. Both 
objectives demand the redoubled effort of 
every loyal individual and concern-

B a d g e r  is knee-and-elbow-deep in 
th e  kind of large-scale work for 
which B adger’s long experience is 
p a r t ic u la r ly  su ite d . S ince P ea rl 
H arbor—and before—Badger ser
vices have been heavily engaged 
in  process engineering, design and 
construction for bo th  Governm ent 
and p rivate  war-production p lants 
in  th e  chem ical, p e tro leu m  and  
petro-chemical fields.

T he to ta l num ber of Badger em 
ployees engaged on war projects to  
date  would populate a  small city. 
The m any construction operations 
in which Badger has had an im por
ta n t p a r t during the past three years 
extend through m any states and 
foreign countries. They represent a 
value approxim ating the cost of 
several “Alcan” highways.

C onspicuous are  plants for the 
m anufacture of bu tad iene, alcohol, 
to luo l, tri-n itro -to luene, plus m any 
complete refineries for the produc
tion of aviation gasoline.

B adger is thoroughly equipped 
and m anned to  assume full respon-

s lb ility  for th e  c o m p le te  h a n d lin g  
o f  n n y  size p ro je c t,  from  in c ep tio n  
to  final te s t- ru n  o p e ra t ion. A ro u n d  
th e  k e y  p erso n n e l o f  B a d g e r 's  c e n 
t r a l  o rg a n iz a tio n  a r e  te c h n ic a l a n d  
la b o ra to ry  en g in ee rs ; des ig n  e n g i
neers a n d  d ra f ts m e n ; p ro c u re m e n t, 
e x p e d itin g  a n d  a c c o u n tin g  ex p e rts  
seaso n ed  a n d  e ffic ien tly  
c o n s t r u c t io n  c re w s ; 
p la n t  o p e ra to rs ,

All these combine to afford the 
m any advantages to be gained from 
placing everything in the hands of 
one qualified concern working in 
close co-operation with your own 
organization.
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DAY COOLER
Vol. 35, No. 12

For Cooling and Screenin
This cooler provides a simple and  efficient m eans 
of rapidly cooling g ranu la r and  pow dered 
terial w here a rapidly falling tem perature 
required .
There are cooling coils, connected in 
both the bottom p an  an d  the top 
m aterial is cooled by contact with 
pan  and  by radiation from the top cover. 
Either deep  well-water, or b rin e  can  b e  used 
the cooling m edium  d epend ing  on the 
ture drop desired.

D A Y  D 2 W A T E R E R

For ̂ W atering and Screening
The screen  fram es in  all Ro-Ball units a re  set in  a 
nearly  level position; this feature com bined with 
the Day Ro-Ball Super-Active Ball C leaning 
Device provides a  most effective action for d e
watering, o r screen ing  work.
The Super-Active Ball C leaning  Device breaks 
the surface friction of the liquid  and  makes 
possible the passage of m ore liquid  through 
given screen  area. At the sam e 
device assures a c lean  screen  u nder 
which soon b lind  the m esh openings of 
in  o ther types of equipm ent.
The fact that the Ro-Ball S creen  operates at 
nearly  level position allows the m aterial to be  
the screen  surface for a  maximum length  of time, 
w hich perm its the g rea ter am ount of drainage* 
with the consequent result of a  d rie r product
E J .H .  ----------------

O M PA N Y.
INCINNATI-Ohio

U N S K I L L E D  H E L P

Trained manpower is not needed 
for the operation of dustless 
Mikro-Pulverizers. A new man 
(or woman) can get to work on 
a Mikro and in five minutes 
you'll be enjoying all the advan
tages of fine grinding with par
ticle sizes mechanically con
trolled. Mikro-Pulverizers re
duce pulverizing costs all along 
the line. They cut power costs, 
save floor space, cut cleaning 

time in half. Send 
for 32 page catalog.

IF YOU'RE INTERESTED IN MAKING POW 

DERED METALS, WE HAVE SOME NEW 

INFORMATION WHICH WILL INTEREST 
YOU. WRITE US.

P U L V E R IZ IN G  M A C H IN E R Y  C O M P A N Y  
40 Chatham  Road • Sum m it, N ew  Jersey

T H E  C H E M I S T R Y

of the

A L I P H A T I C  O R T H O E S T E R S

By
HOWARD W. POST

Department of Chemistry, University of Buffalo

thjs work to co-ordinate and present 
f ° 7  u m t[le literature on the ortho-3  allphatic carbon, namely those of orthoformic acid 

and its homologs and of orthocarbonic acid. Space will also 
be given to silicon analogs of these compounds.

The subject matter will be grouped under headings indica
tive of reactions rather than of compounds and under sub- 

arrangcd “  historical sequence. For instance, the
m r f 0 u “ u t  hr ter  ̂ -̂‘ii be treated according to method, subdivided chronologically.

CO A2WT.S;—Introduction; Preparation and General 
Properties; Reactions with or Catalyzed by Inorganic 
Acidic Substances; Reactions with Organic Acids, Anhy
drides and Halides; Reactions with Nitrogen Compounds- 
Reactions with Organo-Metallic Compounds; Carbohy
drate Orthoestcrs and Orthoacids; Miscellaneous Reactions; 
Silicoorthoesters: Preparation and Physical Properties- 
Chemical Properties of Silicoorthoesters; Polyalkoxides of 
Other Elements of the Fourth Column; Physical Properties 
of Orthoesters; Author Index; Subject Index.

A .  C . S .  M o n o g ra p h  N o . 9 2 , 188 P a g e s ' $4 .00

REINHOLD PUBLISHING CORP., 330 W. 42nd St., New York, N .Y.
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r K&mWfik
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W  HEN EACH SMALL PART, as it COHICS from the 
machine— each finished article, as it comes from 
the assembly line— varies not at all from the 
others, the problems of q u a li t y  production have 
been solved, and q u a n t ity  production presents 
small difficulty.

M o d e m  e lec trica lly  o p e ra ted  m an u fac tu rin g  
eq u ip m en t is ex p e rtly  designed to  produce w ith 
absolute exactness. T h a t ’s the m iracle behind to 
d a y ’s o u tp u t.  B u t , th e  m echan ica l perfec tion  of 
each  in d iv id u a l u n it m u s t be m a tch ed  b y  an  u n 
failing , u n v a ry in g  pow er su p p ly . E v e ry  u n it, 
how ever sm all, m u s t b e  responsible for its  own 
se cu rity . T h a t  is w hy  SO LA  C o n s ta n t Voltage 
T ran sfo rm ers  a re  w idely  used  to  p rov ide p ro tec
tio n  ag a in s t dam ag ing  v o lta g e  v a r ia tio n .

W here th is  con tro l is lack ing , e lec trica lly  o p er
a te d  o r  con tro lled  eq u ip m en t is h ighly vu lnerab le 
to  v o ltag e  fluctuations. D evices designed to  
o p e ra te  a t  r a te d  vo ltages react d ifferen tly  to

drops o r increases in vo ltage. T h en  uniform  accu 
racy an d  synch ron ization  o f I lie product ion line 
no longer exists. Precision work becom es im 
possible. R ejects increase in num ber,

SOLA "C V s”  protect, eq u ip m en t and in s tru 
m ents, absorb ing  voltage sags and  surges up to 
3 0 %  and  deliver an  unchang ing , specific voltage 
regardless o f in p u t varia tions from over-loaded 
supp ly  lines.

A u tom atic  an d  in s tan ta n eo u s  in ac tio n , SOLA 
"C V s” allow  no jo lts  o r sags to  slip th rough , 
T h e y  a re  m ade w ith the sam e m odern  ex a c titu d e  
as the m ost in tr ic a te  eq u ip m en t. Im m ediate ly  
available in s ta n d a rd  un its , capac ities from  JO 
VA to 15 KVA, SOLA C o n s ta n t Voltage T ra n s 
former# can also he b u ilt to  y o u r s|s:cification .

N ote  to  Industria l Executives! IVhote there In it ¡noli 
Urn involving toluty e/mlrol, tot neuter wln/i lit iit/iure, 
SOLA "CU” '/ 'ratitfornetrtt m n lo-ltt noire U. Auk for hot- 
letin SC  V-7A.
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I t  i s  p r a c t i c a l  e x p e r i e n c e  t h a t  c o u n t s  

i n  a p p l y i n g  S u p e r  R e f r a c t o r i e s

1 F ir in g  S t e a t i t e

T N  firin g  s te a tite — ro a s t in g  c o rro s iv e  o re s— tre a tin g  
J- m e ta l p a r ts — re d u c in g  a n d  re f in in g  n o n -fe rro u s  
m eta ls , ra d ic a lly  d iffe ren t c o n d i t io n s  a re  en c o u n te re d . 
Y e t, in  th ese  d iv e rse  o p e ra tio n s  th e re  is a c o m m o n  
n ee d — th e  n ee d  fo r  su p e r  re f ra c to r ie s  such  as p r o 
d u ce d  by C a rb o ru n d u m . W ith  th e  v a ria b le  c o n d i t io n s  
ex is tin g  in  th e se  as w e ll as n u m e ro u s  o th e r  ty p es o f  
in s ta lla tio n s , n o  o n e  g ra d e  o r  k in d  o f  su p e r  re fra c to ry  
is  c a p a b le  o f  m e e tin g  th e ir  in d iv id u a l re q u ire m e n ts .

T h e re  a re  n o w  m o re  th a n  sixty-five v a rie tie s  o f  
C a rb o ru n d u m  B ra n d  S u p e r R e fra c to r ie s , ea ch  d e s ig n e d

to  w ith s ta n d  specific  se rv ice  n ee d s . B u t o f  eq u a l im p o r 
ta n c e  is  th e  ab ility  o f  o u r  e n g in e e r in g  sta ff to  se le c t th e  
r ig h t  su p e r  re f ra c to ry  fo r  th e  p u rp o s e  a n d  a p p ly  i t  to  
a  g iv e n  in s ta l la t io n .

O u r  c o m p re h e n s iv e  u n d e r s ta n d in g  o f  re f ra c to ry  p r o b 
le m s— g a in e d  f ro m  y ea rs  o f  p ra c tic a l  a n d  te c h n ic a l  ex
p e r ie n c e — h as p ro v e d  e x c e p tio n a lly  v a lu ab le  to  w a r  
in d u s try  p la n ts . I t  w ill  b e  eq u a lly  a d v a n ta g e o u s  to  
o p e ra to rs  o f  n e w  a n d  im p ro v e d  p ro c e s se s  fo r  th e  p o s t 
w a r  e ra . r

L et us c o n s u lt  w ith  you  o n  y o u r  r e f ra c to ry  p ro b le m s .

4  R ed u c in g  a n d  R e f in in g  N o n - fe r r o u *  M e ta ls

Every hour this war is shortened will save $12,000,000. The 
lives it will save are priceless. Let’s get it over with—quickly!
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Merco N ordstrom  Valve Company, in 
com mon w ith the entire valve industry, 
is em erging from  a very trying period. 
Earlier this year the need for' valves 
in vital w artim e industries greatly ex
ceeded all available facilities. N o rd 
strom  was ordered to produce 600%  
over norm al capacity' during a short 
period and then was confronted with 
shortages ranging from  m an-power and 
m achine tools through storage facilities 
and materials. These handicaps, we are 
pleased to report, have now been largely 
elim inated—thanks to a realization on 
the part o f the W ar Production Board 
of the indispensable and unique posi

tion occupied by N ordstrom  Valves.
O ur tonnage of cast steel N ordstrom  

Valves has shown a progressive increase 
m onth by m onth. O ur plant capacity is 
now geared to a production rate never 
before attained in our history. W e 
know  of no  other valve company that 
has had a greater load thrust upon it 
or has used m ore vigorous efforts to 
satisfy the dem ands of their customers.

O ut o f all this has come a stronger 
m ore integral N ordstrom  organization 
—one capable of handling the im m e
diate needs of today and w ith adequate 
post-war facilities to service an increas
ing circle of N ordstrom  Valve users.

M ERCO NORDSTROM  VALVE COM PANY

A Subsidiary of 
Pittsburgh Equitable Meter Co.

Main Office: Pittsburgh, Pennsylvania 
Branched; Boston * Buffalo * Brooklyn * Chicago 
Columbia, S. C, * Houston • Kansas City * Lot 

Angeles * Memphis * New York • Oakland 
Seattle * Tulsa * San Francisco

i U P f . j

N O R D S T R O M  V A L V E S  K f t p   ̂? * * * down
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Fabrics for the Plastics of Tomorrow

W e  m a n u f a c t u r e  a n d  d i s t r i b u t e  o v e r  

2 5 ,0 0 0  d if f e r e n t  f a b r i c s  —  m a n y  o f  w h ic h  

a r e  o f  in t e r e s t  to  p la s t ic  m a n u f a c t u r e r s .  

O u r  k n o w le d g e  o f  f a b r i c s  m a d e  o f  co tto n  

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

to  in d u s t r ia l  p r o c e s s e s  h a s  e n a b le d  u s  to  

h e l p  s o l v e  m a n y  a  t o u g h  p r o d u c t io n  

p r o b le m .

W e  r e p r e s e n t  t w e n t y  m i l ls  a n d  m a in t a in  

th e  f in e s t  t e x t i le  r e s e a r c h  la b o r a t o r ie s .  Y o u

w i l l  f in d  u s  p r e p a r e d  to  w o r k  w it h  y o u  

t o w a r d  th e  s e le c t io n  o r  d e v e lo p m e n t  o f  

f a b r ic s  m o s t  s u i t a b le  to  y o u r  n e e d s .

A m o n g  th e  in d u s t r ia l  f a b r i c s  w e  d is 

t r ib u t e  a r e  a  v e r y  w id e  r a n g e  o f  f i l t r a t io n  

f a b r ic s .  O u r  lo n g  e x p e r ie n c e  in  t h is  s p e c ia l  

c la s s  o f  f a b r i c s  m a k e s  it p o s s ib le  to  p r o d u c e  

t h e  v a r ie d  l in e  r e q u ir e d  to  m e e t  t h e  in d i 

v id u a l  n e e d s  o f  p r o c e s s in g  o p e r a t io n s  c a r 

r ie d  o u t  u n d e r  w id e l y  v a r ie d  c o n d it io n s .

W E L L I N G T O N  S E A R S  C O M P A N Y
6 5  W o r t h  S t r e e t ,  N e w  Y o r k  13, N. Y .

B U Y  M O R E  W A R  B O N D S



S T E P H E N  S - A  D A M S O N
COMFC

I A L  H A N D L I N G  E Q U I P M E N T

•  C h a n g in g  tim e s  b r in g  c h a n g in g  n eed s. T h e  
n e e d  fo r  n e w  a n d  b e t te r  la b o r-sa v in g , c o n v e y in g  m e th o d s  
is a lw ays p re se n t.  W e  a t  S te p h e n s-A d a m so n  h a v e  alw ays 
h e ld  i t  p r im a r ily  im p o r ta n t  n o t  o n ly  to  s tay  a b re a s t o f  
n e w  d e v e lo p m e n ts  . . . b u t  to  a n t ic ip a te  a n d  c o n s tan tly  
p la n  fo r  th e m .

R ig h t  n o w , th is  a sp e c t o f  S -A  ac tiv ity  has  double  s ig 
n ificance . . . (1) th e  s o lu t io n  o f  y o u r  p r e s e n t  p ro b le m s  
. . .  (2) th e  s o lu t io n  o f  n e w  h a n d l in g  p ro b le m s  c o n n e c te d  
w ith  n e w  p ro ce sses  a n d  p ro d u c ts  c o n te m p la te d  fo r  th e  
p o s t-v ic to ry  w o rld .

