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THROUGH NORDSTROM VALVES
Long before Pearl H arbor, N ordstrom  

Lubricated Valves entered  w a r serv ice . 

Nordstroms were developed for services 

now considered the most critical and most 

essential for war needs—particularly in the 

production of synthetic rubber from deriva

tives of oil, gas, etc.; also the production 

of magnesium and vital w a r chem icals.

While Nordstrom V alves a re  making flow 

control a  certainty in the scores of recently 

built chemical w ar plants, tens of thousands 

o f other N ordstrom s a re  savin g  in ca l

culable man-hours in the oil, g a s  and chem

ical industries by their freedom  from cor

rosion, freedom  from sticking and freedom  

from leakage . They're pressure-lubricated.

l i e  / » o s / 'l/ i/ a / f / i/ r e s  ie / * / / f c r f s r i'

-nORDSTROmS KEEP UPKEEP DOUJII

It ta k e s  le ss  tim e to o p e n  o r c lo se  a 

N ordstrom . Least sp a c e  is occu p ied  b e 

cause Nordstroms are  com pactly designed 

without overhanging yokes. Highest pres

sures and extrem e tem peratures a re  suc

cessfully handled. Ask for Bulletins.

isidiary of Pittsburgh Equitable Meter Co.
Talo * Brooklyn • Chicago ■ Columbia, S. C. - Des Moines



STEPPING UP PRESSURE!

I n  m a n y  p ro c e s s e s ,  s u c h  a s  th e  
m a n u f a c tu r e  of g lu ta m ic  a c id s , 
in c r e a s e d  p r e s s u r e  in c r e a s e s  y ie ld . 
In  o th e r  c a s e s , h ig h e r  p r e s s u r e s  
h a v e  m e a n t  th e  d if f e r e n c e  b e tw e e n  
s a t i s f a c t o r y  a n d  u n a c c e p t a b l e  
q u a li ty .

T o d a y , P fa u d le r  g la s s - l in e d  s te e l  
r e a c t io n  e q u ip m e n t  is  o p e r a t in g  a t 
h ig h e r  p r e s s u r e  r a n g e s  th a n  e v e r  
b e fo r e .  T h e  lim itin g  fa c to r  is  n o t 
th e  g la s s  fu s e d  in to  s t e e l— it is  th e  
a b i l i ty  o f g a s k e ts  to  h o ld  p r e s s u r e .  
T h is  p r o b le m  h a s  r e c e iv e d  c o n s ta n t  
s tu d y  a n d  m a r k e d  im p ro v e m e n t 
h a s  b e e n  a c h ie v e d .

F o r e x a m p le ,  s ta n d a rd iz e d  r e a c 
tio n  k e t t le s  in  c a p a c i t ie s  o f 2 , 0 0 0

g a llo n s  a n d  l a r g e r  a r e  b u i l t  fo r 
1 2 5  p o u n d s  p e r  s q u a r e  in c h  in 
te r n a l  p r e s s u r e .  S m a l le r  e q u ip 
m e n t, p a r t ic u la r ly  a u to c la v e s ,  h a v e  
b e e n  b u il t  to  w ith s ta n d  1 , 0 0 0  
p o u n d s  p e r  s q u a r e  in c h  in te r n a l  
p r e s s u re .

R e m a rk a b le  d iv e r s ity  of o p e r a 
t io n  c a n  b e  c a r r i e d  o n  w ith  s t a n d 
a r d i z e d  P f a u d l e r  e q u i p m e n t .  
W h e r e v e r  p o s s ib le , th is  s h o u ld  b e  
sp e c if ie d , s in c e  b e t t e r  d e l iv e r ie s  
c a n  b e  m a d e . H o w e v e r , w h e re  
s p e c ia l  d e s ig n s  a r e  r e q u i r e d ,  w e  
u r g e  y o u  to  b e g in  n e g o tia t io n s  w e ll 
in  a d v a n c e .  M a k e  s u r e  y o u  h a v e  
o u r  la te s t  c a ta lo g  b e fo r e  y o u  m a k e  
y o u r  n e x t  m o v e .

P F A U D L E R
T h e  P fa u d le r  C o ., R o c h e s te r , N . Y. B ra n c h  O ffices: 3 3 0  W e st  4 2 n d  S tre e t,  N ew  Y ork C ity ; 1 4 4 2  C o n w a y  B ld g ., 
C h ic a g o , 111.; 1 3 2 5  H o w a rd  St., S a n  F ra n c isc o , C alif.; 4 5 5  P a u l B ro w n  B ld g ., St. L ouis, M o.; 7 5 1  L ittle  7 
B oston  M ass.; 7 3 1 0  W o o d w a rd  A v e n u e , D etro it, M ich .; 1 3 1 8  1st N a tio n a l B a n k  B ld g ., C in c in n a ti,

1 2 2 8  C o m m e rc ia l  T rs. B ld g ., P h ila d e lp h ia , P a .

G lass-lined  polym erizers used  in the l 
tu re  of syn thetic  rubber. These units 
at 150 lbs. p ressu re  an d  opera te  at 10 

w orking p ressure .

P F A U D L E R  G L A S S - L I N E I  
S T E E L  I S R E S I S T A N 1  
TO ALL ACIDS (EXCEPT Hf
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Available for
Prompt Shipment•••

*

for your 
wartime formulae!

*Amorphous, diatomaceous, opaline silica

Im prove quality and cut costs by using Celite 
inert mineral fillers for your regular and w ar
time form ulae. A va ilab le  in both standard and 
recently developed grades.

The Unique Characteristics o f th e s e  d ia to -  
m a c e o u s  s ilica  fille rs m a k e  th e m  h ig h ly  u se fu l 
in  a  w id e  d iv e r s ity  o f p ro d u c ts . H e re  a re  fo u r  
specific  e x a m p le s  w h e re  C e li te  F il le rs  a re  b e in g  
u se d  to d a y  w ith  im p o r ta n t  b e n e fits :

1 . I n  a s p h a lt  p r o d u c t s ,  C e l i t e  p r o v id e s  a  h ig h e r  m e l t 
in g  p o in t ,  in c r e a s e d  t o u g h n e s s ,  d e c r e a s e d  b r i t t l e 
n e s s ,  g r e a te r  d u r a b il i ty .

2 .  I n  h o u s e h o ld  c le a n s e r s ,  i t  in c r e a s e s  b u lk  a n d  im 
p r o v e s  a b s o r p t io n .

3 .  I n  c a t a ly s t  c a rr ie r s , t h e  h ig h  p o r o s i t y  a n d  t r e 
m e n d o u s  s p e c if ic  s u r fa c e  o f  C e l i t e  a f fo r d  m a x i
m u m  e x p o s u r e  o f  t h e  c a t a ly s t .

4 .  I n  m a t c h  h e a d s ,  C e l i t e  h e lp s  c o n tr o l  t h e  r a te  o f  
c o m b u s t io n ,  a s  w e l l  a s  s e r v in g  a s  a n  a b s o r b e n t .

W h a te v e r  y o u  m a k e — p a in t ,  p a p e r ,  in sec tic id e s  
o r  b a t t e r y  b o x es— c h a n c e s  a re  C e li te  M in e ra l  
F il le rs  c a n  h e lp  y o u  so lve  b o th  re g u la r  a n d  w a r
t im e  fo rm u la e  p ro b le m s.

Brief Data on a Few of the Standard Grades of Celite Mineral Fillers

GRADE
DESIGNATION COLOR FINENESS

AVERAGE 
PARTICLE SIZE 
(Oden Method)

FREE
MOISTURE
CONTENT

ABSORPTION* 
WATER— LINSEED OIL

BULKING VALUE** 
LOOSE WET

SPECIFIC
GRAVITY

Celite FC Light buff Maximum 7%  
on 150 mesh

4-6 microns About 4% 205 195 8 17 2.00

Celite SSC Light pink Maximum 5%  
on 150 mesh

6-8 microns Bone dry 210 195 9 17 2.15

Celite HSC White Maximum 7 %  
on 150 mesh

7-9 microns Bone dry 220 190 10.5 17 2.30

Snow Floss Light buff Maximum 1%  
on 325 mesh

1-2 microns About 4% 210 175 8 24 2.00

Super Floss White Maximum 1%  
on 325 mesh

2-4 microns Bone dry 150 120 9 28 2.30

Celite 374 Light pink — 30 mesh 
+  60 mesh

----- Bone dry 172 159 23.5 — 2.15

*Gardner-Coleman Method— lbs. of liquid per 100 lbs. of Celife 
**Lbs. per cubic ft.

CELITE P R O V ID ES
H IG H  A BSO R PTIO N , LIGHT W EIG HT, LARGE 
SURFACE AREA, LO W  REFRACTIVE IN D EX , 
SUPERIOR SUSPENSION. CELITE IS INERT.
A nd  Celite is low  in cost . . . available for 
prom pt shipment. Mail Coupon for details.

JOHKS-MAKVtl tl

lût junnai-MANVILLE
CEUTE MINERAL FILLERS

JOHNS-MANVILLE, Dept. 1-2 
22 East 40th St., New York, N. Y.

Please send me my copy of brochure No. FI-500. I  am 
interested in the use of Celite Fillers in:

A b so rp tiv e  p a c k in g s 
A sp h a lt  C o m p o u n d s 
B attery B o x e s  
B itu m in ou s C o m p o u n d s 
C a ta ly st  carriers 
C le a n s e rs— H ou seh o ld  
E n am els 
E x p lo s iv e s  
Exten ded  C o lo rs 
In secticid es

Leather co a tin g s
M atch  h e a d s
M o lded  p la stic s
P ain ts
P ap er
P o iish e s
So u rce  o f a c t iv e  s i l ic a  
T extile  c o a tin g s  
V a rn ish e s
W eld in g-ro d  c o a t in g s

Other uses_ 

Name____

Address_

City. State.
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AS WE SEE IT--
► A l c o h o l  S h o r t a g e  and wheat surplus are offsetting each 
other as demand for the solvent grows in this all-out war. Per
formance of wheat, alone and in combination with other cereals, 
as a raw m aterial for alcohol has been investigated by Stark, 
Kolachov, and Willkie (page 133), who give both laboratory and 
plant results.
► C o a l  and its products are im portant to  agriculture in many 
ways and in many forms, according to Guy (page 139). E sti
mates of quantities consumed are presented together with a sur
vey of applications.
► F i l t e r  C a p a c i t i e s  of several types of plants have been in
creased from 25 to  100 per cent through the use of Pennsylvania 
anthracite as a filter medium. T urner (page 145) notes, how
ever, that care m ust be exercised in the selection and preparation 
of the coal for this application.

► F o u n d r y  C o k e  of satisfactory quality can be made from Ala
bama coals only by blending several types. Mobley (page 148) 
describes coals used and results obtained.

► W e a t h e r i n g  o f  C o a l "  affects its coking properties, according 
to Schmidt, Elder, and Davis (page 150), who tested samples 
after accelerated weathering.

► N e w  P r o d u c t s  o f  C o a l  obtained by direct degradation reac
tions are reported by Howard (page 156). These possess higher 
molecular weights and more intricate ring structures than  cus
tomary coal by-products. Their possibilities are interesting for 
future development.

► P l a s t i c  S h e e t i n g s  are finding widening fields of usefulness, in 
many of which resistance to  flexing is im portant. Duggan and 
Fligor (page 172) have determined fatigue resistance of a number 
of resins with different plasticizers under flexing.

► P a i n t  T e s t s  of any kind m ust be confirmed by actual weather
ing in the field to  be fully useful. The planning and execution of 
a test fence program are described by McMullen and Ritchie 
(page 161), and im portant details of both exposure and interpre
tation of results are given.

► P a t e n t s ,  their value to  industry, and calamity likely to result 
from the success of recent efforts to destroy our patent system are 
the subjects discussed by Wilson (page 177) in his significant 
address accepting the thirty-seventh Perkin Medal. This de
parture from the tradition of previous Perkin Medal addresses 
provides a penetrating analysis of the situation.

► S u g a r s  can be graded by photoelectric measurements of re
flected color, using the instrum ent described by Gillett and Hol- 
ven (page 210). Previously these investigators had discussed 
grading by transm itted color.

► I o n i c  E x c h a n g e  A g e n t s  for removing both anions and cations 
from solution have been developed to  the point where their use 
provides the practical equivalent of distilled w ater for most pur
poses. Tiger and Sussman (page 186) give a survey of progress 
in this field and describe a two-step process for demineralizing 
solutions capable of im portant applications.

► C e l l u l o s e  A c e t a t e  S o l u t i o n s  have been investigated by 
M ontonna and Winding (page 214) to determine their viscosity- 
concentration relations.

► R u b h e r  A c c e l e r a t o r s  react with activators during vulcani
zation, according to  x-ray findings of Clark, LeTourneau, and 
Rail (page 198). Orientation of crystallites on stretching is 
shown, as well as behavior of reinforcing pigments.

► R e s e a r c h  I s  D e f i n e d  by W ork (page 221), particularly em
phasizing the methods and results which characterize it.

► R e s e a r c h  A c c o u n t i n g  is a t once im portant and involved 
from the adm inistrative viewpoint. Sheehan and C urtis (page 
225) discuss this necessary phase of research programs.

► G r a d u a t e  F e l l o w s h i p s ,  according to  H ass (page 223), have 
become well established aids to  industrial research bu t, because 
of their unique quasi independence, require special planning.

► D e h y d r a t i o n  o f  V e g e t a b l e s  as now practiced on a widening 
scale carries these materials beyond equilibrium with air of nor
mal humidity. Makower and D ehority (page 193) have deter
mined equilibria of a number of vegetables a t various relative 
humidities, approached from both  dry  and norm al states.

► H y d r o g e n  C h l o r i d e  is of expanding usefulness in reactions in
volving hydrocarbons. D ata  on its vapor-liquid equilibria with 
n-butane have been determined by Ottenweller, Holloway, and 
Weinrich (page 207).

► A c i d  W a s t e s  of industry requiring disposal have increased sub
stantially in volume with accelerated production. Rudolfs 
(page 227) analyzes this urgent problem and suggests methods 
for its solution th a t have been found useful.

► S t r e n g t h  M e a s u r e m e n t s  o f  S t a r c h e s  as indices of their 
value are compared by Morgan and Vaughn (page 233) w ith true 
viscosity. Significant discrepancies are found which indicate 
th a t viscosity is the more useful property as a  specification.

► H y d r o c a r b o n s  having boiling points close together vary 
widely from the ideal during distillation, according to  Griswold 
(page 247), and this requires special consideration in designing 
fractionating systems to  produce pure compounds.

► A c t i v a t e d  C a r b o n s  adsorb certain constituents of raw whisky 
preferentially, according to  Williams and Fallin (page 251).

► Z e i n  D i s p e r s i o n s ,  useful in many im portant applications, are 
normally unstable and tend to set to  gels in a  short time. Evans 
and Manley (page 230) have found th a t superheating a disper
sion containing a small am ount of aldehyde m aterially enhances 
stability.
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INVESTIGATE T H E R M E X
HIGH FREQUENCY HEATING!

Therm ex heats n o n -c o n d u c tin g  
materials fa s te r  and u n ifo rm ly

I f  y o u r  p r o d u c t io n  in v o l v e s  d r y 
in g ,  h e a t  p r o c e s s in g  o r  b o n d in g  
a n y  n o n - m e t a l l i c  s u b s t a n c e ,  t h e n  
y o u  w i l l  b e  v i t a l l y  in t e r e s t e d  in  
T h e r m e x .

T h e r m e x  i s  t h e  first practical, 
proved equipment f o r  in d u s t r ia l  
u s e  e m p lo y i n g  h ig h  f r e q u e n c y  
e l e c t r o s t a t i c  h e a t in g .

T h e r e  a r e  s o  m a n y  a d v a n t a g e s  
t o  t h i s  t y p e  o f  h e a t i n g  o v e r  a l l  
o t h e r  k n o w n  m e t h o d s  t h a t  y o u  a r e  
u r g e d  t o  i n v e s t i g a t e  t h e  p o s s ib i l 
i t i e s  o f  T h e r m e x  in  y o u r  p la n t .

H e a t i n g  i s  a b s o lu t e ly  u n i f o r m  
r e g a r d l e s s  o f  t h e  t h ic k n e s s  o r  p ia s s  
o f  m a t e r ia l .  H e a t  i s  g e n e r a t e d  
within the substance a t  a  r a t e  
n e v e r  b e f o r e  p o s s ib le .  T h e r e  i s  f u l l  
c o n t r o l  a t  a l l  t im e s — h e a t i n g  m a y  
h e  s to p p e d  i n s t a n t l y ,  o r  in c r e a s e d  
o r  d e c r e a s e d  b y  t h e  t w i s t  o f  a  d ia l .

S e n d  f o r  n e w  i l lu s t r a t e d  b o o k le t  
d e s c r ib in g  h o w  T h e r m e x  
c a n  h e lp  w a r  p r o d u c t io n ,  
i t s  a d v a n t a g e s ,  a p p l i c a 
t io n ,  a n d  s im p le  o p e r a t io n .
F i l l  in  a n d  m a i l  t h e  h a n d y  
c o u p o n  now.

A few THERMEX advantages
Uni fo rm  heating throughout.

Speed o f heating never before 
attained.

Can be applied  to m ost non-metallic
materials.

Increases production.

No redistribution o f moisture.

Less handling required.

Reduces labor costs.

Handles wide variety o f jobs with 
high efficiency.

Results m ay be reproduced without 
variation.

N o surface damage or danger of 
overheating.

H eating m ay be stopped im m ediately. 

N o  “hot p lates” or steam required. 

W ide range o f sizes fo r  all
requirem ents.

> 5
H o tA T .

The G ird le r Corporation
Thermex Division
216 E. Broadway, Louisville, Ky.

* Send us your free booklet on Thermex 
High Frequency Heating:

*7-4» GI RDL ER CORPORAT I ON
cMięU Ą l& juencif CUobiaUcMc JIeaU*t^ Cquifutent 

T H E R M E X  DIVISION . LO U ISVILLE, K E N T U C K Y

Name.

Title__

Firm__

I  

I
J |  Address-

i ci” -
_State_



^  COMBINATION 
WOOD AND STEEL SCREW 

CONVEYOR TROUGHS
T O  C O N S E R V E  S T E E L

Our ships, tanks, guns and aircraft are the front line 
defense of American liberty. Industrial uses of steel must 
be measured by actual necessity and the tonnage reduced 
with consideration for safety of life and fire hazard only. 
Designs heretofore made popular by conveniences and 
the ultim ate in years of service m ust be re-engineered as 
metal savers.

Section th ru  C om bination  W ood and 
Steel Screw C onveyor T rough .

C om plete u n it showing how s tandard  
inside or outside box ends and  cast iron 

discharge snou t can be applied.

Illu stra ting  how C om bination W ood and 
Steel Screw C onveyor T roughs can be con

nected to  existing all steel troughs.

The necessity for an uninterrupted flow of food 
products to  sustain our soldiers while operating 
ships, tanks, aircraft and artillery has taxed  
existing materials handling equipment. E xten
sions and replacements thus made necessary can 
now be accomplished with the Link-Belt Com bi
nation Wood and Steel Screw Conveyor Trough.

Adapted to all standard screw conveyor fittings.

Will connect w ith existing steel troughs w ithout 
costly alterations. The drop bottom  feature facil
itates cleaning or replacement and gauges o f steel 
adopted as standard conform to  those listed for 
all steel trough, not exceeding N o. 10 gauge.

Link-Belt engineers have a thorough knowledge 
of lim itation orders and are at your service in  
this vital war effort.

L I N K - B E L T  C O M P A N Y
Engineers and  M anufactu rers  of M ateria ls  H andling and  M echanical Power Transm ission M achinery Since 1875 
Chicago, Indianapolis, Philadelphia , A tlan ta , D allas, P ittsb u rg h , C leveland, D e tro it, San Franc.sco, T oron to  

Offices, warehouses and  d istribu to rs in  principal cities soos

L I N K f l - B E L T
_  _         j M l T t ô î ÿ *  E i n  p i # a  n
S C R E W CONVEYOR



As each ray oi light breaks through the dark 
clouds, after the storm, to fill the earth with sun
shine, so each PALMER Thermometer is doing its 
bit bravely to bring back the sunshine of Peace to 
the World.
Every Palmer Thermometer is finding its place in 
the network of equipment needed to back the boys 
at war because:

1—They are extremely accurate and correctly 
annealed;

2—Their sturdy construction means long life;
3—The easy-reading "Red-Reading-Mercury" 

column eliminates errors.
Just hesitate before you write that order for 
Thermometers and you will be helping to win the 
war by careful selection of an instrument, 
guaranteed to give satisfactory results.

(.1942 ed ition  §300-D ca ta log  se n t prom ptly)

T H E  P A L M E R  CO.
MFRS.: INDUSTRIAL. LABORATORY. RECORDING 6 DIAL THERMOMETERS

2512 NORW OOD AVE.. CINCINNATI NORWOOD, O.
C A N A D IA N  B R A N C H : K IN G  A N D  G E O R G E  S T S .. T O R O N T O

There's 
Always the 
Sunshine 

After the Storm !

H y  ¡vit processes take the M arch limelight with a group of 
some dozen papers providing new data and new ideas on 

a number of these fundam ental chemical transformations. Chlo- 
rinolysis, by which is designated the splitting up of compounds in 
the presence of excessive amounts of chlorine, will be further 
elaborated for us in its m any useful applications. Alkylation, 
increasingly valuable as a method of transforming hydrocarbons 
into more desirable structures, is applied to phenols and to  ben
zene in a way to give new da ta  on the process and its possible 
wider applications. D estructive distillation of cellulosic ma
terials and the various processes connected with it  receive atten
tion. Polymerization and condensation are considered in this 
connection, as well as partial pyrolysis of hardwood in high- 
tem perature steam. Sulfonation of aromatic compounds will 
also be treated  and the application of partial-pressure distilla
tion methods to this process. One inorganic reaction, the meta- 
thetic preparation of strontium  carbonate, will be described with 
results given on pilot plant operations on strontium  ore.

Coal oxidation (in storage, not in the firebox) will receive atten
tion, particularly as it  affects the subsequent value of the coal.

Ketones, we shall learn, can be synthesized by condensation of 
acid anhydrides with olefins. Details of the process will be given 
as practiced on a pilot plant scale.

Surface-active agents can perform im portant functions in the 
dispersion of pigments in nonaqueous media as used in paints, 
lacquers, inks, and the like. These will be elucidated for us, and 
their applications to  commercial products stressed.

Iron compounds are objectionable in w ater used for most 
purposes. Their removal is consequently necessary with many 
natural waters. The functioning of exchange agents for this pur
pose will be discussed.

Coloring materials im part to plastics valuable characteristics 
and often are as im portant as the plastic itself in m any applica
tions. Consequently a study of colors for use with copolymers of 
vinyl acetate and chloride possesses special interest. Light fast
ness is emphasized, and methods of compounding for accelerated 
weathering tests have been devised and results described.

Azotobacter cells form a good source of the several members of 
the vitamin B complex and hence the growing of these nitrifying 
bacteria becomes a m atter of considerable interest. We shall 
learn about this process and the results obtained by applying it 
on a pilot p lant scale, as well as methods of utilizing the cells.

Corrosion of the interior of gasoline pipe lines, always a m atter 
of interest, looms large now when pipe lines are overtaxed. 
Sodium nitrite has value as a preventive of timely interest.

Industrial applications of the esters of starch, interesting ma
terials from m any points of view, will be discussed for us.

And of course, there will be much more on other subjects tha t 
will be both useful and timely.

Y o u r  H u m b l e  Spy

8
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5 OTHER ADVANTAGES
Coke, steam, a ir  and  w a te r 
only raw m aterials neces
sary.

May be operated from  20% 
to 1 0 0 % of ra ted  capacity  
continuously.

P r a c t ic a l ly  
Saves labor.

a u to m a tic .

Savings will pay  fo r  new  
plant in short time.

Carbon dioxide is valuable 
by-product—used fo r fire  
protection or m any  o ther 
purposes.

Continuous, practically automatic operation

•  C om pare an y  o f th e  m any  m ethods fo r  
m an u fa c tu r in g  hydrogen an d  you w ill find  the  
G ird ler P rocess produces raw  hydrogen a t  
low er cost th a n  an y  o th e r process.

Girdler Process is far less than other methoc

The only raw  m ate ria ls  necessary  a re  coke, 
s team , a i r  and  w a te r.

The p u r ity  o f G ird le r hydrogen  p e rm its  its  u se 
in  m ost cases w ithou t fu r th e r  tre a tm en t. 
H ow ever, fo r  those who req u ire  su p e r-p u rity , a  
G ird ler H ydrogen  P u rifica tion  u n it can  be 
added. T he hydrogen  th u s  produced m ay be 
su b s titu ted  fo r  uses w here  e lec tro ly tic  hyd ro 
gen h e re to fo re  h as  been requ ired , a s  th e re  
is no m easu rab le  d iffe rence  in  behavior. Y et, 
the  cost o f p roducing  hydrogen  w ith  th e

T he G ird le r P rocess m ay  be o p e ra ted  from  20 
to  1 0 0 % of ra te d  cap ac ity  in  a  continuo 
m anner. T his m eans p rac tic a lly  autom al 
opera tion  an d  a  b ig  sav ing  in  lab o r cos 
U n its  a re  ava ilab le  in  cap ac ities  fro m  o 
thousand  to  one m illion cubic fe e t per hoi

I f  you now  use o r  con tem pla te  u s in g  hydrog  
gas, in v es tig a te  th e  m an y  ad v an ta g es  o f t 
G ird ler Process. W rite  to d ay  fo r  bullel 
No. 103.
Specialists in  the PRODUCTION. PURIFICATION. SEPARATE  
REFORMING or DEHYDRATION o f Hydrogen Su lfid e , Orgt 
Sul fur , Carbon Monoxide, Carbon Dioxide, B lue Water ( 
Hydrocarbons, Hydrogen, Nitrogen, Oxygen and various mixtu

G I R D L E R
P O R A T I O N

THE GIRDLER CORPORATION 
Gas Processes Division 
203 E. Broadway 
Louisville, Kentucky
Please send bulletin No. 103 describing th 
G ird le r Hydrogen Manufacturing Process.

Nam e- -T itle

F irm -



Stainless steel equipment is only as strong — only as 
corrosion-resistant — as its welded seams. The welding 
procedures your fabricator uses in building your new 
wartime processing vessel will be a factor in deter
m ining its efficiency in operation, its useful life.

Remember that it is in welding especially that the 
metallurgical properties of stainless steel may be radi
cally changed. G rain growth, carbide precipitation 
and other impairments may result from incorrect w eld
ing procedures, affecting the soundness of the joints of 
your equipment — lessening its corrosion resistance.

You can be sure of sound welded seams if your 
equipm ent is built at the plant of S. Blickman, Inc. 
There are two good reasons for this. First, we employ 
only skilled welders qualified to do A.S.M.E. code 
work. Second, we control all welding techniques 
chrough careful regular checking of welds on modern 
testing machines. In welding, as in all other manu
facturing operations, Blickman specialization in 
fabricating stainless steel up to V%" thick assures 
equipment that stands up under increased strain of 
war-time production.

All Orders Subject to Govern
ment  P rio rity  R egu la tio n s .

* Fourth in a series of advertisements written in the interests of efficient war production.
The brochure "Whaf to Look for When You 
Stainless Steel for Your Processing Equipmen 
has a section dealing with ways of checking for 
sound welds. Write for this brochure

r\, '*\1 \
i  1

I
S. BLICKMAN, i n c .

7 0 9  G REGORY AVE., W EEH A W K EN , N  J. U t.iw ,
TANKS • KITTLES • CONOENSEKS • AGITATORS • EVAPORATORS ■ PANS • VATS • CYLINDERS

v e r y  e n g in e e r  
th a t comes across 

Clark’s ad this month 
will begin to  wax en
thusiastic (that is, if 
they can find “enthusi
astic” around the 
plant — chances are 
he’s down in Washing

ton on some board or other). A two-cycle engine has been de
veloped by Clark Brothers, and they show a picture of a six-
cylinder, 600-h. p., two-cycle angle compressor proving th a t it 
can be done and in a big way.

“Two cycles” means th a t every down stroke is a power stroke, 
and th a t the flywheel’s job of carrying the piston for two extra 
nondividend-paying strokes is finished. This means th a t for size, 
double power is obtained. Clark also says “greater simplicity,” 
because there are no intake or exhaust valves b u t there is greater 
fuel economy, less wear, smoother operation, lower oil consump
tion, upkeep, and installation costs. In  case you’re interested in 
more efficient power for those new plants, Clark has engineers 
ready to answer questions and solve problems. Give it  a thought, 
for more efficient engines mean more horsepower per pound of 
motor, which means th a t it is a novel way to  save metal.

No m atter what type of plant or piece of equipment you chemi
cal engineers have to build, Acme Coppersmithing and Machine 
Co. have the experience and staff to  help over the hard spots. In 
their message this month they show everything from alcohol to 
exchangers—including evaporators, a complete distillery, drying 
tanks for smokeless powder, and a clever looking multistage 
continuous vacuum dryer. Acme will help you with some of those 
construction-day blues.

This is an excellent time for Johns-Manville to remind you how 
to get increased efficiency from present filtration equipment. 
Now th a t more m aterial m ust be jam m ed through the plant— 
and equipment as scarce as kangaroo feathers—ways and means 
for getting more for the same effort are well received. They 
recommend four steps: Select a filter aid which provides the
desired clarity and flow rate; estim ate correct addition of filter 
aid; determine proper filter cycle tim e; and be certain th a t the 
optimum pH, tem perature, and concentrations exist. I t  is pos
sible, they say, th a t by following these suggestions, filter capaci
ties may be increased three or four times.

Using rare and little used minerals to win the battles of this war 
won’t seem strange to the chemical family for they are familiar 
with strange doings, b u t the advice of this column is to  read the 
story told this month by the Foote Mineral Company. Well 
written and interesting, it  may strike a responsive chord on some 
production problem.

Dow Chemical, which started  by making only bromides, now 
has more than five hundred industrial chemicals, all ready to 
serve you. This well known company tru ly  states th a t their 
chemicals are indispensable to industry and victory.

Alorco tabulates the various types of aluminas used in catalytic 
processes and manufacturers of high-octane, synthetic rubber, 
plastics, and explosives, are all going to be interested in getting 
further information.

R . E . A ckshun

V  w w .  a I G  G E I

T en sio n  test on 
a specim en  of 
B lickm an  w e ld 
in g .  S . B l i c k 
m a n , I n c .  h a s  
m o d e rn  testing  
m a c h i n e s  t o  
c h e c k  f a c to r s  
w h i c h  a f f e c t  
th e  s o u n d n e s s  
o f w elds.
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WILDING F ITT I NG  

BENEFIT W A R

INDUSTRY

I l  \ n 1 \ u / 1 ays that Tube-Turn welding fittings 

avoid wasting men and hours in war plants!

■ED-UP PIPING INSTALLATION 2  GREATLY REDUCE MAINTENAIS

aster installed, trouble-free piping steps-up production

rUBE-TURN
Trade ma r  r\

0THER w a r - t i m e  Al

Ŝ . Ct ' ^ CAL natehial- j
*n*tioa » it  y

m

SAVE space- p-
T a ra  & « ■ - ,  n: ~ , l  -veld
OCTj «d  *,

LONGER- ,.nd*ts- -av„ 0;
< ° ° s e r  H /e. r  lc a Je ~ t n e a a s  k s >  

« • » »  .

S ' Î l S ’E " " *  1 EE.EB. -
TlBE TUKSS, ( In c .)  Louisville. Kt. • firtm cA O ffices: N ew  Y o rk . Chicago. P h ila d e lp h ia . P ittsb u rg h ,
Cleveland, Davton, W ashington . D . C-, T u lsa . H o o s lo n , Los A ngeles. •  Distributors in principal cities.

T U B E-TU R N  fittin g s  
speed up piping installa
tion four ways: (1) Need 
only butt-welds, easy for 
veteran or novice welders. 
(2) Less lining-up, for 

•tings have uniform walls and true circularity. 
1 Sections pre-assembled on the ground save 

®*- (4) Torch cutting and fabricating are
-eliminated. Tube-Turn fittings are ready to weld 

”*ÏPes, sizes and weights for all needs.

You can depend on piping welded with Tube- 
Turn fittings to be practically maintenance-free, as 
Tube-Turn welding fittings give the greatest pos
sible strength and long life. They’re permanently 
leakproof. There are no bolts to loosen, no gaskets 
to replace, no threads to corrode and weaken.

No plant ever can afford a break-down or pro
duction slow-up, but in war-time it’s a disaster! 
The best insurance in the world against trouble in 
piping systems is welding with Tube-Turn fittings!



[[] R ecla im ing  Used Crank Case 
Oil: B -W  o r  O  B ra n d  a g ita te d  
w ith  th e  o i l  a n d  w a te r  w e ts  c a r 
b o n a c e o u s  a n d  o th e r  s o l id  im 
p u r i t ie s ,  so  th a t  th e y  se ttle  in to  
th e  w a te ry  lay e r , le a v in g  c le a r  o il.

Q  G reaseproofing Concrete: O i l  
s t o r a g e  t a n k s  a r e  p r o t e c t e d  
a g a in s t  o i l  p e n e tr a t io n  a n d  o il  
l o s s  a s  w e l l ,  b y  a  t r e a t m e n t  
w ith  P Q  S ilic a te  o f  S o d a . R e c 
o m m e n d e d  fo r  e i th e r  m in e ra l  
o r  v e g e ta b le  o ils .

□  L in in g  W ood Barrels: C o a tin g  
w o o d e n  p a c k a g e s  to  p re v e n t 
a b s o r p t io n  o f  v e g e ta b le  a n d  a n i 
m a l o i ls  is  e s ta b lis h e d  p ra c t ic e . 
S ilic a te  is  th e  c o o p e r ’s m o s t  e c o 
n o m ic a l l in in g  m a te r ia l.

□  Greaseproofing Paper: P a p e r  
a n d  p a p e r b o a r d  c o a te d  w ith  th e  
c o r r e c t  b ra n d  o f  s i lic a te  a re  u sed  
fo r  p a c k a g in g  g re a s y  a n d  o ily  
p r o d u c t s .  T h e  v e r m i n - p r o o f  
q u a li t ie s  o f  s i lic a te  a re  im p o r ta n t  
fo r  fo o d  p ro d u c ts .

PHILADELPHIA QUARTZ CO.

O I L  S A V E R S - P Q  S I L I C A T E S

W i t h  greases and oils on the 
critical list, those processing methods 
get priority that prevent the waste of even a 
d rop  o r gob. Many of these conservation m ethods effec
tively and economically use P Q  Silicates of Soda. Do you 
know  how  PQ  Silicates can serve you as oil savers? Check 
the uses below about which you want m ore details and mail 
those paragraphs with your letterhead to us in Philadelphia.

Established 1831 . . • General Offices and Laboratory: 125 S. T h ird  Street, Philadelphia, Pa. 
C hicago Sales Office: Engineering Bldg. Sold in  Canada by N ational Silicates Ltd., T oron to , Ont.
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VOTATOR is adaptable for 
many war materials: 
Chemicals • Aviation Gasoline 
Plastics • Oil Products

R E V O L U T I O N A R Y  V O T A T O R  U N IT  

H E A T S  OR C O O L S  L I Q U I D S  OR 

VISCOUS MATERIALS IN S EC O N D S !

•  Heat transfer takes place 
in seconds.

•  Continuous, rapid flow of 
product.

•  Fully closed system.
•  Uniform temperature, ac

curately controlled.

•  S im u ltan eou s  mi xing,  
emulsifying or aerating.

•  More economical.
•  Saves critical materials 

and refrigere

the Votator.
tube— heart of

Votator Permits Very Accurate, Rapid, Continuous Heat 
Transter—with Simultaneous Mixing or Emulsifying!

The VOTATOR is a unique, continuous, closed heat transfer unit that heats or 
cools liquids and viscous materials BETTER AND FASTER than any known 
system. Its extraordinary efficiency is due to the patented principle o f passing 
a very thin film of product over a relatively large heat transfer surface. H eat
ing or cooling takes place in SECONDS insteed of minutes. By treating only 
a small amount of product at any time, but pumping it through continuously 
at a high rate, the VOTATOR assures very accuarte uniform temperature.

VOTATOR'S ability to MIX, EMULSIFY OR AERATE the product at the same 
time it is heated or cooled is an important added advantage to many indus
tries. Numerous pilot tests and studies show VOTATOR'S increased speed 
and efficiency to be invaluable in processing many vital war materials.

Send now for free descriptive booklet No. 300-B  describing this highly  
efficient, continuous heat transfer unit!

« .V O T A T O R

i 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 I V I S I O N  •  L O U I S V I L L E , K Y .



S Y N T H E T I C  RUBBER  
PROCESSING PLANTS

B U T A D I E N E
E T H Y L B E N Z E N E

S T Y R E N E
fo r

S Y NTH ETI C RUBBER

FOSTER WHEELER CORPORATION
1 6 5  B R O A D W A Y  • N E W  Y O R K

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

to

B U T E N E S
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L ik e  th e  t r a in s  t h a t  fo rm  h e r  life-line , th e  A m erica  o f  a 

new  y e a r  g a th e rs  speed  a s  th e  f irs t m ile  is p assed . T h e  

t r a c k  is s t r a ig h t ,  th e  w heels a re  s tro n g ; a n d  a b o a rd  is a 

t r e a s u re — fo r ev e ry  signa l, e v e ry  sa fe ty  d ev ice  to  p ro te c t.

P a r t  o f  i t  is th e  o il, th e  g aso line , th e  p rice less chem ica ls  

t h a t  c o m p rise  A m erica ’s liq u id  a m m u n itio n . A nd  in to  

th e  h a n d s  o f  th o se  w ho  p ro d u c e  i t  is g iv en  i t s  g u a rd ia n 

sh ip  —  to  p ro te c t  i t  a s  zea lo u sly  a s  i t  w as p ro d u ced .

J u s t  a s  y o u rs  is th e  p r id e  o f  m a k in g  th is , A m erica ’s liq u id  

tr e a s u re ,  o u rs  is in  h e lp in g  to  sa fe g u a rd  i t — w ith  c lo su res 

t h a t  m a k e  e v e ry  d ru m  a fo r tre s s , a n d  e v e ry  q u e s t io n 

in g  " w h a t ’s a h e a d ? ”  q u ic k ly  a n sw e re d  " s a f e ty .”

C a ll to  m in d  th e  h a z a r d s  a  d ru m  c a n  e n c o u n te r  —  

leak a g e , w as te , p ilfe ra g e  a n d  s a b o ta g e  —  a n d  y o u  su m - 

u p  th e  c o m p le te  p ro te c tio n  o f  T r i-S u re  C lo su re s . T h ese  

a re  th e  c lo su res t h a t  g ive  trip le  protection  —  w ith  a 

sea l, a  p lu g  a n d  a flange  t h a t  k e e p  e v e ry  h a z a rd  o u t 

o f  a d ru m  a n d  e v e ry  d ro p  o f  i t s  c o n te n ts  in .

T o d a y , w hen  liq u id s  t h a t  a re  m o re  p re c io u s  th a n  ev e r 

a re  b e in g  t r a n s p o r te d  a n d  s to re d  u n d e r  c o n d itio n s  m ore  

h a z a rd o u s  th a n  e v e r, T r i-S u re  h a s  a n sw e re d  th e  call 

fo r  c lo s u re s  t h a t  r e a l ly  se a l a n d  re a l ly  p r o t e c t ;  fo r 

c lo su res  th a t  m a k e  e v e ry  sh ip m e n t a  safe  sh ip m e n t; 

fo r c lo su res  t h a t  k e e p  th e  d ru m s  ro llin g  —  sa fe ly .

T r i- S u r e
\ R t t  U S Pot

CLOSURES

A M ERICAN FLAN GE & M ANUFACTURING CO. IN C ., 30 R O C K E FE L L E R  PLAZA , N EW  YORK 

T R I-S U R E  PROD UCTS L IM IT E D , ST . CATH ARIN ES, O NTARIO , CANADA



To all w h o  w ould  l ike 
to obtain  In g A d a d  • • •

We are sorry we ca n n o t supp ly  your present needs for IngA clad  
S ta in less-C lad  S tee l, u n less  you  are in  th e  fo r tu n a te  p o s itio n  of 
h o ld in g  h igh -ra ted  war orders. Y ou w ill be glad to  know , h o w 
ever, th a t  every to n  you  are d en ied  today is  serving A m erica in  
a ctu a l war work . . . on  th e  sea in  sh ip s ga lleys . . .  in  th e  cam p s as 
jacketed  food k e tt le s  . . . and  in  sp eed ing  an d  p ro tectin g  Food  
P rodu cts, C h em ica ls, T extiles, e tc . for th e  fig h tin g  services.

In g A c la d  m a k e s  g o o d  c o n s u m e r  p r o d u c t s  better, a n d  p r o 
tects th e m  a t  every  h a n d l in g  stage . P l a n  n o w  to  ta k e  a d v a n 
tage o f  th e  e c o n o m ie s  In g A c l a d  offers w h e n  p e a c e  co m e s.

I N G E R S O L L  STEEL & DISC D I V I S I O N
B O R G - W A R N E R  C O R P O R A T I O N

3 1 0  S o u t h  M i c h i g a n  A v e n u e  C h i c a g o ,  I l l i n o i s
P lants: C hicago, Illino is ; N ew  C astle , In d ia n a ; K a lam azoo, M ich igan

I M G / I C I A D
S T E E L

.1  i . i / . r n m i  ■ C A l i n  C T A I H I I E C C  E T E E I

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



W hatever your Process—depend on Blaw- 

Knox to do the w hole job. Research, 

engineering, fabrication, erection, initial 

operation —all under the single guarantee 

and single responsibility of Blaw-Knox!

LAW-KNOX Si. PROCESS PUNT!
EHHienmi
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Dibutyl Phthalate 
Good Softener for 

Perbunan Rubber
Im p a r ts  E x c e l le n t  R e s is ta n c e

T o  C o ld  a n d  G a so lin e  Im m e rs io n

ELIZABETH, N. J. — Dibutyl phthalate is 
rated among the most satisfactory softening 
agents for the compounding of Perbunan type 
synthetic rubber, it is indicated by the re
ports of research workers here.

The effect of a number of softeners was 
studied from the standpoint of response of 
the compounded rubber to subzero tempera
tures, and also of contact with petroleum 
oils. As a result of these tests, it was found 
that dibutyl phthalate is one of a small 
group of ingredients which are effective in 
preventing hardening at low temperatures.

E ffec t o f  P e tro le u m  
Since Perbunan is largely used for making 

hose, gaskets, and other parts subjected to 
contact with petroleum oils, behavior of the 
softener under these conditions is a matter 
of extreme importance. Undue extraction of 
the softener would result in marked shrink
ages in volume of the compounded part. From 
this standpoint also, dibutyl phthalate shows 
good resistance to immersion in gasoline, as 
measured by volume change, tensile strength 
retention, and low increase in hardness.

Drug Trades Section to 
Hold Dinner on March 4

The 18th Annual Dinner sponsored by the 
Drug, Chemical, and Allied Trades Section 
of the New York Board of Trade will be held 
at the Waldorf-Astoria in New York on Thurs
day, March 4.

Following the precedent established last 
year, it has been announced that a substantial 
donation to a war charity will be made from 
the proceeds of the dinner. The cooperation 
of the industry in maintaining a high level of 
attendance at the dinner will help to make the 
contribution as large as possible.

Sulfa Drug Films Studied 
For Burns, Cuts, Surgery

BALTIMORE, Md.—Translucent films con
taining sulfa drugs are undergoing study here 
as a surgical dressing for burns and cuts and 
for the treatment of wounds. Preliminary re
ports indicate that the films are effective in 
preventing infection.

The films are prepared by making an emul
sion of 3% sulfadiazine or sulfanilamide, 
2.5% methyl cellulose, 3% triethanolamine, 
and 0.5% sorbitol with ethanol or acetone. 
This emulsion is sprayed on a smooth glass 
sheet, from which it is stripped off in the 
form of a film. The film is applied after pre 
liminary cleaning of the affected area.

New Source of Glycerol Opened 
By Process Developed by U.S.I.

Ferm entation Procedure is Key to Vitally Needed Supplies 
For M anufacture of Explosives and O ther Urgent Requirements

New Pittsburgh Address

U.S.I.’s Pittsburgh Office is now located in 
the Fulton Building. 107 Sixth Strpet.

In  view  of th e  c u rre n t im p o rtan ce  of g ly ce ro l as a raw  m a te ria l in  th e  m a n u 
fac tu re  of n itro g ly c e rin e  fo r  exp losives, the  deve lopm en t by  U .S .I. of a com 
m erc ia lly  p rac tic ab le  m ethod  fo r p ro d u c in g  th is  v ita l m a te ria l by  fe rm en ta tio n  
of m olasses assum es o u ts tan d in g  in te rest. P ilo t p la n t o p e ra tio n s  have  d em 

onstrated the feasibility of the technique, and 
commercial production is soon expected to 
alleviate the critical demand for glycerol.

Glycerol (more commonly known as glycer
ine) , discovered in 1779 by Karl W. Scheele, 
is one of the oldest and most widely used

New Method Described for 
Making Chroman Compounds

MINNEAPOLIS, Minn. — A novel process 
for making tocopherol-like chroman com
pounds has been revealed in a patent granted 
to an inventor here. Since alpha-tocopherol is 
Vitamin E, these new compounds, apparently 
of a similar character, are expected to have 
medical and biological applications.

Key to the new process lies in the prepara
tion of the primary intermediate. A halo-alkyl 
derivative of a diether of hydroquinone is first 
prepared. This compound is then used to alky
late a beta-keto ester, preferably ethyl sodium 
acetoacetate, resulting in the formation of the 
primary intermediate.

Ethyl sodium acetoacetate is 
produced by U.S.I.

Non-Discoloring Adhesive 
Made with Aid of Urethan

WESTFIELD, Mass. — Discoloration of the 
adhesive on envelope flaps can be prevented 
by means of a novel formulation involving the 
use of urethan, it is claimed in a patent 
granted to an envelope maker here.

The discoloration is caused, according to 
the patent, by chemical reaction between de 
graded protein in the paper and reducing 
sugars in the adhesive. It can be prevented, it 
is claimed, by decreasing the reducing sugar 
content. The fluidity necessary to apply the 
adhesive to the envelope, ordinarily obtained 
by high sugar content, is achieved by addition 
of a carbamic acid ester, such as urethan.

This article lists some outstanding uses of 
glycerol in military and civilian applica
tions. A much more detailed listing is given 
in Bulletin GU, which is available without 
charge from U.S.I.

chemicals. The value of glycerol rests on its 
physical properties rather than on its chem
ical constitution although it is employed 
chemically to make certain very important 
compounds. Of the physical attributes of 
glycerol, the most outstanding is its strong 
affinity for water. This has led to its employ
ment as a humectant and plasticizer, and since 
it is non-toxic, it can be used in cosmetics and 
foodstuffs where an agent for the holding of 
moisture is necessary to keep the products in 
condition. Glycerol is a remarkably good sol
vent, comparing in this respect with water 
and ethanol. Many antiseptics and essential 
oils are soluble in glycerol, and this solvent 
property, combined with the fact that it is 
non-toxic, gives the compound its unique 
place in the manufacture of pharmaceutical 
preparations and as an ingredient of food 
products.

M a n u fa c tu re  o f  R esin s
In recent years glycerol has taken an im

portant place in the plastic field as a constitu
ent of alkyd resins. These resins (phthalic 
anhydride and glycerol) are made in a variety 
of ways. Glycerol and resin are combined to 
make the well-known ester gums widely used 

(Continued on next page)

The manufacture of nitroglycerine for explosives is one of the most important applications of glycerol. 
Procedure developed by U .S .I. will make additional supplies available fo r this and other purposes.
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A pplications o f G lycerol
( C ontinued fro m  preceding page)

in varnishes. Glycerol is an important ingre- 
dient in adhesives, acting as a means of con
trolling the flexibility of these products so as 
to give them the maximum of strength under 
the conditions of use. A similar application is 
found in certain cements such as the familiar 
litharge-glycerol combination used as a plumb
er’s cement and a cement for aquaria. Here 
advantage is taken of the readiness with 
which glycerol combines with the lead salt 
used in the cement to form a hard insoluble 
compound.

P la stic iz in g  C e llo p h an e  
One of the outstanding uses of the com

pound in modern technology is the employ
ment of glycerol in plasticizing cellophane. 
It is only necessary to consider how widely 
used this material is to realize the important 
part that glycerol plays in our everyday af
fairs. In cellophane the glycerol exists in the 
form of a solution of approximately 60% 
strength. About 25% of the weight of the fin
ished product is made up of the plasticizer. 
Without a suitable softening agent, the cello
phane film is brittle and useless.

L u b ric a tin g  P ro p e rtie s  
Other widespread uses of glycerol rest on 

its lubricating properties. Certain machinery 
used in processing foods must be lubricated 
with a tasteless and non-toxic lubricant. Glyc
erol fits these specifications well and has in 
addition a high degree of stability under the 
conditions existing in bearings.

In textiles, glycerol has uses which depend 
largely on its properties as a lubricant. It 
thus renders fabrics soft and facilitates weav
ing, and since it is so readily miscible with 
water, it aids in dyeing and printing opera 
tions on cloth.

Another major use of glycerol is in tobacco. 
Here the hygroscopicity of the material comes 
into play to keep the tobacco moist and thus 
to hold it in condition over long periods of 
time during which the tobacco without such 
protection would dry out completely. It is dif
ficult to find a substitute for this particular 
use of glycerol.

M ak in g  o f  E xplosives 
The most important purely chemical use of 

glycerol is as a raw material in the manu
facture of nitroglycerine for explosives. Mod- 
ern ammunition requires precisely formulated 
propellants and nitroglycerine has a place of 
major importance as an ingredient in these 
propellants. Since the ballistics of long range

USES O F  G L Y C E R O L
A V E R A G E  P E R C E N T A G E S  
BASED ON 1940-41 FIGURES

n . iiiJHLTO
C O SM ET IC S-4 . 9 %

■T.ikwawflHWEl m a
P A P E R -  3.2%

TEXTILES - 3 . 2 %

PR IN TIN G -3 . 2  %

TO BAC CO  

1 4 . 6  %

NITROGLYCERINE 

18.8 %

C E L L O P H A N E

1 4 . 2 %

R E SINS

1 6 . 0 %

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

guns is based on the propellant, the propellant 
formula cannot be changed without revising 
the data on which the aiming of the guns is 
based. The employment of nitroglycerine in 
powders overshadows all other uses at the 
present time.

An approximate breakdown of the amounts 
of glycerol employed in various fields is shown 
in the accompanying chart. Four uses, nitro
glycerine manufacture, resin manufacture, to
bacco conditioning and cellophane plasticizing 
account for over 60% of all the glycerol pro
duced. The figures in the graph are averaged 
from 1940 and 1941 statistics.

The use of glycerol showed an increase of 
approximately 3 3 ^%  from 1940 to 1941, and 
expanding military use, plus the necessity 
for adequate stock piling, makes a shortage of 
this vital chemical a possibility to be reckoned 
with during the coming months. Substitutions 
are possible to some extent and certain uses 
can be curtailed, but the restriction of avail
able glycerol to explosive manufacture and 
its consequent elimination from all civilian 
uses poses a very difficult problem due to the 
widespread use of this versatile chemical.

This brief review of the major applications 
of glycerol indicates the importance of de
veloping new sources of supply. The fermenta
tion procedure developed by U.S.I. to meet 
this demand will be discussed in a second 
article on glycerol, which will appear in the 
March issue of U.S.I. C h e m i c a l  N e w s .

New adhesives, made from a vegetab le  base, are 
said to  com pare In range and fle x ib ility  o t action 
w ith anim al-base adhesives. According  to  the 
maker they can be used undiluted or mixed w ith 
w ater to g ive firm adhesion in com binations ot 
paper, ca rdboa rd , fab rics, leathers, and im itation 
leathers. <N o - 660>

U S I
A sponge rubber substitute can be vulcanized d i
rectly to  such surfaces as metal and plastics, and 
has flex-cracking resistance which improves at 
low er tem peratures, it is reported . In many other 
respects, p roperties are said to be very sim ilar 
to  those of natural rubber. M a te ria l is immedi- 
o te ly  a v a ila b le  fo r many w ar app lica tions.

(N o. ooI)
U S I

New gaskets m ade  fro m  s o lu t io n - p r o o f  kraft 
paper are described as su itab le  fo r replacements 
fo r rubber gaskets in drums, pails, bungs, and 
spouts They are said to  have been tested fo r the 
transporta tion  of a ll liqu ids except corrosive 
acids. (N o - 6621

U S I
Drying oil substitutes can be produced by fra c 
tiona tion  of domestic o ils , research, work ind i
cates and com m ercia l production  is expected 
soon It is reported  tha t the process is adap tab le  
to the making of special fractions fo r specific pur
poses. (N o. 663)

U S I
A suspension agent Is reported  to  a id  in prevent
ing the settling or caking of pigments used in 
luminous paints. It is said tha t the product can be 
used in high concentrations to  form th ick sup
porting  gels. ^  ^  ̂ (N o. 664)

A lintless filter paper is described as haying high 
retention qua lities . M aker says tha t it  is supplied 
washed w ith n itric  a c id , and tha t it is p rim a rily  
su itab le  fo r the filte rin g  o f intravenous and sub
cutaneous in iectib les. (N o. 665)

U S I
Agitator tanks are now being  constructed fro™ 
wood, includ ing  cypress, redw ood, p ine, fir, oak, 
and pop la r, it has been announced Storage 
tanks up to 100,000 gallons capac ity  are also being 
produced. The w ood tanks are expected to  be 
useful to the processing industries. (N o. 666)

U S I
Pure nickel foil is now being produced on a small 
scale in w idths up to  16 inches and thicknesses 
from 0.00025 to  0.0015 inch, it is reported . Possible 
app lica tions  are seen as conta iner lin ings, d ia 
phragms, and w rapp ings. (N o. 667)

U S I
Analytical sets now being  supp lied  include the 
necessary appara tus and chemicals fo r the test
ing of p la tin g  solutions. One set is designed fo r 
determ in ing to ta l and free su lfuric a c id ; a second 
for to ta l and free chrom ic ac id . (N o. 668)

U S I
Imitation perfume oils deve loped by one supplier 
are said to  include products tha t sim ulate the 
fo llo w in g  natural o ils : cassia, bergam ot, c inna
mon, c itro ne lla  Java, geranium , lavender, lemon- 
grass, pepperm in t, and sassafras. (N o. 669)

1 1  ¥ 5  I n d u s t r i a l  C h e m i c a l s , I n c .
U  ■  ™  C H fk lC » L T ~ V _ r 7 SQLVfNTS ---------------------------------------------------------------------------------------
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ALCOHOLS
Am yl Alcohol
Butanol (N orm al Butyl A lcohol) 
Fusel O il— Refined

Ethanol (E thyl A lcohol)
Specially Denatured— A ll regular 

and anhydrous form ulas 
Com pletely Denatured— all regulc 

and anhydrous form ulas 
Pure— 190 proof, C.P. 96% , 

Absolute 
U.S.I. Denatured Alcohol 

A n ti-fre e ze  
*Super Pyro A n ti-fre e ze  
*  So I ox Proprie tory Solvent 
*Solox D -l De-icing Fluid

*ANSOLS
Ansol M 
Ansol PR

ACETIC ESTERS
Am yl Aceta te  
Butyl Aceta te  
Ethyl Aceta te

OXALIC ESTERS
Dibutyl Oxalate 
D iethyl Oxalate

PHTHALIC ESTERS
Diamyl Phthalate 
D ibutyl Phtha late 
D iethyl Phtha la te

OTHER ESTERS
:;:D iatol 

D iethyl Carbonate 
Ethyl C hloroform ate 
Ethyl Formate

INTERMEDIATES
Acetoacetanilide 
A cetcacet-ortho-an is id ide  
A cetoacet-ortho -ch loran ilide  
A ce toacet-ortho -to lu id ide  
A cetoacet-para-ch lo ram lide  
Ethyl Acetoacetate 
Ethyl Benzoylacetote 
Ethyl Sodium O xalacetate

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

OTHER PRODUCTS
Acetone 
Collodions 

:;:Curbay B-G 
-C urbay Binders 
:'-'Curbay X (Powder)

Ethylene 
Ethylene Glycol 
N itroce llu lose Solutions 
Potash, A g ricu ltu ra l 
U rethan 

*V aca tone

Registered Trade M ark 

Registered Trade M ark
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B u i l d e r s  o f  Anything in Iron and St 
Not Already Produced as a Specia

i f  i t ' s  m a d e  o f  I r o n  o r  S t e e l ,  d r a w  a  
p i c t u r e  o f  i t  —  w e ' l l  b u i l d  i t .

......  ....._.... ..—.............. .....—..... ...... —i

eel
ilty

JAY-CEE PRODUCTS
ALUMINUM PLANTS

Hoppers & Chutes 
Stacks & Breechings 
Annealing Baskets 
Special Machinery

The " Ja y -C e e "  Steel Separator Tanks illustrated above were fabricated 
for a large producer of chemicals. Seven (7) air-tight steel tanks, all welded 
construction, 7 '0 "  in diameter x 1 5' 6" long with flat top and conical bottom, 
complete with flanged openings and man holes; thickness of material %  y 
These tanks were used by this producer to separate light ash after it 
had been dried.

The " Ja y -C e e "  organization of technicians and craftsmen  ̂have con
tributed greatly to W ar Industry as proved by the fact that Jay-C ee  
production has increased by more than 400%  in the last 27 months.

Take advantage of " Ja y -C e e "  knowledge and experience for the Pr0" 
duction of "anything in Iron and Steel not already produced as a specialty. 
Inquiries will receive prompt attention and incur no obligation.

POWDER PLANTS
Tanks
Pressure Vessels 
Fabricated Piping 
Special Machinery

OTHER PLANTS
Structural Steel 
Sheet and Plate Work 
Iron Castings 
Special Machinery

J O H N S O N  C I T Y  f o u n d r y  & m a c h i n e  w o r k s
JOHNSON CITY, TENNESSEE EST. 1883 

G R A Y  IRON and A L L O Y  IRON C A S T IN G S  —  STRUCTURAL STEEL —  M ISC ELLA N EO U S

and ORN,
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Food Processors
TAKE A TIP

F R O M  T H E

DRUG INDUSTRY

Service perform ed  b y  hundreds o f  Lectrodryers l ik e th e se  in  the  
D rug In d u s try  guide our engineers' recom m endations to yo u .

T h e re  a re  u n k n o w n s  a ’p le n ty  to  p lag u e  y o u  w h en  

y o u  g e t in to  food  d e h y d ra tio n . F o r tu n a te ly ,  th e  

D ru g  I n d u s tr y  Has a lre a d y  so lved  som e o f  th e  

p ro b lem s y o u  w ill e n c o u n te r .

F o r  y ea rs , th e  p h a rm a c e u tic a l  in d u s tr ie s  h a v e  

o b ta in e d  w in te r  d ry n ess  in  th e i r  t r a y  d rie rs  on  

h u m id  su m m e r d a y s  b y  d ry in g  th e  a ir  w ith  

L e c tro d ry e rs . T h u s  th e y  h a v e  re d u c e d  th e i r  

p ro cessin g  tim e  a n d  h e ld  p ro d u c ts  u n ifo rm , r e 

g a rd le ss  o f  o u ts id e  w e a th e r  c o n d itio n s . O th e rs , 

n eed in g  a  g re a te r  deg ree  o f d ry n e s s  th a n  is p o s 

sib le w ith  s ta n d a rd  m e th o d s , h a v e  u sed  L e c tro 

d ry e rs  to  re a c h  m o is tu re  c o n te n ts  low er th a n  

h e re to fo re  possib le .

I n  th e  food  in d u s try ,  d ry in g  o p e ra tio n s  on  

w h ich  L e c tro d ry e rs  c a n  c e r ta in ly  h e lp  m a y  b e  

g ro u p e d  as fo llow s: 1. S ta n d a rd iz in g  d ry in g  c o n 

d it io n s  in  y o u r  p re s e n t d r ie rs . 2. G iv in g  y o u  a 

deg ree  o f  d ry n e s s  b e t t e r  th a n  th e  m o s t fa v o ra b le  

w e a th e r  co n d itio n s . 3. C o n d it io n in g  a ir  fo r p ro c e s s 

ing  a n d  p a c k a g in g  o p e ra tio n s .

T h e re  a re  h u n d re d s  o f  L e c tro d ry e r  in s ta l la t io n s  

o n  c o m p a ra b le  w o rk  th r o u g h o u t  in d u s try .  R e c o m 

m e n d a tio n s  o n  d ry in g  g iv e n  y o u  b y  o u r  en g in ee rs  

a re  b a se d  on  y e a rs  o f  e x p e rien ce , n o t  g u essw o rk . 

I f  d e h u m id if ic a tio n  is o n e  o f  y o u r  p ro b le m s , le t  

u s  h e lp  y o u . W rite  to  P i t t s b u r g h  L e c t r o d r y e r  

C o r p o r a t i o n , 305 3 2 n d  S tr e e t ,  P i t t s b u rg h ,  P a .

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

P I T T S B U R G H

LECTRODRYER
Rec. U.S. PaL Oft.

C O R P O R A T I O N
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ACID DIGESTION

Duriron Company engineers have 
designed three new corrosion-re
sisting steam jets to meet the needs 
of War industries. Note how lit t le  
space is required in the tank fo r 
these jets . . .  they ” hug’> the tank 
wall, projecting only 4 x/ i  inches.

AD VAN TAG ES

1—Acid and abrasion resisting.
2—Eliminate destructive pounding;

(a) Practically noiseless in op
eration.

(b) Lengthen life of tank or 
tank lining.

3—Highly efficient circulation of 
tank contents.

i --- i

As used in corner oj square Over or through side of Over or through w all of
tank; inlet from either square tank, it fits closely circular tank, i t  agitates
side. to wall. complete area.

S O M E *—Heating acid solutions, such as pickling solutions, wash liquors, numerous
acids.

SPECIFIC 2—Dissolving powder and lump chemicals, such as copper sulphate, alum, 
USES salts, sodium chlorate, coagulants, etc.

3—Digestion of ores, such as bauxite, phosphates, Barytes, ilmenite, etc.
4—Sludge acid separation, cooking, etc.