STEPHENS-ADAMSON MFG. CO., 44 Ridgeway Ave., Aurora, III.
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LEWIS V E R T I C A L

A t  W A Y S  Iff
ACID PUMPS

S T U F F I N G  8 0 S  O S I P

1 0 W  P O W F K C O S T

Since 1914, owners and operators of H 2S 0 4 plants 

have learned that Lewis Vertical A c id  Pumps are con

tinuous// reliable . . .  whether the pumps are submerged 

or externally mounted —  as single or multiple units.

When you specify "Lew is” on the next 

acid pump requisition, you will be certain that you are buying safe, 

efficient and reliable service — even under severe operating conditions.

M a n y  m ounting arrangements 

are possib le w ith  Lewis Vertical 

A c id  Pumps. W h a tev er  your 

requirem ent,  there is a w ay  

to m e e t i t  specifica lly  w ith  a 

standard  Lewis pum p.
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C H IC A G O  

N E W  O R LEA N S  
TULSA

BIRMINGHAM 1, ALABAMA
350 Madison Ave„ New York 17, N. Y,

SAIT IAKt CIU 
HATH! 

SAfl MANÇliCÜ

BIRMINGHAM Lone Tubs Vertical Evaporators 
BIRMINGHAM Forced Circulation Evaporators 
BIRMINGHAM Standard Vertical Tube 

Evaporators 
BIRMINGHAM Horizontal Tuba Evaporators
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PRESSURE and VACUUM
all basic types— full range of sizes
G'oslin-Birmingham Evaporators are designed 
by chemical and mechanical engineers with a 
thorough background of technical and practical 
experience.

The evaporator units are of extreme simpli
city in design, providing trouble-free operation 
with efficient heat transfer, low entrainment 
losses and definitely superior performance.

Installations cover such abnormal conditions 
as high viscosities, high boiling point eleva
tions, heat sensitivity, extremely corrosive 
liquids, crystalization of products, severe foam
ing and the robbing of the effects for low 
pressure vapors for other process requirements.

Goslin-Birmingham Evaporators are built in 
all standard types, and modifications of evap

orators, so our engineers can without prejudice 
recommend the evaporator type, matorial and 
construction best suited to yourspecific problem.

Write for Bulletin No, 301 for further information



T o o  T h i c k ? . . . T o o  T h i n ?

T o o  H o t ?  T o o  C o l d ?

T o o  A c i d ?  . . . . T o o  A l k a l i n e ?  

T o o  E a r l y ?  . . . T o o  L a t e ?

A R E  Y O U  0 U E S S 1 N G ?  S T A R T  K N O W I N G  

A R E  YO U W O R R Y I N G ? . . . S T A R T  C O N T R O L L IN G

AUTOMATIC CONTROLLING AND RECORDING INSTRUMEN1

As th is Sulphate Pulp P lant Does . . .  
W ith Bristol-Engineered Controls

S p lit-sec o n d  s to p p in g  a n d  s ta r t in g  . . .  a t  f ra c 
tio n a l degrees o f  te m p e ra tu re , p re ssu re , liq u id  
level o r flow  . . .  is o f te n  m o re  th a n  h u m a n  b ra in  
o r  eye  o r h a n d  ca n  m a n a g e  w ith o u t c o s tly  e rro rs  
a n d  de lays.

Y e t, u n d e r  to d a y ’s co n d itio n s  . . . w h en  ev e ry  
p o u n d  o f  raw  m a te r ia l m u s t  p ro d u c e  a  fu ll p o u n d  
o f  v a lu e , w ith o u t w a s te  o r  e rro r  . . . p ro fitab le , 
successfu l o p e ra tio n  m a y  d ep e n d  o n  ju s t  su ch  
in h u m a n ly  p rec ise  kn o w led g e  a n d  co n tro l.

Autom atic “ Nervous System s”  Need 
A utom atic “ Bra ins”

U n d o u b te d ly  y o u  a lre a d y  h a v e  te s te d  th e  tim e-

a n d -m o n e y -sav in g  a d v a n ta g e s  o f  in d iv id u a l in 
s tru m e n ts  in  y o u r  p la n t .  B u t  y o u  m a y  n o t h a v e  
a n a ly z e d  th e  m u c h  la rg e r  sa v in g s  w h ich  ca n  b e  
y o u rs  . . .  th e  p o ss ib ility  o f in c re as in g  th e  v a lu e  
o f  e v e r y  in s tru m e n t in  y o u r  p la n t  . . . th ro u g h  a  
co m p le te  B ris to l sy s te m  o f co n tro ls .

Get Free “ Instrum ent-A nalysis”

D o  y o u  w ish to  in su re  ex a c t r e p e ti t io n  o f  “ p ilo t 
p la n t” co n d itio n s?  P re v e n t  m a n u a l e rro r  a t  a  
tro u b le so m e  p la ce  in  y o u r  p rocess?  R u n  a  v a r i 
ab le  p ro d u c tio n  sch ed u le?  A vo id  re je c tio n s  an d  
w a s te  o f v i ta l  raw  m a te r ia ls?  B ris to l en g in eers  
a re  av a ila b le  to  “ case”  y o u r  p rocess  in  th e  lig h t 
o f  m o d e rn  d e v e lo p m e n ts  in  a u to m a t ic  rec o rd in g  
a n d  co n tro llin g . W r ite  to d a y , a d d re ss in g  n o , 
B ris to l R d ., W a te rb u ry ,  C o n n e c tic u t.

THE BR ISTO L COM PANY
W A T E R B U R Y ,  C O N N E C T IC U T

T h e  B ris to l Co. of C anada, L td . B r is to l’s  I n s tr u m e n t  Co., L td .
T o ro n to , O n ta rio  L o n d o n , N . W .  10, E n g la n d
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D ifficu lties  in  infiiiup] re g u la tio n  of 
h e a t  in  a  la rg e  r o ta r y  lirnc k iln , w ith  
re su lt in g  w a s te  o f  fuel an d  p rocess  lim e , 
w ere  so lved  b y  a B ris to l-e n g in e e red  a u 
to m a t ic  te m p e r a tu re  c o n tro l sy s tem . 
A c c u ra te  te m p e ra tu re s ,  W ) W  V . a t  
f ro n t,  350'" F ,  a t  b a c k , w ere  held  to  « 
v ir tu a lly  s t r a ig h t  line  on th e  c h a r t ,  an d  
a  u n ifo rm  te m p e ra tu re  g ra d ie n t w as 
m a in ta in e d  th ro u g h o u t th e  le n g th  o f 
th e  k iln , A  co n s id e rab le  p a r t  o f  a  large 
d a i ly  fuel b ill w as  sa v e d . O th e r  a d v a n 
ta g e s :  b e t te r  “ p eb b le  fo rm a tio n ”  o f 
m a te r ia l le a v in g  k iln  a n d  longer k iln  
lin in g  life .

Bristo l’s Pyrom aster Control System  
Saves Fu el, Improves Q uality,

In Rotary K lin  Operation



LaB our Type Q is  non-prim - 
m g, b u t h a s  sufficient a ir  
c a p a c ity  to  p rev en t b in d in g .
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LaBour
prim ing
bottom

I N  A C I D  P U M P S

t h e  L a b o u r  c o m p a n y ,  i n c .
E lkhart, In d ia n a , U. S . A .

L E T ' S  T A L K  A B O U T  E F F I C I E N C Y

Few er kilow att-hours p e r ton of liquid 
p um ped  m ean  precious fuel con
served  today  — dollars saved  in the 
com petitive world of tomorrow. There
fore, the efficiency of the chem ical 
pum ps you b u y  is a  m atter of prim e 
im portance.

LaBour centrifugal pum ps, of open 
im peller type construction without 
sea ling  rings or the like, a tta in  effi
ciencies not commonly associated  
with centrifugal pum ps. Your own 
com parisons, b a se d  on input an d  out
pu t specifications, will verify that 
quickly. W ith LaBour Type "Q " 
pum ps, for exam ple, efficiencies in

some cases run m ore th an  80 p e r cent.
E qually significant is the fact that 

LaBour centrifugals maintain high 
efficiencies. That's b ecau se  LaBour 
design  does not depend  on close 
c lea rances or other w ear-vu lnerab le 
features. It's the result ra th e r of skill 
a n d  experience g a in ed  in handling  
the chem ical industries most difficult 
assignm ents for m ore than  20 years.

So w henever you w ant to talk  all- 
im portant efficiency, ta lk  to LaBour. 
As a  starter, let us send  you a  copy 
of Bulletin No. 50 contain ing in terest
ing facts an d  useful information. W rite 
for your free copy today.



P a p e r  B o x e s  m e e t  d e m a n d s  

o f  G l o b a l  W a r  .  . .

D ro p p e d  in  s a l t  w a te r ,  sk id d ed  on  ro u g h  lo ad in g  
d o ck s , ex p o sed  to  h o t  tro p ic a l su n s  a n d  d re n ch in g  
r a in s — th e se  a re  o n ly  a few o f  th e  h a rd sh ip s  e n d u red  
b y  a new  ty p e  o f p a p e r  c a r to n . O n  p ra c tic a lly  ev e ry  
f ig h tin g  fro n t,  th e se  s u p e r  c o n ta in e rs  a re  m ak in g  
s p e c ta c u la r  p a c k a g in g  h is to ry . T h e y  a re  c o n s tru c te d  
o f  h ig h -sized  fiber b o a rd  c o n ta in in g  ro sin  size an d  
P a ra c o l*  a n d  w ere  d ev e lo p ed  b y  th e  p a p e r-b o a rd  
in d u s try .  T h e  P a p e r  M a k e rs  C h em ica l D e p a r tm e n t  
o f  H e rcu le s  w as g lad  to  c o n tr ib u te  e x p e rim e n ta l 
fa c ilitie s  a n d  th e  te ch n ic a l k n o w led g e  ra in e d  th ro u g h  
y e a rs  o f  re sea rc h  fo r th e  p a p e r  in d u s try .

P l a s t i c - c o a t e d ,  

f a b r i c  v i s i b l e  

2  m i l e s

T h e se  b r ig h tly  co lo red  p an e l fab ric s  o f  th e  
S igna l C o rp s  h e lp  id e n tify  th e  U . S. m o to rized  
e q u ip m e n t to  o u r  ow n a irm e n . R eflec tin g  9 0 %  
o f l ig h t, th e  g la rin g  red , w h ite , o r  yellow  
p la s tic -c o a te d  fa b ric s  a re  c le a rly  v is ib le  tw o  
m iles. E th y l  cellu lose  is th e  p la s tic  c o a tin g  
w hich  m ee ts  th e  A rm y ’s s t r in g e n t  te s ts : N o 
c ra c k in g  o r p ee lin g  a t  20° F . b e lo w  ze ro , o r 
140° F . ab o v e  w ith  9 5 %  h u m id ity  . . . N o  sign 
o f s tick in ess , no  b leed in g  o f  c o lo r— ev en  a t  
200° F . F o r  fu r th e r  in fo rm a tio n  re g a rd in g  
e th y l cellu lose, th e  p la s tic  o f  m a n y  w ar uses, 
w rite  C ellu lose P ro d u c ts  D e p a r tm e n t .



A  p o s s i b l e  a n s w e r  t o  

s o l v e n t  s h o r t a g e  

f o r  l a c q u e r

■Name _____

t id e

Company  _____-

A  d d r e s s _______

  ---------   — ...... _ .... Stair
IN -189

M a n y  la c q u e r  m a n u fa c tu re r s ,  serio u sly  h a n d i
ca p p e d  b y  th e  c u r re n t  sh o rta g e  o f e s te r  so lv en ts , 
a re  w elcom ing  th e  re c e n t re - in tro d u c tio n  o f  H e r 
cu les SS N itro ce llu lo se . A lm o st so lu b le  in  e th y l 
a lcoho l, SS N itro ce llu lo se  becom es a c lea r so lu tio n  
b y  s im p ly  ad d in g  a v e ry  sm all a m o u n t o f  som e 
ac tiv e  so lv en t. S ince o ffering  tr ia l  sam p les  to  the  
in d u s try  several m o n th s  ago , re p e a t o rd e rs  o f 
su ffic ien t v o lu m e h a v e  been  rece iv ed  to  in d ic a te  its  
u se fu ln ess  a t  th is  tim e . T h e  s u p p ly  o f  SS N i t ro 
cellu lose is am p le  a n d  free  o f  G o v e rn m e n t a llo ca 
tio n . W e shall g lad ly  sen d  you  fu r th e r  in fo rm a tio n  
u p o n  re q u e s t. U se co u p o n  below . C ellu lose P ro d 
u c ts  D e p a r tm e n t ,  H e rcu les  P o w d er C o m p an y .

H E R C U L E S  P O W D E R  C O M P A N Y

922 Delaware T ru s t B uild ing, W ilm ington  99, Delaware 

Please send me further information on: ______

H a r d  v a r n i s h e s

. f r o m  s o f t  o i l s

P e n ta ly n *  R esin s  — th e  H e rcu le s  p e n ta e ry th r i to l  
e s te rs  o f  se lec ted  ro s in s— are  fo rm in g  ex ce llen t v a r 
n ishes w ith  so ft-d ry in g  oils su ch  as lin seed , o r  w ith  
d e h y d ra te d  c a s to r  oils. A t p re s e n t, th ese  v a rn ish e s  
a re  sa tis fy in g  rig id  s tra te g ic  re q u ire m e n ts — such  as in  
s a lt-s p ra y -re s is ta n t, m a r in e  s p a r  v a rn ish e s .

P e n ta ly n  v a rn ish e s  co m b in e  th e  d es ira b le  p ro p e r 
ties  o f fa s t-co o k in g , ra p id -d ry in g , u n u su a l h a rd n e ss , 
a lk a li-re s is tan ce , a n d  p a le  co lor. B ecau se  th e y  a re  
e q u a lly  s a tis fa c to ry  w ith  b o th  lin seed  a n d  d e h y 
d ra te d  c a s to r  oil, m a n u fa c tu re rs  can  now  ta k e  a d v a n 
tag e  o f  changes in  th e  s u p p ly  s i tu a t io n  . . . F o r  
te ch n ic a l in fo rm a tio n , ad d re ss  th e  S y n th e tic s  D e p a r t 
m e n t, H ercu les  P o w d er C o m p a n y , W ilm in g to n , 
D e law are .

*Reg. U. S. Pat. Off. by Hercules Powder Company
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V a c u u m  D r y i n g  a n d  I m p r e g n a t i n g
Stokes Vacuum Impregnators are used for drying and impregnating power cable, 
radio coils, and condensers, armature and transformer coils, rope, lumber, and 
wood products, paper, fibre, felt, and other materials. Higher vacuum broadens 
their application.

L o w  T e m p e r a t u r e  V a c u u m  D r y i n g
Rotary Vacuum Dryer. Higher vacuum with corresponding, 
lower temperatures, makes it possible to manufacture pro
ducts horotoiore impractical in the chemical, metallurgical 
and food lields.

V a c u u m  D r y i n g  f r o m  t h e  F r o z e n  S t a t e
At right: The Stokes pilot plant used in research on food and 
biological drying from the frozen state under vacuum in the 
low micron range by the Lyophile-Cryochem sublimation 
processos. Apparatus of this type is in use throughout the 
world for such services as the desiccation of-Blood Plasma, 
Penicillin and other labile biologicals. Stokes assisted in the 
pioneering of this new method.

V a c u u m  D i s t i l l a t i o n
Special Vacuum Still used as pilot plant for 
production of fruit juice concentrate. Higher 
vacuum, with lower operating temperature, 
assures flavor retention — removes danger of 
oxidation —  preserves the original product 
characteristics.



A  N e w  T o o l .  M a k i n g  P o s s i b l e  

N e w  P r o c e s s e s  a n d  P r o f i t s
• Desiccation of Blood Plasma, Penicillin, Serums
• Plating of Metals, Lenses, etc., by Molecular Bombardment
• Sublimation and Distillation of Pure Metals
• Drying of Heat-Sensitive Chemicals and Metal Powders
• Distillation of Essential Oils, Organic Chemicals, Food Concentrates
• Production of Magnesium by Ferro-Silicon or Carbo-Thermo Process

T hese are  but a  few  of m an y  p rob lem s w h ich  a re  b e in g  so lved , 
through h igh er  vacu u m  a n d  S to k es-en g in ee re d  Equipm ent.

W e h a v e  p io n e er ed  in  the field  of h igh er vacu u m  . . . for y ea rs  
h a v e  d e v e lo p e d  eq u ipm en t, pum ps, g a u g e s  a n d  other a u x iliar ies , 
su p p lied  co m p lete ly  e n g in e e r e d  vacu u m  p ro ce ss in g  system s, 
m ak in g  it e a s y  a n d  eco n o m ica lly  p ractica l to ob ta in  a n d  utilize  
h igh er v a cu u m  . . .  to u se  lo w er  tem p eratu res in  p ro ce ss in g  h eat-  
sen sitiv e  m ateria ls, s p e e d  up  p ro cesses , p reven t ox id ation , red u ce  
op era tin g  costs  b y  u tiliz ing  ex h a u st stea m  or other le s s  ex p en siv e  
h eat, m inim ize fire a n d  ex p lo sio n  h azard s, m ak e it ea s ie r  to co n 
trol o b n o x io u s fum es . . . a n d  tod ay , to o p en  up  en tire ly  n ew  
field s of m anu factu re for tom orrow 's products.

W h en  you  a tten d  the E xposition  of C h em ica l Industries, s e e  the 
first d isp la y  of the n e w  S tok es M icrovac Pum p w h ich  is the heart 
of h igh er  vacu u m  p rocessin g . ( D escrib ed  at right ).

A lso  w ill b e  p ictured  the la test d e s ig n s  of h ig h  vacu u m  eq u ipm en t  
for the p ro ce sse s  listed  a b o v e  a n d  other se rv ic es  in  the rap id ly  
ex p a n d in g  a p p lica tio n  of h igh  vacu u m  p ractice  in  the b io lo g ica l, 
ch em ica l, m eta llu rg ica l, food  a n d  elec tr ica l industries.

B esid es the fie ld  of H igh er V acuum , S tok es h a v e  a lso  p io n eered  
in  C om p lete ly  A utom atic P lastics M olding a n d  in P ow d er M etal
lurgy- S e e  a n d  h ea r  ab ou t the la test S tok es d ev e lo p m en ts  in  th ese  
field s —  ab ou t the C o m p lete ly  A utom atic "Press of the Future " 
o n e  of se v er a l in terestin g  a n d  n o v e l Stokes d ev elo p m en ts for 
p ost-w ar p la stics  production  —  ab ou t the n ew , h ig h -ca p a city  
P ow der M eta llu rgy  Press w h ich  a u to m a tica lly  controls uniform  
d en sity  of com p ressed  parts.

W e in v ite  y ou  to u se  this opportunity  to con su lt w ith  u s on  n e w  
m ethods, n e w  eq u ip m en t, n e w  ec o n o m ie s  a s  a p p lied  to your  
sp ec ific  p rob lem s —  both  p resen t a n d  p ost-w ar. •

F . J .  S T O K E S  M A CH IN E CO M PAN Y
5922 T a b o r R o ad  O ln ey  P . 0 .  P h ila d e lp h ia  20, P a .

R epresentatives in  Neu, Y ork , Chicago, C incinna ti, S t. LonU , Cleveland, D etroit 
Pacific Coast R epresen ta tive: L. II . B u tc h er  C om pany , Inc.

N e w  S t o k e s  M i c r o v a c  P u m p  f o r  
V a c u u m  i n  t h e  L o w  M i c r o n  R a n g e
An entirely new oil-sealed Rotary Pump —  the 
product of many years of high vacuum research 
and experience. Greater volumetric efficiency. 
Higher vacuum —  in many cases these Pumps 
cue operating in a  narrow range of less than 
10 microns. Smaller, more compact design for 
the same capacities. Rugged construction. New 
improved built-in motor-driven continuous oil 
clarifier. Many other features. See it at the 
Chemical Show.

N e w  S t o k e s  
V a c u u m  G a u g e  

•
Requires no calibra
tion, Accurate Read
ings in the Presence 
of Gases and Con- 
densible Vapors.
This new, improved 
Stokes Portable (Me- 
Loed type) Vacuum  

Gauge provides rapid (2 to 5 seconds) readings 
within the micron range with permanent accu- 
racy under all̂  conditions. It will not require 
calibration against other gauges and retains its 
accuracy in the presence of all gases including 
hydrogen, and condensible vapors including 
water. See it at the Chemical Show.

See  O u r  E x h ib it — Booth 2 2 4  • C h em ica l Ex h ib it io n  • Dec. 6  to 11, 1943



V A L V E  D I V I S I O N

R - S  P R O D U C T S  C O R P O R A T IO N
Germantown Ave. & Berkley St, • Pkila. 4 4 , Pa.

S y N T R O N

WATER or AIR OPERATED

VIBRATORY MATERIAL 

HANDLING EQUIPMENT

V I B R A T I N G  F E E D E R S
For co n tro llin g  the  feed o f and  convey

in g  bulk m aterials to  g rin d ers , pulveriz
ers, screens, classifiers, etc.

Available in  tw o  sizes— HF-1 w ith  a 
capacity o f  up  to  4 tons per hour, and  the 
HF-2 w ith  a capacity o f up  to  10 tons per 
hou r.

With variable frequency control, that is, varying the 
pulsations per minute— long, slow strokes for light, fluffy 
materials— short, fast strokes for dense granular mate
rials.

Plus valve control of the ppwer or amplitude of the 
pulsations, and of the rate of flow.

" E X P L O S IO N  P R O O F ” — air or water operated to 
suit the application — for operation in hazardous atmos
pheric locations, or handling explosive materials.

Operate efficiently on water, air or o il pressures of 40 
psi. and up.

V I B R A T O R S

F or app lication  to  th o se  troub lesom e 
bins, h o p p ers  and  chutes, to  keep  th e ir  
contents ag ita ted  and free-flowing.

Available in  tw o sizes— th e  H V -15 
fo r up  to  750 lb . capacity h oppers , and the 
H V -55 fo r up to  5 tons capacity.

J O L T E R S

F or pack ing  and  settling  bu lk  m aterials 
in  con tainers.

Particu larly  effective on  lig h t, fluffy 
m aterials.

100 sho rt, sh arp  jo lts p e r  m inute.
T w o  m odels available— H J-250  w ith  a 

capacity o f 2 50  lb s .— and  the  H J-550  w ith 
a capacity o f 550 lbs.

F E E D E R  M A C H I N E S

F o r co n tro llin g  the volum e flow o f  d ry  
chem icals and  o th e r bulk  m aterials in  all 
types o f  industria l processes.

C om plete m achines ready fo r opera tion  
w ith  v ib rated  h oppers , and  v ib ra ting  
feeders w ith  valve c o n tro l o f  ra te  o f flow.

Available in  tw o sizes, w ith  capacities 
o f from  ounces to  tons p e r hour.

Illustrated and described in Catalog 435 which also in
cludes information on Electric Vibrators, "Vibra-Flow ” 
Feeders, Packers, Volumetric Feeder Machines and 
"W eigh-Flow” Gravimetric Feeders.

Write us about your problem.

SYNTRON COMPANY
4 1  5  L e x i n g t o n  A v e .  H o m e r  C i t y ,  P a .

In  strategically located cities from Boston to Dallas, and 
from New Y o rk  to San Francisco, there are thoroughly 
experienced R-S Valve engineers who are eager to assist 
in the simplification of valve installations, w illing to 
recommend the type o f equipment best adapted to a 
particular control o r shut-off condition and cooperative 
in pointing out possible changes in  present equipment 
that w ill effect greater efficiency and economy.

Carefully selected for their engineering ability and 
experience in  the installation and operation of valves, 
these men have been especially trained in  the selection 
of alternate metals for resistance against heat, abrasion 
and corrosion as w ell as the application of R-S Valves 
under high o r low  pressures and temperatures whether 
the medium to be controlled is air, gas, steam, liquids or 
semi-solids.

is at your beck and call. Te le
prompt service.

20-inch, 125 pound  A m erican S tand
a rd  V alve, h an d  w h eel c o n tro l, ball 
h earin g  m oun ted  w ith  stuifing box.

15 to 900 psi

A tlan ta , G a.C. E. JOHNSON & ASSOCIATE 
Bona Allen Bldg, Walnut 4571 

Baltimore, M d.
KONE ENGINEERING COMPANY 
11 W. 25th St, Belmont 0138 

Boston, Mass.
W.B. PARSONS CO., 10 High SL,HUBrd 4119 

Buffalo. N . Y.
R. W. CRANE 

37 Parkwood, Kenmore, N. Y., DELawr 8141 
Charlotte, N . C. 

LYD0N-C0USART COMPANY 
304 Builders Bldg., Phone 3-4481 

A Chicago, III. ,
W.P. NEVINS COMPANY 

S3 W. Jackson Blvd., Harrison 1473 
Cincinnati, Ohio 

H. T. PORTER COMPANY 
1413 Union Central Bldg., Main 1299 

Cleveland, O hio 
ASHMEAD-DANKS COMPANY Rockefeller Bldg., Main 6192 

Des Moines, Iowa 
PRODUCTS. INC., 1006 Liberty Bldg., 4-0777 

Detroit, Mich.
SPURGEON COMPANY 

5050 Joy Road, Tyler 7-2750 
Houston, Texas 

POWER SPECIALTY COMPANY 
1042 Mellie Esperson Bldg., Preston 5334 

Indianapolis, Ind.
POWER PLANT EFFICIENCY CO.
Union Title Bldg., Market 4617 

Los Angeles, Calif. 
BUSHNELL CONTROLS & EQUIPMENT CO. 

117 W. 9th St., Vandike 1359

M ilwaukee, Wis.KRENZ & COMPANY 
5114 W. Center St, Hilltop 2983 

Minneapolis, Minn.
GEO. R. MELLEMA 

4234 Grimes Ave. So., Walnut 6984
New Orleans, La.JOHN H. CARTER COMPANY 

1013 Canal Bldg., Magnolia 1847 
New York City 

F. H. Y0CUM-A. H. GOODE 
Graybar Bldg., Murray Hill 5-3370 

Philadelphia, Pa. 
SHEFFLER-GROSS COMPANY Drexel Bldg., Lombard 4900

Pittsburgh, Pa.
J. F. HALLOWELL, Columbia Bldg., Court 5362

Rochester, N . Y.
GEO. VAN VECHTEN 

217 East Avenuo, Stono 4164 
St. Louis, M o.
RUSSELL PATTON 

3020 Olive SL. Franklin 2836 
San Francisco, Calif. 

BUSHNELL CONTROLS & EQUIPMENT CO. 
Mills Tower, 220 Bush SL, Exbrook 1102 

Seattle, W ash.
M. N. MUSGRAVE & COMPANY 

2019 Third Ave., Eliot 4425 
Tulsa, O kla .

DOUGLAS FRAZIER 
1524 So. Gary Place, 6-0384 
Washington, D. C  
A. BURKS SUMMERS 

411 Colorado Bldg., 14th & “G" Sts., N.W. 
Republic 7231
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^  W eldELLS alone have all 
these features:

•  S e a m le s s  —  g r e a te r  s t r e n g th  
and u n ifo rm ity .
•  T angen ts—keep w eld aw ay from  

aone o f  h ighest stress— sim plify  
lin ing  up .
•  Precision q u arte r-m ark ed  ends
— sim plify  la y o u t and  he lp  insure  
accuracy.

•  Selective  re in fo rcem en t —  p ro 
vides u n ifo rm  s tre n g th .
•  Perm anent an d  com ple te  iden ti

fication  m arking—saves tim e and 
e lim inates erro rs in  shop and  field.
•  W all thickness n ev er less than 

specification  minimum— assures fu ll 
s tre n g th  and  long life.
•  M achine tool b eveled  en d s—pro 

vides best w eld ing  su rface  and ac
cu ra te  bevel and  land .
•  The m ost com ple te  line o f W eld
ing  F i t t in g s  a n d  F o rg e d  S te e l  
Flanges in th e  W o rld — insures 
com plete service and undiv ided  re 
sponsibility .

'They're built to give the 
man on the job a hand

■CROM the w ay they p ile  the w ork  
*  on  m e these days you ’d th in k  m y  
job  as forem an o f  the p ip e  crew  is to  
p u t in  the p ip in g  today that the fron t  
office w o n ’t finish p lan n in g  t ill to 
m orrow!

T h e fron t office crowd m ig h t con 
sider that lay in g  it  on  a little  thick. 
B u t w hatever they th in k , they w ill  
have to  adm it that w e  have kep t up  
w ith  their w ild est demands and done  
the job right, too.

O f course the m ain credit for that 
goes to  fe llow s w h o  do the w ork. B ut 
d ow n  to  the last m an they w ou ld  be  
the first to agree that they cou ldn’t  
h a v e  co v e re d  as m u c h  g r o u n d , or

covered it  as w ell, i f  it  hadn’t been  
fo r  their o ld  friend, W eldELLS.

W eldELLS and other T aylor Forge 
W eld in g  F ittings are b u ilt  to  step  in  
and g iv e  a hand. Y o u  don’t  have to  
grope for the proper size because size  
and w e ig h t are marked righ t there on  
the fitting. T angents m ake them  easy 
to  lin e  up. A ccurate lathe bevels and 
lands m ake w eld in g  fast and sound. 
P r e c is io n  q u a rter-m a rk s g u id e  th e  
work.

I f  you  w ant a fast job —  a sound  
job —  an econom ical job —  take a tip  
from  m e and use the w eld in g  fittings  
that have everything!

* WeldELLS and many ocher Tayioc Forge product! are produced in Eyera Genuine Wrought Iron.

TA Y L O R  FORGE & PIPE W ORKS, G e n e r a l  O ffices f t  W o r k , :  C h ic a g o , P . O . B o x  4 8 5
YORK OFFICE= 5» CH™  K  .  PHILADELPHIA OPHCE. BROAD ST. STATION

TJc of Taylor Forge’s contributions to the war 
effort only begins with WeldELLS. One of many 
.examples is Taylor Corrugated Marine Furnaces, 
essential to many merchant ships and transports.

D e c e m b e r, 1943
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J O N E S  S K I P  H O I S T  

D R I V E S

HERRINGBONE—W CHM-SPUH—CEAH SPEED REDUCEBS 
CUT AND MOLDED TOOTH GEARS •  V-BEIT SHEAVES 
ANTI — FRICTION PILLOW BLOCKS •  PULLEYS 
FPJCTJCN CLUTCHES •  THANSMI55ION APPLIANCES

JONES TRIPLE 
REDUCTION 

HERRINGBONE 
REDUCER

I HOISTING1 
1 DRUM i

[ TH1USTOR i
' t y p e  b r a k e ;

DOUBLE SAFETY1 
OVER TRAVEL 

SWITCH :

CONTROL 
■ BOARD'

I SLACK 
. CABLE 
j SWITCH

TRAVELING 
NUT LIMIT 

SWITCH
F OR speedy operation, reliable service and over-all economy 

the Jone3 Skip Hoist Drive has made a name for itself in a wide 
variety of material handling service. These skip hoist drives are 
built as complete units by the Jones organization in several types 
with base to take any motor specified by the purchaser. They are 

equipped for all the modern protective devices such as cam or nut 
type limit switches, solenoid or disc type brakes and slack cable 
switches. The drives are single, double, or triple reduction Jones 
Herringbone Speed Reducers, built to stand up under the many 
years of pounding that a skip hoist drive has to take. The shafts 
are supported in roller bearings, with rolling action, rack generated 
gear and pinion teeth to insure easiest possible starting with low 
starting-peak loads. All reducer bearings and gears are automatic 
oil-bath lubricated.