For further
details, write T H E  D U R I R O N  COMPANY, INC.,  DAYTON, OHIC

De si gne r s  and M a n u f a c t u r e r s  o f  M e c h a n i c a l  E q u i p m e nt f or Co r ro s i v e  S e r v i c



*i P R O D U C T I O N  W A K  . .
HIS JEFFREY GUIDE FOR MODE E F F I C I E N

JEFFREY-TRAYLOR ELECTRIC 
VIBRATING EQUIPMENT (Patentei
COOLERS — Custom built units for pri 

essing under closely-controlled con 
tions

CONVEYORS — for handling  hot, gaset 
m aterials w ithout dust lost o r degrai 
tion  — tubular o r pan types 

DRYERS — apply princip le o f balanced 
bration  to  processing operations — so 
o r  louvered type conveying surface 

FEEDERS — special sizes and designs 
decks to  handle all k inds o f feeding pr< 
lems in chem ical plants 

PACKERS — high  frequency vibration 
applied to  packing operations — 
creases container capacity — decrea 
packing time 

SCREENS — single o r  double deck stj 
rang ing  from  2 to 40 sq. ft. o f screen 
surface

W AYTROLS — used fo r continuous fe 
ing  w here gravim etric accuracy is 
quired. Completely autom atic 

BIN  CHECK VALVES — used in corn 
tion  w ith v ibrating  feeders — pre\ 
arching and flooding o f finely divided 
terial

Three-ro ll belt id ler (Patented)

D ouble ro ll coke sizer (P at
ented) — a section o f sp iral 

flight is show n below

■ A A A
T  T  V I

Portab le  flat and 
trougbed belt con
veyors. A Bucket 
elevator and Mass- 
Flo elevator-con- 
veyor (Patented) 
may be seen at the 

left

Finished ro lle r chains in  single, 
double o r  m ultiple strands — be

low  is the Reliance D rag

Section o f steel apron conveyor

Section o f scraper conveyor

Screenings g rinders 
fo r chips, sewage and 
o ther defibering w ork

Detachable, Hercules, Re 
and Steel Knuckle chi



JEFFREY MATERIAL HANDLING 
AND REDUCTION EQUIPMENT:

BIN VALVES — Bottom and side discharge 
I types
I CHAINS and SPROCKETS — A com plete 

Une for conveying, elevating and driving 
service

CONVEYORS — A pron, belt, bucket, port- 
' able, scraper, spiral, trolley and V-bucket

CRUSHERS — Pulverizers and Shredders
— single roll, double ro ll, Flextooth, 
Rotary ring and sw ing ham m er types

ELEVATORS — bucket and Mass-flo types
I FEEDERS — Apron, belt and grizzly types
POWER TRANSMISSION M ACHINERY

— gears, pillow blocks, take-ups, cou
plings, clutches, pulleys and shafting

PORTABLES — Belt, bucket and scraper 
types for loading and unloading opera- 

' tions — also Stackers for bags, boxes, etc.
CAR PULLERS — Skip H oists — W eigh 

Larries — Mono-veyor systems

Jeffrey-Traylor Type H  direct-type D ryer 
(righ t) fo r hand ling  
crystalline m aterial in  1 1 ^ ^  jtT 

chem ical plants ~

J -T  electric vi
b ra ting  FB-2 
single deck 
screen (left). 
D esigned fo r 
scalping, siz
ing, by-pass
ing , rescreen
ing , and  de
d u s t i n g ,  d e 
w atering  and 
w ash ing  opera

tions
J -T  36* x 72* N o . 5 
heavy duty e lectric  

v ibrating  feeder

Special N o. 4  grizzly 
feeder 24* w ide, 48* 
lo n g  (above). These 
units com e in  7 w idths 

and 6 lengths

jl-B small reagent feeder (righ t) w ith  vibrat- 
nr ing hopper. Special

sizes and designs o f 
decks to suit cond itions

li '.'ill - Jfc
I Jeffrey-T raylor ^ § 1 1
] dryers and coolors —
| used for handling

I  1 friable, dusty ,orchem i-
cally-pure material w ithout 
contam ination, breakage. 

v  - loss o f c o lo r o r  lustre
N o. 3 special low  head barre l packer (above)
— set level w ith  floor fo r easy hand ling  of bar

rel o r  container

J-T  w ater sprayed coo ler (above) fo r plastics. R otary b in  check val
H as built-in d rip  pan and equipped w ith  nose (above) — prevents floo
screen, fo r scafping ou t fo reign  m atter ing  and arch ing  of m ater

Pamrol (above) used fo r batching , p roportion- 
weigning and, feeding

THE JEFFREY MANUFACTURING COMPANY
885-99 North Fourth Street, Columbus, Ohio

s a w .  f s r .  ! = .  E S L  s ® « *
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A New

“Ruggles-Coles”
Dryer Bulletin

This 36-page Hardinge bulletin discusses the fundamentals and 
various methods of drying the many classes of raw materials. It 
describes in detail the construction, application and operation of 
six types of "Ruggles-Coles" Rotary Dryers — the double shell 
Direct Heat Dryer, the double shell Indirect Heat Dryer, the Rotary 
Steam Tube Dryer, the single shell Direct Heat Dryer, the parallel 
flow Direct Dryer, and the single shell Hot Air Dryer.

i t  et in / 6 -C

A R D I N G E
C O M P A N Y ,  I N C O R P O R A T E D  -  Y O R K ,  P E N N S Y L V A N I A

122 East 42nd Street 
New York, N. Y.

205 West Wacker Drive 
Chicago, Illinois

501 Howard Street 200 Bay St,
San Francisco, C alifornia T oronto, O ntario, C anada

CONICAL COUNTER CURRENT THICKENERS RUGGLES-COLES CONSTANT W EIGHT TUBE ROD AND
MILLS CLASSIFIERS_____________CLARIFIERS DRYERS FEEDERS ___________ BATCH MILLS



TRAINING CAMP FOR i f t f A t f o f T Ö O d '

Top: Tw o 47%  f t -  d ia m . a n d  
one lO l ' / z f t .  d ia m . m olasses  
ta n k s  a t th e  B o s to n  M olasses  
C om pany P la n t.

D irec tly  A bove: F our 22%  f t .
d ia m .,  o n e  30 f t .  d ia m . a n d  one  
30%  f t .  d ia m . m o lasses ta n k  a t  
B o sto n , M ass.

G '
I ETTIN G  m o la s-  

  ses  in to  co n d i
t io n  to  h e lp  su s ta in  
U n ite d  N a tio n s ’ 
fig h tin g  forces an d  
c iv ilia n  w orkers is  
m a d e  easier  w ith  

m o d e rn  storage a n d  refin in g  fa c ilit ie s .

E ig h teen  m o n th s  ago  a  large  e a st  
co a st m o la sses  refiner u n d er to o k  a p la n t  
co n stru c tio n  program  r e su lt in g  in  a 
m od ern  sto ra g e , re fin in g , p ro cessin g  
and  p ack in g  op era tio n  w h ich  is  v ir tu a lly  
a u to m a tic  fro m  th e  t im e  ta n k ers d is 
charge th e ir  h u g e  cargoes o f  raw  m o la s 
ses u n t i l  th e  p ack aged  p ro d u cts  leave  
th e  p la n t . In  th is  in s ta lla t io n  th e  m a in  
storage fa c ilit ie s  c o n s is t  o f  e lev en  H or
to n  f la t-b o tto m e d  s te e l ta n k s , h o ld in g  
a p p rox im ately  fou r m illio n  g a llo n s .

T h o u sa n d s o f  p la in  sto ra g e  ta n k s  an d  
ta n k s  to  m e e t  m o re  c o m p lica ted  sto ra g e  
p rob lem s are serv in g  m a n y  ty p es  o f  in 
d u str ies  . . . d o in g  th e ir  p art in  th e  w ar  
effort.

CHICAGO BRIDGE & IRON COMPANY
C lev e lan d ............................ 2253 G uildhall Bldg.
Birm ingham ........................ 1574 North Fiftieth St.
W ash ing ton ................................330 Bowen Bldg.

C hicago 2428 McCormick Bldg.
New York..................... 3374-165 Broadway Bldg.
Havana.......................................402 Edificio A breu

P h ila d e lp h ia ^ .,  ,n  E m Z c H A M . C H ^ A G O  and GREENVILLE. PA I n  Canada: HORTON STEEL WORKS, LIMITED, FORT ERIE. ONTARIO

H ouston..................................... 5639 Clinton Drive
T u ls a ...............................................1636 Hunt Bldg.
G reenville .................................................York Street
San F ran c isco .............................1066 Rialto Bldg.
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Tw o chemicals — Caustic 
Soda and Bleaching Pow

der-m anufactured in the early days of HOOKER 
—have grown to ninety. Twenty of these were 
added to HOOKER production and sales during 
1941 — and the list is still growing. This steady 
grow th is a direct indication of chemistry’s ever- 
increasing importance in the present w ar—and of 
HOOKER’S successful efforts to serve the Nation.

HOOKER Chlorine derivatives typify the wide 
range of chemistry’s contribution to the w ar effort. 
Many are being used directly in  the w ar effort, 
while others are used in the production of dental, 
surgical and other medicinal preparations, syn
thetic rubber, high-octane gasoline, rayon, and 
compounds for waterproofing and flameproofing 
textiles.

Two chemicals then, ,
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KEEP THEM ROLLING WITH JONES

JONES Herringbone Speed Reducers in ratings from 1 to 400 horse
power, and all the other types of Jones Speed Reducers, gears and 

transmission products are playing their part today in the all-out 
production program.

These are products that are built with old time craftsmanship and 
once they start rolling they keep on rolling.

If any of our products or engineering service will be helpful to 
you we shall do our best to render as much assistance as possible. 
Our Bulletin No. 80 "Jones Drives for Industry" will give you a clear 
picture of our transmission products and manufacturing facilities. 
Your request will bring a copy by return mail.

W. A. JONES FOUNDRY & MACHINE CO., 4445 Roosevelt Rd., Chicago

HERRINGBONE— WORM — SPUR— GEA R SPEED REDUCERS •  PULLEYS 

CUT AND MOLDED TOOTH GEA RS •  V-BELT SHEAVES •  AN TI-FRICTIO N 

PILLOW BLOCKS •  FRICTION CLUTCHES •  TRA N SM ISSIO N  A PPLIA N CES



mm,
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W herever power p lan ts are in op
eration, you ’ll find a h igh  p e r c e n ta g e  
eg u ip p ed  w ith  R o s s  S u r fa c e  C o n 
d en sers.

T h is  is  particularly true of refin 
er ies. In 1 9 4 2 , they a lo n e  p urch ased  
2 6  R o ss  co n d en sers . M o st  of th e s e  
u n its  w ent to co m p a n ies  doing repeat 
b u s in e s s  w ith R o ss  over a long period  
of tim e. T h is  e x p r e s s e s  m ost co n v in c 
in g ly  their approval of and con fid en ce  
in  the d is t in c t  a d v a n ta g e s  of R o s s  
d es ig n  and en g in eerin g  perform ance.

If in  in crea sin g  your h i-octan e g a s  
fa c il it ie s  you, too, are faced  w ith the  
n eed  for additional power, h a v e  your 
n ea rest R o ss  r e p r e s e n ta t iv e  su b m it  
p r a c t ic a l r e c o m m e n d a tio n s  on your  
su rfa ce  con d en ser regu irem ents.

Tv/. 

a n c e d  F l

R O s s
10,000 S9- Ft.

O l V
Bal.

1 y p ic a i
F a b r i

C °nde.
° f T h ,

nser

'r , c a te d
ose

for
eries.

.
'M m

M a*u^aduA eA i o f ALL fCituiA. o f eM&at C'tcoho+UfeSiA. foA oueA a  2.uoAieA Ce+ttuAif

R O S S  H E A T E R  &  M F G .  C O M P A N Y ,  I N C
D iv is io n  o f  f \ M ERICAN R a d ia to r  a n d  ’ ’S ta n d a r d ' '  S a n i ta ry  C o r p o r a t io n

M A I N  O F F I C E  A N D  P L A N T  • ■ • I A 0 9 W E S T  A V E N U E  • • B U F F A L O ,  N.
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FOR CONSTANT SUPPORT..
Through exclusive patented design, GENSPRING 
Hangers provide constant support for power piping 
in all "hot” and "cold” positions. The full safety 
factor of the supported system is always maintained.

E N G IN E E R E D *
for Better Hanging 
of Power Piping

GENSPRING Constant-Support 
Hangers are custom-made from 
standard parts . . . pre-fitted to 
each installation!

Write for Data Book containing complete 
details of GENSPRING Constant-Support 
Hangers for loads from 250 to 8,500 lbs. 
Grinnell Co., Inc., Executive Offices, Provi
dence, R. I. Branch offices in principal cities.

GENSPRING Constant-Support Hangers are manu
factured by efficient mass-production methods. 
Every unit is engineered to the user’s specifications, 
then assembled from standard precision parts.

FOR PERFO RM AN CE...
Each GENSPRING Constant-Support Hanger is 
pre-tested and calibrated under conditions that du
plicate its actual-service requirement. There’s no 
need for load adjustment on the job . . .  no chance 
of misfit hanger installations.

G ENSPRING RT H A N G E R S  B Y

FOB FAST PRODUCTION

G R I N N E L L
W H E N E V E R  P IP IN G  I S  I N V O L V E D
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G eneral V iew o f M achine Shop  —  B ay No. 1

 A L C O . ____________________________

ENGINEERS and MANUFACTURERS
HEAT EXCHANGERS 
PRESSURE VESSELS 

PRE-FABRICATED PIPING

Our Facilities are Producing 
Essential Equipment First. . .

Write  fo r  l i s t i n g  o f  p r o d u c t s  — B U L L E T IN  No. 1 0 3 0

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
ALCO PRODUCTS D IV IS IO N  

3 0  CHURCH ST., NEW YORK, N. Y. DUNKIRK, N. Y.



SO LV EN T RECO V ER Y an d  V A CU U M  D RYIN G

R a re  Mineral

D RYIN G — C ry sta l Form ing Chem ica ls

I N str iv in g  to  m e e t th e  se e m in g ly  irr 
p ossib le p rod u ction  re q u irem en ts  an  

ch an ged  processes im p o sed  by th e  w a  
m a n y  A m erican  m a n u fa ctu rers ai 
k een ly  aware o f th e  in a d eq u a cy  o f the: 
p resent eq u ip m en t. T he m ajor prof 
lem , in  m o st cases, is  on e o f eq u ip m er  
conversion  . . .  to  m e e t to d a y ’s  neec  
w ith  yesterd a y ’s  eq u ip m e n t, and sti 
plan for tomorrow.

To solve su ch  p rob lem s su ccessfu l!  
o ften  requ ires m ore th a n  a co n feren ce  c 
p la n t execu tives. I t ’s  a job  for m e  
w ho have served th e  w h o le  processin  
in d u stry ; an d  w ho are, therefor« 
ab reast; or even ah ead  of th e  t im e s  i 
creative d esign . T h is is  a job  requirin  
co m b in ed  te ch n ica l advice w ith  adt 
q u a te  research  fa c ilitie s .

To h elp  you  w ith  su c h  p rob lem s, Vi 
in v ite  you  to  w rite to  th e  BUFLOVA] 
D ep a rtm en t . . . S u b m it  you r problem  
to  th e m  — th e y  can  offer m a n y  valuabl 
su g g estio n s.

If th ey  h a v en ’t  th e  answ er, th e y  w i 
get i t  for you . T he co m b in ed  facilitic  
of th e  BUFLOVAK E n gin eerin g  D eparl 
m e n t, R esearch  an d  T estin g  P lan l 
is  th e  source from  w h ich  m ore th a  
4000 processin g  p rob lem s in vo lv in g  drj 
in g , evaporation , ex traction , im p regn s  
tio n , so lven t recovery, c ry sta lliza tio i  
e tc ., have b een  su cce ssfu lly  h a n d le  
d urin g  th e  p ast 40 years.

Send  u s you r p rob lem  in  d e ta il a n d  w 
w ill su b m it  a co m p lete , u n b ia sed  repoi 
or su g g estio n  prepared by our T ech n ic . 
Staff.

Buffalo Foundry &  Machine Cc
1549 F illm o re  Ave. B uffa lo , N . "5

40 Y E A R S
in the Processing 

Industries is a long 
time . . .  It is forty 

years of growth 
through service 

for B U FLO VAK !

DESIGNERS AND BUILDERS OF 
Autoclaves Vacuum  Rotary Drye 

Atmospheric Drum  Dryers 
Pan Dryers Evaporato

Chemical P lant Equipment 
Vacuum  Drum  Dryers Flake

Vacuum  Shell Dryers 
Rotary Dryers Im pregnate

Solvent Recovery Equipment
UFLOVAK! Ç  ^R n f i  n u n  i

7 o c M e lp , I f o *
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C / je  fâ e a e u r e to i
F O R  A N A T I O N  AT W A R !

O u r  F I G H T I N G  F O R C E S  are not alone in their constant demand for 
more and more supplies and equipment. At home, on our production 
front, the very factories that are producing these fighting tools must also 
be kept armed. For they, too, are battling to preserve those ideals that we 
call the American way of life.

Here at Graver, that’s one of our most important jobs.

Graver plants are busy day and night turning out steel plate equipment 
of all types for hundreds of widely varied industries in order that their 
gigantic production programs may continue without interruption.

LVA Ni A

sxs11

X-BATIH6

„“ sisUHG PLA «
corn®® ■ e - _R.  

* * ter  ®°fTEHER*
fltfRATlOH STS ««®  

CLAR1T,eBS  

sew age

G R A V E R f îRAVER TANK & M FQ  CO JNC.
C H I C A G O

TULSA
N E W  YORK 

C A T A S A U Q U A ,  PA. EAST C H IC A G O . IND.
CABLE ADDRESS —  G R AT AN K

43-3-S

Three W a te r Jackets —  
1 2 #5 " x  8 '—  

b u ilt  b y  G ra v e r

Graver builds riveted or welded steel plate equipment for every process 
use. No installation is too large—no special specification too intricate.

Graver has the facilities and the "know-how” to 
meet your most rigid requirements.

Consult Graver—today. 
There’s no obligation.
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PRE-FABRICATED PIPING 

IS PIP IK  G
When you need either a simple pipe bend or coil 

or complete and alloy piping for power plan 
'or complex industrial process . . .  you will hnd it 
advantageous to use Midwest Pre-Fabricated Piping 
(whether purchased on the basis of materials only
or materials completely installed).

An organization of specialists devoted entirely to 
the piping business and plants having the mos 
modem equipment assure pre-fabricated P ^ g  that 
U accurate in dimension and alignment, carefuUy 
shop tested, thoroughly cleaned and inspected, hea 
treated and stress relieved when necessary.

C L . « .  i" t  j z z  

- * d ! "  i 1 i r / ' >*-
» » k .  suggestions the. .»pU lY  P » ™

la y o u t  • • ■ * « ,  . t o .  « » d  « » < « * » *

reduce costs.

MIDWEST PIPING & SUPPLY CO., Inc.
M ain  O ffice: 1450 Sou th  S e co n d  S t .. S ,  L o u is. Mo 

P la n ts: S t . L o u is. P a s s a ic  (N .J.)  a n d  Los 

S a le s  O ffices: C b i c a g o - M 5  M a r q u ^ tJ. B l d g . ^ • N e w  York
Shell Bldg. v L o s  AngeUs-SZU A _ San Francisco-535
- ( E a s t e r n  D ivisio n  1  ̂ 3 0  ̂ T u ls a _ 533 M a y o  B ld g .

i  H

1

I H g j

P g - F ' - i

in V A /p $ f  P R E - F A B R I C A T E D  P I P I N
I D W E 5 I c o m p i l e s  w i t h  b o t h

*  asm e b o i l e r
¿ ^ C O N S T R U C T I O N  CODE
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A c e t o n y l a c e t o n e  

M e t h y l  “C a r b it o l ” 

T e t r a e t h a n o l a m m o n iu m  H y d r o x id e

can be supplied Now in 
Lim ited Quantities

A c e t o n y l a c e t o n e

CH3COCH2CH2COCH3

. . .  a diketone boiling at 191.4°C., is a water-soluble 
liquid witli a pleasant odor and a slow rate of 
evaporation. Even in small percentages it reduces 
the viscosity of nitrocellulose or “ Vinylite” resin 
solutions. Acetonylacetone is a promising interme
diate for inhibitors, rubber accelerators, dyes, 
pharmaceuticals, and insecticides, and readily 
forms furane, tbiophene, and pyrrole type ring 
compounds.

perfume materials to replace more “ critical sol
vents. It shows promise as a component of non- 
aqueous wood stains and of textile dye pastes, as 
well as a high-boiling solvent (194.2°C.) in lacquers. 
The primary alcohol group reacts to form esters, 
ethers, amines and other interesting derivatives. 
Its phthalate shows promise as a plasticizer, espe
cially for applications requiring oil-resistance.

T e t r a e t h a n o l a m m o n i u m  H y d r o x i d e

( H O C H 2C H 2 )4 N O H

is  a. . . supplied as a 40 per cent solution 
quaternary base which approaches the fixed bases 
in alkalinity. Because it decomposes on heating to 
form weakly basic ethanolamines, it is valuable 
where it is desirable to destroy a strong base that 
has been useful at lower temperatures. It is an 
excellent solvent for certain types of dyes, but is 
not a solvent for cellulose.

M e t h y l  “ C a r b i t o l ”
ch3o ch 2ch 2o ch 2c h 2oh

. . . the methyl ether of diethylene glycol, is com
pletely miscible with water and many organic sol
vents. It is used as a fixative and diluent for certain

Carbide and Carbon Chemicals Corporation pro
duces more than 160 synthetic organic chemicals, 
and the supply situation among these products is 
constantly changing. Right now a number of them, 
including those described here, can be supplied in 
limited quantities. Some are available now because 
they are co-products in the making of other chemi
cals being used for high priority applications. 
Others are on hand because customers’ plants have 
shifted to war production or cannot get other raw 
materials to go with them.

At the time this magazine went to press Acetonyl
acetone, Methyl “ Carbitol,”  and Tet
raethanolammonium Hydroxide . . . 
and a number of others . . . could be 
supplied in less-than-carload quan
tities. If you are interested in ob
taining quantities of any of these 
interesting chemicals, write for fur
ther information.

For inform ation concerning the use of these chemicals, address:

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 

30 East 42nd Street ITffI New York, N. Y.

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



INDUSTRIAL and ENGINEERING C H EM 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

EDITORIALS

O p p o rtu n ity  fo r Service

' T ’H E chemists and chemical engineers of this 
J-  country constitute a vast reservoir of manpower 

that can be of very practical assistance to the Office 
of Production Research and Development headed by 
Harvey N. Davis, president of Stevens Institute of 
Technology. The Chemical Industries Branch of the 
OPRD is under the direction of Donald B. Keyes, and 
in make-up of personnel it is identical with the Referee 
Board of the Chemicals Division of WPB created in 
July of last year. The principal purpose for which the 
Referee Board was established was to provide a medium 
to assist individuals and agencies who discover needs 
for research to contact the many existing competent 
research organizations. Definitely the plan did not 
include the creation of any large or complicated organi
zation, in Washington or elsewhere, for either the con
duct or the detailed direction of an elaborate research 
program. Briefly the function of the Referee Board 
was to act as a sort of clearinghouse, and its successor, 
the Chemical Industries Branch of the OPRD, is con
tinuing along the same lines.

Local sections of the A m é r ic a in ' C h e m i c a l  S o c i e t y  

can assist in this important work by devoting at least 
a portion of their program to round-table discussions. 
Ideas developed at such meetings can be forwarded to 
Dr. Keyes. Chairmen of local sections will find in the 
October 10, 1942, issue of Chemical and  E ngineering  
N ew s  (page 1232), the Fifth Provisional Report of the 
War Production Board on the relative scarcity of 
certain materials.

Informal round-table discussions by local scientific 
groups will probably bring to light alternate methods 
of manufacture of many chemicals vital to the war 
effort, particularly processes which do not require the 
use of highly critical and strategic materials and 
specialized equipment. Practical short cuts in produc
tion may be proposed. Many worth-while suggestions 
and recommendations have been made and others 
naturally will follow if these problems are but “ aired”  
properly before interested groups well qualified to 
perform the function of “ consultants” .

Here is a service in which chemists and chemical 
engineers can cooperate effectively in the war effort.
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The Chemical Industries Branch of the Office of 
Production Research and Development will welcome 
such assistance, and machinery has been set up to 
evaluate quickly and effectively all suggestions offered 
and to centralize, coordinate, and sponsor production 
research. This plan is a practical way of attacking 
unsolved problems relating to the w ar effort.

Research facilities are heavily taxed. A recent 
nation-wide survey by Dr. Davis discloses that all of 
the larger industrial research laboratories are carry
ing heavy loads, and only a few of the smaller 
laboratories, representing a small percentage of the 
country’s research workers, are available for new war 
problems. Likewise, in the universities the number of 
scientists still obtainable for war research represent less 
than 1  per cent of the total research manpower. On 
the basis of returns, it is estimated that less than 2 per 
cent of all the industrial laboratories are completely 
available for research on war problems, and that more 
than two thirds have less than a quarter of their ca
pacity available. Under such conditions, it is necessary 
to employ in the most efficient manner what little 
technical manpower is at hand.

T h e Latest— “ S ynerg ism ”

A N  IN T E R E ST IN G  side light of warfare is the 
stimulating effect that it invariably produces on 

our vocabulary. Witness the introduction during the 
present conflict of such expressive phrases as “ know
how,”  “ imagineering” , and now “ synergism” . A 
moment’s reflection brings to mind the full significance 
of each of these new expressions and their closely knit 
relationship. They truly are descriptive of the proper 
scientific approach to any technical problem.

One accustomed to thinking in mathematical terms 
might liken these three words to an equilateral triangle. 
“ Know-how”  is both the broad knowledge of scientific 
fundamentals and the ability properly to utilize such 
basic knowledge in a practical manner. “ Imagineer- 
ing ’ is the ingenious capacity for visualizing yet 
uncharted fields with full regard to established scientific 
and engineering principles.



“ Synergism” has been succinctly described recently 
by the Atlas Powder Company as the force that can 
make 2 +  2 =  5. Elaborating on this rather un
orthodox mathematical equation, the coiners of this 
latest expression report that it is derived from two 
classic Greek words, one meaning “ together” and the 
other “ work” . Synergism is not really a new word, 
but has long had its connotations for the chemist, the 
doctor, and the theologian. Basically, we are told, 
“ it always has meant forces working together to 
produce a whole greater than the sum of the parts” . 
One word will aptly describe it—cooperation. Thus 
we have the equilateral triangle—̂ knowledge, imagina
tion, and cooperation, three essential attributes of 
every good chemist and chemical engineer.

One other attribute is also a prime necessity— 
intellectual honesty. Carrying on into the realm of 
solid geometry, we might liken these four essentials 
to the tetrahedron. Here is a golden opportunity 
for phrase makers. Their job is not wholly com
pleted.
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M en Are S till Necessary

T HE War Manpower Commission, operating 
through its Buffalo-Niagara Area Committee, is 

using newspaper advertising to appeal for “ shock 
troops of production—men who are not afraid to do a 
real man’s work, a job no woman can do” .

Women can and will prove invaluable in maintaining 
and even increasing the chemical output of the Nation, 
but as every operating official knows, the “ straw 
boss” and his husky assistants are vital components 
of the labor force of any chemical plant. Technically 
trained women will continue in still greater numbers 
to render highly satisfactory service in our control 
and research laboratories. A relatively small number 
have successfully ventured into actual operating duties, 
and as the pinch in manpower becomes still more 
acute their numbers will increase. In Great Britain 
women are employed in chemical plants in many roles, 
but our friends over there realize that for certain 
laborious work men are essential.

The printed appeal in the Niagara Frontier area, 
first of its kind in the Nation, states: “ You’re needed 
for the kind of work you wouldn’t want your sister 
or your wife to do—and they couldn’t do if they 
tried.”

Simultaneously with the newspaper drive, the War 
Manpower Commission is soliciting the aid of clergy
men in spreading the story of the dire need for capable 
men in the heavy industries, including the chemical 
industry. The clergy can extend their contribution to 
the war effort beyond the primary objective of caring 
for the spiritual needs of their flocks, for they are 
usually very close to their congregations and have a

thorough understanding of their make-up. We are
in a total war..

The fact that three large furnaces located in the 
Buffalo district, which should have been turning out 
materials for the production of tanks, bombers, and 
guns, were down for more than a week in January, 
solely because there were not enough men to run them, 
should be the direct concern of every agency in that 
area maintaining close relationship with labor.
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T h e Fate of th e  S m all Colleges

T HAT the seventeen hundred-odd institutions of 
higher learning in this country are precious assets 

no one will deny, yet many of the smaller colleges 
face extinction or will be badly crippled in the next 
two years. Approximately 575 institutions are pub
licly controlled, some 700 are under church auspices, 
and about 425 are privately controlled.

Military and naval authorities have been collaborat
ing with college authorities for months, attempting to 
evolve a plan whereby boys in the service who do 
possess extraordinary ability will be permitted to 
continue their education while they are being prepared 
for the military services. Such a plan, however, 
will be operated only in some two or three hundred 
institutions. The balance do not have much to look 
forward to during the war if their enrollment has 
consisted wholly, or to a large extent, of male students.

We are constantly using the terms “ total war”  and 
“ postwar planning” , yet it is difficult at times to 
believe that we realize or appreciate their full meanings. 
In total war all men, women, and even youngsters 
of the upper teen-age are presupposed to be doing 
those things for which they are best fitted. Intelligent 
postwar planning should be going on simultaneously 
with the actual war effort.

It might well be possible, in the light of the more 
favorable turn in the war, to enlarge the scope of the 
present plans of the Army and Navy for college train
ing for bright youngsters, always of course with the pro
vision that they are selected along democratic principles 
and possess outstanding ability. We in the chemical 
field are generally in agreement that it is a tragic mis
take to draft bona fide students of chemistry, physics, 
engineering, and other scientific subjects. Not only 
will such men be badly needed next year and the year 
following to staff our greatly enlarged production facili
ties, but they will also be necessary in the postwar 
period to assist in a quick shift from a war to a peace 
basis. Is it not equally true that in the postwar period 
we will need young men of superior training in the so- 
called cultural subjects? Postwar problems will not 
all be of a technical nature. There will be a serious 
manpower problem in the reconstruction period if we 
do not plan properly now.



Wheat as a Raw Material for 
Alcohol Production

W. H. STARK, PAUL KOLACHOV, 
AND H. F. WILLKIE
Joseph E. Seagram & Sons, Inc., Louisville, Ky.

Three factors—the molasses shortage, increased 
requirements for ethanol, and the large surplus of 
wheat—have forced the alcohol industry to utilize 
wheat as a raw m aterial. Little work has been done 
in this country on the production of alcohol from 
wheat; thus its use has raised several problems, 
such as the type best suited for alcohol m anufac
ture, m ethods of processing, and expected yields.

These problems have been investigated, and data 
from laboratory studies as well as production ex
perience are presented. The utilization of wheat 
and various com binations o f corn and wheat have 
been investigated. The processing m ethods em 
ployed are presented and the results compared.

These data indicate that wheat may be employed 
as a partial substitute for barley m alt, that under 
the b est conditions determined to date the alcohol 
yields are slightly lower than those normally ob
tained from  corn, and that the yield varies with  
the type o f wheat processed.

T HE majority of the grain distilleries in the United 
States have had little experience with the production of 
ethanol from wheat. Prior to the conversion of the in

dustry to an industrial alcohol basis, the three principal 
grains processed were corn, rye, and barley malt. Owing to 
a combination of circumstances it has become highly desir
able that as much industrial alcohol be produced from wheat 
as is feasible.

The existing capacity for the production of 190° proof al
cohol in this country is 524,000,000 gallons per year, assuming 
that molasses will be supplied to those plants not yet con
verted to grain. The requirements of ethanol for 1943 have 
been estimated by the War Production Board to be 534,500,- 
000 gallons. Conversion of all alcohol producers will pro
vide a total capacity of approximately 657,000,000 gallons. 
These estimated requirements include no beverage alcohol. 
The production of 534,500,000 gallons of alcohol from grain 
(the only assured raw material) requires approximately 220,- 
000,000 bushels of grain based on an average grain alcohol 
yield of 2.42 gallons of 190° proof alcohol per bushel. A mod
em distillery should obtain 2.6 to 2.7 gallons. The surplus of 
wheat has become extremely critical; the carry-over from 
the 1941 crop is 633,000,000 bushels; the 1942 crop is esti
mated at 955,000,000 bushels, or a total of approximately
1,500,000,000 bushels of wheat is available. Of this amount, 
United States consumption is 700,000,000 bushels. Thus a 
surplus of 800,000,000 bushels remains. The Department of 
Agriculture considers 250-300 million bushels a safe margin so

at least 500,000,000 of wheat are available for increased in
dustrial utilization in spite of crop restrictions.

Obviously, industrial alcohol production from wheat is a 
partial solution in that a surplus commodity is utilized to 
alleviate the critical shortage of an essential chemical. With 
this realization the work reported herewith was undertaken.