The Jones organization has an extensive file of information on 
skip hoist drive problems and will be pleased to work with you on 
any problems involving such applications

W . A . JONES FOUNDRY & MACHINE CO.
4 4 4 5  R o o sev o ll R oad . C h ic ag o . Illino is

•  The view above shows a typical Jones Skip Hoist Drive 
installation while the view below shows one of the Jones 
units equipped with traveling nut type limit switch, motor 
actuated brake, and slack cable switch.

(lCloW , |  w « " 0 “
s U p p U E S

i o i  i n d u s t r i e s

w i t h  w « « "  C L O \ H

100 mesh, .00 . v/eQVes. V/hat-
d o Z e n . - : ! ectoth n e e d s , you  c a rdozen d i f f e r e n t - - - ooccin

r your vrffe clot on their

filled by ^  NVIckwire
r « a c t  requirements. ^  ^
n c e r  S te e l  C o m p  y  _ B u f f e d

W IC K W IR E  S P E N C E R

S
: : : : : : :
¡¡H R S
R l f N I***•»*

»*»*#«
■ ■ ■ H I

*»**#»
««»»«»

Wi RE CLOTH

★  Heavy Steel C onstruction  —  Seamless 
walls; welded ends machined from solid 
billets; 4 sturdy feet welded to base.

A  Q ua lity  Features —  Superpressure fittings 
furnished. Union type fittings for high 
strength, tightness, and ease of assembly. 
Two openings in top and drain in bottom.

A  Standard  Sizes for Q u ick  Sh ip m ent —
2 and 4 liters; H , Vz, %, H i 1, and 1H  
cu. ft.

A- Low Cost

W t k h d

S T  P r e s s u r e  V e s s e l s
i t  T e s t e d  t o  1 5 ,0 0 0  p . s . i .  

For
Research & Pilot Plant Use 

Gas & Liquid Storage 
Product Separation



Illinois
M o rio n

/  f j

PUMPS
'4 U r  ~ 1 

: ‘ e ; ' : ’L  9

F E A T U R I N G  E A S Y  SELECTION TABLES FOR THIS COMPLETE 
LIN E OF O PEN  A N D  EN C LO SED  IM PELLER C EN T R IFU G A L P U M P S
What do you look for in  a centrifugal pump? Design__
workmanship—quality of materials—record o f perform- 

icf them all in  B & G  Centrifugal Pumps
d e

ance? Yo u ’ll find* them all in  B & G  Centrifugal"'Pumps , 
features that w ill appeal to your appreciation of good engi-   — -  xr xr - —  - — /  u t  g u u u  c u g l

n e e r c n g b e c a u s e  they are based on twenty years* experi
ence in  the industrial held. The last word in centrifugal 
design-backed by precision manufacture and rigid factory 
inspection built to stand up under continuous operation.

Semi-open and enclosed impellers are available in  both 
flexible Coupled and Uni-Built Models. B  & G  Uni-Built 
Pumps have the motor and pump combined into a single, 
compact u**it> ideal for installation where space is limited. 
Send for the Catalog illustrated above—you*ll like its easy 
Selection Tables and handy Engineering Data.

BELL & GOSSETT C O ., M orton G ro v e , Illin o is

D e c e m b e r, 1943
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& M I L L  C O R P O R M f O M
:E STREET . GENEVA, NEW YORK
Of f i ce : H O  E o»t 4 2  S t„  New Y o rk  1 7 , N.T.

T U N G S T E N
I ts  H i s t o r y ,  G e o l o g y ,  O r e - D r e s s i n g ,  M e t a l l u r g y ,  

C h e m i s t r y ,  A n a l y s i s ,  A p p l i c a t i o n s ,  a n d  E c o n o m i c s

B y  K .  C . L i ,  M. E .,  A .R .S.M .
Governor, Commodity Exchange, New York 

Chief Engineer, Tungsteno Mexicano, S .A., Mexico
Chief Engineer, National Reconditioning Company, Inc., New York 

Chairman of the  Board, W ah Chang Trading Corporation, New York

and
C hung  Y u  W ang, M . IN S T . M .M .

U niversity M edallist, Columbia University 
Technical Expert, M inistry of Economic Affairs, China 

Director o f Research, National Reconditioning Company, Inc., New York

Am erican C hem ical Society Monograph No. 94
The increasing importance of tungsten in the metallurgical 

and electronic industries has evoked a need for a compre
hensive treatment of its geology, processing and uses. This 
volume has been designed to meet that need. Written by 
two outstanding experts in the field, one of whom is con
sultant on tungsten to the U . S. Government, it presents 
detailed discussions of the occurrence, composition and 
preparation of tungsten ores in all parts of the world, which 
will be of immediate and permanent value to geologists, 
mining engineers and metallurgists in general. This ma
terial is accompanied by maps and other illustrations, in
cluding three striking color reproductions of various types of 
tungsten ores. The uses of tungsten in high-speed steels, 
ferrous and nonferrous alloys, wire, dies and drill bits and 
electrical equipment are described, and chapters are also 
devoted to the metallurgy, chemistry and economic position 
of tungsten. In all cases the presentation is precise, ac
curate and thorough-going. This volume should he in the 
possession of all chemists, metallurgists, mineralogists, and 
geologists, and any others concerned with the uses or proper
ties of this strategically important metal.
325 pages Illu strated  $7.00

t h e .

C H E M I C A L S  

of V I C T O R Y
Finer grinding, homogeni

zation, ém ulsification 

w ith

P R E M I E R  

C O L L O I D  

M I L L S
w h ic h  p ro cess  l iq u id s ,  
solids or pastes—dispers

in g  the elem ents o f  the 
m aterial com p letely—re

d u cin g  them  to m icron  
sizes unobtainable w ith  

o th e r  e q u ip m e n t . M ills  
availab le w ith  capacities 

to  3,000 ga llon s or 24,000  
pounds per hour depend
in g  on  m a te r ia l to  be  

processed. Subm it your 
p r o d u c t to  ou r la b o ra 
tories for test.

See O ur E xhib it at 19th 
Exposition  o f  Chem ical 

Industries.

S e * u t
f o r  P a r t i c le  S ize  
T a b le  — a b re a k  
dow n o f partic le  
s ize s  a n d  th e i r  
m ic ro n  e q u i v a *  
lents . . . p rac ti
cal and  useful to 
processors. A vail
able  on  request.
Send fo r fo lder 
CIO.

B I O C H E M I S T R Y
o f  t h e

F A T T Y  A C I D S

and their Compounds, the Lipids
b y  W . A . B L O O R

Professor of B iochem istry  and Pharm acology  
U niversity  of Rochester

Am erican C hem ical Society Monograph No. 93

This volume presents an exhaustive critical review of the 
chemistry and functions of the important group of sub
stances included in the term “fatty acids.” The part played 
by fats and lipids in the complicated mechanism of digestion 
and nutrition, as well as in the blood and tissues, is discussed 
in great detail. The relation of fatty acid metabolism to 
such pertinent subjects as vitamins, enzymes, the reproduc
tive cycle, embolism, anemia, cancer, diabetes, syphilis, 
arthritis, and others, is emphasized. In short, this book pro
vides a much-needed study of a group of organic compounds, 
the fats, so closely associated in the human body with car
bohydrates and proteins. It  will be of the greatest value to 
physicians, nutritionists, organic chemists, and biochemists, 
as well as in the food and pharmaceutical fields. A com
plete bibliography is given for every chapter.

387 Pages $6.00

REINHOLD PUBLISHING CORP.



D ece m b e r, 1943 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

tion  studies o f  sceel. Corresponding 
red u c tio n s  in  exposure  tim es have 
materially speeded up the  contro l o f  
a lum inum  and m agnesium  refinem ent. 
M odern , progressive analytical labora
tories have found in  the G -E  X-Ray 
Diffraction U nits an exceedingly satis
factory m ethod  o f  quantitative and qual
itative analysis. T h e  diffraction m ethod 
is ideal fo r the  analysis o f  solid com 
pounds, fo r example, because it  p ro 
vides in form ation  n o t obtainable by 
conventional analysis w hich generally 
identifies elem ents present rather than 
com pounds. %<áu/'<s Z b ff ti* #  — fa s ’' U fa /lo tu û

T T IG H -S P E E D  x-ray diffraction analy- 
sis—an im portan t contribu tion  to 

w ar industry—is now  available. T he 
developm ent o f  the  G-E M odel CA-6 
beryllium  w indow  x-ray tube for use in  
the  G -E M odels XRD-1 and X R D -2 
U nits perm its registration o f  patterns 
w ith  exposure tim es w hich are from  
three to  tw enty tim es faster than was 
possible previously.

Today, w ith  G -E  X -R ay Diffraction 
U nits, 15 to  30 m inute exposures have 
replaced the  four to  eight hou r tests 
w hich w ere formerly routine in  diffrac

2 0 1 2  JA C K S O N  a iV D ,  CHICAGO, I I I . ,  U. S . A .

An interesting new  booklet w hich de
scribes and illustrates G-E Equipm ent 
for X -Ray D iffraction w ill soon  be 
available. T o  m ake sure that you receive 
your copy, address your request to D e
partm ent N412.

G E N E R A L  ®  E L E C T R I C  

X - R A Y  C O R P O R A T I O N



LITERATURE ON REQUEST

MERCER-ROBINSON 
COMPANY,

INC.
30 CHURCH ST., NEW YORK 7, N. Y.

CHEMICAL • FOOD • PLASTIC

Crushers, Pulverizers, 

Grinders, Reducers, 

Cutters,  Blenders,  
Attr. & Hammer Mills, 

Mixers, Sifters

Reports on the P & itw G S l

c“ r id
p lan ts ought to  be m ain ta ined  and  n o t scrapped, b u t th a t  
the disposition of the  p lan ts  will be m ade w ithout regard  
to any th ing  except th e  atm osphere a t  the  tim e the  de
cision is m ade. T his m eans, he explained, th a t  th e  a t t i
tude of th e  labor unions, deals w ith E ngland, and  condi
tions of em ploym ent will be am ong the  decisive factors. 
If  em ploym ent is needed, perhaps syn the tic  rub b er could 
even be pro tected  by a tariff.

The recen t m eeting in P ittsb u rg h  of the  chem ical engi
neers b rough t o u t more postw ar th inking. F irs t was 
P. W . M eyeringh, vice p residen t of H ercules Pow der 
Com pany, who expressed two m aih ideas: (1) T he un
em ployed represen t an  a lready  educated  consum er 
m arket, and  the  U nited  S tates should change its th ink ing  
to m ake the  consum ing power of th e  unem ployed avail
able to  our p roductive capacity . F u rth e r, we should n o t 
consider th e  unem ployed as liabilities or social pariahs. 
(2) C apitalism  is, a fte r all, a  novel experim ent and can 
be changed to  m eet changing conditions.

A t the m eeting’s banque t, an o th er postw ar p rophet was
H . W. P ren tis, J r . H e estim ated  a public d eb t of 250 to  
300 billion dollars a t  w ar's end, and  said th a t  a  drop of 
ab o u t ten  po in ts in  th e  value of governm ent bonds would 
b an k ru p t practica lly  every  banking in stitu tion  in  the 
coun try” . This s ta tem en t was based on th e  fact th a t  th e  
banks hold 40%  of all the  ou tstand ing  governm ent bonds, 
some 70 billion dollars w orth, against cap ita l assets 
am ounting  to  only 8 billion. As a corollary to  th is  asser
tion, he m ain ta ined  th a t  under huge governm ent deb t the 
day when an  average individual could save for his old age 
and  achieve some degree of independence a t  re tirem ent 
had passed in to  lim bo. He warned against th e  idea th a t  
public deb t is n o t dangerous because i t  is owed by th e  
people to  them selves. The cure seemed to  P ren tis, and  
to  m ost of the  a tten tiv e  chemical engineers, to  be a jo in t 
congressional declaration th a t  th e  G overnm ent would n o t 
be a postw ar com petitor of business; and th a t  Congress 
should provide a  sound m onetary  system  based on gold, 
declare for a  balanced budget when the  war is over, se t 
up  a  system  of taxation  to  allow a  w artim e accum ulation 
of cap ita l surplus to  be used for reconversion of p lan ts, 
provide for sharp ly  reduced ra tes  of tax a tio n  in th e  peace 
era, for the p rom pt ad ju s tm en t of canceled war contracts, 
and for the  disposition of w ar p lan ts an d  inventories once 
th e  war ends.

To th e  editors a t  th is  tim e i t  seems th a t  our m ajor p rob
lem  a t  the  end of th e  w ar is going to  be m oney and  its  a t
te n d a n t headaches. F irs t of all we m ust reach a clear 
understanding  of th e  m eaning of governm ent deb t. W e 
need a clarification of the  cu rren tly  popu lar idea: “ D on’t  
w orry ab o u t th e  d eb t; we owe i t  to  ourselves.”

T he industries of th e  nation  can create w ealth u n til they  
are figuratively blue in  th e  face, b u t unless these efforts 
are backed by  in te lligen t planning and  real m onetary  
policies in th e  G overnm ent, the  created  w ealth  is useless. 
I n  a la te r issue we will p resen t th e  argum ents of bo th  sides 
in th e  public deb t debate.

(iC o n tin u ed  o n  •page 1 8 6 }

_ —!—„ i —  — »,--------------------- --  ; —rerra

R O B I N S O N

E Q U I P M E N T

for the

PROCESSING
of



M I D G E T  S I Z E

S T U R T E V A N T  L A B O R A T O R Y  M A C H I N E S

Besides those described here, the line also in
cludes: Screens, Air Separators, Vibrating Test 
Sieves and Automatic Coal Crushers and Sam-

We’re sorry that we've been too busy here at 
the plant to exhibit at the Chemical Show this 
year.

But we’ll welcome your inquiries —  give them 
our full attention. Write and tell us your needs 
and ask for a copy of our new catalog describing 
the complete line of Sturtevant Equipment.

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

J A W  C R U S H E R S

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

S W IN G -S L E D G E  M IL L S

S T U R T E V A N T  
L A B O R A T O R Y -  

C R U S H IN G  R O L L S

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

S A M P L E  G R IN D E R

Laboratory S am ple G rinder* a re  
of the  “ O pen-D oor”  di*c type and  
are  capable of very  fine w ork,'pro
ducing product* a s  fine a* v100 
m esh  if d esired , w hen w orking 'on 
dry, friab le, so ft o r m oderately  
hard m ateria l* . O n m any hard  
rocks and  ore*, th ey  will operate  
w ith som ew hat re  duced capacities. 
Feed  m ay he V4" and  finer. Every 
part is accessib le  for quick and  
easy  cleaning.

Special roll jaw  action sim plifies 
c lose  regulation  of th e  product. 
C apacities vary  from 300 o r 400 
lbs. per hour a t finest settings to 
1000 or 2000 lb s. w hen opened for 
coarser work. Every part is 
accessib le  for quick and  easy  

cleaning. T hese  C rushers weigh 
from  900 to 1000 lbs. and are  
fitted  w ith  m anganese s tee l jaw 
p la tes, reversib le  shields, and 
s tee l pitm an.

Capable of reducing  soft, m od

e ra te ly  hard  and  tough or fibrous 

m ateria ls  to any degree of fineness 

betw een 1 in. and  20 m esh . The 

full feed  opening of S x  6 in. m ay 

be u tilized for soft sub stan ces . 

On h a rd e r m ateria ls  th e  m achine 

should be  fed  with p ieces not 

la rger th an  2 to 3 in . T he  p a ten ted  

"O pen  D oor”  fea tu re  perm its 

ready  accessibility  for cleaning.

T hese m achines have com plete 
accessibility for quick and tho r
ough cleaning. A d justm ents  are 
positive, accurate and  autom atic. 
T he feeder also is autom atic and 
ad justab le . T ires a re  generally 
durable  high carbon forgings. 
Two sizes a re  built in  practically 
identical design . Range of ou t
pu t*  for the  8 '  X 5 "  size is from 
V i in. to 20 m e sh —and for the 
1 2 '  x  1 2 '  size from  %  >n. to 20 
m esh.

* Two stages art necessary for re
ductions greater than 4 to I.

S T U R T E V A N T  M I L L  C O .  a S j g g j w‘  B O S T O N ,  M A S S .



HEPARD

C O K T R 0 1

Shepard Track consisting o f  two special analysis 'I'-rails 
dam ped to the bottom flange, o f  a standard I-beam insures 
a smooth, hard, long-wearing track fo r  monorail hoists.-

CRANE & HOIST CORP.

•  O ne Shepard N iles  electric  
m onorail h o ist g ives "express 
serv ice”, indoors or out to any  
point in  th e p lant or yard carry
ing loads o f  every description. 
F urnished  w ith  sin g le  or double  
h ook s in capacities from  fs  to 
10 tons.

T h ey  are also id ea lly  su ited  
to the accurate control o f  any  
standard electro-m agnet or grab 
bucket.

W rite for catalogs illustrating  
and describ ing the "A erial R ail
way o f  Industry”.

454 SCHUYLER AVENUE . . . MONTOUR FALLS, N. Y.
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A E R I A L  

R A I L W A Y  

O F  

IN D U S T R Y

P R E S S U R E  R E G U L A T IN G  
& R E D U C IN G  V A L V E S  

L IQ U ID  L E V E L  C O N T R O L S  
S T R A IN E R S  

R A C K  P R E S S U R E  & R E L IE F ,V A L V E S  
T E M l’E R A T U ll E  C O N T R O L S  

RUM P G O V E R N O R S  
F L O A T  V A L V E S  

•
H r i te  f o r  C atalog 66

KIELEY& MUELLER, Inc.
"  C O  X T R O  t . K  -V C  I N K E R S ’ * 
N O R T H  B K KC RN , N EW  JE R S E Y  

Reprcscntatii'cs in  A ll Principal Cities

TABER PUMPS
are f-l-e-x-i-b-l-e

The wide adaptability of the new Taber CLV S series oi 
"Gencral-Use” Centrifugal Pumps makes them more suitable 
for the processing industry. Their design is the direct result 
of Taber’s years of experience with some of the largest 
chemical plants. Tw o  widely used pumps in this series are 
described below. For detailed, helpful information on Taber 
Horizontal Centrifugal Pumps, write for Bulletin CXVS-339.

¿ t  T A B E R  "G EN E RA L - 
T  USE” CEN TR IE U G A L 

P U M P . N e v e r  o b s o le te .  
E asily  a d a p te d  t o  m any  
jo b s .  H as  o v e r-s iz e  b a ll 
bearings, ex tra  shaft diam 
e te r, d eep e r stuffing box .

h  TA B ER  SIN G L E  SUC- 
^  T I O N  C E N T R IF U 
G A L P U M P. F o r V acuum  
o r  E v a p o ra to r  se rv ice . 
Large cham b er su rrounds 
stuffing b ox  fo r  a  perfect 
seal again st vacuum . ^

TABER PUMP CO.
<Est. 1SS9)

2W  Elm S t.,B u ffa lo ,N .Y .
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DU PONT 
POLYVINYL ACETATE EMULSIONS

G R A D E  R H - 4 6 0
Em ulsion o f low viscosity polyvinyl ace
tate. H eat-sea lin g  tem perature approxi
m ately 100°C.

G R A D E  R H - 4 6 0 - A
Em ulsion o f  high viscosity  polyvinyl ace
tate. H eat-sea lin g  tem perature approxi
m ately 125°C.

C H A R A C T E R I S T I C S
Total so lid s..............................55%  minimum
p H ..............................................................4.0— 6.0
L olor...................................................M ilk w hite
W eight per ga llon ..............................9 pounds

STABILIZED DISPERSIONS IN WATER
DO NOT REQUIRE EXPENSIVE OR FLAMMABLE 

SOLVENTS
ALLOW DEPOSITION OF HEAT-SEALING ADHER

ENT FILMS which are stable to  light, oxida
tion and aging— resistant to  vegetable oils 
and animal fats.

properties CAN be modified w ith  common  
lacquer typ e plasticizers and m any resins 
and gums. >.

REPLACE RUBBER LATEX EMULSIONS IN CERTAIN 
APPLICATIONS ______________

Like other v inyl polym ers, P olyvin yl A ce
tate Em ulsions are restricted b y  th e War 
Production Board under A llocation Order 
M -10. Lim ited am ounts for research and 
developm ent m ay he furnished w ithout 
allocation. I f  you  feel these em ulsions m ay  
help you, don’t wai t—clip the coupon below !

P O L Y V I N Y L  A C E T A T E
B E T T E R  T H I N G S  F O R  B E T T E R  L I V I N G  

* - * T H R O U G H  C H E M I S T R Y

Electrochem ical* D ep t.
N em ours & Co, (Inc.)

W ilm ington, D elaw are

Plea*c*em l m e l i te ra tu re  on P o lyv iny l A b la t e  Kntuûion*.

I i\am e  

I Firm

I Address.



Ingenious New

Technical Methods
Presented in the hope that they w ill 
prove interesting and useful to you.

pumpS i r c ■ m r w
the products 7"
of E x p e r i e n c e . J  
The Aurora Per* '■ M
sonnet has but ONE 
objective—-the build* 
ing of fine pumps. We 
are not jacks of all trades. V j i  
We are exclusive pump 
builders. The splendid record ^  
of thousands of Aurora Pumps 
on a myriad of war services is 
your assurance that your post
war needs will be superbly - 
taker, care of as you, too, 
install "Pumps by Aurora.'*

W r i t e  f o r  

C O N D E N S E D  C A T - J m
a l o g  M X : - ; ' • B i l l

7«» ONtï

Type AD Hor. Split Case, Type OD Hor. Split Case 
Two Stage Centrifugal Double Suction Single 

k Stage Centrifugal

NSA Aurora 
Centrifugal 
Sump Pump

You C an  S a y  I t  W i t h  PRIDE 

“ I T S  AN AURORA PUM P”

MOVING 
PART IN
nt/JPćó
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I M M E D I A T E  
D E L I V E R Y

IN DUSTRIAL
G L O V E S

Impermeable to pratically 
All Adds and Caustics 

•
Highly Resistant to Oils 

and Creases

LONG 14" GAUNTLET 
GAUGE .030 to .040  
SIZES 1 0 - l l - n y 2 - 1 2  
INDIVIDUALLY BOXED 
SPECIFY No. 5737-2

Protect v ita l hands to keep your w orkers on the job. 
Request sam ple and quotations on these extra serv
iceab le  gloves a v a ilab le  to you now.

S e e f e ^ “ ™ Z O D U™ c o '

H a r d  S te e ls  C u t  b y  H e a t  G e n e r a t e d  
b y  S u p e r  H i g h  S a w  S p e e d s

Ordinary b an d -saw s , w h en  
o p e ra te d  a t u n b e lie v a b le  h ig h  
sp e ed s  up  to  1 2 ,0 0 0  fee t p e r  
m in u te , cu t th ro u g h  h a rd  s tee ls  
an d  a llo y s by h e a t g e n e ra te d  
fro m  th e  f r ic tio n  o f  th e  saw  
a g a in s t th e  m e ta l to  b e  cut. 
T h e  c u ttin g  effect is  m o re  th a t 
o f  b u rn in g  th ro u g h  th e  m e ta l 
th a n  ac tu a l c u ttin g . T h e  h ea t 
g e n e ra te d  is sufficient to  m e lt 
o r  b u rn  o u t th e  m e ta l in  th e  
saw  cu t b u t n o t e n o u g h  to  
d ra w  th e  te m p e r  o n  th e  s ides.

The h a rd n e s s  o f  e i th e r  saw  
o r  m e ta l to  b e  cu t is o f  lit tle  
im p o r ta n c e . T h in  m e ta l sh e e ts  
a re  cu t l ik e  p a p e r , an d  p la te s  
u p  to  o n e  in c h  in  th ic k n e s s  
can  be cu t a t sp e e d s  o f  ten  
in c h e s  p e r  m in u te .

We h o p e  th is  h as  p ro v e d  in 
te re s tin g  an d  use fu l to  you, 
ju s t as W r ig le y ’s S p ea rm in t 
G u m  is p ro v in g  u sefu l to  m il
lio n s  o f  p e o p le  w o rk in g  every
w h e re  fo r  V ic to ry .

You can get complete infor
mation about this method 
from Bell A ircraft Corpo
ration, Buffalo, New  York.

Type GMC 
Close-Coupled 
^C entrifugal

Type GGU 
Side Suction 
Single Stage 
Centrifugal

APCO Horii. Conden- 
APCO Single Stage sation Return Unit 

Turbine-Type
DISTRIBUTORS IN PRINCIPAL CITIES

64 Louclcs Street, AURORA, ILLINOIS

Proo f of a b il ity  of 
new  method to cut 
hard  m a te r ia ls  is 
d em o n stra ted  by  
o p e r a t o r  c u tt in g  

a file.

The temper of curve 
cut sectio n  sh o w n  
above is unaffected.

A P C O  TU R B IN E.
T Y P E  PUM PS—  t h . ___________
simplest of ell pumps. Idee! for 
smell cepecify, high heed duties. 
Silent, com pect end testing.
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AM ERICAN CHEMICAL SO C IETY  PUBLICATIONS
N O N M E M B E R  S U B S C R IP T IO N  R A T E S  

E ffe c t iv e  J a n u a r y  1, 1943

1. Journal of the American Chemical Society ................................ « q r.n
2. Chemical A bstracts............................................................................. . ! ! ! !  12 00
3. Industrial and Engineering Chemistry

Industrial Edition and Analytical E d ition .........................  4.00
4. Chemical and Engineering N ew s............................................................. . 2 00

0n 1 ai!d 2 wt en s*nt to, one l i f e  and on the title page of the journal concerned), or (3) if theordered at the same time.  ̂ No discount on 3 and/or 4. reason for claim is “missing from files.'*
r t Î B .  <5 ««Sou? ■5202s'n 4tls n m 11 ^ mej can U"ion: Subscribers wishing to have journals forwarded should
nn tif' Atn t ’ ’ ’ 5 60- Canadian postage, notify the Postmaster and furnish necessary postage The

•SE rta . • . names of members and subscribers whose journals cannot beSingle copies of current issues $0.75 each, except (a) annual delivered by the Post Office Department will be removed
indexes to Chemical Abstracts (two December numbers, from the mailing list pending receipt of correct addresses.

■ Analytical Edition (S0.50), and (c) Chemical Lacking other information, a notice of change of address
and Engineering News (SO 15). received from the Post Office Department will be considered

Claims for missing numbers cannot be honored (1) if re- correct and the mailing list changed accordingly,
ceived more than 60 days from date of issue (owing to the AU members and student affiliates of the Society and
hazards of wartime delivery, no claims can be allowed from nonmember subscribers to Industrial and Engineering
subscribers outside of North America), (2) if loss was due Chemistry and to Chemical and Engineering News should
to insufficient notice of change of address (see date given transmit promptly information regarding changes in position.

B A C K  N U M B E R  A N D  V O L U M E  P R IC E S  

E ffe c t iv e  J a n u a ry  1, 1943

\ Journal American Chemical Society, Vols. 15-64, if available, each   $ 9 00
Index to  Vols. 1 -20 .........................................................................  ■ j 'qq
Single copies, Vols. 1-64, each*.................................... .............................  o 80

Chemical Abstracts, Vols. 1-36, including 1st and 2nd Decennial.............
Indexes  705 00

Vols. 15-36, if available, each .....................................................................  15 00
Single copies, except Index numbers, Vols. 1-36, each*. ChSO
Annual index, each y e a r ......................................................................  2 50
2nd Decennial Index, 5 volum es.......................................................................... 50 00

Ordered for replacem ent ’ j ’ ’ ’ 25 00
3rd Decennial Index, 5 volum es ’ " ’ 100 00

Contingent discount of 50%  to individual members, contributing firms, 
educational institutions, government agencies, and public libraries in thé 
United States.

Industrial and Engineering Chemistry
Industrial Edition, Vols. 1 -34..........................    306 00

Vols. 1-34, if available, each  "  ’ 9 qq
Single copies, Vols. 1-34, each*..................................................................... 0.80

Analytical Edition, Vols. 1 -14 .............................................................. .. ' 5 6  00
Vols. 1-14, if available, each ! ! ! ! ! 4 00
Single copies, Vols. 1-4, each*.............................................1 00
Single copies, Vols. 5-8, each*..................................................... ' ”  ' qJO
Single copies, Vols. 9-14, each*..................................................." ’ ”  q’̂ q

Chemical and Engineering News (News Edition through Vol. 19), Vols.
1"20  40 00

Vols. 1-20, if available, each .................................................................  2 00
Single copies, Vols. 1-17, each*......................................... .. 010
Single copies, Vols. 18-20, each*........................................... .. 0 15
* M any numbers no longer available.

Volumes not priced singly, available only in complete sets. the Pan American Postal Union made by mail• all volumes
A few bound volumes of journalsare available. now shipped at purchaser’s risk; postage charged on large
Members, for personal use 20%_ discount from above orders. Postageon Canadian shipments one-third of forekn

prices, except complete sets. Decennial Indexes, and single large orders by insured registered mail ’
copies and volumes of Chemical and Engineering News. Postage charged on all foreign shipments- the Societv

Advance payment is required in all cases and must be assumes no responsibility for delivery If desired journals
”n 1  b^V in  ffie Uffited°Stahteesk “  *  S' f t *  ^ e r e d  maU I t  postage cist p î t ^ f p f ’k S<5WTPtÎrwxrp Q t • , -, , additional for registry, minimum charge 75 cents. Large

SHIPMENT Single issues or volumes maded postage shipments delivered free, if desired, to responsible forwarding
free to any address in the United States; larger shipments agents in New York, further charges to be paid by thl
sent express collect. Authorized delivery to countries in purchaser and method of handling to be arranged by him

Address com m unications relating to  the foregoing to
American Chemical Society, 1155— 16th St., N.W ., W ashington 6, D. C.
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* )k > cc& e TODAY ¿ t i TODAY’S v ita C  T it a *  ^ tíd u a fo c e ti

KINNEY
SINGLE STAGE 

DRY VACUUM PUMP
Each day sees new  uses for KINNEY 
Single Stage Dry Vacuum  Pumps. In 
addition to their m ore usual applica
tions, they are backing diffusion pum ps 
in  producing vitamins A and  E, are 
"standard  p ractice” in m agnesium  pro
duction, are widely em ployed in the 
penicillin program  and for lens coating 
—  and  have m any other interesting 
production and  laboratory uses which 
can  be revealed only w hen the war 
is won.

W rite for Bulletin 18

KINNEY 
MANUFACTURING CO.
3549 W ashington St., Boston 30, Mass.

Branch Offices: New York

p e n ' c i h , n

■■To' » * 6
N S S » V I W

n v a g

e H  f O O 0 5  

l e n s
C O A T  I N G S

We also manu
facture compound 
vacuum pumps, 
l iq u id  pumps ,  
clutches and bitu- 
minus distributors.

C hicago Philadelphia Los A ngeles Seattle

H PO PS in  sifting  efli- 
ciency is yours w ith  

a B A R -N U N  on the job!
I f  you process a vital 
dry, powdered or granu
la r  m ateria l,investiga te 
th is modern Sifter 
NOW ! Learn  how its  
complete rotary m o
tion, m echanically  con
trolled, produces thor
ough, uniform  separa
tions. U nusually  large 
capacity. Bar-N un R o
tary Sifters are b u ilt in

■’  " ofB A R - N U N  S I F T E R S
—  COMPLETE INFORMATION ON REQUEST ---- \

B. F. Gump Co.
E N G IN EE R S  *nd M A N U FA C T U R ER S  SIN CE 1872

La M o tte  P h o sp h a te  C o m p a ra to r

T h e phosphate treatm ent o f boiler feed w ater to  
prevent corrosion has given rise to  th e need o f  a 
rapid, sim ple and accurate m ethod o f analysis, so 
that the proper control m ight be applied. T h is  
new  L aM otte com parator em ploys tw o reagents, 
only one o f w hich is in  solution  form. T h e range o f  
concentration covers 0 to  100 ppm  o f phosphate. 
H igher readings m ade b y  d ilution principle. U n it  
includes necessary p ipettes, tubes, reagents in  
com parator w ith  full instructions. Price $15.00  
F .O .B . Tow son, B altim ore, M d.