Laboratory Studies
C h e m i c a l  A n a l y s e s .  The following procedure was used 

for the laboratory study of several types of wheat for alcohol 
production. The protein, starch, ash, and moisture contents 
of each type were determined. A. 0. A. C. methods were 
employed for protein (Kjeldahl-Gunming-Arnold), starch 
(diastase-hydrochloric acid modification), and ash contents. 
Moisture was determined by loss of weight on drying for 3 
hours at 110° C.

P r e p a r a t i o n  o f  G r a i n  M a s h .  Wheat is ground through 
the medium screen of the Wiley mill (approximately 55 per 
cent remains on the 20-mesh screen). The barley malt is

2 8 1 - G a l l o n  C o n t i n u o u s  P r e s s u r e  C o o k e r  w i t h  a  
C a p a c i t y  o f  6 0 0 0  B u s h e l s  a  D a y
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ground to 40-45 per cent above the 20-mesh screen. Each 
sample of wheat is cooked, mashed, and fermented in the fol
lowing manner: 883 cc. of tap water are added to a 2-liter 
beaker equipped with a laboratory stirrer. The beaker is 
held in a water bath for accurate temperature control. The 
temperature of water is raised to 100° F. (37.8° C.), and 2.33 
grams of distillers’ barley malt are added for premalt. The 
temperature is then increased to 130° F. (54.4° C.), and 241.2 
grams of wheat are added. At this point sufficient 1 N  sul
furic acid is added to adjust the pH to 5.7 (acid may be added 
prior to the grain addition when the required amount has 
been determined). The temperature is rapidly raised to and 
held at 185-190° F. (85-87.8° C.) for an hour; the partially 
cooked mash is then placed in an autoclave at 22 pounds 
steam pressure (263° F. or 128.3° C.) for an hour to complete 
cooking. It is then cooled to 152° F. (66.7° C.) in the water 
bath (with agitation) preparatory to conversion. The barley 
malt slurry has been prepared meanwhile by adding 20.9 
grams of barley malt to 142.5 cc. of tap water at 100° F. 
The temperature of the slurry is raised to 130° F. in 15 min
utes and held for 5 minutes. This slurry is then added to the 
cooked mash, the temperature of which drops 
to 145° F. (62.8° C.). The mash is held at 
this temperature for 1 hour while being vigor
ously agitated. It is then cooled rapidly to 
72° F. (22.2° C.), 300 cc. of sterile stillage 
are added, the pH is adjusted to 4.8-5.0, 
and the final volume adjusted to 1500 cc. or 
a concentration of 37.8 gallons of mash per 
bushel of grain.

F e r m e n t a t i o n .  The above mash is quan
titatively split into three 250-cc. aliquots and 
a remaining 450-cc. portion. The first three 
are each added to a tared, sterile, 500-cc. cen
trifuge bottle. Each portion is inoculated 
with 2 per cent by volume (7 cc.) of a 20- 
hour culture of distiller’s yeast grown in 10°
Balling barley malt extract medium. Each

fermenter is equipped with a simple scrubber 
and placed in a water bath for incuba
tion. Fermentation temperatures are 72 ° F. 
(22 2° C.) for 20 hours, 84° F. (28.9° C.) 
for 30 hours, and 90° F. (32.2° C.) for the 
remaining 18-hour period.

The 450-cc. portion is utilized for initial 
analyses. At the end of the fermentation 
period each fermenter is weighed and the 
contents split into two portions by weight. 
Half the water in the scrubber is added 
to one portion, and the alcohol content de
termined by distillation and the refrac
tive index of the distillate, as measured 
by a Zeiss immersion refractometer. The 
second portion is available for other final 
analyses.

The alcohol content of the first portion 
of the mash, representing 0.1168 of the 
original quantity of grain mashed, is cor
rected for the inoculum and the yield cal
culated as proof gallons per bushel. The 
moisture content of the grain is determined 
at the time of mashing; thus the yield per 
dry bushel may be calculated. Over-all 
fermentation efficiency is calculated from 
the starch content.

To reduce variation, the same sample of 
distiller’s barley malt was used for conver
sion throughout.

R e s u l t s .  Thirteen samples of wheat, rep
resenting five different classes and eight subclasses, were ana
lyzed as described above. The results are presented in Table I. 
There is considerable variation in the starch content, and in 
general the protein varies inversely with the starch content. 
The moisture content is low, indicating a moisture loss prior to 
analyses. The wheat as received varies between 11.5 and 
12.5 per cent moisture. When evaluating the results of the 
fermentation tests, it was arbitrarily decided that those 
wheats yielding over 5.50 proof gallons of alcohol per bushel 
(dry basis) under the above experimental conditions would 
be satisfactory for alcohol production. This is in comparison 
with alcohol yields of 5.9-6.1 proof gallons per bushel dry 
basis with corn under similar conditions. The bushel weight, 
starch content, alcohol yield, and over-all efficiency of each 
type are presented in Table II.

It will be noted that the first six types of wheat are satis
factory, the last seven are unsatisfactory. As would be ex
pected, the starch content varies directly with the alcohol 
yield; without exception poor yields were obtained with 
wheat containing 66 per cent starch or less. Similarly, the 
bushel weight is a fair index of quality. Wheat with a low

T a b l e  I.

T y p e  o f W h e a t  
W in te r  

S o f t  W h ite  
S o f t  W h ite  
S o f t  C lu b  

S o f t  R e d  W in te r  
R e d  W in te r  
R e d  W in te r  

H a r d  R e d  W in te r  
H a r d  W in te r  
H a r d  W in te r  
H a r d  W in te r  
D a r k  H a r d  W in te r  

R e d  D u r u m  
H a r d  R e d  S p r in g

D a r k  N o r t h e r n  S p r in g  3 5 6 .7
N o r th e r n  S p r in g  2 5 8 .6
D a r k  N o r t h e r n  S p r in g  3 5 7 .0

M o is -  « D r y  B a s i s ,  % -------
t u r e ,  %  S t a r c h  P r o t e i n  A s h  F a t9 ,  %

1 0 .1 3 7 2 .1 7 .3 2 1 .9 3 2 .1 0
1 0 .6 5 7 2 .5 8 .6 6 1 .6 5 1 .8 3
1 0 .0 5 7 2 .3 8 .7 3 1 .8 2 1 .6 5

1 0 .6 1 7 0 .9 1 4 .1 1 .8 2 2 .3 2
9 0 . 2 6 8 .4 9 . 5 1 .8 2 1 .2 9

9 .8 4 6 9 .1 1 4 .4 0 1 .7 1 1 .5 9
9 .7 1 6 6 .0 1 2 .2 8 2 .1 8 2 .1 2
9 .9 3 6 2 .3 1 2 .9 8 1 .8 2 1 .8 5
9 .4 5 5 8 .0 1 6 .0 5 2 .0 2 1 .4 7

1 0 .2 6 6 2 .5 1 5 .7 1 .9 9 1 .6 6

9 .0 0 5 9 .2 1 4 .4 2 1 .9 7 1 .8 2
1 0 .2 5 6 0 .9 1 6 .0 1 .9 7 3 .0 3

9 .4 0 6 3 .4 1 4 .8 9 2 .1 8 1 .2 5

C h e m i c a l  A n a l y s e s  o f  W h e a t  S a m p l e s  S u b j e c t e d  
t o  L a b o r a t o r y  T e s t  F e r m e n t a t i o n s

ra d e
W e ig h t ,

B u .

2 5 9 .8
2 5 9 .6
2 5 9 .7

1 6 0 .7
1 6 0 .2

1 6 3 .4
1 6 0 .0
2 6 0 .4
3 5 6 .0
2 5 9 .6
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T a b l e  II. L a b o r a t o r y  E v a l u a t i o n  o p  A l c o h o l  Y i e l d s  a n d  
E f f i c i e n c i e s  O b t a i n e d  w i t h  S e v e r a l  T y p e s  o f  W h e a t

S ta r c h  A lc o h o l F e r m e n -  
t a t i o n .

E ffi
c ie n c y ,

%

8 3 .3  
8 2 .5
8 2 .4

8 5 .2

8 3 .0
8 4 .6

T y p e G r a d e

B u s h e l
W t„
L b .

C o n 
t e n t ,  

%  b y  
W t . °

Y ie ld ,
P r o o f
G a l . /
B u .

W in te r
S o f t  W h i t e 2 5 9 .8 7 2 .1 5 .8 0
S o f t  W h it e 2 5 9 .6 7 2 .5 5 .7 8
W h ite  C lu b 2 5 9 .7 7 2 .3 5 .7 5

H a r d  R e d  W in te r
H a r d  W in te r 1 6 3 .4 6 9 .1 5 .6 9

S o f t  R e d  W in te r
R e d  W in te r 1 6 0 .7 7 0 .9 5 .6 7
R e d  W in te r 1 6 0 .2 6 8 .4 5 .6 0

H a r d  R e d  W in te r
H a r d  W in te r 1 6 0 .0 6 6 .0 5 .4 9
H a r d  W in te r 2 6 0 .4 6 2 .3 5 .4 6

D a r k  H a r d  W in te r 3 5 6 .0 5 8 .0 4 .9 4
R e d  D u r u m 2 5 9 .6 6 2 .5 5 .3 7

H a r d  R e d  S p r in g
D a r k  N o r t h e r n  S p r in g 3 5 6 .7 5 9 .2 5 .2 9
R e d  S p r in g 2 5 8 .6 6 0 .9 5 .2 7
D a r k  N o r t h e r n  S p r in g 3 5 7 .0 6 3 .4 5 .2 2

“ D r y  b a s is .

86.0
9 0 .588.2
8 9 .0

9 2 .0  
8 9 .6
8 5 .0

bushel weight (below 59.5 pounds) is definitely inferior; as 
can be seen, this index is less reliable. The inverse relation 
between fermentation efficiency and starch content is of in
terest since it would indicate that the wheat higher in starch 
content contains a disproportionate quantity of nonferment- 
able substances which are analyzed as starch.

It is of considerable importance to note that with certain 
types of wheat, principally White and Soft Red Winter, 
alcohol yields only slightly lower (0.2 proof gallon per bushel) 
may be obtained than with Grade 2 corn. Other types such 
as Red Durum and Hard Red Spring are not desirable for 
alcohol production. The Hard Red Winter wheat is inter
mediate. Of course, exception to above differentiation would 
be expected with samples abnormal in starch content. It 
should be stated that factors other than yield also govern the 
selection of the type of wheat for commercial use. White 
wheat is less economical for most grain alcohol plants since 
the point of origin is Oregon and Washington. Thus Soft 
Red Winter wheat (Red Winter subclass) is economically the 
most satisfactory for the greater portion of the industry. 
However the limited supply has necessitated increased use of 
the Hard Red Winter wheat.

Comm ercial Production  o f A lcohol from  W heat

As early as October, 1938, commercial tests of wheat mash
ing were made. At that time the plant running the tests was 
equipped only for atmospheric cooking. The test was run 
with Soft Red Winter (Red Winter subclass) wheat as 91.8 
per cent of the grain bill and 8.2 per cent wheat malt. Cook
ing the wheat to 212° F. resulted in poor yields, however, 
atmospheric mashing at 155° F. produced yields of 4.75 to 
5.02 proof gallons per bushel (wet basis), or approximately
5.4 to 5.75 dry basis (assuming composite moisture of 12 
per cent). These yields compare favorably with 
those obtained in the laboratory tests run in 
1942 reported above. This mashing procedure is === 
as follows:

With this mashing procedure the wheat should be ground to 
55 per cent above the 20-mesh screen.

Early in 1942 further experimental work was conducted in 
the Louisville plant. Three different grain bills were tested 
in order to obtain comparisons with different levels of rye 
malt as contrasted with wheat mashed with 7.05 per cent dis
tiller’s barley malt. This was the malt percentage in use for 
corn mash at the time. Wheat for runs 2, 3, and 4 (Table 
III) was cooked by the continuous process of Unger (2). 
The Soft Red Winter wheat, Red Winter Grade 1, was ground 
to 55 per cent above the 20-mesh screen and mixed with water 
and premalt, precooked 10 minutes at 145° F., passed through 
the jet heater at 350° F., held 60 seconds, and cooled to 152° F. 
in a continuous operation. The conversion malt was slur
ried at 100° F. and added to the cook. The mash was then 
agitated 10 minutes, and pumped through the coolers and 
into the fermenters.

Conversion was a batch operation. In the case of run 1, 
Table III, the cooking conditions were the same, but the fast 
conversion process described by Gallagher et at. (1) was used. 
Run 1 was made approximately 3 weeks after runs 2, 3, and 4.

The results are presented in Table III with alcohol yields 
reported in proof gallons per bushel (wet basis). It is appar
ent that 12 per cent rye malt or 7.05 per cent barley malt were 
equally satisfactory when contrasting the actual yields ob
tained with runs 2 and 4. A yield of 4.90 proof gallons per 
bushel (wet basis) is a reasonable comparison with the yields 
of 5.60 and 5.67 (dry basis) obtained with the same type of 
wheat in the laboratory. Run 3, with which 9.00 per cent rye 
malt was used for conversion, yielded slightly poorer results. 
Run 1, identical with run 2 except for the conversion method, 
was definitely inferior. However, these data are hardly valid 
for comparison with the other runs, due to plant operating 
difficulties at the time of the experiment. There is no reason 
to expect a lowered yield with the fast conversion process.

Partial S ub stitu tion  o f W heat for Barley M alt

Since wheat has a Lintner value of above 40°, and the 
starch-converting power is recognized, it was believed that a 
large part of the conversion malt could be eliminated by the 
use of wheat. Laboratory studies were undertaken employ
ing the following grain bills:

C o r n ,  %

8 0
7 0
60
6 0
60
6 0

W h e a t ,  %

20
3 0
4 0
39
38
3 7

B a r le y  M a l t  ( D i s 
t i l l e r ’s) %

The experimental procedure was that outlined for laboratory 
studies; in each case one third of the wheat was used as pre
malt for the corn cook, and the remainder was prepared as a 
conversion slurry according to the procedure outlined for 
bar ey malt. When wheat and barley malt were used to
gether, the malt slurry was added first for more rapid lique

T a b l e

1. Draw water (22 gallons per bushel), heat to 110°
2. Add wheat.
3. Heat to 155° F. in 45 minutes.
4. Hold for one hour.
5. Cool to 145-148° F.
6. Add wheat malt.
7. Hold for 30 minutes.
8. Pump to fermenter.
9. Set at normal setting temperature.

F.
III. C o m m e r c i a l  P r o d u c t i o n  o f  A l c o h o l  f r o m  S o f t  

R e d  W i n t e r  W h e a t ,  R e d  W i n t e r  G r a d e  1

A lc o h o l Y ie ld , 
P r o o f  G a l . / B u .G r a in G r a in  B i l l ,  %

R u n P ro c e s s e d , R y e B a r le y
N o . B u . W h e a t m a l t m a l t  P r e m a l t

1 3 4 ,5 9 0 8 3 .2 5 1 2 .0 0 1 .2 5
2 9 ,1 6 0 8 3 .2 5 1 2 .0 0 1 .2 5
3 6 ,1 2 0 8 6 .2 5 9 .0 0 1 .2 5
4 6 ,0 4 7 8 8 .1 3 7 . 0 5  1 .3 5

Y e a s t A n a l y t i 
m a s h c a l A c tu a l

3 . 5 4 .7 2 4 .6 5
3 . 5 4 .9 3 4 .9 0
3 . 5 4 .7 6 4 .7 9
3 . 5 4 . 7 8 4 .8 6
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A t m o s p h e r i c - P r e s s u r e  B a t c h  C o o k e r ,  11,000 G a l l o n s  i n  
C a p a c i t y  o f  1200 B u s h e l s  a  D a y

S iz e  w i t h  a

faction. The amount of water was varied to maintain mash 
concentration at a constant level. These tests indicated 
that poor yields were obtained when no barley malt was 
employed.

The results of tests conducted with 1, 2, or 3 per cent barley 
malt are shown in Table IV. Good yields were obtained with 
2 and 3 per cent barley malt. Earlier work had shown that 
the minimum malt concentration which could be used with 
corn mash was 6 per cent. The above mentioned yields com
pare very well with results obtained with a regular corn mash. 
One per cent barley malt resulted in a definitely lower yield. 
It was noted in the course of this work that the maximum 
yield under these conditions was obtained only when fermen
tation proceeded for at least 72 hours. Mashes prepared with 
higher malt concentrations normally ferment to completion 
in 64 hours.

Since the laboratory results of this test were good, a plant 
trial was conducted. It was necessary to modify the mashing 
procedure somewhat to conform with equipment and operat
ing schedules. The revised procedure employed with mashes 
C and D, Table IV, is as follows:

Draw water. 
H eat to 125° F.

T a b l e  IV. W h e a t  a s  a  P a r t i a l  S u b s t i t u t e  f o r  
B a r l e y  M a l t

G r a in  B ill ,  % A lc o h o l Y ie ld , P r o o f  G a l . /B u .
M ash

N o .

A
B
C
D

B a r le y  W  e t
W h e a t C o rn m a l t  b a s is D r y  b a s is

L a b o r a to r y  D a t a

3 9 60 1 5 .0 3 5 .6 5
3 8 60 2  5 .2 3 5 .8 8
37 60 3 5 .4 1 6 .0 9

P l a n t  D a t a
R e m a rk s

9 3 .8 6 . 2  5 .0 9 C o r n  c o n tr o l
3 6 Í 3 5 7 .5 6 . 2  5 .0 3 W h e a t  c o n tro l
3 7 .0 6 0 .0 3 . 0  4 .9 6 W h e a t ,  7 2 -h r .  f e r m e n ta t i o n
3 7 .0 6 0 .0 3 . 0  4 .7 4 W h e a t ,  7 2 -h r .  f e r m e n ta t io n

3 Add prewheat (one third of to tal wheat).
4. Add corn.
5 Cook to 305° F. (uniformly).
6! Hold a t 305° F. for 10 minutes.
7. Blow down to 225° F^
8. Vacuum down to 152° F.
9. Add malt slurry a t 90-100° F. (mashing

ratio for malt, 35 gallons of w ater per
bushel). o r

10. Convert for 30 minutes a t 145 4.
1 1 . Pump to fermenters.

The wheat for this purpose was to have 
been ground to 40—45 per cent above the 
20-mesh screen. Actually the milling data 
averaged 63 per cent above the 20-mesh 
screen. During the same period mash B  
was run. In this case all of the wheat was 
cooked with the corn as in the above 
procedure, and barley malt was the sole 
conversion agent. This procedure is the
same as the one normally employed for
corn spirits mashes (mash A , Table IV) 
with batch cooking.

Eight fermenters were set with wheat- 
barley malt converted mash. Four of these 
(mash C) fermented more than 72 hours; 
four others (mash D) fermented less than 

- 72 hours. The average yield is appreciably
higher with the extended fermentation 
period than with the shorter period. The best 

yield is somewhat lower than the wheat control, and both
are lower than the yield obtained with corn spirits mash.
However these data indicate that only a slight reduction in yield 
occurs with wheat substituted for 36.3 per cent of the corn in 
a normal spirits mash, and that wheat may replace over half 
of the barley malt required for conversion with reasonable 
success if fermentation proceeds for at least 72 hours. These 
are both important points, the latter because of the cost of 
barley malt and possible shortages due to the conversion of 
industrial alcohol plants to a grain basis.

Problems Encountered in  Processing W heat

Certain problems arise in connection with the use of all 
wheat for alcohol production. Foaming during fermentation 
makes it imperative that fermenters be operated at reduced 
capacity. This problem is largely reduced by employing not 
over 40 per cent wheat in the grain bill, the remainder con
sisting of corn and barley malt. The seriousness of the prob
lem is dependent on the equipment of each plant. Some 
plants may be so equipped as to be able to maintain maxi
mum capacity on high percentages of wheat (80-90 per cent).

The problem of handling four grains has been eliminated in 
the Seagram plants by the substitution of wheat for rye in 
the yeast mash; no data have been presented, but this has 
proved a satisfactory procedure.

An important phase of distillery operation involves by
product recovery. It has been found that efficient by-product 
recovery of wheat stillage from high percentage mashes (80- 
90 per cent) is difficult with conventional equipment. Evapo
rator tubes foul more readily, and the highest average dryer 
house yield obtained with wheat was 14.4 pounds dried grain 
per bushel of grain mashed, as contrasted with 17.0 pounds 
from corn mash. This problem is greatly reduced when 
mashing relatively low percentages (35-40 per cent) of wheat 
mixed with corn. Additional experience will probably tend 
to solve this problem, at least partially. The problem of by
product recovery obviously does not apply to those plants 
not equipped for dried grain recovery.
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Sum m ary and C onclusions
The types of wheat best suited for alcohol production are 

White or Soft Red Winter, Red Winter subclass. Durum 
and Hard Red Spring wheats are generally not suitable for 
alcohol production, owing to the lower starch content and 
resultant low yield of alcohol. Hard Red Winter wheat falls 
between the above two groups. The location of the White 
wheat and the limited supply of the Soft Red Winter wheat 
make it imperative that the Hard Red Winter be used.

The starch content of wheat is a reliable index of the an
ticipated yield of alcohol.

Alcohol yields from wheat are generally lower than yields 
from corn; the difference is about 0.2 proof gallon per bushel.

Higher yields of alcohol can be obtained from wheat, either 
by pressure cooking (batch or continuous processes) or by 
atmospheric mashing at 155° F. Mixed grain bills comprised 
of over 50 per cent corn, 35-40 per cent wheat, and the re
mainder distiller’s barley malt can be successfully handled in 
a grain distillery and produce yields only slightly lower than 
those obtained from corn. The most suitable method of proc
essing for any given plant necessarily depends on the existing 
equipment.

The minimum concentration of barley malt required for 
com mashing may be reduced by 50 per cent through the

utilization of wheat-barley malt mixtures as the conversion 
agent. This is successful if the mash is allowed to ferment 
for 72 hours. The dried grain yield is 2-3 pounds per bushel 
lower when recovering spent wheat grains from high percent
age (80-90 per cent) wheat mashes.

This and other problems incidental to the utilization of 
wheat in alcohol production are discussed. These problems 
vary with the equipment of each individual plant.

Further research must be done to utilize wheat efficiently 
as a raw material for alcohol production and to minimize the 
operating problems.
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Solubility of Melamine in Water
R. P. CHAPMAN, P. R. AVERELL, AND R. R. HARRIS

Stamford Research Laboratories, American Cyanamid Company, Stamford, Conn.

The solubility of m elam ine has been determined 
at several temperatures over the range 20-100° C. 
Independent determ inations starting from un
saturated and supersaturated solutions yielded 
values which were in  satisfactory agreement. The 
points thus obtained, when plotted on semiloga- 
rithm ic paper, coincided closely with a straight line

representing the Clausius-Clapeyron relationship. 
The equation of this line is as follows:

log (solubility) =  -1642 X 1 /T  +  5.101

By means o f the equation reasonably reliable extra
polated values can be obtained down to 0° C.

T HF, purpose of this paper is to present data on the solu
bility of melamine in water over the range 0-100° C. 
In his review of the chemistry of melamine, McClellan 

(3) showed that there was a discrepancy between the solu
bility found by Christmann and Foster (1) in this laboratory 
and that reported by Lemoult (3) many years earlier. The 
Christmann and Foster data were the result of a few rough 
determinations made for immediate practical use in the crys
tallization of melamine-dicyandiamide mixtures. Present 
day interest in melamine and its rapidly growing commer
cial importance, particularly in the field of amino plastics, 
made it seem desirable to redetermine in an exact way the 
solubility-temperature relation of the melamine-water system.

Experim ent al
M a t e r i a l . Several pounds of the purest melamine avail

able were recrystallized four times from water, air-dried, and 
micropulverized.

A p p a r a t u s . The Walton-Judd apparatus, diagrammed 
and described in Scott’s book (4) was adopted with a few 
additions and modifications; Figure 1 shows the modified 
apparatus. The outer vessel is a 1000-ml. tall-form beaker

without a spout, the inner sampling vessel an ordinary 25 ml. 
weighing bottle. The small thistle at the lower end of the 
filter tube is covered with No. 44 Whatman filter paper, re
inforced by a piece of strong, white, soluble-free cotton cloth; 
the filter paper and cloth are tied tightly over the flange of 
the thistle with thread. The outer vessel, held in a specially 
designed clamp, is immersed as deeply as possible in an elec
trically controlled constant-temperature oil bath maintained 
within 0.1 ° C. of the equilibrium temperature.

P r o c e d u r e . T w o  separate sets of apparatus were used to 
run simultaneous determinations starting from unsaturation 
and supersaturation, respectively. Each beaker contained 
750 ml. of water and enough melamine to provide a 3-5 gram 
excess over the necessary amount. Before being placed in 
position in the bath, one beaker was raised to about 5° C. below 
the bath temperature, the other 5-10° above the bath tem
perature, and held there until supersaturated with respect to 
bath temperature. The two vessels were then lowered into 
position in the bath and allowed to reach equilibrium.

When the time for sampling arrived, the sampling device 
(previously raised to bath temperature) was inserted, and the 
necessary amount of sample allowed to siphon into the sample



138 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. 2

b o t t l e .  A 
simple peri
scope device 
and a tubular 
electric light 
bulb immersed 
b e s id e  the 
beak er fu r 
nished a means 
of observing 
when the re
quired amount 
of solution had 
passed over. 
After removal 
from the solu
tion, the sam
pling device was 
rinsed off and 
d rie d . The 
stopper carry
ing the thistle 
was replaced 
by the ground 
glass stopper, 
and the sample 
weighed. The 
melamine con
tent of the solu
tion was then 
determined by 
suitable means. 
( A  d i r e c t  
method de

veloped in this laboratory was used. This method has not yet 
been published, and its description is outside the scope of this 
paper. In some instances check determinations were made 
by evaporating the solution to dryness and weighing the resi
due. Agreement between the two methods was very good.) 
The solubility was calculated as follows:
100 X  gram s m e la m :n e /(g ra m s  sam ple — gram s m e la m in e ) =

gram s m e la m in e /100 gram s H 20

At suitable intervals the sampling was repeated until the 
unsaturated and supersaturated solutions arrived at the same 
concentration or were close enough to give satisfactory pre
cision.

D a ta

At each temperature investigated, at least two runs were 
made from each side of equilibrium, with the exception of 
99° C. where it was practically impossible to get a supersatu
rated solution. The limiting values obtained from oppo

site sides of equilibrium were remarkably close, thus boxing 
in the true equilibrium value within a satisfactory range. 
The values obtained are plotted in the usual manner in Figure 
2 and given in the following table:

F i g u r e  1. M o d i f i e d  W a l t o n - J u d d  
S o l u b i l i t y  A p p a r a t u s

,-------------S o ly .,
F r o m

U . M e la m in e /1 0 U  U . 
F r o m

Ii2 U -----------

M e a nT e m p .,  °  C . u n s a tn . s u p e r s a tn .

1 9 .9 0 .3 2 4 0 .3 2 4
0 .3 2 40 .3 2 1 0 .3 2 6

3 4 .9 0 .5 9 0 0 .5 9 1
0 .5 9 00 .5 9 0 0 .5 9 0

4 9 .8 1 .0 4 0 1 .0 4 8
1 .0 4 51 .0 4 0 1 .0 5 1

6 4 .1 1 .6 9 1 .7 5
1 .7 01 .6 9 1 .6 9

7 4 .5 2 .3 4 2 .4 3
2 .3 72 .3 5 2 .3 5

8 3 .5 3 .1 5 3 .1 7
3 .1 4 3 .1 5 3 .1 5

9 4 .8 4 .5 5 4 .6 3
4 .5 8 4 .6 4
4 .5 3 4 .6 0 4 .5 9

9 9 .0 5 .0 3
5 .0 55 .0 7

Since melamine is relatively not very soluble, particularly 
at lower temperatures, its change of solubility with tempera
ture should obey the Clausius-Clapeyron equation reason
ably closely. The integrated equation, assuming constant 
AH  over the range studied, was employed here. A plot of 
log (solubility) against the reciprocal of the absolute tempera
ture should therefore exhibit a straight-line relation. The 
experimental data, plotted in this manner and shown in 
Figure 3, were found to be remarkably close to a straight line 
whose equation, constructed from the two points at 34.9° and 
83.5° C., is as follows: log (solubility) = -1642 X  l / T  +  
5.101. Solubility is expressed in the conventional unit, grams 
per 100 grams of solvent, and T  is the absolute temperature.

F i g u r e  3. P l o t  o f  L o g  S o l u b i l i t y  v s .  t h e  R e c i p r o c a l  o f  
A b s o l u t e  T e m p e r a t u r e

The higher values show some tendency to deviate from the 
straight line. This might possibly be expected from theoreti
cal considerations, since melamine solutions saturated near the 
boiling point might be classed as fairly concentrated solutions. 
At lower temperatures the Clausius-Clapeyron equation 
should be quite valid, so that extrapolation of the curve to 
0 C. should be justifiable. The extrapolated value thus cal
culated is 0.12 gram melamine per 100 grams water at 0° C.
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COAL IN INDUSTRY

Agricultural Uses of Coal and Its Products

HERBERT G . G U Y
Koppers Company, Pittsburgh, Penna.

The close relationship of the coal-processing industry to 
agriculture is discussed. The consumption of products 
derived from the carbonization of coal, as well as deriva
tives of these primary products, has been estimated and is 
presented. The materials derived from coal have been 
found to be useful in agriculture as fertilizers, insecticides, 
disinfectants, herbicides, fungicides, fumigants, preserva
tives, plant-growth regulators, and food dyes.

THE close relationship of the coal processing industry to 
agriculture is not generally realized. Few farmers know 

that many of the essential chemicals purchased by them for 
the growing of animals and plants are derived from coal. 
Conversely, the extent, importance, and complexity of the 
agricultural industry are not fully understood by those not 
vitally concerned with agriculture. It seems well to point out 
certain statistics that will emphasize the complexity of agri
culture and the economic importance of this major industry. 
In 1938 the total farm value of agricultural products was over
114,000,000,000 (Table I). This does not include forest 
products which many consider a part of agriculture. In 
addition to livestock, poultry, and other animal products, 
there are over eighty different crops important enough to be 
considered separately in the annual statistics prepared by the 
United States Bureau of Agricultural Economics (20).

Coal itself is not directly used in agriculture except as fuel. 
It is not the intention of the author to include those materials 
that indirectly influence agricultural production. It has been 
suggested that coal be added to the soil to absorb heat from 
the sim, or as a fertilizer and soil amendment. While coal 
might be valuable for such purposes, no record of any large- 
scale consumption has been found. The Utah Agricultural 
Experiment Station has reported that the addition of coal to 
the soil does not benefit the growth of com (11). Coal has 
meliorative or catalytic effect when used with ammonia ferti
lizers but is of no value alone, according to Musierowicz (1Ą) 
who worked with finely ground coal from Upper Silesia. 
Leached coal ashes are commonly used in greenhouse benches 
to improve soil drainage and to lighten soil. Ashes do not 
supply plant foods and must be used in combination with 
fertilizers (12).

M ore th an  82,000,000 net tons of coal were carbonized in 
by-product ovens during 1941 in the  U nited S ta tes. A ccord
ing to R am sburg (15), the  m odern oven carbonizes 26 tons of 
pulverized coal per day ; in addition  to  19 tons of coke, ap 
proxim ately 300,000 cubic feet of gas, 210 gallons of ta r . 600

Thylox Gas Purification Plant for Production of A g r i
cultural Sulfur

139
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Four Late Type Saturators for the Production of Ammonium Sulfate

pounds of sulfate of ammonia, 75 gallons of light oil, and 120 
pounds of recoverable sulfur plus additional miscellaneous 
products are produced. These products and many of their 
derivatives are of agricultural value. It is difficult to draw a 
line separating such synthetic products into coal and non
coal derivatives. In fact, certain of them can be produced 
either with or without involving any derivative of coal as a 
raw material. However, in order to simplify this report, it 
seems advisable to discuss the various products in the order in 
which they are usually separated in by-product plants.

Ammonia

The most fundamental problem in agriculture is plant nu
trition. Nitrogen is one of the essential elements necessary to 
the growth of plants and, consequently, to all life. Plants 
utilize nitrogen only in combined form, including ammonium, 
nitrite, nitrate, and organic compounds. The most important 
source of this element for commercial fertilizers is ammonia 
derived from the destructive distillation of coal or from coke,

Table I. N um ber and V a lu e  of Farm Products of Continental 
U nited  States in 1 9 3 8

N o . of D if fe r e n t

air, and water. The develop
ment of the by-product coke 
oven followed by the develop
ment of synthetic ammonia, has 
permitted the farmer to pur
chase for 40 cents today as 
much inorganic nitrogen as 
$1.00 would buy 25 years ago. 
America’s capacity to produce 
by-product and synthetic ni
trogen has been increased 1300 
per cent in the last 25 years 
and has made this country en
tirely independent of foreign 
sources for this vital plant food 
(Table II).

The use of inorganic Ditrogen 
as a plant food has developed 
within the last hundred years 
Ammonium sulfate and chlo
ride, while early recognized as 
plant foods, were not generally 
available until the develop
ment of the by-product coke 
oven. The first by-product coke 
ovens in this country were built 
at Syracuse, N. Y., in 1893 for 
the primary purpose of produc
ing ammonia. Because of its 

high cost and other disadvantages, ammonium chloride is not 
commonly used as a fertilizer. Ammonium sulfate, however, 
remains the standard source of nitrogen for fertilizers in this 
country because of its low cost per unit of available nitrogen 
and has replaced Chilean nitrate to a considerable extent.

Table II. W holesale Prices of a U n it (2 0  Pounds) of N itrogen  in 
Fertilizer M ateria ls  (<$)

S o d iu m A m m o n iu m C a lc iu m
Y e a r N i t r a t e S u l f a te C y a n a m id e

1910 $ 2 .7 6 $ 2 .6 4 $ 3 .4 3
1915 3 .0 4 3 .0 9 2 .5 4
1920 4 .4 4 4 .0 8 3 .4 0
1925 3 .2 8 2 .6 5 2 .2 0
1930 2 .4 9 1 .7 9 1 .6 5
1935 1 .4 7 1 .1 3 1 .2 0
1939 1 .6 8 1 .3 3 1 .1 6

F a r m  P r o d u c t “
C ro p s  a n d T o t a l  A c re a g e T o ta l  F a r m
P r o d u c ts H a r v e s te d V a lu e

F r u i t  c ro p s 22 $ 4 7 5 ,8 2 9 ,0 0 0
V e g e ta b le s  a n d  t r u c k

c ro p s 21 4 ,7 5 7 ,2 4 0 2 8 2 ,4 4 3 ,0 0 0
F ie ld  c ro p s 3 6 3 9 4 ,0 5 2 ,7 0 0 4 ,4 5 0 ,9 9 7 ,0 0 0
O th e r  c ro p s 4 . . . 6 ,3 7 3 ,0 0 0
A n im a ls 8 6 ,3 6 6 ,8 6 5 ,0 0 0
A n im a l  p r o d u c t s 7 2 ,7 0 5 ,0 3 7 ,0 0 0

T o ta l 98
P r o d u c t io n

$ 1 4 ,2 8 7 ,5 4 4 ,0 0 0

F o r e s t  P r o d u c t
S a w  tim b e r* 1 (1930) 1 ,6 6 7 ,8 0 3  m il lio n  

f t .  b o a rd  m e a s u re
L u m b e r 2 5 ,9 9 7  m il lio n  f t .  

b o a rd  m e a s u re
P u lp w o o d  (c o n s u m p - 1 0 ,3 9 3 ,8 0 0  c o rd s

t io n )

a I n c lu d e s  o n ly  th o s e  p r o d u c t s  h a v in g  a n  a n n u a l  f a r m  v a lu e  of $ 1 5 0 ,000  
o r  o v e r .

b A c re a g e  o f  1 8 8 ,6 4 5 ,0 0 0 ; 5 4 ,6 4 2  m il lio n  f e e t  (b o a rd  m e a s u re )  c u t.

As illustrated in Table III, the consumption of fertilizers, 
including nitrogen-containing fertilizers, by farmers has in
creased steadily during the past twenty-five years, and even 
those in the black soil areas of the corn belt are beginning to 
find it necessary to add nitrogen to the soil. The consumption 
of nitrogen in Minnesota (7), for example, has increased from 
176 tons of available nitrogen in 1933 to 449 in 1940. In 
the United States 8,310,853 tons of fertilizers were produced 
in 1940 (3).

The standard of living in backward areas, such as India, 
could undoubtedly be raised if the people could be persuaded 
to use manufactured fertilizers. As repeatedly demonstrated, 
the increase in yield from the judicious use of inorganic fer
tilizers more than offsets the additional cost. The fear that 
the world would not be able to support the increasing popu
lation, expressed in the early nineteenth century, has been 
overcome by the use of inorganic fertilizers. Although pres
ent conditions are causing a tight situation, there is no pos
sibility of future shortage of nitrogen when it is realized that 
in 1938 synthetic nitrogen plants, on the average, operated at 
about 53 per cent capacity. Before the present war and con
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sequent increased capacity, it was estimated that the annual 
world capacity for producing synthetic nitrogen, including 
cyanamides, was approximately 4,100,000 tons.

In an effort to save freight and other handling charges, the 
concentration of available plant food in mixed fertilizers has 
tended to increase, leading to the development of ammoniated 
superphosphates and similar materials. It is now estimated 
that over 70 per cent of the mixed fertilizers produced in this 
country contain ammoniated superphosphate.

Ammoniated superphosphate is prepared by the treatment 
of superphosphate with ammonia liquor, anhydrous ammonia, 
or so-called nitrogen solutions containing ammonium nitrate 
or urea and ammonia liquor. The quantity of ammonia that 
can be added without serious formation of citrate-insoluble 
phosphate amounts to 3 per cent with ordinary superphos
phate and 9 per cent with double superphosphate. Aside 
from the lower cost of the nitrogen, ammoniation greatly im
proves the mechanical condition of superphosphate and 
mixed fertilizers containing superphosphate. It reduces the

M o dern  Battery of By-Product Coke Ovens

Table I I I .  W o rld  Consum ption of Pure N itro g e n  (7 )

P r o d u c t 1933 1934 1935 19 3 6 1 9 3 7 1 9 3 8
Thousand metric tons

A m m o n iu m  s u lf a te
S y n th e t ic 560 535 5 3 3 6 3 0 6 8 8 7 6 5
B y - p r o d u c t 2 5 8 307 321 376 4 2 9 4 11

C y a n a m id e 168 195 2 3 2 269 291 3 0 5
C a lc iu m  n i t r a t e 118 107 153 156 179 195
O th e r  fo rm s  o f  N za

S y n th e t ic 4 6 2 5 1 6 6 07 7 2 4 851 931
B y - p r o d u c t 40 48 45 46 53 4 9

C h i le a n  n i t r a t e  o f s o d a 71 84 179 192 2 0 6 2 2 4

T o ta l 1677 1792 2 0 7 0 2 3 9 3 2 6 9 7 2 8 8 0

a I n c lu d e s  n i t r o g e n  p r o d u c t s  u s e d  fo r  i n d u s t r ia l  p u r p o s e s  e x c e p t  C h i le a n  
n i t r a t e  a n d  a m m o n ia  in  m ix e d  f e r t i l iz e r s .

setting action when ammonium sulfate is used with super
phosphate. In 1937 the fertilizer industry consumed for this 
purpose 6000 short tons of anhydrous ammonia, 25,000 tons 
of 30 per cent ammonia B liquor, and 70,000 tons of ammoni

ated solutions of the fortified type (9).
It has been known for some time that it is 

possible to ammoniate superphosphate or to 
produce ammonium phosphate by direct treat
ment with coke-oven gas. Certain manufac
turing difficulties, however, have prevented the 
utilization of this procedure. Ammonium phos
phate has been imported from Germany as 
the principal component of Nitrophoska. The 
total domestic consumption of this product 
amounted to 6500 short tons in 1937.

Ammonia will combine with humic sub
stances at low temperatures in a form that 
is available for assimilation by plants. Am
moniated peats and brown coals have been 
investigated as fertilizers in Europe. These 
products have also been successfully treated 
with phosphoric acid. Peat as a soil correc
tive has been marketed on a small scale in 
this country (5).

Although in the past ammonia liquors have 
been used only indirectly in this country for 
the fertilization of plants, promising results 
have been obtained in certain areas for their 
direct use. In irrigated areas, ammonia liquor 
has been added to the irrigation waters with 
excellent results (17). The stimulation of 
plants from such treatment is very rapid. 
This new development is being watched with 
considerable interest by agricultural investi
gators.

The large-volume low-cost production of 
urea has made this product available for fer
tilizer manufacture. This synthetic urea has 
also been found useful as a means of supple
menting proteins in livestock feeds.

Cyanogen

The presence of hydrogen cyanide in coke- 
oven gas suggests that this valuable product 
can be utilized. As a step in this direction 
ammonium thiocyanate is being produced com
mercially on a large scale in this country 
from coke-oven gas. This compound has been 
suggested by agricultural investigators as a 
weed killer, potato wart eradicator, and seed 
disinfectant. It has also been mentioned as a 
means to speed the coloring of apples and to 
regulate the dormancy of plants. It is not being 
utilized for these purposes at present. Ammo-
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nium thiocyanate also serves as a raw material in the pro
duction of complex organic thiocyanates useful as insecticides. 
These insecticides are utilized for the control of houseflies and 
other household insects, and are tending to make this country 
independent of foreign supplies of pyrethrum and rotenone.

It is possible that sodium or calcium cyanide and hydrocy
anic acid could be prepared from coke-oven gas. These ma
terials are well known as fumigants to control insects and 
other pests in warehouses and similar establishments.

Sulfur

The Thylox, Ferrox, and other methods of gas purification 
have produced finely divided sulfur, as an end product which 
is being successfully used for the control of insects and dis
eases in agriculture. Commonly known as flotation sulfur in 
the agricultural industry, it is sold either as a paste contain
ing approximately 50 per cent water or in the dry form as 
either a dust or “ dry-wettable” product. It has certain ad
vantages over ground elemental sulfur—ultrafine particle 
size and great adhesiveness to plant foliage.

In the removal of organic sulfurs from gas it is possible to 
produce dithiocarbamates. Certain salts of dithiocarbamic 
acid have recently been found promising as fungicides, seed 
treatments, and also as insect repellents {19).

Through the use of the hot activation sulfur recovery proc
ess, hydrogen sulfide in coke-oven gas can be removed in a 
form readily convertible to sulfuric acid. This sulfuric acid 
can be used in agriculture for the preparation of superphos
phates from phosphate rock, etc., and as a weed killer. Sul
furic acid has been used extensively as a selective weed killer 
for the elimination of weeds in grain and similar crops where 
cultivation is difficult. The importance of weeds is usually 
underestimated. In a survey of this problem, the Chamber of 
Commerce (2) estimated that weeds tax the farmers for 
$3,000,000,000 annually.

Light O il

The primary product, light oil, and its components are not 
extensively used in agricultural productions. Benzene, 
toluene, and xylene have been reported to be more toxic than 
carbon disulfide as fumigants (13), but certain of their charac
teristics, such as residual odors, have prevented their wide
spread use for this purpose. The solvent naphthas, mesityl- 
ene, styrene, pseudocumene, and indene also have not been 
developed as agricultural chemicals. The estimated con
sumption of the primary products from coal carbonization is 
given in Table IV.

Intermediates produced from light oil and naphthalene are 
used in agriculture either directly or combined with other

Table IV .  Principal Primary Products Used in A gricu ltu re

P r o d u c t

N a p h th a le n e

C re o s o te

A n th r a c e n e  oil 
T a r  a c id  o il 
C re s y lic  a c id ,  c re -  

so ls , p h e n o l  
A m m o n iu m  s u lf a te  
S u lfu r  ( f lo ta t io n )

U se

In s e c t ic id e  (c lo th e s  
m o th s ,  g re e n h o u s e  
in s e c ts ,  c a t t le  lice , 
e tc .)

W o o d  p r e s e r v a t iv e

R o p e  p r e s e r v a tiv e

W e e d  k ille r

I n s e c t ic id e  (ch in c h  
b u g )

W o o d  p r e s e r v a t iv e
D is in f e c ta n t s
C a t t l e  & s h e e p  d ip s

F e r t i l i z e r
F u n g ic id e ,  in s e c t ic id e

A n n . V ol. 
in  U . S.

16 ,5 0 0 ,0 0 0
lb.

Y e a r  R e fe re n c e  

1940 (16)

1940

1940

1940

1934

(8)174 ,6 2 5 ,3 0 5  
gal.

5 00 ,000  
gal.

2 ,000,000 
ga l.

3 ,5 0 0 ,0 0 0  
gal.

S m a ll  
L a rg e  

L is te d  w ith
fe c ta n ts  

7 5 3 ,2 1 6  to n s  1937 (20)
8 ,5 0 0  to n s  1940 a

N o  re p o r t s  
N o  r e p o r ts  

in d u s t r ia l  d is in -

intermediates or other chemicals. Such products are particu
larly useful as pest control agents. Insects, fungi, weeds, 
and others of the lower forms of life are considered pests. It 
is estimated that agricultural production is reduced at least 
10 per cent by their destructive action. The estimated con
sumption of these secondary derivatives of coal carbonization 
is given in Table V.

Table V .  Im portant Secondary Products Used in A g ric u ltu re

U se
A n n . V ol. 

in  U . S ., L b . Y e a r R e fe re n c e

F u m ig a n t  ( in s e c tic id e 5 ,0 0 0 ,0 0 0 1936 ( 1 6 )
a n d  fu n g ic id e )

Soil p o iso n  ( te r m i te s ) , 7 0 0 ,0 0 0 1940 a
w o o d  p r e s e r v a tiv e

F o o d  p r e s e r v a tiv e s 2 8 1 ,2 0 2 1940 b

In se c tic id e s 8 0 0 ,0 0 0 1939 a

D is in f e c ta n ts ,  p r e s e rv -
a t iv e s  ( to ta l) 8 ,1 5 0 ,0 0 0 1940 a

W o o d
W a llb o a rd
F a b r ic s
L a te x
P a in ts
P ro te in a c e o u s

P r e s e r v a tiv e

6 ,0 0 0 ,0 0 0
8 5 0 .0 0 0
4 0 0 .0 0 0
1 0 0 .0 0 0  
2 0 0 ,0 0 0  
6 0 0 ,0 0 0  
2 0 0 ,0 0 0 19 4 0 a

P r e s e r v a tiv e 2 0 0 ,0 0 0 19 4 0 a
In se c tic id e 5 0 ,0 0 0 1940 a
W e ed  k ille r 2 5 0 ,0 0 0 19 4 0 a
In s e c t ic id e 2 5 0 ,0 0 0 19 4 0 a

S o il p o iso n 1 4 0 ,0 0 0 1940 a
W o o d  p r e s e r v a t iv e 1 0 0 ,0 0 0 1940 c
P ro te in a c e o u s 3 0 0 ,0 0 0 a
In se c tic id e T r a c e s c
In se c tic id e 1 5 0 ,0 0 0 1942 b
A n th e lm in tic 2 ,5 0 0 ,0 0 0 1942 b
P la n t  g r o w th  r e g u - 1 ,0 0 0 1941 a

l a to r
W e tt in g  a g e n ts  fo r 8 0 0 ,0 0 0 1940 a

s p ra y s  a n d  d u s ts

a W r i t e r ’s  e s t im a te  f ro m  d is c u s s io n s  w i th  in d iv id u a ls  c lo se ly  a s so c ia te d  
w i th  t h e  i n d u s t r y .

P r o d u c t

p -D ic h lo ro b e n z e n e

o -D ic h lo ro b e n z e n e

B e n z o ic  a c id , b e n 
z o a te s  

O rg a n ic  t h io c y a n 
a te s  

C h lo ro p h e n o ls

D in i tro p h e n o l
p -N itro p h e n o l
D in itro -o -c re so l

D in itro c y c lo h e x y l-  
p h e n o l (D N ) 

/3 -N ap h th o l

D ip h e n y la m in e  
P h e n o th ia z in e  
a - N a p h th a le n e  

a c e tic  ac id  
Sulfonates**

a E s t im a te  of th e  w r i te r  a n d  n u m e r o u s  in d iv id u a ls  c lo s e ly  a s s o c ia te d  w i th  
t h e  in se c t ic id e  a n d  fu n g ic id e  i n d u s t r y ,  i n c lu d in g  th o s e  in  s t a t e  a n d  fe d e ra l  
a g en cie s .

& E s t im a te d  b y  th e  w r i te r  f ro m  r e p o r t s  o f W P B  a l lo c a t io n s  in  Oil, Paint 
and Drug Reporter.

c N o  in fo rm a t io n  fo u n d  o n  v o lu m e ;  r e p r e s e n ts  a n  a p p r o x im a t io n  b y  th e  
w rite r .

d O th e r  th a n  th o se  f ro m  p h e n o ls  a n d  n a p h th a l e n e .

At this point it seems well to mention coal-tar food dyes. 
While produced in small quantities, these dyes are the most 
important food coloring materials. Through the use'of these 
uniform, dependable, and safe dyes, farmers have been able 
to make their products more attractive to the consumer who 
frequently makes selections on the basis of appearance alone. 
The Food and Drug Administration reports that 454,254 
pounds of coal-tar food dyes were certified during the year 
ending June 30, 1939.

It is estimated that approximately 420,000 gallons of 
benzene were used in 1940 for the production of o-dichloro- 
benzene. o-Dichlorobenzene has been widely recommended as 
a soil poison to control subterranean termites and as a brush- 
on treatment for wood infested with termites and other wood 
borers. The production of p-dichlorobenzene consumed over 
1,000,000 gallons of benzene the same year. This compound 
has been widely adopted as a control for clothes moths and 
other household insects, and has replaced naphthalene to some 
extent for this purpose. p-Dichlorobenzene is the standard 
l emedy for peach-tree borers and can also be used to control 
blue mold in tobacco seedbeds.

Diphenylamine and phenothiazine have recently been dis
covered to be extremely useful for certain parasites of animals.
, ip a;n“ ne's now the standard remedy recommended by 
ie United States Department of Agriculture for the control 

o screwworm, a serious pest of cattle in the southern states.
îeno hiazine, discovered to be useful by workers of the De- 

par ment of Agriculture for the removal of internal parasites 
o animals, is being received enthusiastically by farmers.
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According to Jardine (10), this new anthel
mintic is expected to become one of the 
farmer’s most important chemical aids.

Creosote

In 1940, 265,473,149 cubic feet of wood 
were treated with wood preservers (5). The 
most important one in volume is coal-tar 
creosote. The direct relationship of wood 
preservation to agriculture is not generally 
realized. Through the use of pressure-treated 
wood, farmers can reduce their overhead to 
a considerable extent through longer life of 
fence posts, farm buildings, etc. Well-built 
corn cribs, silos, and hay storage sheds effect 
better curing of farm crops and, by preserving 
their quality, help reduce feeding expenses.
Wood preservers now offer treated lumber, 
precut and ready for assembly, for the follow
ing farm buildings: hog houses, dairy barns, 
corncribs, granaries, silos, vegetable and fruit 
bins, and manure pits.

Creosote is also used as a stock dip for the 
extermination of lice and ticks, and in poultry 
houses as a general disinfectant. To control 
poultry mites, attention must be given to the 
house rather than to the bird, and excellent 
control may be obtained by treating the 
roost and interior of the poultry house with 
creosote. This product, usually diluted 
with petroleum oil, is an excellent weed 
killer. Creosote is also used as an insert, 
barrier to prevent the spread of such pests as chinch bug. 
Chinch bug outbreaks occurred at irregular intervals, but 
in 1934, 3,500,000 gallons of creosote were used to control 
this pest.

Naphthalene

Naphthalene is an important by-product from coal car
bonization. Over 16,000,000 pounds are used annually for 
agricultural purposes. The control of clothes moths is con
sidered an agricultural problem since the products of the farm 
as well as the household goods of the farmer need to be pro
tected from its ravages. Approximately 10,000,000 pounds 
of naphthalene are used annually to control clothes moth and 
carpet beetle. Both naphthalene and p-dichlorobenzene will 
kill these pests when applied to clothing in airtight con
tainers. Many people use these products without taking pre
cautions to make their clothes closets airtight. Neither of 
these materials will kill the pests unless a sufficient atmos
pheric concentration is reached, and they do not act as re
pellents. The Department of Agriculture recommends that 
1 pound of naphthalene be used per 10 cubic feet of space. 
However, Coleman (4) found that less than lethal concen
trations will greatly retard the feeding of these insects. 
Applications of naphthalene in open closets will give pro
tection against clothes moths but will not wipe out the infes
tation present.

Naphthalene is utilized to control greenhouse pests (such 
as red spiders, thrips, and white flies) by fumigation, as a 
dry dip for cattle and hogs to control lice, for the preserva
tion of hides in storage, and as a soil treatment to control 
such pests as carrot rust fly. Back-yard gardeners have 
found naphthalene moth balls to be useful as repellents 
for rabbits. The moth balls are scattered around the plants 
to be protected, but are not allowed to come in direct contact 
with the plants.

Naphthalene and other coal-tar products serve as raw 
materials for the production of sulfonates. These sulfonates

are used as wetting agents in the preparation of agricultural 
sprays and as detergents for the washing of agricultural 
products before marketing.

d-Naphthol is a wood preservative, disinfectant, and soil 
poison for the control of termites. Cardboard bands, im
pregnated with /3-naphthol, are used in apple orchards for 
trapping codling moth larvae.

A recent development in agriculture that offers considerable 
promise is the discovery of synthetic plant hormones. These 
growth regulators have been found useful in the production of 
fruit without fertilization, for the development of roots on 
cuttings, and for the prevention of premature dropping of 
fruit. The better known of these synthetic hormones are 
a-naphthalene acetic acid, indole butyric acid, phenyl acetic 
acid, and 0-naphthoxy acetic acid. It is interesting to note 
that all the effective materials discovered to date have an 
aromatic nucleus. Farming in the future may become more of 
a science and less of an art through the development of syn
thetic plant growth regulators.

Tar A cids

Tar acid oil and cresylic acid, either alone or in combination 
with petroleum oils to make dormant sprays for the control 
of overwintering aphids and other insects on fruit trees, have 
been largely replaced with dinitro-o-cresol and dinitrocyclo- 
hexylphenol. These nitrated phenols are also used for the 
control of red spiders in citrus trees and certain greenhouse 
crops. Dinitro-o-cresol is an extremely powerful contact in
secticide but must be used with caution due to its tendency to 
injure foliage. Advantage has been taken of the phytocidal 
properties of this compound to develop a selective herbicide 
for the control of weeds in gram and other crops. Its selective 
action is believed to be due to differential wetting of foliage.

Tar acid oils, cresylic acid, xylenol, cresols, and phenols are 
well known as disinfectants. Phenol was suggested as a bac
tericidal agent by Lister in 1865, and is now the standard for 
all disinfectants. The phenol coefficient of the disinfectants
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marketed today represents the relative effectiveness to phenol 
in killing Staphylococcus aureus and Bacillus typhosus. The 
volume of disinfectants consumed on the farm is substantial. 
Dairy farmers and poultrymen especially have learned the 
value of farm sanitation.

Tar Bases

The heterocyclic nitrogen compounds obtained from coal 
tar have been investigated as insecticides and fungicides. 
Pyridine has considerable insecticidal action, and attempts 
have been made to produce synthetic nicotine from this prod
uct without commercial success. Quinoline has been re
ported to be an excellent ovicide. Substituted quinolines, 
such as 8-hydroxy-quinoline, are good fungicides. The agri
cultural consumption of these tar bases and their substituted 
products, however, is small. The tendency of farmers to 
fortify their feeds with vitamins may result in the larger con
sumption of tar bases for agricultural purposes. A large 
volume outlet for low-cost vitamins exists in the agricultural 
field.

Coke Being Pushed from a By-Product O ven into a 
H o t Car

The development of chlorinated phenols in the last twenty 
years as disinfectants, wood and fabric preservatives, sap 
stain controls, etc., has been phenomenal. Most of these 
products are prepared from synthetic phenol, and 8,000,000 
gallons of benzene were used in 1940 for the production of 
synthetic phenol.

The development of chlorinated phenols as fungicides and 
bactericides was initiated by the discovery that the toxicity 
of phenol increased as the number of chlorine atoms was in
creased. Suter (18) reported that the introduction of a halo
gen into the nucleus of a phenolic compound increases its 
bactericidal potency, without exception. As was to be ex
pected, pentachlorophenol is the most toxic to fungi, but cer
tain of its physical properties and industrial requirements 
have made it necessary to use other products such as 2-chloro- 
o-phenyl phenolate. A wide variety of chloro- and nitro- 
phenolic compounds are now on the market in order to fill 
the specific requirements of various industrial and agricultural 
needs.

Hydrocarbons

Anthracene, phenanthrene, carbazole, methylnaphthalenes, 
acenaphthene, diphenylene oxide, and fluorene have also 
been investigated by agricultural workers. These products 
are known to have insecticidal and fungicidal action, but as 
yet little effort has been made to utilize them. Anthracene 
oil has been recommended as a wood preservative but has not 
been accepted generally in this country for the purpose. 
These materials will, without doubt, eventually be used for 
agricultural purposes. Organic chemicals have been found to 
be very specific in their action as insecticides and fungicides. 
There are a number of possibilities not yet investigated for 
these compounds

The agricultural consumption of organic compounds, par
ticularly as insecticides, fungicides, plant growth stimulants, 
and preservatives, should increase in future years. There 
are over 450,000 known species of insects and several hundred 
thousand species of plants. Each species is more or less sepa
rate from all others in structure and metabolism. The 
usefulness of any given compound can be determined only by 
actual test; and while considerable knowledge has been ac
cumulated on the relation of chemical structure to toxicity, 
etc., biological investigations must still be conducted by trial 
and error methods. An increased consumption of organic 
chemicals should result in an increased consumption of coal 
derivatives, since these materials can serve both as final 
products and raw materials in the manufacture of new agri
cultural chemicals.
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Pennsylvania Anthracite as a Filter M edium

H . G . TURNER
Anthracite Equipment Corporation, New York, N. Y.

Since Pennsylvania anthracite is essentially a carbon and 
hence more nearly chem ically inert than other substances 
used in filters, it is well suited for many filtration processes. 
Its conchoidal fracture produces a particle which has the 
most desirable shape for filter use; its low specific gravity 
and angular particle shape make possible longer filter 
runs and more effective filter bed washing at lower back
wash rates. Filter capacities have been increased from 
25 to 1 0 0  per cent through the use of anthracite as a 
filter medium.

Pennsylvania anthracite is used in municipal filters, 
power plant filters for the hot process softening of waters 
and for o il removal from boiler condensates, swimming 
pool filters, filters for the clarification of chemicals, and 
sewage filters.

In the preparation of Anthrafilt, care is given to the 
selection of a low-ash material with the optimum particle 
shape; the most important single factor involved is the 
manufacture of the correct particle size to meet the condi
tions of filter use and design.

RESEARCH on the use of Pennsylvania anthracite as a 
filter medium was initiated by the Anthracite Insti

tute in 1930. The early experiments were conducted at 
Lehigh University under the writer’s direction; later the 
laboratory was moved to Pennsylvania State College where 
the experimental work was continued to its conclusion in 
1934. Since that time field studies have been conducted and 
are still in progress.

The use of Pennsylvania anthracite in filters was origi
nated by James H. Fuertes about 1896 when he built an experi
mental filter at Harrisburg, Penna., using dredged river coal 
as a filter medium because no local sand was available. 
Fuertes later built plants at Dallas, Texas, Cumberland, Md., 
and Denver, Colo. All these plants used dredged river coal. 
The Cumberland and Denver plants are still in operation al
though they have rescreened their original filter medium and 
added anthracite specially selected and prepared for filter 
purposes.

The filters in these early plants were designed to fit the 
coal. Dredged river coal is not the right size nor does it have 
the proper particle shape. This may explain why thirty- 
nine years were to elapse before anthracite was again used in 
filters. Of course, little was known about filter media in 
general at that time and nothing was known about the proper 
size, shape, and bed depth of anthracite to use in filters. As 
against three filtration plants in thirty-nine years we find a 
total of eleven hundred filtration plants of all kinds using

filter anthracite (Anthrafilt) over the past seven years 
Figure 1 shows how this growth has taken place.

Preparation o f Anthracite

The preparation of anthracite for filters requires more care 
than does the preparation of anthracite for fuel purposes. 
The first step is the selection of a coal that will yield a particle 
free from small fracture cracks and possessing the best shape. 
The particle must be strong enough to withstand years of 
backwashing without breaking into smaller grains; its shape 
should be longer than it is wide but should not be extremely 
thin.

This anthracite must be cleaned to a low ash product, and 
of course that comes within the province of the coal-breaker 
engineer. The coal-breaker engineer can also make it to the 
desired particle size; special knowledge is required, however, 
to know what size to make. It has been found that three fine 
sizes fit most cases, but the selection of which size to use in a 
given filter comes within the province of an engineer thor
oughly versed in filter design, treatment methods, and filter 
operation.

Since all Pennsylvania anthracites are not suited for use in 
filters and since quality, particle shape, and particle size are 
critical factors in all anthracites that are suitable, the term 
“Anthrafilt” has been used to designate Pennsylvania anthra
cite that meets all requirements for successful use in filters. 
For the sake of brevity and clarification, therefore, it is pro
posed to use the term Anthrafilt throughout this paper so the 
reader will know that a specially selected and prepared anthra
cite is being described.

Properties o f Anthracite and Sand

Since the dawn of filtration, silica sand has been the pre
vailing filter medium in industrial and municipal water 
filters. It is composed almost entirely of SiOj. It is in
soluble in most acids but reacts readily with alkalies. The 
particle shape is usually rounded. It weighs approximately 
100 pounds per cubic foot.

Aside from mineral matter associated with it, anthracite is 
essentially a carbon and hence is neutral in its behavior with 
acids and alkalies. The mineral matter associated with 
anthracite is composed of about 60 per cent silica, the re
mainder being oxides of aluminum with minor amounts of 
magnesium, calcium, and iron. The particle shape is sharp, 
angular, and flat. It weighs about 50 pounds per cubic foot.

The particle charge on silica sand is negative and so like
wise is the particle charge on crushed anthracite. The charge 
on silica sand is weak, however, compared to the strong 
charge on anthracite.

S i g n i f i c a n c e  o f  P r o p e r t i e s .  Since silica sand is about 
the only medium other than Anthrafilt to be used extensively 
in filters, the properties of these two materials will be dis
cussed from the standpoint of their contrasting behavior in 
filters.

In the removal of solids from liquids by drainage beds, 
filters act as entrapping agents rather than as strainers. The
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water or other liquid is usually treated with a coagulant 
which agglomerates the solid particles, many of which are so 
small that they would pass through an ordinary filter. Since 
the degree of entrapment is directly proportional to the sur
face exposure of the filter medium, the sharp angular particle 
of Anthrafilt is more efficient than the same size sand having

1 9 3 5  1 9 3 6  1 9 3 7  1 9 3 Ô  1 9 3 9  1 9 4 0  1 9 4 l

Figure 1. Growth in the Number of Filtration Plants of 
A l l  Kinds Using Anthrafilt during the Years from 1935  

through 1941

a spherical shape. In practice it has been found that Anthra
filt having an effective size of 0.70 mm. and a uniformity co
efficient of less than 1.60 removes the same amount of solids 
as does a rounded silica sand with an effective size of 0.45 mm. 
and a uniformity coefficient of 1.60.