LaMOTTE CHEMICAL PRODUCIS CO.
D ept. F. T ow son-4, B a ltim ore, M d.
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T U B E F L O
S E C T I O N

. . . m a i n t a i n s  r a t e d  h e a t  t r a n s f e r  

w i t h  d i r t y  o r  t a r r y  f l u i d s

Here is a heat exchanger that resists fouling or clog
ging because of the large and uniform cross-section of 
all passages and high velocity of flow. Contamination 
of fluids is positively prevented, because leakage can
not possibly occur between the two sides of the unit. 
The design is ideal for high pressures and temper
atures, because all fluid passages are reinforced 
throughout their entire length. These and additional 
important advantages of the G-R Tubeflo Section 
have been proven in over 3,500 installed units and by 
more than 15 years of service records.

Write for Bulletin describing G-R Tubeflo Section features in detail

The Grlscom-Russell Co. 
285 Madison Avenue 

New York 17, N.Y.



w m ; • tm w .nrnyis
v sH r.RT-nw ,

D r y e r s  

R O T A R Y  R e t o r t s  

C o o le r s

These Dryers are ingeniously designed 

and eng ineered  for the material to be 

d ried , the time in w hich you w ish to  

dry  it, and the ultimate use to  w hich the 

d ried  materials is to b e  p laced .

But all these facts are interestingly 

ou tlined and explained in our Book

let "Factors to  Seek and C heck in 

Buying a Rotary Dryer.”

S e n d  for your free copy.

I  — 8  i n

Headquarters for Drying Equipment

1 7  EAST 4 2 nd STREET

N E W  Y O R K  1 7 ,  N . Y .

TO END A LL C O R R O S I O N  P R OB L E MS
Saran is a lough thermoplastic originally made to replace 
such strategic war materials as aluminum, stainless steel 
nickel, copper, brass, tin and rubber. Now found adaptable to’
a n d rQnge USSS in - product designing, food processing 
and wherever non-corrosive materials are necessary. Its in
sta tin g  qua ities, flexibility and ease of handling make I t  
extremely valuable in installations dealing with oils, gases
DipeWsh e rt ana COi rOSiT j ?h,?micals- 11 is available in tube, pipe, sheet, rod and molded fittings.

T echnical B ulletin  P-8 w ill bo 
sen t on re q u e st. A ddress D ept.SF .

-  P a t. No. 21G0931 i f S A R A N

‘‘F u l l j e t ”  I n 
j e c t o r  T y p e  
S p ra y  N o z z le  
for in jectors or 
w herever an u n 
usually  narrow  
angle sp ra y  is 
required.

J lo - a J z it iC f jo J i

BETTER S P R A Y  N O Z Z L E S ?
T ry  Spraying Systems nozzles. Every  
nozzle reflects our organization’s thor
ough knowledge of spraying problems 
and ability to engineer the right answers 
into our product. Design features are 
carefully worked out for specific jobs, 
to do better, faster spraying. Write for 
your free copy of our new catalog today.

SPRAYING SYSTEMS COMPANY
4027 W. take Street Chicago 24, llllneis
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5EXTRA Ua
¿ A ft  5 *  t x T R A ^

PLAIN WEAVE

i m l f n
.„ .m m  kt i?r mtimiwr u 

w r  jfr; wh Mr w r Mrt im m r  *g 
m. wrt w r  h r  m t  i r  w r  w ri w r 
n  J r .  m  a? r  afr> ir r t M si h r  w r ; 
c w n f o J O T H r  w r  » r t f e r  ¡ r  m 
m i i i r  a r  w r  i f f  i m  m i  m  
it: mi m i?r‘ w rt tor m  ir r  m  
r  w t  j f r  Mr i r  Mr f m im  m t :

¡jfr an-'#  r  srr sup m  m  m  m  
m r?r w rw r (¡¡r: <?n w r im  wr 
w r j r a m  irr. imim- w p r .  ; 
wit î Ft Jiri-iifT J lii wit $
?r a r  *nr w r jm ph  p i  m i®  

t t W n i m i y m m j n * y r p r ,

,  t .  . p a s s
/  «• /  / " ‘V i  : '

e s s e n t i a l  l i q u i d s ‘  w a r /

E V E R L A S T I N G F A S T E N I N G S

R O E B L I N G ROEBLING

W herever men fight today, Roebling Wire 
Screen goes along—to purge im purities 

from the gasoline, fuel oil and lubricating 

lines of their engines of offense. No less 
important on the home front, this precision 
weave filter cloth is purifying fruit juices, 
pulps, chemical solutions . . .  in fact filter
ing and straining somewhere along the line 
in practically all wartime production.

How does your product fit into this picture? 
Whether it’s animal, vegetable, mineral or 
synthetic . . .  whether it calls for cleaning, 
sizing, grading or de-watering. . .  in the 

broad line of Roebling Wire Screens there’s 

one that is right for thejob. Screens woven 

of .001" w ire or 1" rod . . .  steel, iron, 

bronze, nickel, aluminum or any metal that 

can be woven. . .  to resist heat, abrasion, 

corrosion, flexing or impact. Roebling  

makes them all promptly available to manu

facturers of essential products.

JO H N  A. ROEBLING'S SONS CO M PA N Y  
TRENTON 2, NEW  JERSEY 

B r a n c h e s  a n d  W a r e h o u s e s  in  P r in c ip a l  C i t ie s

JERSEY STRANDED

DUTCH PLAIN WEAVE

DUTCH TWILLED

f t  A R P E R  f a s t e n i n g s  a d d  
y e a r s  a n d  y e a r s  t o  t h e  

s e r v i c e  l i f e  o f  p r o d u c t s  a n d  
e q u ip m e n t o n  w h ich  th e y  a re  
u sed  . . . a n d  do  i t  a t  a  tr if lin g  
e x tra  f irs t co s t. T h e y  in su re  y o u r  
p ro d u c t a g a in s t  th e  ra v a g e s  o f 
r u s t  a n d  co rro s io n . T h e y  re s is t 
n u m e ro u s  ac id s  a n d  a lk a lie s  . . . 
o cean  s a l t . . .  t ro p ic  sw e a t. T h e y  
sa v e  h o u rs  o f  t im e  a n d  la b o r  r e 
q u ire d  to  re p la c e  ru s te d  c o m 
m o n  s te e l b o lts  . . . p r e v e n t  f a i l 
u re  o f  v i ta l  e q u ip m e n t . . . k ee p  
p ro d u c tio n  ro llin g  . . . a re  r e 
p e a te d ly  re m o v a b le . I n  c e r ta in  
a llo y s th e y  a re  n o n -m a g n e tic  
a n d  n o n -sp a rk in g . 4320 ite m s  in  
s to c k . W r ite  fo r 4 co lo r c a ta lo g .

The H. M . H A R P E R  C O M P A N Y
2 6 3 2  FLETCHER ST. •  CH ICAG O  18 , ILL. 
BRANCH OFFICES: N ew  Y ork C ity , P h ilo - 
d e lp h ia ,  Los A n g e le s , H o u sto n , C in c in n a ti, 
M ilw a u k e e . Representatives in Principal Cities

W O V E N  W / R E  S C R E E N S
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I ,  B .  C r a n e s  P l a y  V i t a l  R o l e  i n  1 9 4 3  S h i p b u i l d 

i n g  G o a l  O f  1 9 , 0 0 0 , 0 0 0  T o n s
Left: launching of U.S.S. Raby (Destroyer Es
cort 698) Sept. 4, 1943 at Defoe Shipbuilding 
Co., Bay City, Mich.— a user of I. B. Cranes.

In 1943 s shipbuilding achievement you’ll 
find that not only the shipbuilders and 
workers themselves, but the hundreds of 
suppliers o f equipm ent to build those 
ships have played a p rom inent role in this 
further advance toward allied victory.

Industrial Brownhoist Cranes, for exam 
ple, are today helping many a busding 
shipyard get ships bu ilt on tim e— and 
ahead of time. I. B. Cranes are lifting 
heavy subassemblies, handling heavy m a
terials of every kind that go into Uncle 
Sam’s fighting and m erchant ships.

N o  m atter w hat your m aterial handling 
problem  may be— today or tomorrow—  
it will pay you, as it is paying scores of 
America’s biggest industries, to use In 
dustrial Brow nhoist Cranes. Industrial 
Brownhoist Corporation, Bay City, M ich
igan. Offices in N ew  Y ork City', Philadel
phia, Pittsburgh, Cleveland and Chicago. .

lOflcj, automatic.

No pumps, valves, or auxil
iary units needed to read them.

Models available, go that readings 
can bo taken remotely iroru or 
directly at the tank,

4  Accuracy unailected by spoclilc 
gravity ol tank liquid.

5  Approved lor gauging haiardous 
liquids by Underwriters' Labora
tories and other similar groups.

VTrrfe fo r  complete d e ta ils

t h e  L I Q W P O M E T E

3 8 4 3  S X H IH A N  A V E .»  LONG IS LA N D  £1

ACCURATELY CONTROL
s e q u e n c e  a n d  d u r a t i o n  o f  1 to  
100 0  c o n s e c u t i v e  a n d  o v e r l a p 
p in g  m a c h in e  o r p ro ce ss  fu n c t io n s

a l t e

SEND FOR *TC" 
DATA SHEETS

SYNTHETIC RUBBER 
PROCESS TIME CONTROL 
. . . one of largest built! 
Synchronous motors drive 
twin shafts, each with 41 
cams and mercury switches 
to control operations. Cam 
cyde may be adjusted in 
steps from 6 to 18 min. 
Color coded flow chart, indi
cator lights, common term
inal board, endosed cabinet 
internal lighting and lock- 
handle doors ire  features.

nd u & O U a t Co?cbu>Ü , 

1
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Between Replacements with

A l l o y  S t e e l  P r o d u c t s  C o m p a n y ,  I n c . ,  1 3 0 0  W e s t  E l i z a b e t h  A v e n u e ,  L i n d e n ,  N .  J .

T o d a y ’s  s h o r t a g e  o f  m a n p o w e r  a n d  m a t e r ia ls  

m a k e s  it  e s s e n t ia l  t h a t  y o u  a s k ,  “ W i l l  it  l a s t ? ”  

b e f o r e  y o u  o k a y  a n  o rd e r .  It is  c h a r a c t e r is t ic  

o f  A L O Y C O  V A L V E S  t h a t  t h e y  s t a n d  u p  u n d e r  

s e v e r e  s e r v ic e .  T h e r e  h a s  b e e n  n o  s a c r if ic e  in  

t h e  q u a l i t y  o f  m a t e r ia ls  o r  w o r k m a n s h ip  fo r  

q u a n t i t y  p r o d u c t io n  o f  A lo y c o  V a lv e s .  E x p e r i

e n c e d  f o u n d r y  p r a c t ic e ,  a c c u r a t e  m a c h in in g  

a n d  r ig id  in s p e c t io n  in s u r e  th e  m a in t e n a n c e  

o f  h ig h  s t a n d a r d s  o f  e x c e l le n c e .

A L O Y C O  V A L V E S  p e r m it  w id e l y  v a r y in g  p ip 

in g  la y o u t s  b e c a u s e  t h e y  a r e  m a d e  in  a  c o m 

p le t e  r a n g e  o f  t y p e s  a n d  s iz e s  a s  w e l l  a s  

a l lo y s .

W e  c a n  s u p p ly  A L O Y 

C O  V A L V E S  a n d  F I T 

T I N G S  i n  m a t e r i a l s  

m o s t  s u i t a b le  fo r  y o u r  

a p p l i c a t io n .  S e n d  u s  

y o u r  in q u ir ie s .

©ATE VALVES * GLOBE VALVES 
Y VALVES » CHECK VALVES 
LEVER THROTTLE ©ATI VALVES 

ÏAMX VALVES » SCREWED TITTINOS 
FLANGED FITTINGS 

GA.UGS ©LASS FITTINGS
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slICHARDSON PROPORTIONING SCALES 
► M I X  FASTER ► STOP W ASTE  

> ASSU RE UNIFORM PRODUCTS

W h e re v e r  y o u r  w e ig h in g , p ro p o r t io n in g  a n d  
b le n d in g  o p e ra t io n s  m u s t be exact, y o u ’ll save 
la b o r  a n d  m a te r ia ls  w ith  a

R IC H A R D S O N  
A U T O M A T IC  H O P P E R  SCA LE.

O p e ra t in g  s in g ly  o r  in  b a tte r ie s , th e y  d e liv e r  
a c c u ra te  w e ig h ts , a t fa s t sp ee d s , w ith o u t  n e e d  
fo r  h u m a n  a tte n d a n c e . I f  m a te r ia ls  ru n  o u t in  
any  o n e  sca le , th e  e n tire  c o m b in a tio n  s to p s , th u s  
a v o id in g  an y  p o s s ib il i ty  o f  s p o ile d  m ix es. S cales 
a re  e q u ip p e d  w ith  a g ita to rs  to  s p e e d  th e  flow  o f  
s lu g g ish  m a te r ia ls . W h e n  m ix es  a re  c h a n g e d , 
any  m a c h in e  can  be  cu t o u t o f  lin e  a t w ill.

O p e ra t in g  p a r ts  o n  R IC H A R D S O N  A u to m a tic  
S cales a re  o u ts id e  th e  h o u s in g , w h e re  th e y  c a n n o t 
be  im p e d e d  by d u s t o r  m a te r ia l. T h e  e n tire  
in s ta lla tio n  is  th u s  d u s tp ro o f .  S cale  c a p ac itie s  
ra n g e  f ro m  10  to  10,000 lb s . u n i t  cap ac ity .

F o r w e ig h in g  sa lt, so d a  a sh , p o ta s h , so d iu m  
su lp h a te , a lu m , b o ra x , c a rb o n  b la c k , b a ry te s  a n d  
s im ila r  m a te r ia ls . O th e r  R IC H A R D S O N  S cales 
h a n d le  in c o m in g  ch e m ic a ls , p r o p o r t io n  so lid s  
a n d  l iq u id s , w e ig h  a n d  b a g  p ro d u c ts  b e fo re  
s h ip m e n t. A sk  o u r  c o u n se l o n  y o u r  w e ig h in g  
p ro b le m . B u lle tin  2140-1  g iv es  d e ta ils  a n d  
i l lu s tra tio n s . W r ite  fo r  it.

R I C H A R D S O N
A tla n ta  B o sto n  C h ic ag o  M in n e a p o lis  M o n tre a l  N e w  Y ork  

O m a h a  P h ila d e lp h ia  San F ran c isco  T o ro n to  W ic h ita

RICHARDSON SCALE COMPANY, CLIFTON, N. J.
© 4 8 8 9

I. & E. C. 
Reports on the 

Chemical World 
Today

O n d L i& b u f,
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P ackage P rob lem s. W hen re tu rned  too th  paste  tubes, 
and  o thers like them , have yielded a million pounds of tin  
with still an o th er million and  a half pounds aw aiting  its 
tu rn  to  be piocessed, th e  m agnitude of A m erica’s con
ta iner problem  becomes readily  ap p aren t. New regula
tions are effective covering civilian use of containers of 
every ty p e  and  establishing reduced quotas for all appli
cations n o t in  th e  m ost v ita l categories. S ubstitu tions 
are prescribed all along the  line to  lim it stringen tly  the 
m an-hours required  to  package each com m odity. Glass 
replaces m etal, ceram ic replaces glass, paper and corru
gated  board su b stitu te  for bo th , and the chain continues 
in every direction. M eanwhile, p erm itted  production  of 
nonessential item s shrinks and  releases fu rthe r package- 
producing capacity  to  supply containers for necessary 
products.