For many years the average sand size used in filters has 
been one with an effective size of 0.45 mm. and a uniformity 
coefficient of less than 1.60. Recently, however, there has 
been a trend toward a coarser particle size. One of the 
limiting factors has been that most filters are not designed 
with a wash water velocity high enough to produce the neces
sary degree of bed expansion when the filter is backwashed.

Hulbert (4) showed that 50 per cent expansion of a filter 
bed is desirable for effective washing of a filter. Because of 
the fight weight of Anthrafilt a 50 per cent expansion is 
possible without increasing backwash velocities, even when 
the particle is considerably coarser.

As compared with a fine filter medium a coarse one will 
give longer runs between backwash periods will not clog so 
readily with fibrous turbid matter, will release the dirt on 
grains with greater ease when backwashed will have less head 
loss through the filters, and will permit higher filtration rates.

Since Anthrafilt of coarse size is as efficient in turbid matter 
removal as finer sand and weighs half as much, it can ob
viously be substituted for fine sand without sacrificing quahty 
of effluent and without detracting from a high degree of bed 
expansion under the same backwash velocity as used with

Because of the carbon composition of Anthrafilt, it does 
not react chemically with the turbid matter which envelopes 
the grains during filtration; hence the filter particles are more 
readily cleaned under routine backwashing, and with proper 
filter design the particles will never coat with salts such as 
those of lime, iron, and manganese. Sand, on the other hand, 
often coats so badly that it has to be discarded because of 
filter-bed cementation or because the sand particle becomes so 
heavy that it can no longer be lifted by the backwash water.

Where water is treated with lime in cold-process softening, 
silica sand becomes badly coated with layers of lime that 
cannot be removed by mechanical means because of the 
chemical reaction between the acid silica and the alkaline 
lime.

Where hot-soda process softening is used, as in boiler water 
treatment, the hot alkaline waters dissolve the silica sand and 
impart a silica scale to boiler tubes which is difficult to re
move. A small amount of silica is leached out of Anthra
filt (8) under these conditions, but after the first few days of 
operation the effluent is practically free of silica. This ad
vantage of Anthrafilt is so marked that it is rapidly replacing 
sand in filters of this kind in all parts of the United States 
and in many foreign countries. Mercerizing plants have 
also found Anthrafilt a boon in the filtration of caustic soda. 
It can be seen also that Anthrafilt is advantageous in the 
filtration of many chemicals which would react with other 
filter media.

Case Histories

Many filtration plants have reported longer filter runs, 
higher rates, and cleaner filters through the use of Anthrafilt 
in place of sand.

The Passaic Valley Water Commission, Paterson, N. J., 
reports (2) marked increase in plant capacity through the use 
of Anthrafilt.

The plant capacity of Oklahoma City was increased from 
16 million gallons per day to 30 million by substituting 
Anthrafilt for sand.

Anthrafilt increased the capacity of the New Toronto, 
Canada, plant 50 per cent.

The filtration plant of Cornell University, Ithaca, N. Y., 
using Anthrafilt reports (3) experimental runs of 300 hours 
each, which is considerably longer than runs for the usual 
sand filters.

Swimming pool filters have used Anthrafilt with marked 
improvement over sand. The turbid matter of swimming 
pool filters is largely fibrous, being composed chiefly of lint 
and hair. This kind of turbid matter clogs fine sand in a few 
hours but does not clog coarse Anthrafilt. Furthermore, 
swimming pool filters are usually provided with a low wash- 
water velocity which is not very effective with the relatively 
heavy silica sand.

Lake waters are commonly infested with algae during 
spring and autumn. At such times Anthrafilt filters still 
give long runs (6‘), whereas runs through sand are so short as 
to be serious in the reduction of plant capacity. Buffalo, 
as well as many other cities along the Great Lakes using

nthrafilt, reports long runs during algae periods.
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In the removal of emulsified oil and turbidity from boiler 
feed condensate, Anthrafilt has been found very effective. 
Coagulants such as alum, ferric sulfate, or ferrous sulfate are 
added and produce spongy gelatinous masses which are easily 
removed without clogging the coarse Anthrafilt filter bed.

In the removal of iron and manganese salts from municipal 
water supplies, Anthrafilt has been more effective {2) than 
sand in spite of the fact that, it is commonly believed, a sand 
must be coated with iron or manganese oxides to be effective; 
Anthrafilt apparently does not coat.

Use in Sew age Filters

One of the earliest significant references to the use of 
anthracite in sewage work is found in a report (5) of the 
State Board of Health of Massachusetts referring to the 
Lawrence Experiment Station Report for 1910. In connec
tion with the preliminary treatment of sewage appears the 
following paragraphs:

“Strainer E, containing 12 inches in depth of Buckwheat 
coal, was put into operation in 1901, and has been operated 
at a rate of 800,000 gallons per acre daily throughout 1910. 
Sixty-six per cent of suspended matter was removed as 
shown by albuminoid ammonia determinations; and the 
total removal of organic matter was about 39 per cent, 
as shown by albuminoid ammonia and oxygen consumed 
determinations.

“The work of this strainer is remarkable and in some respects 
unexplainable. Year after year it removes large percentages 
of suspended matter from the sewage, and by some biological 
process not fully understood appears to destroy this matter 
with great rapidity. During the entire nine and one half 
years which this strainer has been receiving sewage at rates 
from 800,000 to 1,500,000 gallons per acre daily, averaging
1,000,000 gallons per acre daily, sludge has been removed 
from the surface only twice, and the filtering material has 
been raked or otherwise disturbed only four times. The two 
scrapings were made during the first year of operation. Of 
the other four disturbances of material, three were necessi
tated by the collapse of the tank, requiring the transfer of the 
material to a new tank. From September 23, 1905, when the 
material was last transferred, to January 28, 1910, when the 
strainer was raked to a depth of three inches, or during a 
period of four and one third years, no treatment of the sur
face or removal of sludge was required.”

The Borough of State College used Anthrafilt in sewage 
sludge beds (1) and found that the effluent was about the same 
as that from sand beds; the Anthrafilt beds did not freeze 
during winter weather and did not pack when walked on by the 
man lifting the sludge. The companion sand beds froze shut 
during the same winter weather.

Anthrafilt has been used in rapid mechanical filters em
ployed in the clarification of waters’ from chemical precipi
tation of sewage. This installation was in the sewage plant 
of Oklahoma City. It was reported that three filters were 
used at the outset, one provided with New Jersey sand, one 
with Texas sand, and the third with Anthrafilt. The sand 
filters became clogged within the first three months, but the 
Anthrafilt did not clog. The one Anthrafilt filter is now 
doing the job of the three filters. This rather confirms 
the findings of the Lawrence Experiment 
Station.

One large canning factory is using Anthrafilt 
in sludge bed type filters for clarifying canning 
wastes. They report favorable results.

Anthracite is well suited for trickling filters 
although, as far as I know, it has not been used for 
this purpose. It should have several advantages 
over limestone or traprock which are the mate
rials now in common use.

c r *
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Combination with O ther Filter M e d ia

The first attempt to use Anthrafilt in combination with 
other filter bed materials (7) was reported in 1935 by the city 
of Raton, N. Mex., in connection with its domestic water 
supply. Silica gravel was used as a supporting base for a bed 
of coarse activated carbon on top of which was a bed of fine 
Anthrafilt. The theory was that Anthrafilt would remove 
all turbid matter so that the activated carbon could operate 
with clear water in taste and odor removal for a long time 
without becoming clogged. This combination filter is said to 
produce 88 per cent more filtered water than the sand filter, 
and the effluent is free from turbidity, taste, and odors.

Three municipal filtration plants (Chester and Erie, Penna., 
and Buffalo, N. Y.) are now using a combination of Anthra
filt and sand. The theory is that a relatively coarse bed of 
Anthrafilt on top of a fine bed of sand will provide a roughing 
and finishing filter in one unit. The coarse Anthrafilt will 
remove practically all the turbid matter, and the fine sand 
will catch the almost colloidal particles that may escape the 
Anthrafilt. The advantages of a very fine sand can be ob
tained without the usual handicap of short runs, low rates, 
and clogged beds.

Combination Anthrafilt and sand beds are feasible only 
where the filter is provided with agitation devices to be used 
during backwashing. It has been found that a layer of the 
turbid matter forms at the junction of the sand and Anthra
filt, and this can be removed only by agitation during back- 
washing.

Where sand combinations are used, the total filter bed 
depth should be made up of 50 to 66 per cent Anthrafilt for 
best results.

Relative Cost o f Filter Sand and Anthrafilt

High-quality silica sand for use in filters is prepared in very 
few places in the United States. Most of it is prepared at 
sandbanks in New Jersey. Practically all foreign countries 
secure their filter sand from the United States. For this 
reason good sand for filters is not so inexpensive as one might 
assume.

Anthrafilt is prepared by one of the large anthracite- 
producing companies in Pennsylvania. In most parts of the 
United States it costs more per ton than does filter sand, but 
since it takes half as many tons to fill a given space, it is no 
more expensive than sand, volume for volume. In distant 
parts of the country and in foreign countries Anthrafilt has a 
decided price advantage over sand because in such cases the 
cost is largely freight. By virtue of its light weight Anthra
filt will require half as many freight cars and half as many 
ships.

From the standpoint of degradation, Anthrafilt and sand 
have the same length of fife in filters. Where renewals of 
filter medium are made necessary through incrustations on 
the filter medium, Anthrafilt will last about twice as long 
as sand.
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Foundry C oke from 

Blending of Southern Coals

A .  S. T. M .  specifications for foundry coke were set aside 
in 1941 by Committee D -5 on account of inability to 
meet the varying demands of the individual cupola oper
ators. In this paper broad standards are set up for foundry 
coke which will fill the requirements of the average con
sumer.

N o  coal in the Alabama field will produce a coke of 
the desired characteristics when coked alone, and blending 
is necessary. The experience of one company is related 
in the selection of coals from available sources, and 
evaluations are given of the chemical and coking proper
ties of the coals selected for blending. The cleaning and 
special preparation of the coals before use are discussed. 
The proportions of the various coals used are then bal
anced according to the coking characteristics of each to 
produce a coke designed to meet the average require
ments of the foundry trade.

THE production of coke in modern by-product ovens may 
be divided under two general heads, blast furnace and 

foundry coke. Specifications for furnace coke can be well 
defined, as its purpose is to furnish carbon monoxide for the 
reduction of the iron ore and heat for melting the metallic 
iron, the operation of the furnace stack being somewhat 
standardized. The one purpose of foundry coke in the cupola 
is to heat the iron charge to the desired tapping temperature; 
one might logically think that specifications for this grade 
could be drawn with even closer limits than for the furnace 
coke, but unfortunately the reverse is true. Cupola practice 
covers both the malleable and gray iron foundries where 
operating conditions must vary in accordance, with the size 
of the cupola unit, rate and tapping temperature of melt, as 
well as the physical and chemical characteristics desired in 
the cast product. In other words, each cupola is an indi
vidual problem, and most operators have definite ideas as to 
requirements and specifications. A committee of the Ameri
can Society for Testing Materials was working on foundry 
coke specifications until recently when it was dismissed be
cause the question was too complex to be covered by one or 
even more sets of specifications covering the broad nomen
clature of foundry coke. The problem of satisfying each 
cupola operator is now the responsibility of the individual 
coke producer, and the purpose of this paper is to show how one 
coke plant approached and handled this rather difficult prob
lem by blending available coals which were not entirely 
suitable when coked alone.

Although there are no A. S. T. M. specifications to cover 
foundry coke, broad standards can be set that this grade of 
coke must meet for satisfactory use in the cupola. It would be 
impractical to make a special coke for the individual cupola 
operator, and the alternative is to produce the best coke pos-

w. M . M O B L E Y
Alabama By-Products Corporation, Birmingham, Ala.

sible to meet the fundamental requirements of general cupola 
practice. As the primary purpose of the coke is to furnish 
heat for melting the charge, the B. t. u. value should be high. 
Coke is principally fixed carbon and ash, therefore the ash 
content must be reasonably low (10 per cent or under) to 
give 90 per cent carbon for burning. The coke should be as 
free as possible from fingering and cross fracture so that it 
can support the burden in the cupola without breaking down 
and blocking the upward passage of the gases by close pack
ing of the fine sizes. This is indicated by the shatter index, 
which should be 80 or better. The tumbler test and stability 
factors indicate the degradation of the coke in handling from 
the ovens to the consumer, which is an important factor as 
under-size coke is not used. Porosity, or cell space, has two 
important functions. A dense coke (high apparent gravity) 
is generally stronger and, at the same time, permits a greater 
concentration of the coke in a given volume of the cupola as 
compared with a more open coke of higher porosity. Since 
combustion is a surface reaction, the combustibility or burn
ing rate will be indicated by the porosity index, the more 
open coke having more exposed surface for combustion. It 
is desirable that the ignition temperature of the coke be high 
in order to shorten the combustion or melting zone in the 
cupola and conserve fuel by the concentration of the heat at 
this place. Sulfur content of the coke should be as low as pos
sible to avoid excessive use of desulfurizing agents. Fusion 
temperature and fluidity of the coke ash must also be taken 
into consideration. Thus, the foundry coke producer has a 
difficult problem, especially since the raw material, coal, is 
available only as nature made it countless ages ago, and no 
two seams are alike in chemical or physical characteristics. 
Therefore the evaluation of available coals for their coking 
characteristics and blending qualities should be the first con
sideration of the foundry coke producer.
AT THE close of the last war this company found itself with 
a modern by-product plant built to supply coke for the cy- 
anamide synthetic nitrate plant at Muscle Shoals and with 
coal mines producing from only one seam, the Black Creek. 
The coke, although ideal for the carbide furnaces, was not 
entirely suitable for foundry trade and steps were taken to 
find other desirable coking coals in the Alabama field. Full- 
size oven tests were made on every available source; although 
we now have a large number of tests for indicating coking 
properties such as box or small oven tests, agglutinating, 
plasticity, swelling values, etc., which give valuable informa
tion, the final and conclusive tests must be made under actual 
oven operating conditions, followed by tests in cupolas.

Although there are a number of seams of coking coals in 
Alabama, no one coal was found which yielded on coking all 
the desirable characteristics discussed above, so blending was 
the only alternative and it had to be approached from the 
economic standpoint as well as the needs of the foundryman. 
Uniformity of the product must be maintained from day to 
day to satisfy the requirements of the various cupola opera-
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tions. By this means the foundryman can adapt the coke 
to his particular needs and obtain good, reproducible results. 
Strict laboratory control of the coal cleaning plants operated 
by the company is necessary to obtain this desired uniformity.

Coal from the Black Creek seam was available but not en
tirely suitable for coking alone. Although the coal is a high- 
grade coking and steam coal, the mining is exceedingly diffi
cult. The average thickness of the seam is only 22 inches, 
necessitating the removal of a large amount of rock to give 
working room and producing an excess of fines when under
cutting 6 inches by machines in mechanical mining. The 
coal in the seam itself is relatively clean for an Alabama coal, 
the inherent ash (1.40 specific gravity) being only 1.50 per 
cent. Washing for the removal of the heavy rock is not diffi
cult, plunger-type jigs being used, and the ash in the cleaned 
coal averages a little less than 3 per cent. Analysis of the coal 
(dry basis) follows:

P r o x im a te  A n a ly s is ,  
V o la t i l e  3 3 .2 0
F ix e d  c a r b o n  6 3 .8 0
A s h  3 .0 0
S u l fu r ,  t o t a l  0 .6 4

P y r i t i c  .0 7
O r g a n ic  .4 8
S u l f a t e  .0 9

U l t im a te  A n a ly s is ,  % 
H y d r o g e n  5 .1
C a r b o n  8 5 .0
N i t r o g e n  1 .8
O x y g e n  4 . 5
S u l f u r  0 . 6
A s h  3 . 0

T o t a l 100.0
A s h  s o f t e n in g  t e m p .,  
B . t -  u .

° F .  2 ,6 5 0
1 5 ,0 3 0

Coke made from 100 per cent of this coal has a large amount 
of sponge and black ends; the porosity is high and the struc
ture somewhat weak with a definite tendency to finger—that 
is, produce longitudinal shrinkage cracks. The sulfur con
tent, although low, is mostly of the organic type which re
mains in the coke. The high volatile content of the coal 
gives a low coke yield, an increase in sulfur content, and a 
coke ash of 4.50 per cent from the 3 per cent ash coal. Also, 
due to the high volatile and coking characteristics, the coke 
is very open with a porosity of 50 or over, and final shrinkage 
on coking is excessive. The coke is fast burning, and, while 
giving high heats on a batch cupola operation, on continuous 
runs the bed soon bums out and cold iron results. Shatter 
index is low, averaging between 60 and 65.

To offset the disadvantages of the straight Black Creek 
coke, other local sources were tested; after preliminary analy
ses over thirty Alabama coals from different seams and mines 
were given full-size oven tests. The final choice was the 
Mary Lee seam because of its blending qualities with the 
Black Creek and the availability of the mines and coal re
serves.

For comparison, an analysis of the Mary Lee coal as used 
today (dry basis) is:

P r o x im a te  A n a ly s is ,  % U l t im a te  A n a ly s is ,  %
V o la ti l e  
F ix e d  c a r b o n  
A s h
S u l fu r ,  t o t a l  

P y r i t i c  
O r g a n ic  
S u l f a t e

2 9 .4 0  
6 1 .1 0  

9 . 5 0  
1 .0 6  
0 .3 9  

.6 5  .02
A s h  s o f t e n in g  t e m p  , ' 
B .  t .  u .

H y d r o g e n
C a r b o n
N i t r o g e n
O x y g e n
S u i fu r
A s h

T o t a l

F .  2 ,6 9 5  
1 3 ,7 9 0

5 .0  
7 8 .5
1.6
4 . 31.1 
9 . 5

100.0

The seam is divided into the upper and lower benches, 
separated by a 20-inch rock parting called the “middle man” . 
The lower bench (22 inches) is relatively clean solid coal with 
an inherent ash (1.40 specific gravity) in the — Vi-inch size of 
6.75 per cent and total sulfur of 0.80 per cent. The upper 
bench (40 inches) is badly laminated with thin, irregular 
streaks of bone coal in addition to small rock partings which 
are included in the raw coal by mechanical mining. The in
herent (1.40 specific gravity) ash in the — Vvinch size of this 
coal averages 9.30 per cent and sulfur, 1.24 per cent. The raw 
coal, 20 to 25 per cent ash, as washed in the existing plunger 
type jigs could be reduced to 10 per cent ash and 1.20 per cent 
sulfur.

COKE made from 100 per cent of this Mary Lee coal gave 
little sponge and black end coke. Cross fracture was par
ticularly noticeable in contrast to the fingering fracture of 
the Black Creek. The lower volatile gave less final shrinkage 
aid a denser harder coke of 42 to 43 porosity. The shatter 
showed little improvement. A thorough investigation indi
cated that the excessive cross fracture and resulting low shat
ter index was largely due to the bone impurities left in the 
coal cleaned by the jig washing. This material, although not 
high in ash, had no coking properties and caused breakage in 
the coke by not fusing to the plastic mass of coal in coking. 
The larger pieces increased the internal weakness of the coke 
structure, and the natural shrinkage cracks followed the path 
of least resistance.

As the bone was closely laminated with the clean coal, 
crushing to — %  inch was necessary to crack it off before 
washing. The washing problem was most difficult, as the 
gravity of the coal was 1.37 and the bone 1.45-1.55, allowing 
little difference to make a clean gravity separation, especially 
in treating these fine sizes. After pilot-plant tests of differ
ent methods, concentrator type coal tables were selected and 
installed. Good results in cleaning and bone coal elimination 
were obtained, but the operation was expensive on account of 
the low tonnage per unit, the middling boiler fuel that must 
be made, and the amount of refuse handled.

Blending of the Mary Lee coal with the Black Creek pro
duced a much better coke than either coked separately. 
More of the Mary Lee had to be used to offset the high vola
tile, shrinkage, and porosity characteristics of the Black 
Creek. As 9.00 per cent coke ash had been set as the maxi
mum, the amount of 9.50 per cent Mary Lee coal used had 
definite limits. The coke from such an adjusted mix gave a 
shatter index of 75-80 and a porosity of 46-70, was of good 
firm structure, and had normal fingering and cross fracture, 
some sponge, and little black ends. An increase in the shatter 
to 80 or better and a decrease in porosity to 45 was desirable, 
and tests showed this could be done by lowering the volatile 
in the blended coal mixture. Increasing the percentage of 
the Mary Lee coal (with higher ash and sulfur) was not de
sirable for obvious reasons, and Alabama has few coals of 
lower volatile content with other desirable characteristics.

The low-volatile Pocahontas coals from the eastern fields 
were then considered. Low volatile, sulfur, and ash con
tents were absolutely essential for maximum blending effects 
as freight rates doubled the cost of this coal as compared to 
the selected Alabama coals. Economics were the determin
ing factor in the maximum amount which could be used. 
Some ten or more coals of this type were tried in extensive 
tests before final selection was made. Analysis of this coal 
used for many years is as follows (dry basis):

V o la ti le  
F ix e d  c a rb o n  
A s h  
S u lfu r

n a lv s i s ,  % U l t im a te  A n a ly s is ,  %
1 6 .2 0 H y d r o g e n 4 . 0
7 8 .7 0 C a r b o n 8 6 . 8

5 .1 0 N i t r o g e n 1 .3
0 .5 6 O x y g e n 2 . 2

S u lfu r 0 . 6
A s h 5 .1

T o t a l 1 0 0 .0

A s h  s o f te n in g  te m p ., ° F .  2 3 1 6

After many different mixtures of these three coals were 
tried and the various factors balanced, a blend was established 
with analysis as follows (dry basis):

P r o x im a te  A n a ly s is ,  %
V o la ti le 2 9 . 28
F ix e d  c a r b o n 6 3 92
A sh 6 .8 0
S u l fu r ,  t o t a l 0 .8 6

P y r i t i c .2 9
O rg a n ic .5 3
S u l f a t e .0 4

U l t im a te  A n a ly s is ,  %
H y d r o g e n 4 . 9
C a r b o n 8 1 .7
N i t r o g e n 1 .6
O x y g e n 4 .1
S u l fu r 0 . 9
A s h 6 . 8

T o t a l 1 0 0 .0

A s h  s o f te n in g  t e m p .,  ° F .  2 6 2 5
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The foundry coke produced from the established coal mix
ture has been maintained with little variation and has found 
wide acceptance by the foundry trade. While the Pocahon
tas coal has had an advantage in reaching set standards for 
foundry coke, its substitution by Mary Lee would yield -a 
coke of good physical standards but slightly higher in ash and 
sulfur contents. An average analysis of the 3-inch and 
higher foundry coke as now produced is as follows:

V o la ti le ,  %
F ix e d  c a rb o n ,  %  
A sh , %
S u lfu r ,  %

T r u e  g r a v i ty  
A p p a r e n t  g r a v i ty  
P o r o s i ty

0 .9 3
8 9 .9 7

9 .1 0
0 .7 0

1 .8 9
1 .0 4

45

S h a t te r  ( + 2  in .) 
T u m b le r  t e s t ,  %  

S ta b i l i ty  
H a rd n e s s

83

3 6 .5
6 2 .9

A sh  s o f te n in g  t e m p .,  ° F .  2646

ONE point mentioned in the above discussion of blending to 
produce foundry coke is the economic side which is most es
sential for continued, successful oven operation. Although

the production of good foundry coke is the principal consid
eration, the other by-products must meet certain require
ments for their disposal. The tota, as well as the foundry 
coke yield from the coal charged, should be as high as pos
sible From this established blending operation, the total 
coke’ yield is 75 per cent, with 60 per cent of this amount 
screening out into the 3-inch and higher foundry size, and the 
remaining 40 per cent going into the various sizes of domestic 
oTades This is considered good for a 16-inch width oven 
and 24-hour coking time. These domestic grades require a 
coke of high B. t. u., combustibility, and ash fusion. The 
latter was one point considered in the selection of the coals 
now used. The yield of by-products is of secondary impor
tance and the operator must be satisfied if the coke meets 
the market demands. It may be of interest, however, to 
state that the yield of by-products from these coals is some
what higher than the lower volatile coking coals of other sec
tions of this country.

Influence of Storage on Caking and Coking 

Properties of Coal
L. D. S C H M ID T , J. L. ELDER, A N D  J. D. D A V IS

U. S. Bureau of Mines Experiment Station, Pittsburgh, Penna,

Samples (4 0 0  pounds) representative of fifteen different 
coal beds were oxidized progressively in an accelerated 
weathering apparatus and then subjected to a series of 
tests to follow the changes in various aspects of their cok
ing and caking behavior. The length of time each coal 
could withstand standard oxidizing conditions before losing 
its coking power (termed “ durability of coking power") 
showed a sixteen fold range among the coals tested.

The durability of coking power of most coals can be 
predicted with fair accuracy from their analysis by the 
method developed. Loss in caking tendency (leading to

STORAGE of coal near the point of consumption assures 
regularity of supply and evens out seasonal demands on 

railroads and coal mines. An important factor determining 
the amount and kind of coal to be stored is the extent of de
terioration and loss to be expected on storage. Previous work 
by the Bureau of Mines has shown that if spontaneous heat
ing does not occur, the loss in heating value on storage is so 
small as to have little commercial importance (6).

The loss of coking power is, however, of vital interest in the 
operation of coke plants where large quantities of coal must 
be stored to assure absolute dependability of supply. Use of 
coal that has suffered too much deterioration in storage results 
in decreased production of usable coke and causes operating 
difficulties, such as trouble in removing coke from ovens. In 
severe cases damage to the coke ovens may result. Changes 
in the properties of coke brought about by use of oxidized coal 
often result in decreased production of iron in the blast fur
nace and decreased efficiency of operation.

Experience has shown that some coals can be stored for

improved performance in underfeed stokers) was followed  
by several different tests. Comparisons showed: (a ) D e
crease in agglutinating value predicts decreased strength 
of coke,- (b) the amount of unfused char remaining in the 
retort after carbonization can be correlated with strength 
of coke and also with the agglomerating index that is based 
upon classification of coke buttons made in the standard 
volatile matter test.

The caking tendency of coals can be reduced greatly 
by storage or oxidation long before the true loss in heat
ing value exceeds 1 or 2 per cent.

years without serious loss in coking power, while others 
should not remain in storage more than a few weeks before 
being carbonized.

The changes that take place in coal on storage are not al
ways disadvantageous. Some coals show somewhat greater 
coking power after some time in storage (9). Furthermore, 
complete loss of coking power may even be considered ad
vantageous in special instances, such as that of coal to be used 
in domestic underfeed stokers.

A ccelerated Storage Tests

To investigate the effects of storage on representative 
co mg coals, an accelerated weathering or storage test was 
developed by the Bureau of Mines. Coal samples (400 
pounds) that are representative of the coal bed are stage- 
CfUino0 n ?aSS a 1/‘r 'nc'h screen and then exposed to air 
p - a- n 'n a steam'Jacketed drum that rotates slowly.

erio ically 90-pound samples are taken for carbonization in 
s ee retorts at 800° C. (Bureau of Mines-American Gas
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Figure 1. Sections of Coke from Pond Creek Coal Carbonized at 800° C, Showing Effect of
O xidation

Association Carbonization Procedure, 2). In this way enough 
coke is made so that standard methods of coke testing can be 
used to determine the quality of coke.

The rates at which various coals consume oxygen in the 
accelerated weathering drum (8) as well as studies on the 
effect of various storage conditions on rate of oxidation (7) 
were reported previously.

Previous studies (10) showed that major changes in car
bonizing properties brought about by oxidation or storage 
are: decreased strength of coke, decreased yield of tar, in
creased yield of coke breeze or unfused char, decreased pore 
size in the coke, in general, increase in the apparent specific 
gravity of the coke.

Figure 1 illustrates the changes in the appearance of coke 
produced when Pond Creek coal No. 53 is preoxidized. Coke 
A was made from fresh coal, whereas B  and C were made from 
coal oxidized 6.4 and 10.3 days, respectively, in air at 100° C., 
consuming 1.4 and 2.0 per cent of its weight of oxygen, re
spectively. The cell structure of coke B  was finer, as can 
be seen from the photo
graph, and the strength was 
somewhat higher than that 
of coke A . Additional oxi
dation resulted in the poorly 
fused, weak, pebbly coke 
seen in coke C.

Under a given set of stor
age conditions, the length 
of time a coal can be stored 
without serious impairment 
of its coking properties de
pends on several specific 
properties of the coal, in
cluding characteristic rate 
of oxidation, sensitivity of 
coking power to oxygen 
(that is, the amount of 
oxygen required to give a 
certain decrease in coke 
strength), and the friability 
of the coal (that is, the 
property that sometimes 
determines the amount of

surface exposed to air). In general, other conditions being 
equal, a coal of high characteristic rate of oxidation tends 
to heat spontaneously in storage, and a coal whose coking 
power is very sensitive to oxygen deteriorates rapidly in 
storage, even though no serious heating occurs.

Results previously reported (7) showed that the effect of 
oxidation and storage on coking power can be represented 
very well by the changes in the coke-strength index:

Coke-strength index =  0.225 (U/j-inch shatter) +  0.293 (■/,- 
inch tumbler) +  0.352 (1-inch tumbler) +  0.202 (per cent 
fusion) +  0.408 (100 -  friability)

This index is obtained from the results of the various stand
ard tests on coke by averaging five test values, weighted so as 
to give approximately equal weight to each value. A coke- 
strength index of 100 corresponds to the average coke-strength 
index of nine representative coking coals (7).

Figure 2 shows that the coke-strength index of fifteen cok
ing coals (unoxidized) ranges from 68 to 115. The coke-

Table I. Sources, Rank, V o la t i le -M a tte r  C ontent, O x y g e n  C ontent, and D u rab ility  o f C oking Pow er
of Coals Tested

C o a l
N o .

5 7  
5 6  
5 5

64
58 
6 0
59

53 
67
7 2
73 
52
54 
71

B e d

P o c a h o n ta s  N o .  4 
P o c a h o n ta s  N o .  3 
S e w e ll

B a k e r s to w n  
L o w e r  B a n n e r  
L o w e r  F r e e p o r t  
U p p e r  F r e e p o r t

P o n d  C r e e k  
T a g g a r t  
T h ic k  F r e e p o r t  
M c A le s te r  
P i t t s b u r g h  
H ig h  S p l in t  
B e v ie r  
H e n r y e t t a

C o u n ty  
a n d  S t a t e

R a le ig h ,  W . V a . 
W y o m in g ,  W . V a . 
W y o m in g ,  W . V a .

T u c k e r ,  W . V a . 
B u c h a n a n ,  V a . 
I n d ia n a ,  P e n n a .  
M o n o n g a lia ,  W . V a.

P ik e ,  K y .
H a r la n ,  K y .  
A lle g h e n y ,  P e n n a .  
P i t t s b u r g ,  O k la . 
A l le g h e n y ,  P e n n a .  
H a r la n ,  K y .  
C h e r o k e e ,  K a n s .  
O k m u lg e e ,  O k la .

R a n k 0

L o w -v o la t i le
S a m e
M e d iu m -

v o la t i le
S a m e
S a m e
S a m e
H ig h -

v o la t i l e  A  
S a m e  
S a m e  
S a m e  
S a m e  
S a m e  
S a m e  
S a m e  
H ig h -

v o la t i le  B

V o la ti l e  
M a t t e r  

C o n t e n t  &, 
(V)o

1 7 .3
1 8 .3

2 2 .5
2 3 .1
2 3 .1
2 6 .4

3 2 .0
3 4 .3
3 7 .3
3 8 .3
3 9 .2
3 9 .3
3 9 .6  
4 2 .8

3 8 .0

D u r a b i l i t y  of 
C o k in g  P o w e r

O x y g e n  
C o n t e n t  r, Tu ,

R a t io  t o  
P i t t s 
b u r g h

(O)o d a y s b e d  c o a l
2 . 5 3 . 4 0 . 2 5
2 .4 6 . 5 0 . 4 8

2 . 8 1 0 .4 0 .7 7
3 .2 9 . 7 0 .7 2
2 . 9 1 1 .1 0 .8 2
3 .9 > 1 5 > 1 . 1

5 .7 1 2 .6 0 .9 3
6 .1 1 0 .9 0 .8 1
6 . 5 1 3 .5 1
6 . 3 1 2 .6 0 .9 3
8 . 6 2 . 4 0 . 1 8
7 .1 1 3 .5 1
8 . 8 2 . 4 0 .1 8
6 . 5 2 0 .8 1 .5 4

7 . 2 1 .3 .1 0
°  A ll a r e  b i tu m in o u s  c o a ls ,  a n d  t h e  s a m p le s  a r e  r e p r e s e n ta t i v e  o f t h e  b e d s  a t  t h e  p o in t s  t a k e n .  
b F r e s h  c o a l,  m o is tu r e -  a n d  m in e r a l - m a t te r - f r e e  b a s is .  
c F r e s h  c o a l,  m o is tu r e -  a n d  a 3 h -f re e  b a s is .
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Figure 2. Effects of Storage (Accelerated) of Coal on Strength Index of Coke Produced on Carbonization

strength index is plotted against the time (days) of oxidation 
of y 4-inch slack in air (20.93 per cent oxygen) at 100° C. It 
will be noted that some coals withstand the effect of oxidation 
much longer than do others. For many coals the coke- 
strength index even rises somewhat for a time. However, in 
all instances the end result is the same, loss of coking power.

The figures on each of the curves indicate the quantity of 
oxygen consumed by the coal, in per cent by weight of mois
ture and mineral-matter-free coal. The distance between 
these figures on each curve is a measure of the characteristic 
rate of oxidation of the coal and, hence, is a measure of its 
propensity to heat spontaneously in storage.

The sources and partial analysis of the coals tested are 
given in Table I. In all tables the coals are fisted in the order 
of decreasing rank.

The testing procedure calls for oxidizing each coal suffi
ciently to reduce its coking power below that required for use 
in commercial coke ovens. No standards are available, but 
this result probably was achieved for each coal tested by the 
time the coke-strength index had been reduced by 15 per cent. 
Hence, using Figure 1 as a master chart, we find the time of 
oxidation under standard conditions (Vi-inch slack in air at 
100° C.) required for each coal to reduce its coke-strength 
index by 15 per cent. The time of oxidation (T15) required 
to give this standard decrease in coke-strength index will be 
used as a measure and definition of “durability of coking 
power” . Thus, durability of coking power is a specific prop
erty or characteristic of each coal and differs from coal to coal. 
Table I shows that the values of the durability of coking 
power for the various coals tested range from 20.8 days for 
Bevier coal to only 1.3 days for Henryetta coal. This means 
that if storage conditions, such as screen size, temperature, 
oxygen concentration, etc., are maintained exactly equal, 
Bevier coal can be stored sixteen times longer than Henryetta 
without serious impairment of coking power.

The basis chosen for calculating durability of coking

power—that is, the point at which the coke-strength index 
had decreased by 15 per cent—is entirely arbitrary. The 
allowable time of storage of any coal, in piles outdoors, is 
difficult to predict because of the great effect of small varia
tions in storage conditions (7). One day in the accelerated 
weathering drum is, however, roughly equivalent to about 
100-day storage outdoors (with no serious spontaneous heat
ing). Regardless of the basis of comparison chosen, the 
relative durability of coking power (Table I) should remain 
about the same. In this table the ratios of durability of 
coking power are based on that of Pittsburgh bed coal taken 
as unity.

Figure 3 shows an empirical correlation of durability of 
coking power with the proximate and ultimate analyses of 
the fresh coals and leads to an equation for predicting du
rability of coking power from analysis. The accuracy of this 
prediction for the coals tested is shown in Table II. It indi
cates that durability of coking power could have been pre
dicted accurately enough for many purposes, for all coals ex
cept 60 and 68. The reason for the abnormal behavior of 
these two coals is not known with certainty.

Figure 4 shows the effects of oxidation on the agglutinating 
value. The agglutinating value is obtained from a laboratory
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Figure 4. Effect of Storage (A ccelerated) of Coal on Agglutinating V a lu e

test and indicates the crushing strength of pellets made by 
carbonizing a small charge containing 15 parts of sand or sili
con carbide to 1 part of powdered coal (1).

Table I I .  Com parison o f O b served  and C alcu lated V a lu e  of 
D u ra b ility  o f Coking Power (T b )

C o a l D u r a b i l i t y  o f  C o k in g  P o w e r  T IS, D a y s
N o . O b s e r v e d C a lc u la t e d D e v ia t i o n
57 3 . 4 5 . 3 +  1 .9
56 6 . 5 6 . 8 +  0 .3
55 1 0 .4 1 0 .7 +  0 .3
64 9 . 7 1 0 .1 + 0 . 4
58 1 1 .1 1 1 .1 0
60 > 1 5 1 0 .7 > 4 . 3
59 1 2 .6 9 . 8 - 2 . 8
53 1 0 .9 1 0 .8 - 0 . 1
67 1 3 .5 1 2 .3 - 1 . 2
7 2 1 2 .6 1 4 .6 +  2 . 0
73 2 . 4 1 .7 - 0 . 7
52 1 3 .5 1 1 .3 - 2 . 2
54 2 . 4 0 .8 5 - 1 . 5 5
71 2 0 . 8 1 9 .0 - 1 . 8
6 8 1 .3 9 .1 +  7 . 8

Agglutinating value decreases with oxidation of the coals 
in much the same way that the coke-strength index does. 
Consequently, agglutinating value can be used as a measure 
of the extent of oxidation of a stored coal where the aggluti
nating value of the original fresh coal is known.

So far we have considered only the coking power of coal— 
that is, the strength of the coke obtained when the charge is 
carbonized in containers with exclusion of air. The behavior 
of coking coals while burning in the fuel bed brings up other 
aspects of the same general phenomenon.

Caking in F u el Beds

The term “ caking” is often associated with the melting 
and coalescence of coal particles in the fuel bed. The agglom
erates so formed have more or less strength, but strength 
usually has secondary importance; the main feature is in
creased difficulty of getting combustion air to all points 
partly because of the decreased surface area of the fuel charge. 
In domestic underfeed stokers, use of highly caking coals 
often causes formation of coke trees, especially under light 
heating load. Ostborg, Limbacher, and Sherman (5) reported

that “ in residential stokers excessive coke formations cause 
deep fuel beds which give trouble in removal of clinker. 
They result in a slow rate of pick up which, in extreme cases, 
results in extinction of the fire.”  Trouble is also experienced 
in industrial stokers because of formation of excessive amounts 
of coke.

Oxidized coking coals give less trouble from excessive coke 
formation in the fuel bed. For this reason it may often prove 
advisable to burn stored coals, outcrop coal, or deliberately 
preoxidized coal. Domestic stokers with special arrange
ments for preoxidizing the coal have been developed for use 
with highly coking slacks. In these stokers introduction of 
a portion of the combustion air into the agitated coal about 
7 inches below the active burning zone gives enough preoxi
dation to eliminate coke-tree formation and to improve opera
tion (4).

The coke-strength index, as one measure of caking tendency, 
has already been discussed in connection with the tests on 
fifteen representative coking coals at various stages of oxida
tion. Serving as measures of different aspects of the fusing 
or caking tendency, several other tests were carried out on 
these coals:

P e r  C e n t  F u s i o n . A screen analysis was made on each 
coke as it was removed from the carbonization retorts. The 
amount of the charge retained upon a 1-inch square-hole 
screen is termed the “per cent fusion” . All the coals tested 
when fresh showed less than 2.5 per cent of the charge smaller 
than 1 inch, and the average per cent fusion for these fresh 
coals was 99.2. Progressive oxidation caused a continued in
crease in the quantity of unfused particles or loose char that 
would pass through a 1-inch hole. This corresponds to an 
increase in the quantity of coke breeze formed in commercial 
ovens. Figure 5 and Table III (column 4) show the decrease 
in per cent fusion with oxidation of each coal. If the coals 
were oxidized long enough, the caking tendency would be 
destroyed and the per cent fusion would approach zero.

A g g l u t i n a t i n g  V a l u e . Comparison of the agglutinating 
values of fresh coals (column 5, Table III) with the corre
sponding coke-strength index (column 3) shows that the ag- 
glutinating-value test does not predict directly the strength 
of coke made from fresh coal in a carbonization retort. For 
example, coal 54, with an agglutinating value of 2.6 kg., gave 
almost as strong a coke as coal 52, with an agglutinating
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Figure 5. Effect of Storage (Accelerated) of Coal on Fusion

value of 8.4 kg. Nevertheless, as discussed above and shown 
in Figure 4, the decrease in agglutinating value with oxida
tion does prove to be a good measure of the decrease (with 
oxidation) in coke-strength index. This is brought out more 
clearly in Table IV.

Column 2 shows the agglutinating value after the standard 
amount of weathering—that is, after each coal has been oxi
dized sufficiently to reduce its coke-strength index by 15 per 
cent. The average agglutinating value of all the coals at this 
point is 3.9 kg., with some variation between coals. This 
corresponds to an average decrease in agglutinating value of 
38 per cent of the value for fresh coal. This large decrease 
shows that the agglutinating-value test is a valuable labora

tory test for measuring the extent of oxidation of a stored cok
ing coal.

Carbonizing conditions in the agglutinating-value test 
simulate caking in the fuel bed in two respects—that is, in 
high rate of temperature rise and in essentially free expansion 
conditions.

Column 4, Table IV, shows for all coals the per cent fusion 
in the carbonization retort after oxidation has decreased the 
coke-strength index of each coal by 15 per cent. The average 
per cent fusion at this point is 87.5; that is, 12.5 per cent of the 
carbonized charge remained as essentially unfused char. 
Study of these data shows that, in general, progressive oxida
tion results in a general decrease in strength of coke for the

Table I I I .  Effect of Storage (A cc e le ra te d ) of Coal on the Coke-Strength Index, Fusion, A gglu tinating  V a lu e , and A gglom erating  Index

C o a l

D a y s  of 
S to ra g e  in C o k e - F u s io n , A g g lu ti A g g lo m 

D a y s  of
St.OrftO'A i A

A ir a t S t r e n g th P e r n a t in g  V a lu e , e ra t in g C o a l A i r At
N o . 10 0 ° C . I n d e x C e n t K g . In d e x N o . 100° C .
57 0 1 0 3 .1 9 7 .9 7 .1 C G 67 o

4 .5 4 7 6 .5 6 2 .5 3 .4 C P 4 .617 .7 9 2 6 .1 1 .9 C P 8 !03

56 0 1 0 3 .5 9 8 .6 5 .1 C G
11
17

.91

.4 03 .2 9 1 0 1 .5 9 6 .4 5 .0 C G
9 .8 5 6 4 .4 4 3 .7 3 .0 C F 72 0

3 .2 6
55 0 1 1 4 .9 1 0 0 .0 6 .8 C G 7,,1 2

3 .9 7 1 1 4 .4 1 0 0 .0 5 .7 C G 10 .49
1 2 .9 5 7 3 .4 5 3 .5 2 .0 C F 17. 23

64 0 1 1 4 .1 9 9 .5 7 .5 C G 73 0
3 .9 5 1 1 1 .0 9 8 .1 7 .6 C G 1..41
8 .0 1 1 0 5 .0 9 3 .9 5 .5 C G 2. 85

1 1 .8 2 7 9 .5 5 3 .4 2 .8 C G 4 . 79
1 6 .1 1 3 0 .4 2 .1 C P 52 0

58 0 1 1 3 .4 9 9 .5 5 .3 C G 7. 96
5 .0 9 1 1 5 .8 9 8 .9 4 .3 C G 11. 67

1 3 .6 8 7 7 .0 6 0 .0 3 .2 C F 54 0

60 0 1 1 3 .6 1 0 0 .0 7 .0 C G
4 .
6 .

04
646 .6 5 1 1 4 .3 9 9 .0 7 .0 C G

1 5 .1 8 1 0 8 .2 8 7 .9 5 .9 C G 71 0
1. 61

59 0 9 5 .7 9 9 .3 7 .9 C G 4 . 06
9 .1 2 8 9 .6 9 7 .8 5 .7 C G 8 . 46

1 3 .7 9 7 7 .6 9 2 .2 3 .7 C G 16. 65

53 0 9 9 .9 9 9 .1 8 .2 C G
68 0

276 .4 0 1 0 0 . 1 9 8 .6 6 .8 C F 1 .
1 0 .3 3 8 7 .8 9 7 .2 5 .4 C F 2 .

4 .
57
18

C o k e -
S t r e n g th

I n d e x

8 9 .2
9 0 .5
8 7 .6
7 6 .5
6 5 .5

9 1 .4
9 3 .3
9 0 .0
7 9 .8
6 2 .5

6 8 .7
6 5 .5
5 2 .7
3 4 .0

7 9 .6
7 9 .3
7 2 .3

7 6 .7  
5 0 .5
3 8 .8

8 1 .2
7 6 .9
7 6 .9
8 2 .8  
7 6 .2

7 5 .4  
6 3 .7

F u s io n , A g g lu t i  A g g lo m 
P e r n a t i n g  V a lu e , e ra t in g

C e n t K g . I n d e x

9 8 .6 5 .6 C G
9 8 .6 5 .4 C G
9 7 .4 4 . 6 C F
9 6 .0 3 . 5 C F
9 3 .2 2 . 6 C F

9 8 .7 7 .1 C G
9 9 .4 6 .7 C G
9 8 .4 4 . 8 C G
9 7 .9 4 . 4 C F
8 9 .4 2 . 8 C P

9 9 .4 5 .4 C F
9 8 .6 3 .7 C F
8 3 .1 2 .7 C P
5 0 .4 2 .1 C F

9 7 .5 8 .4 C F  +
9 8 .0 6 .9 C F +
9 7 .8 6 . 0 C F

9 9 .5 2 .6 C F
6 3 .3 1 .6 C F
3 4 .2 1 .8 C F

1 0 0 .0 8 .7 C G
9 9 .1 8 .9 C G
9 9 .6 7 .7 C G
9 9 .9 6 .9 C G
9 8 .6 4 . 5 C F

9 9 .8 4 . 5 C F
8 5 .2 3 . 9 C F
3 9 .8 1 .3 C P
2 5 .6 0 .4 C P
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Table IV .  Com parison o f A g g lu tin a tin g  V a lu e , Per C ent Fusion, 
and Per C ent Decrease in H ea tin g  V a lu e  of Coals at the Point 
W here O x id a t io n  H as Decreased the Coke-Strength Index o f Each 

Coal b y  1 5 Per Cent
A g g lu t in a t in g  V a lu e %  F u s io n D e c re a s e  

in  H e a t in g  
V a lu e ,  %

C o a l
N o . K g . d e c re a s e V  a! u e a  %  d e c re a s e
57 4 . 4 3 8 7 4 24 0 .5 5
56 4 . 2 18 74 25 0 .6 8
55 3 .1 54 7 9 21 1 .5 464 4 . 8 36 8 5 15 1 .2 4
58 3 . 5 34 81 19 1 .2 360 < 6 > 1 4 ° < 8 3 > 1 7 a
59 4 . 2 47 94 5 1 .8 0
53 5 . 2 3 7 97 3 1 .6 967 3 . 4 3 9 95 4 1 .8 072 4 . 0 4 4 96 3 2 .0 973 3 . 0 4 4 89 10 1 .0 552 5 . 5 3 5 98 - 0 . 5 2 .4 654 1 .9 27 81 19 3 .7 871 3 . 3 62 97 3 4 .2 3
68 3 . 8 16 85 15 0 .7 2

A v. 3 .9 3 8 8 7 .5 12 1 .7 8
°  N o t  in c lu d e d  in  a v e ra g e s .

high-volatile coals (of not too high oxygen content), but the 
caking tendency as measured by the per cent fusion remains 
relatively strong. Conversely, with low-volatile coals the 
caking tendency decreases rapidly, but the coke produced 
tends to remain relatively strong.

Column 6 shows the per cent decrease in heating value of 
the coal at the point where the coke-strength index has 
been reduced by 15 per cent. At this point, where the coking

power has been essentially 
destroyed as far as use in 
commercial ovens is con
cerned, the average decrease 
in heating value caused by 
oxidation is only 1.78 per 
cent. This decrease has no 
commercial importance, es
pecially when it is realized 
that the true loss in heat on 
storage is probably only 
about one third this appar
ent loss in heating value. 
Study of the changes in 
analysis of these coals on 
oxidation leads to the rough 
estim ate that, on the 
average, about two thirds of 
the observed loss in heating 
value shown in column 6 is 
due to the gain in weight of 
the coal caused by addition 
of oxygen.

A g g l o m e r a t i n g  I n d e x .  

The agglomerating index 
{3, 11) of a coal is obtained 
by examination and classi
fication of the button re
maining in the crucible after 
the standard volatile-matter 
d e te rm in a tio n . The 
buttons are made under free 
swelling conditions and at a 
high rate of heating. Thus, 
the carbonizing conditions 
in these tests simulate in 
these respects the conditions 
in a fuel bed; consequently, 
the agglomerating index 
may serve as a measure of 
the caking tendency.

Comparison of columns 2 and 6 in Table III and reference 
to the system of classification show that with oxidation most 
coals passed from buttons showing strong swelling, pro
nounced cell structure, and metallic luster to buttons showing 
slight swelling, small cells, and slight gray luster. In the case 
of each coal tested, the swelling and amount of cell structure 
decreased with oxidation of the coal.

Figure 6 compares the agglomerating index with the coke- 
strength index for fifteen coals, both fresh and at various 
stages of oxidation. As would be expected, the points are very 
scattered; but in general, buttons classified as good caking 
(CG) correspond to coke-strength indices above 75, and but
tons classified as poor caking (CP) correspond to a coke- 
strength index below about 65. There is considerable over
lapping of the buttons classified as fair caking (CF).

Table V compares agglomerating index and per cent fusion 
in the carbonization retort for fifty-five coals, both fresh and 
at various stages of oxidation. The results are scattered; 
however, the average per cent fusion decreases from 96.4 
for coals in the good-caking classification to 83.8 for fair- 
caking coals, with the still lower value of 51 for coals classified 
as poor caking. Thus, a rough correlation exists between 
these two different tests of the caking tendency.

Table V .  Comparison of A gg lo m era tin g  Index and Per Cent 
Fusion in C arbonization Retort

A g g lo m e ra tin g  in d e x  C G  C F  C P
N u m b e r  o f t e s t s  2 7  21 7
R a n g e  of p e r  c e n t  f u s io n  5 3 .4 - 1 0 0  3 4 . 2 - 9 9 . 8  2 5 . 6 - 8 9 . 4
A v e ra g e  p e r  c e n t  fu s io n  9 6 .4  8 3 . 8  51

Conclusions

In conclusion, the work has shown that there is a wide 
range (more than sixteen fold) in durability of coking power— 
that is, in the allowable time of storage (under exactly equal 
condition as to screen size, temperature, etc.) for coal to be 
used in coke ovens. Durability of coking power can be pre
dicted for most coals from the standard coal analysis ordi
narily available before a coal is selected for storage. The 
effects of storage can be assayed by either the agglutinating- 
value test or by examination of coke buttons made in the 
standard volatile-matter determination.
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Possible N ew  Uses for Coal
H . C. H O W A R D

Coal Research Laboratory, Carnegie Institute of Technology, Pittsburgh, Penna.

The low -bo iling  fractions in the by-products from coal carboniza
tion have been the great source of aromatic compounds for the 
chemical industry. Recent demands for benzene, to luene, naph
thalene, and phenolic  compounds and some o f their derived prod
ucts, such as aliphatic and aromatic d icarboxylic  acids, lead to 
consideration of other possible sources of these compounds.

D irect degradation of bitum inous coals can furnish good y ie lds of 
any desired range of m olecular sizes of carbo- and heterocyclic  
structures. Under certain conditions up to 8 0  per cent of a bitum i
nous coal can be converted to ash-free "bitum ens,” condensed cyclic  
structures of molecular weight ranging from a few hundred up to per
haps 1 0 0 0 . M ild  oxidation reactions produce the so-called regener
ated humic acids, of similar nuclear structure to the bitumens, but 
with sufficient peripheral polar groups to give them acid properties.

M o re  drastic degradation of bituminous coals leads to simpler

molecular types which are, for the most part, d istillab le . These 
are predom inantly aromatic hydrocarbons, although significant 
amounts of naphthenes and paraffins are also present. Under 

certain conditions an appreciable  fraction o f the oxygen o f the 
coal may appear as phenolic com pounds, and o f the  nitrogen, as 

organic bases.
O x id atio n  at elevated pressures and temperatures results in the 

production of simple a liphatic  acids such as acetic  and oxalic, 
along with aromatic acids of the benzene carbo xylic  series, from 
the phthalics to m ellitic, and other p o ly ca rb o x y lic  acids o f more com

plex nuclei.
Increasing demands of the synthetic chem ical industry for aro

matic structures may be met by  the app lication  o f these methods of 
degradation either d irectly  to  bitum inous coals or to the com plex  

cyclic structures, the tars and pitches.

OTHER papers in this symposium have dealt with the 
use of some of the simple degradation products from the 

carbonization of coal, such as benzene, naphthalene, and 
phenols, in building up the complex polymeric structures 
which constitute the synthetic rubbers and the various plastics. 
In connection with these discussions it is appropriate to con
sider to what extent coal itself may become a primary mate
rial for the chemical industry. Coal is indirectly the raw 
material for many important synthetic processes—ammonia, 
methanol, and liquid and solid hydrocarbons through the 
water gas reaction, and synthetic rubbers and certain plastics 
through carbide and acetylene. These depend upon con
version of the greater part of the coal by carbonization to the 
highly condensed carbocyclic structure, coke, followed by re
action of coke to form such simple molecules as carbon mon
oxide, hydrogen, or acetylene, which in turn are recombined 
to form the desired more complex forms. Such processes 
have the enormous advantage of giving good yields of a rela
tively small number of molecular types, and it may well be 
that it is along similar indirect paths that the most spectacu
lar advances of the future utilization of coal by the chemical 
industry will be made. Such processes have, however, so 
far supplied chiefly either simple linear molecules or their 
polymers, and coal has remained the great, and until recently, 
almost exclusive source of cyclic compounds. It appears 
worth while, therefore, to consider what possibilities may be 
ahead for products derived from coal by reactions which in
volve less complete destruction of the original coal structure. 
To understand what these may be, let us look at coal through 
the chemist’s glasses.

Composition of Coals

Aside from associated inorganic impurities, coals contain 
carbon, oxygen, hydrogen, nitrogen, and sulfur and, neglect
ing for the moment the last two which are present usually 
only in amounts of 1 to 2 per cent, the compositions of all 
coals fall on a narrow band when plotted on a triangular dia
gram involving carbon, hydrogen, and oxygen as shown in 
Figure 1. This band (14) includes at one end such com
pounds as cellulose and lignin and at the other, graphite.

The atomic ratios of carbon to hydrogen in the band range 
from 0.596 for the aliphatic structure, cellulose, to infinity for 
the completely condensed carbocyclic structure graphite. 
Lignin, peats, lignite, bituminous coals, and anthracites have 
values intermediate. Table I lists the carbon: hydrogen ratios 
of a number of structures from the coal band and various types 
of hydrocarbons. Comparison shows that only chains of 
conjugated double-bond or condensed cyclic structures fall in 
the range of possibilities. Since the former are excluded due 
to the physical and chemical properties of the coals, there ap
pears to be no doubt that we have to deal with cyclic struc
tures or mixtures of them with aliphatic chains. The pres
ence of oxygen in the coals affects the comparison very little, 
since a brief consideration of the various forms in which oxy
gen may occur shows that it does not affect the carbon:hydro
gen ratio at all when present as hydroxyl or linear ether 
structures; that it increases the ratio somewhat when pres
ent as cyclic ethers and somewhat more when present in 
carbonyl groups. Compare, for example, the hydrocarbon

(XXX) C:H = 1-41
its heterocyclic analog, brazan

C:H = 1.60

the hydrocarbon, fluorene

O —O  C:H = 1.20 

and the corresponding carbonyl compound, fluorenone

a A o C:H = 1.62

Naturally the effect depends upon the amount of oxygen pres
en and cannot be great with the amount present in the bi
tuminous coals.

156
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M olecu la r Structure

Except at temperatures where there is definite evidence for 
thermal decomposition or where there is strong probability 
of its occurrence, the coals are not significantly soluble or 
volatile. The failure to obtain significant amounts of dis- 
tillable products from coal, even in the molecular still (8), at 
temperatures below which thermal decomposition occurs, sets 
a probable lower limit to molecular weight of 500 to 1000. 
Less exact conclusions can be drawn from the failure of coals 
to dissolve since we know that solubility depends greatly on 
the type of molecular structure. Very high molecular weights 
have been ascribed to, and are generally accepted for, the 
units in solutions of such linear structures as cellulose and 
rubber, but in the case of large network molecules such as the 
Glyptal and Bakelite resins, insolubility sets in at relatively 
low values. Since we have few means of even estimating 
“molecular weights” in insoluble and nonvolatile structures, 
we can assume either that such structures have passed sud
denly from low to very high molecular weights in passing 
from soluble to insoluble stages, or that they have intrinsi
cally lower solubilities at the same molecular weight as the 
linear structures.

The preceding discussion has been based on the assumption 
of an average composition, and just how heterogeneous coal 
is from a molecular viewpoint cannot be definitely stated. 
Obviously “ islands” of highly condensed structure such as is 
exemplified by coronene, combined with considerable amounts 
of aliphatic chains, will lead to the same average carbon: 
hydrogen ratios as though the structure were predominantly 
of a linear condensed type with fewer aliphatic chains present. 
In either case the structure with which we have to deal is 
predominantly cyclic and, for the most part, carbocyclic in 
character.

Coals in their original unmodified form are brittle and have 
little tensile strength; they are readily attacked by air and 
oxidizing reagents, and, while thermoplastic at elevated tem
peratures, the process is not reversible and the product is a 
porous brittle solid, coke. Thus, the problem for the chem-

Table I. C arbo n :H yd ro gen  Ratios

H y d r o c a r b o n s

P a r a f f in s  

O le fin s  a n d  n a p h th e n e s

C o n ju g a te d  d o u b le 
b o n d  c h a in s

C o a l  S e r ie s
A to m ic  

C :  H

C e llu lo s e 0 .5 9
L ig n in 0 .9 0
P e a t 0 .9 6
B ro w n  c o a l 1 .0 8
L ig n ite 1 .1 4

B i tu m in o u s  c o a ls
I ll in o is  6 1 .2 7
P i t t s b u r g h 1 .2 9
P o c a h o n ta s  3 1 .5 4

A n th r a c i te 3 . 2
G r a p h i t e CO

A to m io  
C :  H

0 . 2 5 - 0 . 5 0

0 . 5 0

0.66-1.00

1.00-2.00

1 .2 0 - 1 . 5 0

1 .5 0

3 0

IOOO

L in e  o f  Z e r o  C a r b o n  

Figure 1. The Coal Band

ist is to modify or degrade the structure so that it may have 
useful applications either directly or in combination with 
other molecular building units.

M ethods o f Degradation

A cheap and effective means of degrading complex mole
cules to those of useful size, w’hich has found enormous appli
cation in the petroleum industry, is pyrolysis. Unfortunately 
simple pyrolysis, when applied to coals, leads to only rela
tively small yields of molecules of small and intermediate 
sizes, and the greater part of the carbon appears as the com
pletely condensed carbocyclic structure, coke. For, as 
Brooks (4) pointed out, “ in the aromatic series, in which the 
remarkably stable six-carbon ring structure is present, the 

result of heating is chemical condensation, 
carbon to carbon combination, to larger 
and larger molecules and eventually to coke, 
with the liberation of hydrogen and other 
simple split products such as methane, 
ethylene, and so forth” .

As would be expected, this undesired 
series of reactions can be avoided to a certain 
degree by controlling the conditions of py
rolysis. Increased heating rate leads to in
creased yield of volatile products, but there 
are definite limitations to the effects. It has 
been shown {21) that a twenty fold change in 
heating rate from 1°  to 20° C. per minute re
sulted, in the case of a Pittsburgh seam coal, 
in a 2-3 per cent increase in yield of liquid 
products and a corresponding decrease in the 
yield of coke. The effect of high heating 
rates obtained by blowing finely divided coal 
against heated metal or refractory surfaces 
does not appear to have been investigated.

Other methods of controlling the course 
of the reaction consist in thermal degrada
tions under such conditions that the re
actions which are responsible for the splitting 
of simple gaseous molecules and consequent 
condensation of the bulk of the carbon 
cycles to still more complex structures are 
hindered either by conducting the decom
position in the presence of a liquid or by the 
use of high hydrogen pressures.

IOO H
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Table II. Degradation of Pittsburgh Seam Coal by Solvents (1)
C o a l

T e m p .,  °  C .
T o t a l  e x t . ,  %  of co a l 
C o m p n . of e x t . ,  %  

A c id s  
B a se s  
P h é n o ls  
N e u t r a l  

E th e r - s o l .  ° 
E th e r - in s o l .  

R a t io  C :H

a B y  d iffé re n c e .

1 .2 9

A n il in e

2 2 5 250

----------- T e t

300

r a l in ----------

350 400
47 3 3 .8 1 7 .0 3 0 .8 3 .9

0 .0 7 1 .2 0 .9 0 .6 0 .3
1 .3 0 .5 0 .4 0 .6 1 .1
0 .5 0 .9 1 .0 1 .8 2 .0

2 .7 3 3 8 .2 2 5 .5 3 1 .3 6 9 .2
9 5 .4 0 5 9 .2 7 2 .3 6 5 .7 2 7 .4
1 .4 8 0 .9 3 0 .9 5 1 .0 2

P h e n o l

250 , 300  
6 6 .7

0.20.2
1.0
12.2
8 6 .4
1 .3 1  (2 5 0 e C.)

Degradation by Solvents

When bituminous coal is heated to elevated temperatures 
in the presence of a liquid phase, the thermal decomposition 
takes a different course than is the case in a simple pyrolysis. 
The extent of the decomposition depends both on the tem
perature and on the nature of the solvent used. Solvents of 
low internal pressure such as the aliphatic hydrocarbons are 
least effective and those of high internal pressure, especially 
the aromatics with polar groups such as phenol and aniline, 
are very effective (1, 11). The temperatures which can be 
employed naturally depend upon the stability of the solvent. 
Phenolic compounds and the higher aromatic hydrocarbons 
and their partially hydrogenated derivatives are especially 
useful.

Typical data, showing the action of phenol and of Tetralin 
on a Pittsburgh seam coal, are given in Table II. The prod
ucts recovered after removal of the solvent vary from viscous 
oils through pitches to powdery bitumens of relatively high 
melting point. They are very low in ash, indicating that they 
have been molecularly dispersed in the solvent and are not 
peptized coal particles. That they are the product of a defi
nite degradation of the coal is also proved by their ready solu
bility in benzene or mixtures of benzene and ethanol. They 
are almost exclusively neutral in character, as judged by the 
conventional tests of alkali or acid solubility, and are ob
viously a mixture of molecules of condensed cyclic nuclei of 
similar chemical structure but widely varying molecular 
weight. Fractionation by distillation is not possible, but 
they respond to the same methods of fractionation by mixed 
solvents as do linear polymer homologous series (2).

The mechanism by which these products are formed is still 
obscure. When phenol is used, the material balances are 
always over 100 per cent and it is possible that the degrada
tion is due to cleavage of certain weak linkages in the coal 
structure by phenolysis or by hydrolysis due to the loosely 
bound water always present to a certain extent even in dried 
coal. It obviously requires reaction at only a few linkages to 
give greatly reduced molecular Weights in a high molecular 
weight system. That the process involves only rupture of 
weak bonds is also indicated by its temperature coefficient, 
calculations from which lead to values of activation energy of 
not more than 10,000 calories (5). The high yields obtained 
with Tetralin undoubtedly involve reaction of hydrogen 
since a part of the hydrogenated solvent is always recovered as 
naphthalene. This is also indicated by the much lower car
bon: hydrogen ratio of the extracts with this solvent.