I . & E. C. E d ito rs see in th is  necessary w artim e trend  
an oppo rtun ity  for com plete revaluation  of all our pack
aging techniques. T he enorm ous grow th of dem and in 
p ast decades for individual packages for every  item  and 
every  com m odity is now  forced in to  reverse. Larger pack 
ages will rule in th e  near fu ture . E ven  the cracker barrel 
of blessed m em ory m ay re tu rn . W hen restric tions are 
u ltim ately  lifted, in d u stry  and m erchandisers m ay prefer 
n o t to  re tu rn  com pletely to  m ultitudes of sm all, even tiny , 
packages th a t  have for so long been the  rage. We see a 
possible fu tu re  economic com prom ise betw een th e  ex
pensive, b u t convenient, small reta il package and  th e  
now outm oded bu lk  package abandoned  as unsan ita ry  
and  uneconom ical in a com m unity  of sm all families.

R e tu rn  Cylinders. The critical shortage of cylinders 
for the tran sp o rta tio n  of chlorine is the  chief problem  as
sociated w ith its  w artim e availab ility . Steel cannot be 
spared for cylinders. W ith  g rea tly  stepped-up m anufac
ture, we now have sufficient chlorine, B U T  i t  is a t  produc
ing p lan ts  and will reach consum ers only I F  cylinders are 
kep t in circulation. I t  is easy to  set aside an em pty  
cylinder and  forget it, b u t doing so m ay and probably  
will m ean delay in m eeting a  v ita l war need.

See the  Job  Through. D avid  Lawrence, colum nist and 
editor of United, States News, perform s a no tew orthy  
service in  calling a tten tio n  to  a  growing exodus of business 
m en from  governm ent posts. H e courageously condem ns 
th is action  in  no uncerta in  term s. P ostw ar planning is 
vital an d  necessary a t  th is tim e, b u t the  war is n o t y e t over. 
In  our W ashington m eanderings we, too, have heard  pri
va te ly  voiced opinions from  m any higher-ups b itte rly  com
plaining against th e  p rac tice of a num ber of com panies of 
recalling m en from  th e  capital. N o t only are G erm any 
and Ja p an  y e t to  be defeated, b u t m any  im p o rta n t p rob
lems, such as renegotiation  of contracts , procedures for 
cancellation of contracts , and  disposition of governm ent- 
owned p lan ts, rem ain unsolved. In d u s try  is m yopic 
when i t  w ithdraw s able adm in istra to rs from  governm ent 
positions, and  if i t  now tu rn s  i t  back  on the  W ashington 
scene, i t  will have little  ground on which to  com plain abou t 
fu ture unsym pathetic  or even hostile a ttitu d es.
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N O W . . . S P R A Y  DRYING EQUIPMENT
B a c k e d  b y  S W E N S O N  E n g i n e e r i n g  a n i

DOUTHITT GRAY-JENSEN
SWENSON £YAP OR ATS R CO.  DIVI SI ON o !  WHITING CORPORATI ON

221 N o, La S a lle  St., 'C h icag o  1> II!.,

M e rg e r  o f  th e  eng ineering  an d  m anufactu ring  resources o f  D o u th it t  
G ray -Jen sen  w ith  those  o f  Sw enson has b ro u g h t im p o rta n t advantages to 
th e  chem ical process industries . Spray d ry in g  eq u ip m en t is now available, 
back ed  by  Sw enson eng ineering  sk ill and assurance o f  efficiency and  
d ependab ility .

T h e  G ray- Jen sen  process passes m ateria l from  w et to  com plete ly  d ry  
in  a sing le step , by  raising tem p era tu re  on ly  s lig h tly  above th e  w et bulb 
read ing . T h is  h ig h  efficiency has m ade G ray -J ensen th e  p re ferred  eq u ip 
m e n t fo r sp ray  d ry in g  foodstuffs; and  th e  sam e advantages recom m end  
it  fo r n u m ero u s d ry in g  operations in  th e  chem ical in d u stries  —  particu 
larly  fo r m ateria ls sub ject to  decom position  u n d e r  excessive heat.

M ate ria l sp ray  d ried  by  th e  G ray -Jen sen  process consists o f  m inu te  
partic les in  spherical form  th a t  req u ire  no c ru sh in g  o r sifting. I t  is char
ac terized  by  ready  so lub ility .

D o u th it t  G ray -Jen sen  eng ineers will welcom e an o p p o rtu n ity  to  d is
cuss th e  adap ta tion  o f  spray  d ry in g  eq u ip m en t to  y o u r particu la r needs.



/Og A hops pea mx/ą
PXCUf ÍPGCXMTWYÍW/r

ILLINOIS WATER TREATMENT CO.
8 5 2  C E D A R  S T RE E T  • R O C K F O R D ,  I L L I N O I S
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U N S T A B L E  P R O D U C T S

D e - I o n i z e d

w a t e r

R E P L A C E S

d i s t i l l e d  w a t e r

STILL

OTTOMS
TANK

C O U P L IN G  H E A D

T h e  m o s t c o m p a c t, c o n v e n ie n t 
th e rm a l c o n tro l av a ilab le . W rite

N

\  5U000g u s .  P ffim
PftOM pa crop y uv/r
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H i c k s  d e s ig n e d  p u r i f i c a t io n  s t i l l s  g i v e  

s u p e r io r  f in i s h  to  e n d  p r o d u c t s  u s e  in  

th e  p l a s t i c  a n d  v e g e t a b l e  o i l  i n d u s t r ie s .

S . D . H I C K S  & S O N  C O . ,  I N C .
B U I L D E R S  O F  E Q U I P M E N T  S I N C E  1 8 4 2

IN ST A L L E D  IN  V IT A L  IN D U S T R IE S ,  Illco-Way 
units arc producing purified water, uniform at all limes, in out

standing plants in many industries, including:

Learn how 11.1,CO-WA'l can speed production, improve quality, 
help cut costs in your plant! Write for literature today.

S H O P S
1671 H yde Park Ave. 145 B order St. 

H yde Park, M ass. £. Boston, M ass.

P R O C E S S  D I V I S I O N
51 E. 42nd  S tree t 

New York City

1 0 ,0 0 0  G A L L O N S  F O R  LE SS T H A N  A  D O L L A R !

. . .  on average raw water supply. When supply is low in 
dissolved solids, cost may be considerably less!. . .  A great scien

tific development for modern industry! Used in many 
war plants today! Great savings are affected by this modern 

(ion-exchange) method of producing water to replace distilled water 
. . . ILLCO-W AY De-ionizing Units produce water containing 
less than 1 to t> p.p.in. of dissolved solids (plus colloidal silica)

. . . are daily meeting exacting standards in chemical, 
pharmaceutical, and other plants.

SYNTHETIC RUBBER 
ALUMINUM 

METAL PLATING 
EXPLOSIVES 

SILICA GEL 
BUTADIENE 

AVIATION GASOLINE

AIRCRAFT ENGINE
MIRROR
C E R A M IC

PHARMACEUTICAL
CHEMICAL
DISTILLERIES
LA B O R A T O R IE S

203  M A IN  ST. 
A S H L A N D  

o M A S S A C H U S E T T S
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A C O LD -A P P Ü E D  TH ER M O P LA STIC  COATI
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Don’t wait until you are face-to-face with critical prob
lems concerning corrosion and contamination. Get the 
facts about Amercoat now!

Amercoat protects metal, concrete and wood sur
faces from corrosion by many different acids, alkalies 
and chemical compounds now required in the manu
facture of vital war and food supplies.

Amercoat likewise, protects these same essential ma
terials and food products from contamination by prod
ucts of corrosion.

Thus, Amercoat does an important two-way job 
these days . . .  equipment must be protected because 
replacements arc hard to get. . .  precious materials 
must not be wasted.

EA SY  TO APPLY BY  

CONVENTIONAL METHODSAmercoat is impervious to the 
corrosive action of such va
ried materials as: Aviation 
G aso line  . . .  Sea W ate r . . .  
Ammonium N itrate . . .  Alco
hol . . .  40% Formaldehyde. . .  
Lactic Acid . . .  50% and 75% 
Caustic Soda. . .  Concentrated 
Magnesium Chloride Brine 
. . .  Drinking W ater.

Amercoat compounds are 
inert thermoplastic coat
ings. W hen sprayed or 
brushed on metal, wood or 
concrete they provide an 
impervious, odorless and 
tasteless surface. Ordinary 
industrial spray painting 
equipment can be used for 
application.

Get the facts about Amercoat now. Tell us your problem . . .  
and we’ll show you how to solve it with Amercoat. . .  or tell 
you frankly Amercoat isn 't the answer.

Canadian Di*& GuniU 4 WaUrpfOofins, Ltd., 180 Vail«« St,, Monf/tal

I-
t..
I 

I

I l ■»
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U. S. Army Air Corpi

T ODA Y
Oarlock is helping America's war indus
tries and essential civilian industries 
maintain top-specd production by supply
ing them with Oarlock products that 
give long, dependable service.

A F T E R  T H E  W A R
Oarlock will continue to manufacture 
quality packings, gaskets arid oil seals— 
for America’s peace-time industries. The 
Oarlock Packing Company, Palmyra, 
New York. „ /

T
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T H E  B IR D -A R C H E R  C O .

E n g in ee rs  a n d  C o n su ltan ts  

or> W a te r  C o n d it io n in g  P rob lem s
1 Surveys Plant Studies Analyses

4 0 0  M a d is o n  A v c . ,  N e w  Y o rk , N .  Y.

I D J - ^ , p° nenr R. H. Fash 
i B-S-. Ch.E., Pres. BA.Vice-Pres.

T H E  F O R T  W O R T H  L A B O R A T O R I E S
C o n su lt in g , A n a ly tic a l C hem ists  an d  

C h em ica l E n g in ee rs
|  When you have propositions In the Southwest 
| consider using our staff and equipment to save 
1 i time and money.

Fort Worth, Dallas, Houston and San Antonio

H A L W Y N  R E Y N O L D S  S M IT H
C o n su ltin g  C h em ica l E n g in e e r  

S u rveys  a n d  E n g in ee rin g  D e v e lo p m en t 
Room 3 -4 0  South Lo* Robles Avenue 

PASA D EN A, CALIFORNIA 
Telephone Sylvan 0-2521

1 B O R N  E N G I N E E R I N G  C O .

P e tro le u m  a n d  N a tu ra l G a s

A n a ly se s  a n d  Tests 

A p p ra is a ls

D esign  & C o n s tru c t io n  

In sp e c tio n  S e rv ic e  

E n g in ee rin g  R ep o rts

Tulsa, O k la h o m a

F R O E H L IN G  & R O B E R T S O N , IN C .
Established 1881

C o n su lt in g  a n d  A n a ly tic a l C hem ists  
a n d  In sp ec tio n  E n g in ee rs

Richmond Virgin I.

Established 1891

S A M U E L  P. S A D T L E R  & S O N ,  IN C .

C o n su lt in g  a n d  A n a ly tic a l  C hem ists  
C h em ica l E n g in ee rs

We render many chemical services 
for industrial clients.

210 S. 13th St., Philadelphia 7, Pa.

‘Nothing Pays Like Research"

E. W . D . H U F F M A N ,  P h .D .

M ic ro a n a ly tic a l  L a b o ra to r ie s

Organic, norganle — Quantitative, Qualitative 
I Precision Analyses — Special Analytical Problems

| M a je s tic  B ldg . D en v er , C o lo r a d o

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

C O R P O R A T I O N

D e v o te d  to  th e  P rac tica l A p p l ic a t io n  o f 

C hem istry  to  Industry

1 3 1 4  W e s t  First S tre e t D a y to n ,  O h io

W rite  fo r  D escriptive Brochure 

" W h e n  Peace C om es"

Patent Law Offices
L A N C A S T E R , A L L W I N E  & R O M M E L

Booklet — "General Information Concerning 
Inventions & Patents" and "Fee Schedule" 

sent without obligation.
Established 1915 

P a te n ts  —  C o p y rig h ts  —  T ra d e -M a rk s  
Suit. 446, 815 — 15th N. W „ Washington, D. C

......

F O S T E R  D .  S N E L L ,  I N C .
O u r  staff o f  chem ists , e n g in e e rs  an d  
b a c te r io lo g is ts  w ith  la b o ra to r ie s  fo r 
analy sis , r e s e a rc h , p h y sica l te s t in g  a n d  
b a c te r io lo g y  a re  p r e p a r e d  to  r e n d e r  y o u  

Every Form o f  C hem ica l Service  
305 Washington Street Brooklyn, N. Y.

L A  W A L L  & H A R R IS S O N

Biological Assays — Clinical Tests 
Chemical — Bacteriological — Problems 

Organic Synthesis 
Pharmaceutical and Food Problems 

Research

2 1 4  S o . 1 2 th  S t. P h i la d e lp h ia ,  P a .

E D W A R D  T H O M A S
Attorney-At-Law 

Registered Patent Attorney

C h em ica l P a te n t P ro b lem s

Woolworth Bldg. New York, N. Y.

ft E D W A L  L A B O R A T O R I E S , IN C .

I  E. W. Lowe, Ph.D. W. S. Guthsnann, Ph.D. 
W. B. Hendrey, Ph.D.

1 A n a ly tic a l  a n d  C o n su lt in g  C hem ists  
I  R esearch  o n  P art-tim e o r  F e llo w s h ip  Basis 

1  7 3 2  F e d e ra l S tr e e t  C h ic a g o  5 ,  III.
Descriptive booklet No. 2UJ available

L O U IS  E. L O V E T T

C o n su ltin g  E n g in ee r

Rayon and Cellophane Process, Plant Design, Reports. 
Commercial Applications of Osmosis

Madison, Ohio

U N IF IE D  L A B O R A T O R I E S , IN C .
W. M. Malisoff, Ch.E, Ph.D., Pres.

Process Development, Research and Umpire 
Biological Assays. Staff specialists on Hormones, 
Vitamins, Synthetic Drugs, the Alcohol Industry, 
the Sugar Industry, and the Petroleum Industry, 

Chemical Warfare.
1 7 7 5  B ro ad w ay  N e w  Y ork

G U S T A V U S  J .  E S S E L E N ,  I N C .

C h e m i c a l  R e s e a r c h  

a n d  D e v e l o p m e n t

I  8 5 7  B o y i s t o n  S t r e e t  B o s t o n ,  M a s s .  j

"Today's Research Is Tomorrow's Industry"

C. L . M A N T E L L
C o n su lt in g  E n g in ee r

Electrochemical Processes and 
Plant Design

6 0 1  W . 2 6 th  S t. ,  N e w  Y o rk , N .  Y.

H E R B E R T  W A T E R M A N ,  C h .E ., P h .D . 
C o n su lt in g  E n g in ee r

Production Problems 
Equipment and Plant Design 

Research and Process Development
2100 Roselin Place, Los Angeles, Calif. 

Telephone Olympia 3780

M E T C A L F  & E D D Y
E n g in ee rs

Airfields
Investigations Reports Design 
Supervision of Construction and Operation 
Management Valuations Laboratory

S ta tle r  B u ild in g  B o s to n , M ass .

T R U M A N  B. W A Y N E
C o n su lt in g  C h em ica l E n g in ee r 

Emulsion Processes and Problems.
Organic Polymers & Resins.
Chemical Synthesis and Production.
Patent Matters, Surveys & Reports.

Bankers Mortgage Bldg. Houston, Texas 
Telaphona Fairfax 7708

I  F R A S E R - B R A C E E N G I N E E R I N G « ., I N C .

D esig n , co n s tru c tio n  a n d
in s ta lla t io n  o f  c o m p le te

p la n ts  a n d  p ro je c ts

I  M echanical, H eavy  Indus  trice, Shipbuilding, 
I  H ydro-E lectric  D evelopm ents, Pow er Plant*, 
I  Chem ical and  Refining P lan ts , Process Industries  
1 M etallurg ical D evelopm ents and  Processes, Ex- 
1 plosives, P lastics, W ate r Supply  and  T rea tm en t, 

Sewage and  In d u s tria l W astes T rea tm en t.

I R E P O R T S -A P P R A IS A L S - C O N S U L T IN G
1 0  East 4 0 th  S tree t 
N e w  Y o rk , 1 6 ,  N .  Y.

Harvey A. Sell, Ph.D. Earl B. Putt, B-Sc.
S E IL , PU T T  & R U SB Y

Incorporated
C o n su lt in g  C hem ists

Specialists in the analysis of 
Foods, Dm » and Organic Products 
16 E. 34th St«*!, New York, N. Y. 
Telephone — MUnay Hill 3-6368

T H E  W E S T P O R T  M I L L

W e s tp o r t ,  C o n n .

L a b o ra to r ie s  a n d  T esting  P la n t o f  

T he  D O R R  C O M P A N Y ,  IN C .

Chemical, Industrial, Metallurgical and Sanitary 
Engineer»

Consultation — Testing — Research — Plant Design

Descriptive brochure, "Testing that Pays Dividends” 
upon request

CONSULTING
Rubber Technologist

Natural and Synthetic Rubber
R. R. OLIN LABORATORIES 

Complete Rubber Testing Facilities
Established 1927

P. O . Box 372, Akron 9, Ohio 
Telephones: HE 3724, FR 8551



D e c e m b e r, 1943 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 141

exact co n tro l is  im p erative ,  
they keep air lines DRY with

S y n th e tic  ru b b e r  p ro d u c tio n  calls fo r ex trem ely  

ac c u ra te  co n tro l o f  co n d itio n s  u n d e r  w hich  re 

ac tio n s  ta k e  p lace ; th e  p rocess is v e ry  sensitive  

to  te m p e ra tu re  a n d  p ressu re  v a r ia tio n s . A n  air 

sy stem  p ro v id es  th e  req u ired  close m o d u la tio n s 

o f con tro l.

P o licing  th e se  air lines, keep ing  th e m  free  of 

m o is tu re , a re  L ec tro d ry e rs  ch a rg ed  w ith  A lorco 

A c tiv a te d  A lu m in a . N o  ch an ce  t h a t  w a te r  in 

th e  lines w ill te a m  u p  w ith  d u s t to  fo rm  sludge 

th a t  will clog tin y  v a lv e  p o r ts . N o  ru s tin g  or 
freezing  to  in te rfe re  w ith  th e  sm o o th  o p era tio n  

o f  sensitive  in s tru m e n ts .

E lsew here in  th is  p la n t, sim ila r m ach ines 

charged  w ith  A c tiv a ted  A lum ina  a re  d ry in g  in e rt  

gases used  in th e  ru b b e r-m a k in g  processes. D if 

ficult reac tio n s a re  m ore  like ly  to  follow  n arro w  

ch an n els  w hen m a te ria ls  h av e  defin ite  d ryness.

D o  you  need a d ry in g  ag e n t w hich will 

rem o v e ev e ry  tra c e  o f m o is tu re  to  dew  p o in ts  

below  -1 1 0 °  F .?  T h a t ’s th e  k ind o f  jo b  A lorco 

A c tiv a te d  A lum inas a re  do ing  w ith  o rgan ic  

l iq u id s ,  a i r  a n d  g a s e s .  F o r  h e lp ,  w r i t e  

A L U M IN U M  C O M P A N Y  O F  A M E R IC A  

(Sales A gen t fo r  A l u m i n u m  O r e  C o m p an y ) 

1911 G u lf  B u ild ing , P it ts b u rg h , P en n sy lv a n ia .

■ l^ectrodryers, charged with Alorco A c ti
vated A lum ina , make certain that air 
controls work smoothly.

The control room, heart o f giant copoly
mer p lan t operated by U. S . Rubber Co.

"A  LO  R C O " P R O D U C T S
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. . .  strong sufe link between planning and production!
Pilot Plants have often warranted their apt description, "The Proving Ground for the Process Industries”. 
Through this medium of semi-industrial operation, careful studu under actual working conditions often 
suggests adjustments in operation. Th ese  adjustments made at th is  stage of development are far less costly 
than if detected only after completion of the commercial installation. Thus, valuable weeks or months of 
production at peak capacities are saved by this precautionary measure.

The Pilot Plant is a strong link between laboratory research and development, and successful operation. Our 
engineering staff is constantly a t  luorh with the various branches of the Process Industries, helping to solve 
the complex problems of newly developed processes. W e 

offer our services and full cooperation in designing and 
building not only the Pilot Plant, but also the ultimate 
complete plant.

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



*'LM Type Dual Uoit. Ooc of 8 types
IQ orcf 200 sixes ava il-
able.

A C I D S

D Y E S

Cborlzontal 
check valve)

A ll Hilb-McCanna 
Pumps arc provided 
with check valves to 
suit the liquids 
pumped. Shown is 
our horizontal com
posite, : Positivc-Act- 
ingjChcclc Valve, com
bining suction and 
discharge in the same 
bodjf. This valve 
uummixcsair-biuding, 
turbulence.

. . . handling also 
A L K A L I S  • S L U R R I E S  .  S A L T S  

S O L V E N T S  • E M U L S I O N S  •
• - . I N H I B I T O R S  •  E T C . . . .

I N  G E N E R A L  C H E M I C A L  P R O C E S S I N G
Having pioneered in  the application of single 
plunger type pumps to chemical processes of all 
kinds, Hills-McCanna naturally have been looked 
to for authoritative service in adapting propor

tioning pumps to newer processes 
such as the manufacture of Plexiglas.

The exacting demands of such modern, 
scientific operations are more than met 
by Hills-McCanna Pumps, which pro
vide highly accurate dosages, precision 
control, mechanical regularity, continu
ous duty, thoroughly dependable per
formance— with minimum maintenance.

They have amply proven their low-cost 
service over many years of varied appli
cation. Let our engineer-specialists 
work with you on any feeding or inject
ing situation.

Catalog P - 4 1  on request.

HILLS-McCANNA CO.
'■3'î5  N E L S O N  S T R E E T ,  C H iC A G O

P R O P O I H r iO N l i l t i  fU lV , ? & *  A lf f  A  w t ' f L i i  u i i u r c  ,

mar.ne valves .  roHCED-rrCD lubhicatuhs * uoV m̂ l Ç A ?™ !*

^ E S P J T E  a certain preoccupation with today’s No. 1 publishing 
- “ problem of getting the most from a limited allotment of pa
per, the editors are planning much of great value and general 
interest for our issues of the new year now swiftly approaching. 
While condensation will be the rule, the hope is to keep standards 
high and interest broad as always.

Still at the top of the chemical agenda is synthetic rubber, and 
thus it opens the new year for us. Prospects brighten as produc
tion of adequate amounts of the synthetics seems assured. Re
maining is the equally important problem of adapting available 
materials to major uses, particularly in tires. The whole future 
course of plantation and of synthetic rubbers now pivots on our 
ability to modify and to adapt the new chemical products to 

! serve better than rubber in its accustomed applications. The 
time available to accomplish this shortens as our arms continue 
victorious in the field, and thus haste is necessary lest the labor 
and effort spent building a new vital industry be wasted.

Against this background every scrap of usable information 
assumes magnified significance for both the present and the fu
ture. In  our January issue, papers presented before the October 
meeting of the S o c i e t y ’s  Division of Rubber Chemistry will be 
featured. As many as possible of these papers will be published. 
Important information will be given on various phases of com
pounding and use of synthetics. These will be supplemented by 
others dealing with several aspects of the larger problem, particu
larly hydrocarbons and their polymers.

In  a quite different field we shall learn of the nutrient values 
of by-products of corn coming from the distilling industry and 
the importance of these materials as sources of vitamins and nu
trients as well as of roughage, always heretofore given special em
phasis. Obviously this is an important source of feed for animals.

Next month we expect to use from Lacey and his co-workers 
the forty-first study on phase equilibria from the California 
Institute of Technology. These important papers have become, 
in the ten years the series has continued in our pages, a source of 
important data for the expanding petroleum industry. The re
searches behind1 these reports have been conducted as Project 37 
of the American Petroleum Institute to provide trustworthy phys
ical values essential to progress m the industry of hydrocarbons.

Also possessing primary significance is the method of deter
mining the most economical size in selecting a heat exchange unit. 
Poo often the selection of the size of any equipment units is 
based on guesses and hunches. Y et when installed, the unit 
chosen may eat up its cost many times a year by lack of full ef
ficiency because it is either too large or too small for its job.
In  spite of the apparent complexity of its derivation, the formula 
given can be immediately applied to its intended calculation and 
with suitable modification to other related problems.

There will, of course, be other significant papers on equally 
useful subjects including a new synthesis for menthol and pos
sibly the application of modern high-speed photography to the 
study of high explosives. But, meanwhile, we must save enough 
of this column to wish our readers the best the season affords in a 
year before Victory

Youn H u m b l e  S p y

&  S U S T A IN E D . A C C U R A T E

FEEDING 0 F Volatile Liquid 
Intermediates USED IN THE 
MANUFACTURE OF



M A G m m o i
l i q u i d  l e v e l  c o n t r o l

Type H Flow Meter 
Wall Mounting Style 
Height 20%*
Width 3*
Depth 3%'
Weight 22 lb.

TH IS  v e r t ic a l  tu b e ,  d ir e c t  

read ing  in s tru m e n t has w ide 

use in m easuring  flows of v a r 

ious k inds of liqu ids a n d  gases, 

in p a r tic u la r— air, gas, w ate r, 

oil, s team , w hen o p e ra tin g  line 

p ressu re  docs n o t exceed 250 

lbs. p er sq. in . nor m e te r  differ

en tia l 160 in. of w a te r  pressure.

B a s e d  o n  th e  c o n d i t i o n s  of 

m e asu rem en t, scales of th is  in 

s tru m e n t a re  fu rn ished  g ra d u 

a te d  to  read  d irec tly  in  the  

desired  u n its .

S t u r d i l y  b u i l t  a n d  t i g h t l y  

sealed, th e  M eriam  T y p e  H  

F low  M e te r  keeps o u t all d u s t 

a n d  d ir t  an d  gives c lear vision 

of tu b e . I t  com es com plete , as 

show n, w ith  co n tro l va lves an d  

p ip ing  m anifo ld . Y o u r choice of 

e ith e r  w all or flush f ront  panel 

m ou n tin g s. A sk  for B u lle tin  18.

THE M E R I A M  C O M P A N Y
1 9 6 9  W . 112th S tre e t C le v e la n d  2 ,  O h io

★

M E R I A M
-  ' S I NC E  19 IT —   

*

MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 
OF PRESSURES, VACUUMS AND FtOWS OF 1I0UIDS AND GASES
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•  B eca u se  it op erates on  a 
sim p le m agn etic  p rin cip le  

without m echanical linkage betw een  the 
float and  the switch, th e M agnetrol g iv e s  
d ep en d a b le , fool-proof, trouble-free con 
trol o f liq u id  le v e l .  There is  n oth in g  in  
th e M agnetrol to break, b ind , stick  or 
rupture— on ly  2  m o v in g  parts w h ich  are 
p ractica lly  m ain ten an ce free.

T he M agnetrol faithfully  m aintains a 
liq u id  le v e l  d ifferentia l of as little  as 3A 
inch . It is  ava ilab le  in  various m o d els  to 
h and le a w id e  variety  of liq u id s, p ressures  
up to 5 0 0 0  lb s. and in  a great va riety  of 
sw itch in g  arrangem ents.

M agnetrol en g in eers w ill b e  g lad  to  
furn ish  in fo r m a tio n  p e r ta in in g  to  y o u r  
in d iv idu al liq u id  le v e l con tro l prob lem s. 
Write us to d a y  for full information.

MAGNETROL, i n c .
671N. O rleans S tree t, Chicago 10, Illinois 

A D ivision  o f  F red  H . S c h a u b  E n g in ee rin g  Co.
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E n g in ee rs  . . .  a complete organization 
including nearly all branches of engineer
ing. Their knowledge can be applied to 
virtually every basic industry. They can 
think with you now.

f " |  H
well-equipped and compcttmtly 

I f i  , Ic/.'ld |i jh \ a 'W-J *“”*»• From their systematized research come 
-*• i bctcei-materials, better methods.

An example of Blaw-Knox design ana 
construction for the rubber industry.

L a b o ra to r ie s  . research, metallurgical,

M o d ern  p l a n t s . .. steel fabricating, pip
ing, machine shops, foundries, equipped 
with latest type tools and equipment and 
manned by workers trained in Blaw-Knox 
standards of precision.

Specialized knowledge and experience in 
building complete process plants-including 
research, engineering, design, construction of 
equipment and structure and test operation.

U n e q u a lled  fa c ilitie s  fordcsigningand 
producing equipmcnc for steel and non- 
ferrous industries. These play an impor
tant part in speeding production and 
reducing costs.

P io n ee r a n d  le a d e r  in designing and 
' r = j ’ T'3 .  manufacturing construction equipment. This

'JfGtiX leadership is evident in great projects every
where—dams, highways, waterways, harbor 
improvements.

PARTIAL LI5T OF BLAW -KNOX PRODUCTS
INDUSTRIAL PRODUCTS & SERVICESSTEEL PLANT EQUIPMENT „

ROLLS FOR STEEL A NON-FERROUS MILLS STFpT™ at!ng
ROLLING MILL MACHINERY „rr, . GRATLNG
CONSTRUCTION EQUIPMENT ' CLAMSHELL mfriris
RADIO A- TRANSMISSION TOWERS SPRINKLER SYSTEMS

DESIGN, FABRICATION AND ERECTION OF CHEMICAL 
RUBBER AND OTHER PROCESS PLANTS AND EQUIPMENT

A  FEW  V IC T O R Y  PR O D U CTS
ANTI-AIRCRAFT GUNS AERIAL BOMBS GUN MOUNTSCHEMICAL PLANTS «™NTS
PIPING FOR VI II.Kt A n I Me. POWDER PLANTS
GUN SLmrs SUBMARINBS SYNTHETIC RUBBER PLANTSU-IDLS CAST ARMOR FOR TANKS AND NAVAL CONSTRUCTION

. . . to help you  establish y o u r s e l f  

p r o f i t a b l y  in  t o m o r r o w ’s m a r k e t

R ig h t now  B law -K nox m ay have little  to  offer th a t is n o t 
connected w ith the war effort. I t  has, however, a wide 
line o f  engineered products, which, com bined with long  
experience, know ledge and special skills, m ay be o f  value 
to you now  or in connection  w ith postw ar p lanning.

To list everything tha t B law -K nox offers to  industry 
w ould cover m any pages. T hose responsible for the p o s t
war success o f  their business are invited to  request a dis
cussion with us to  determ ine how  B law -K nox th ink ing  
and products m ay best serve them .

2081 F A R M E R S  B A N K  BUI  L D I N G , P I T T S B U R G H ,  P A.

Lewis Foundry & Machine Division • Union Steel Castings 
Division • Power Piping Division • National Alloy Steel Division 
Pittsburgh Rolls D ivision* Blaw-Knox Division• Martins Ferry 
Division • Blaw-Knox Sprinkler Division • Blaw-Knox Bomb Division

Four Blaw-Knox plants have been awarded the Army-Navy "E" for production excellence.



T h e  P a t t e r s o n  F o u n d r y  &  M a c h i n e  C o . 
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•  I n t e g r a l e  y o u r
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