No commercial attempt appears to have been made in this 
country to make use of this method of obtaining primary deg
radation products from coal. Abroad Potte and Broche {13) 
patented a process involving solvent decomposition of coals 
by Tetralin and certain tar acid fractions, and the products 
so obtained have been carbonized to obtain ash-free carbon 
for aluminum manufacture {15), to furnish an ash-free pow
dered fuel for internal combustion engines {22), and to pre
pare an ash-free raw material for further hydrogenation to

motor fuels {15). Chemical uses, which 
would appear to be worth further in
vestigation, are reactions with maleic 
anhydride, as units in copolymeriza
tion reactions, as fillers and plasticizers, 
and as raw materials for further hydro- 
genolysis and oxidation reactions. The 
former would furnish aromatic and hy- 
droaromatic hydrocarbons of any de
sired range of molecular sizes and the 
latter, polycarboxylic aromatic acids.

' While it is true that the extent of
molecular degradation obtained by this 

procedure is more definitely restricted than is the case with 
reactions involving hydrogenolysis or oxidation, the procedure 
is simple and operates at lower temperatures and pressures 
than hydrogenolysis. Impure solvents obtained from by
product carbonization plants appear to be.satisfactory and 
the loss of these, together with some hydrogen, appear to be 
the only expensive features. That the products of the process 
are proposed as competitors for coal tar pitches and for the 
residues from petroleum stills, in the manufacture of ash-free 
electrodes, indicates that these costs are not high.

Degradation b y  Hydrogenolysis

The decomposition of coals at elevated temperatures in the 
presence of high hydrogen pressures has only been used com
mercially to prepare hydrocarbons of a suitable range of 
molecular size for use in the internal combustion engine, but 
it is possible to recover a large fraction of the coal as cyclic 
compounds of any desired degree of complexity, depending 
upon the temperature, the hydrogen pressure, and the type 
of catalyst employed. At 350° C. with a Pittsburgh seam 
coal, the process results in high yields of condensed cyclic 
structures, some of which contain oxygen as hydroxyls and 
which range in complexity from two to seven or more cycles, 
together with small amounts of gaseous hydrocarbons of the 
paraffin series {3). As the temperature is increased, the 
average molecular size of the products is reduced until tem
peratures of around 450° C. are reached. Above this tem
perature, unless greatly increased hydrogen pressures are em
ployed, the condensation reactions responsible for coke for
mation begin with concomitant formation of larger amounts 
of gaseous paraffins. At still higher temperatures the gase
ous paraffins constitute nearly the entire yield of volatile 
products. Thus, the degradation of bituminous coals by 
hydrogenolysis offers to the chemist a possible means of pre-

Table II I. H ydrogenolysis of a Pittsburgh Seam Coal (19)
Conditions

440 C., 200-300 atm . pressure, 2.75 hr. contact tim e  
Reactants

100 lb. ash- and moisture-free coal +  7.5 lb . hydrogen  
Products

71 lb. oils made up of:
10.6-12.8 lb. tar acids“
2.1-3 .5  lb. tar bases 
55.2-54.6 lb. neutral oils 

6 -8 %  olefins 
67-70%  aromatics

91 n . o o " aPhthenes and paraffins  
r  c iu • ^ rocai'bon and carbon oxide gases 
, ,  ^  insoL carbonaceous m ate ria l

J. water, amm onia, and hydrogen sulfide

3 0 ^  Weigo L - ° iling UP t0  235 0 C . (composed of 50%  xylenols, 
300“ C  0 phenol>’ and 3 .7 %  by  w eight boiling from 235-
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Figure 2. Rates of Formation of O rganic A c id s  from 
Pittsburgh Coal with 1 N  N itric  A c id

paring in unlimited amounts many types and sizes of carbo- 
cyclic structure. These are chiefly hydrocarbons, but with 
certain coals a significant fraction of the oxygen in the coal 
appears as phenolic compounds and, of the nitrogen, as or
ganic bases. The neutral material is predominantly aro
matic, but with significant amounts of naphthenes, paraffins, 
and olefins. The latter have been reported to be cyclic. If 
the degradation is carried out in the 425-450° C. range, a 
large fraction of the fragments is sufficiently volatile and 
stable to permit fractionation by distillation in standard 
columns. Degradations at 350° C. result in more complex 
structures which require special methods of fractionation 
similar to those mentioned in connection with degradations 
in the presence of solvents.

Typical results of hydrogenolysis of a Pittsburgh seam coal 
in the Bureau of Mines assay plant are shown in Table III. 
Under these conditions, from 100 pounds of ash-free coal plus
7.5 pounds of hydrogen, 71 pounds of liquid products are ob
tained, 21.5 to 29.4 pounds of gaseous hydrocarbons and car
bon oxides, 6.4 to 8.6 pounds of insoluble carbonaceous mate
rial, and 3.2 to 6.4 pounds of water, ammonia, and hydrogen 
sulfide (19).

The contents of aromatic and hydroaromatic structures 
can be controlled to a considerable extent through tempera
ture, hydrogen pressure, and type of catalyst employed. The 
high yield of phenolic materials is of special interest, some 7.5 
per cent by weight of this coal being converted into phenolic 
compounds of a useful molecular weight range, boiling up to 
235° C.; although the field has not been investigated, it ap
pears probable that the more complex phenols, boiling above 
235° C., can be degraded by hydrogenolysis to simple phenolic 
compounds plus hydrocarbons. Because of the great interest 
of the phenolic compounds to industry, further studies of hy
drogenolysis of coals to determine the optimum conditions for 
maximum yields of phenolic materials would appear to be well 
worth while.

Oxygen balances on the hydrogenolysis of this coal show a 
large fraction (42.4 to 59.4 per cent) of the oxygen of the coal

appearing as water (18). Further study would show whether 
this is a necessary evil or merely a result of the particular 
operating conditions. The actual amount of oxygen recov
ered as phenolic compounds, boiling up to 235° C., is 16.1 per 
cent of that in the coal; thus, if this fraction could be in
creased to, say, 50 per cent, the weight of phenols in this boil
ing range would amount to 23 per cent of the weight of the 
coal employed. It is of interest to note in this connection 
that high-temperature aqueous alkaline hydrolysis of bitu
minous coal also yields phenolic compounds (10).

The products obtained from coal either by decomposition 
in solvents or by hydrogenolysis are similar in chemical struc
ture to those obtained in carbonization processes, and the 
cost of their production would probably be of the same order, 
so that the question arises as to their economic position. In 
answer to this it can be stated that coal tars and pitches are 
only cheaply available near by-product ovens and that, in 
general, the amounts of aromatic compounds available from 
carbonization are strictly related to steel production. Even 
with present high production rates we have had to turn else
where for the required amounts of toluene, and benzene has 
been restricted entirely to chemical and aviation uses. With 
decreased steel production after the war and increased re
quirements of benzene and other aromatics for the synthetic 
chemical industry and for aviation, it appears possible that we 
may have to develop independent sources for these com
pounds. There are several possible answers: greatly ex
panded use of coke for smokeless domestic fuel, direct degra
dation of coal, or cyclization of petroleum fractions (30). 
Rapid strides have already been made by the petroleum in
dustry in connection with the last.

Degradation b y  O xidation

A third possible method by which coal can be converted to 
compounds of interest to the chemical industry is by con
trolled oxidation. It has been known for many years that the 
oxidation of coals at moderate temperatures results in the for
mation of organic acids (7). Just as in the case of the other 
degradations which have been discussed, the products cover 
a wide range of molecular sizes, depending upon the condi
tions of the oxidation. Carbonic acid is always formed and, 
along with it, varying amounts of acetic, oxalic, and succinic 
acids, the members of the benzene carboxylic series, from the 
phthalics to mellitic, and acids of complex cyclic nuclei (7, 9). 
The proportions of each can be controlled to a considerable 
degree by the oxidation conditions.

Low temperatures and low concentrations of oxidant—for 
example, 1 N  nitric acid at 100° C.—result in reaction as shown 
in Figure 2. Under these conditions approximately 80 per 
cent by weight of the coal can be recovered as the dark- 
colored so-called regenerated humic acids. These are acids 
of complex condensed cyclic nuclei of varying molecular size 
which owe their acid properties chiefly to the presence of car
boxyl groups. They are readily soluble in alkali but repre
cipitate on acidification. Ultimate analysis shows a signifi
cant fraction of the total oxygen (in some cases 40 per cent) 
unaccounted for in functional groups, and this is probably in 
heterocyclics. Decarboxylation leads not to aromatic hy
drocarbons, but to black, nonvolatile, insoluble coal-like resi
dues. Similar acids can also be prepared by the action of air 
or oxygen on bituminous coals at temperatures from room 
temperature up to the ignition point of the coal (12). Acids 
of this type can obviously be prepared cheaply. No system
atic investigation appears to have been made of possible ap
plications, but the ammonium salts have been suggested as 
fertilizers (6). The equivalent weights of these acids range 
from 200 to 300 so that the ammonium salt would contain as 
a maximum 7.9 per cent available nitrogen as compared with 
21 per cent for ammonium sulfate. Thus, such compounds
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would be at a disadvantage from the standpoint of shipment, 
but in view of the wide distribution of coal and the simplicity 
of the process for the preparation of these acids, this does not 
appear to be a decisive factor. The strongest argument in 
favor of the agricultural use of such materials lies in the fact 
that they would leave desirable organic residues in the soil as 
contrasted with the undesirable sulfate. Such acids have 
also been suggested as base-exchange materials, as peptizing 
agents in clay slip casting, and as desirable fillers in increasing 
the active area in storage battery plates (16).

The soluble acids produced by such an oxidation procedure 
are made up of varying amounts of acetic, oxalic, and benze- 
noid acids of differing degrees of complexity. The more com
plex acids are highly colored and the resulting mixture varies 
from deep orange to pale yellow, depending upon the extent 
of the degradation. That these acids are secondary products 
resulting from the further oxidation of the “ humic acids” is in
dicated by the curves of Figure 2 and also by the fact that 
with more drastic oxidation procedures no humic acids are re
covered and only these soluble types are produced. Their 
simpler structure is also shown by their solubility in acid as 
well as alkaline aqueous solutions, and also in such organic 
solvents as acetone, ether, and alcohol. On decarboxylation 
they yield simple aromatic hydrocarbons, benzene, and higher 
homologs, simple phenols and bases, and small amounts of di
phenyl and pitches (9). These soluble acids can also be pre
pared by the action of oxygen at elevated temperatures and 
pressures on aqueous alkaline suspensions of bituminous coals 
(17). The apparatus used is shown in Figure 3 and typical 
data in Tables IV and V.

Table IV .  Pressure O x id a tio n  o f Carbonaceous M ateria ls  (17)
(24  h o u r s  a t  2 5 0 °  C .  in  a q u e o u s  p o ta s s iu m  h y d ro x id e , t o ta l  p r e s s u re  600 

p o u n d s  p e r  s q u a re  in c h )

• T y p e  of C a rb o n ,  %  —
C a r b o n a te  O x a la te  A ro m a t ic

I ll in o is  N o . 6 
P i t t s b u r g h  
H ig h - s p l in t  
P o c a h o n ta s  
A n th r a c i te  
5 0 0 °  C . c o k e  
7 0 0 °  C . c o k e  
H ig h - te m p .  c o k e  

( F a ir m o n t )
G r a p h ite ,  n a tu r a l  
P i t c h  f ro m  h ig h - te m p . 

c a rb o n iz a t io n

5 8 .1
4 9 .7
5 7 .7
5 7 .0
5 9 .3
6 1 .3
5 9 .8

6 3 .1
5 7 .9

4 4 .0

9 .3  
1 2 .98.0

4 .5
3 .4  
5 .2  
4 .1

2 .9
1 .9

6 .4

3 2 .8  
3 6 .2
3 6 .5  
3 9 .1
3 7 .8
3 3 .0
2 1 .5

6 .7
2 .3

3 0 .0

In so l.

1 4 .5

2 7 .3
3 7 .9

1 9 .5

Table V .  Properties o f A ro m atic  A c id s  Formed by Pressure 
O x id a tio n  of Pittsburgh Seam Coal (17)

Y ie ld , p e r  c e n t  
C o m p o s it io n 0 , p e r  c e n t  

C a r b o n  
H y d ro g e n  
N i t ro g e n  
S u lfu r  

E q u iv a le n t  w e ig h t  
M o le c u la r  w e ig h t  
A c id s  is o la te d

3 0 -4 0

5 1 .9 1
2 .8 7
0 .4 5
1 .0 3

7 3 .1
230

T e r e p h th a l ic ,  t r im e l l i t ic ,  
p r e h n i t ic ,  p e n ta e a rb o x y l ic

°  T h e  t r im e l l i t i c  a c id  p re d o m in a te d  in  t h e  m ix e d  a c id s  aD d t h e  a v e ra e e  
c o m p o s i tio n ,  e x c e p t ,  o f c o u rse , fo r  n i tr o g e n  a n d  s u lfu r ,  w as  c lo se  to  t h a t  of a

equfvalenwcigh*̂ 70, aC‘d' 6M1; H' 2'85; -W * 210;

Of the mixture of acids produced, oxalic and the members 
of the simple benzene carboxylic series are of the most imme
diate interest to the chemical industry. It is possible to iso
late the oxalic acid as the sodium salt, from oxidation products 
of bituminous coal in aqueous alkali, in yields as high as 50 per 
cent of the coal. Separation and purification of the benzene 
carboxylic series presents greater difficulties, but it is possible 
that mixtures of these could be employed in producing Glyp-

tal type resins by reaction with glycols and, after esterification 
with methanol or butanol, as plasticizers in the various syn
thetic rubber-like products. Because of their polyfunctional 
character, satisfactory resins can be made with glycols and 
even the methyl esters of mixtures of the more complex acids 
are resinous solids.

No figures on cost of manufacture of organic acids by oxida
tion of coal are available. The more complex types could 
probably be made cheaply enough to be considered in connec
tion with fertilizers. The simple types cannot be produced 
in good yields by atmospheric oxidation and would require 
oxygen or air at elevated temperatures and pressures, or more 
expensive types of chemical oxidants such as nitric acid. In 
producing such soluble types of acids, some 50 per cent of the 
carbon of the coal appears as carbon dioxide; therefore it is 
obvious that only cheap oxidants can be considered.

Degradation o f Pitches

The methods of degradation which have been discussed as 
applicable to bituminous coals can also be used to a certain 
degree with pitches. In some cases, however, in spite of 
ower molecular weight, the pitches have been found more 
1 iCU °̂. *!eacE Whether, in any given case, bituminous 

coa s or pitches are used will no doubt depend upon the spe
cial economic factors.
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Organization o f a Systematic 
Test Fence Program

E. W. MCMULLEN AND E. J. RITCHIE
The Eagle-Picher Lead Company, Joplin, Mo.

T HE exposure testing of exterior paints, such as house 
paints, has been plant and laboratory routine for many 
years, and practically everyone connected with the 

paint industry has had experience with such tests. Ex
posure tests range in size from comparisons made on a pair 
of paints to studies involving hundreds of paints.

The literature of house paint technology contains many 
excellent papers in which the methods and results of exposure 
testing are discussed. These papers deal with such problems 
as the effects of the kind of wood being painted (2, 6, 11, IS, 
21, 26), of variations in the consistency of the paint (15, 29), 
of pigment concentration (12, IS, 15, 29), of various thinners 
(5, 6, 25), of various pigmentations and vehicles (8, 14), and 
other variables such as climate and the weathering conditions 
at the time of exposure (2, 21, 26). Other papers have con
sidered such topics as special primers (6,21, 27), the properties 
of paint systems of two coats (9, 13, 20, 24), and many have 
been written dealing with the special properties of certain 
specific pigments or pigmentations.

Many of the data concerning the durability of house 
paints are in the nature of an accumulation of ideas and facts 
gathered from many separate and unrelated tests. Although 
useful and valuable, such information does not form a 
satisfactorily correlated basis for either the formulation of 
paints to meet specific requirements, or to predict the prop
erties of new and untested formulations. In the fall of 1937 
the Eagle-Picher Research Laboratory undertook the job of 
organizing an exposure study to furnish a body of well- 
correlated facts.

Many single-pigment paints were made, using as many 
types of each pigment as were available. These single
pigment tests were preliminary to the systematic study of 
mixed pigment house paints. Many interesting comparisons 
were made which were of value in selecting the rather limited 
number of pigments to receive thorough testing in the mixed 
pigment part of the testing program.

M any of th e details to  be considered in  
planning a test fence exposure program  of 
house paints are discussed. T he u se o f  
triangular coordinate graphs to select th e  
essential p igm ent com positions needed to  
study all practical variations in  a single  
three-com ponent p igm ent system  has been  
expanded to correlate a large num ber of 
system s. The m ethod  m ay be m odified to  
handle as m any as five com ponents.

Em phasis is laid on th e necessity  o f com 
plete records and a critical interpretation  o f  
results. It is expected th a t th e perform ance 
o f new paint form ulations can be forecast 
from a continuation  of th is type o f work.

Exposure T esting D etails

In the planning of a comparative study of a small group 
of paints, the conditions of test and exposure are usually so 
well defined by the properties of the paints and the purpose 
for which they were manufactured that many of the possible 
variables need not be considered. When the object of the 
test is to obtain basic information on the properties of the 
individual components that enter into a paint, all the known 
variables must be considered and, if possible, controlled. 
The careful control of all details of exposure testing is of 
particular importance in large studies in which the paint 
compositions fall into many small and related groups (1).

The organization of a test fence program includes the 
study and planning of the preparation of the paints, their 
application, and the place and nature of the exposure tests 
to be made, as well as the selection of the compositions for 
test. Many of the details involved have been discussed 
by Ashman (2) and others. A few comments on the general 
methods followed in the preparation of the large panel study 
described will be in order.
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Paint preparation 
was expedited by 
making up single 
pigment pastes in 
oil and mixing these 
stock pastes in the 
proper proportions 
with whatever ad
d i t i o n a l  oi l  was  
necessary to give 
the desired pigment 
vehicle-solids ratio.
This ratio is usually 
a b b r e v i a t e d  to 
PVR. Each single 
pigment paste was 
prepared as stiff as 
c o u l d  eas i l y  be 
m a n a g e d  on t he  
mill, and the num
ber of passes re
quired was deter
m i n e d  b y  t h e  
dispersion of the 
p i g m e n t .  T h e  
abrasive materials 
such as the silice
ous extenders were
dispersed on a laboratory-size stone mill but all other pastes were 
dispersed on a laboratory-size, three-roller mill.

Only the nonvolatile constituents of the paint were predeter
mined in this study, with the amount of volatile required being 
determined by the amount needed to reduce the paint to satis
factory working consistency. Complete viscosity data were 
recorded and have been found very useful.

I t  was observed th a t some paints when made ready for applica
tion by the addition of volatile and drier to the paint solids show 
marked consistency changes in a period of a week or two. These 
changes are sometimes so large as to make it necessary to add 
additional thinner before painting a t that time. To avoid this 
difficulty and to maintain as nearly uniform conditions with 
respect to the age of the paint a t the time of use as possible, only 
fresh stock single-pigment pastes were used, the mixed pastes 
were not thinned by the addition of turpentine and drier until 
the day before painting, and the attem pt was made to have all 
paints less than two months old a t the time of application.

Paints for the study of tin t retention were made by tinting a 
portion of the white base paint with lampblack in oil. A wet 
color standard was used, and it was found tha t some deviation 
in hue resulted from the effect of the base paint.

The panels were painted in the laboratory under reasonably 
uniform conditions. The panels were also dried in the laboratory 
a week between coats and a week more after the last coat before 
being placed on exposure. The lumber showed a moisture con
tent o f 12 to 14 per cent a t the time of painting. The painting was 
done by a well-qualified professional painter.

The film thickness of the applied film has been shown (9, 28, 80) 
to have an im portant bearing on durability. I t  is satisfactory for 
the requirements of some tests to make sure th a t the paint is of 
the proper consistency for satisfactory brushing and have the 
paint applied under uniform conditions by a skilled operator, 
and then to measure the amount of paint applied. I t  is preferable 
in most cases, however, to apply a definite amount of the paint to 
result in a film of the desired thickness. The method of making 
the necessary calculations has been reported by Browne (9).

All the paints of this series were exposed on edge-grained 
western red cedar boards. These boards were selected after 
consideration of the fact th a t this test was primarily intended to 
study pigment compositions, and hence a kind of wood was de
sired th a t would have as little effect as possible on the paint 
system. These boards were exposed a t 45° to the south ancf ver
tically facing both north and south. Accelerated weathering 
panels were also made and tested.

The size of the panels found satisfactory for the different tests

E a g l e - P i c h e r  T e s t  F e n c e

A c c e le ra te d
4 5 °
V e r t ic a l

Cm.
7 X  23  X  0 .9

1 4 .3  X  3 8 .1  X  1 .9
1 4 .3  X  61 X  1 .9

Inches
2 3A  X  9 X  8A  
5 V s X  15 X  '/<  
5V s X  24  X  » / .

Panels of 19.4 and 24.4 cm. width (75/s and 96/s inches) have also 
been used, w ith no particular advantage for the wider boards. 
To reduce the possibility of erratic results due to differences in 
boards, duplicate panels were used on all exposures.

The entire surface of all panels was carefully painted, but only 
the am ount of pain t on the face of the panel was measured. Al-
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though the back 
and edges of the 
p a n e l s  we r e  n o t  
given further pro
tection, our experi
ence with this type 
of rack construction 
to  d a t e  is q u i t e  
satisfactory. The 
blistering type of 
failure is almost en
tirely absent on our 
fence. Since it has 
been shown (18,19) 
th a t blistering is in 
most cases due to 
moisture tha t ac
cumulates back of 
the panel or siding 
of a house, due to 
improper structural 
d e s i g n  or  f a u l t y  
construction, and  
since special test 
equipment can be 
made to give infor
mation on blister
ing (27), it was be

lieved that the lack of this type of failure is unim portant.
In a study of pigment combinations it  is desirable to keep the 

vehicle portion constant and to use vehicles known to be satis
factory. The vehicle selected for this study was a  mixture of 90 
per cent alkali-refined linseed oil to which 10 per cent of a Q-body 
heat-bodied oil was added. The volatile portion was turpentine. 
Soluble lead-cobalt naphthenate driers were used a t concentra
tions of 0.3 per cent metallic lead and 0.03 per cent metallic cobalt 
on the basis of the oil content of the paint. The pigment con
centration for each coat of each pain t was determined in accord
ance with a plan to be explained in detail.

An almost infinite number of house paints may be formu
lated from the four general types of materials: pigments, 
drying oils, volatile thinners, and driers. Fortunately it is 
unnecessary to test each possible formulation in order to ob
tain a clear picture of the paint properties of any particular 
group of components.

The pigment composition of a base paint may be varied 
by substituting one or more of the components by either the 
same weight or volume of some other pigment. If the simple 
substitution of other pigments does not produce the desired 
results and it is necessary to investigate the possibilities more 
thoroughly, it is helpful to the formulator to have some well- 
defined scheme by which the relations involved in the possible 
variations may be visualized.

A test program covering the field of mixed pigment paints 
must be laid out so that all types of pigment compositions 
will be included. If properly done, the scheme for planning 
such a program will also be applicable to the evaluation of 
any possible combination of the pigments by interpolation. 
The development of such a scheme using graphical methods 
was attempted.

Advantages o f Graphical M ethods
Graphical methods have been applied to multicomponent 

systems in the fields of ceramics and mineralogy for many 
years. Paint technicians, in general, have been rather slow 
to utilize them for showing paint compositions, due probably 
to the large number of components frequently involved. 
Graphical methods involving triangular coordinates have 
been used for some time in studying mixtures of solvents 
and their use in the formulation of lacquers was a logical 
development (16, 17). Similar graphs have been used in 
piesenting the formulations tested in the exposure study (3) 
and also in showing the relations between large groups of 
commercial paints (10). It is probable that some use has 

een made of graphical methods by several paint technicians 
or many years. Reference to three-component pigment
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mixtures as “ ternary mixtures” could imply that graphical 
methods were actually visualized in this connection as early 
as 1911 {23).

Graphical methods of selecting pigment compositions for 
test have many advantages when compared with the more 
frequently used tabular methods. The limitations inherent 
in the graphical representation of many multicomponent 
systems may be greatly reduced by certain modifications 
to be described. In order to approach the subject logically, 
tabular and graphical methods of representation are compared 
for two- and three-component systems.

T w o - C o m p o n e n t  S y s t e m s .  When a systematic study is 
to be made of the effect of varying the proportions of the 
components of a two-component system, there is no par
ticular advantage in using graphical methods. However, 
both graphical and tabular treatments are shown since it is 
important to understand this simple case before progressing 
to more complicated formulations. In such a system rela
tively few mixtures are sufficient to explore the field. As 
component A  increases from 0 to 100 per cent, component B  
decreases from 100 to 0 per cent (Figure 1).

100 ° /o  A

®  ®  ®  &  ©  ©
IOO°/oB

t a b u l a r  t r e a t m e n t

F O R M U L A ° /o A ° /o B T O T A L
1 1 0 0 0 1 0 0

2 8 0 2 0 1 0 0
3 6 0 4 0 1 0 0
4 4 0 6 0 1 0 0
5 2 0 8 0 1 0 0
6 0 1 0 0 1 0 0

S y s t e m a t i c  S t u d y o f  a  T w o - C o m p o n e n t  S y s t e m

T h r e e - C o m p o n e n t  S y s t e m s .  The graphical method 
shows to best advantage when the systematic variation of 
three variables is considered. Figure 2 shows that the base 
line is identical with the two-component system A B  of 
Figure 1, and that two other two-component systems, A C  and 
BC, have been introduced. Obviously, any point falling 
within the boundaries will represent a definite formulation 
and will have a composition determined by the perpendicular 
distances to the three sides of the triangle. Each corner 
of the triangle represents a one-component system consisting 
of 100 per cent A, 100 per cent B, and 100 per cent C, re
spectively.

It is impossible to construct a table that will show’ the 
same data as the graph and maintain the simple relations 
that are easily apparent in the graph. The data of Figure 2 
are shown in Table I.

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

C o m p n . C o m p n .
N o . %  A %  B %  c N o . %  A %  B % c

1 100 0 0 12 60 0 40
2 8 0 2 0 0 13 4 0 20 40
3 60 40 0 14 2 0 4 0 4 0
4 4 0 60 0 15 0 60 4 0
5 2 0 80 0 16 4 0 0 60
6 0 100 0 17 2 0 20 60

18 0 4 0 6 0
7 8 0 0 2 0

8 6 0 2 0 2 0
9 4 0 40 20 19 2 0 0 8 0

10 2 0 60 2 0 2 0 0 2 0 8 0

11 0 8 0 2 0 21 0 0 1 0 0

loose c

F i g u r e  2 .  S y s t e m a t i c  S t u d y  o f  a  T h r e e - C o m p o 
n e n t  S y s t e m

Two R e l a t e d  T h r e e - C o m p o n e n t  S y s t e m s .  If two three- 
component systems have two components common to both 
systems, the two graphs can be united along their common 
boundary and the points or compositions to be studied in 
the two systems can readily be compared. This comparison 
is much simpler than any comparison of tabulated percentage 
figures. In Figure 3 the system ABC, as shown in Figure 2, 
is compared to the new system AB D . A tabular arrange
ment for the system AB D  is not given since it involves 
nothing new.

Two simple patterns for the arrangement of the test 
compositions are illustrated in the two systems A B C  and 
ABD . In system AB C  the points are located in an over-all 
pattern in which the spacing is uniform in all parts of the 
diagram and in all directions. In system A B D  the points 
are arranged along lines radiating from one of the points, D  
in this case. In A B D  the components A  and B  maintain a 
constant ratio along each line, and component D is added 
in uniform steps.

As the radiating lines of system A B D  approach D, the 
points selected come closer together. The graphical presen
tation shows much better than any tabular arrangement 
this crowding of points and also shows that the systems 
could be satisfactorily surveyed by omitting several of the 
points between 19 and 24.

Both types of patterns are useful. As an example, the 
over-all pattern would be useful in studying mixtures of 
sulfate white lead, carbonate white lead, and zinc oxide in 
which no two components were to be held at a constant ratio. 
The radiating pattern is used, for example, in studying the 
effect of the addition of varying quantities of inert to several 
leaded zinc oxides in which the lead-zinc ratio remains con
stant for each leaded zinc oxide.

Figure 3 shows that system A B C  is covered in 20 per cent 
steps, whereas in system A B D  component D  is added in 25 
per cent steps. Any desired combination can be used.

To relate this diagram to pigment compositions, sub
stitute zinc oxide for A , basic sulfate white lead for B, as
bestine for C, and titanium dioxide for D. The indicated 
points on fine A B  then would represent leaded zinc oxides. 
The points within the system A B C  would represent the 
addition of asbestine to leaded zincs, and points within A B D  
would represent the addition of titanium dioxide. Within 
the triangle ABC, representing the addition of asbestine to 
leaded zinc oxide, the ratio of basic lead sulfate to zinc oxide 
will vary for each concentration of asbestine (except for 
points 9 and 17, which have the same ratio of basic lead
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Applications o f Diagrams to Selec
tion  o f P igm ent Com positions

F i g u r e  3 .  C o m p a r i s o n  o p  T w o  R e l a t e d  T h r e e - C o m p o n e n t  S y s t e m s

sulfate to zinc oxide). In the triangle A BD  the white 
lead-zinc oxide ratio remains the same as in the six original 
mixtures shown on line AB, as the concentration of titanium 
dioxide, D, is increased.

Six R e l a t e d  T h r e e - C o m p o n e n t  S y s t e m s .  If in a group 
of six three-component systems one component is common to 
all, and if each of the other components is common to two 
systems, the diagrams may be joined to yield the arrangement 
shown in Figure 4.

If it is desired to study some combination more extensively 
than would be possible with the seven different components 
of Figure 4A , the desired component can be repeated on the 
opposite side of the diagram to give the pattern as shown in
B. In this diagram, which actually was used in this way, it 
is evident that the central point of interest was in this case 
basic sulfate white lead and its combinations with zinc 
oxide. To these zinc oxide-basic sulfate white lead combina
tions were added inert, titanium dioxide, basic carbonate 
white lead, and an experimental pigment as shown in the 
various systems.

In a set of systems as shown in Figure 4B, it is plain that 
some of the systems will have to be completely covered if a 
full picture of the possible pigment combinations in the 
practical range is to be obtained. Other 
systems need be explored only up to the use
ful limit of addition of that component.
Thus, there is little need to study pigment 
combinations containing more than 50 per 
cent inerts or 20 per cent titanium dioxide.
A few points in some systems will be satis
factory while many may be required in ad
joining systems.

By standard pigments are meant 
those pigments used throughout 
the entire study. At carefully se
lected compositions these standard 
pigments may be replaced (one at 
a time) by other pigments, here 
termed “alternate” pigments.

The standard pigments used in 
this study, the ranges studied, and 

° the size of the steps are shown in
Table II. A good example of an 
alternate pigment would be the 
replacement of the 35 per cent 
blend of zinc oxide and basic sul
fate white lead with a co-fumed 35 
per cent leaded zinc oxide.

It is immediately apparent that 
triangular coordinates will show 
only three-component systems in 
detail. Since many practical pig
ment compositions contain up to 
six components, it is necessary to 
consider certain two-pigment com
binations (as the leaded zincs or 

the extended titanium pigments) as single pigments. If that 
does not provide sufficient simplification, the lead pigments are 
combined (carbonate and sulfate) with the zinc oxide as a 
“mixed” leaded zinc Also the total inert portion of the formula 
can be combined, whether or not the inert is part of an extended 
titanium pigment or lithopone, or has been added as an inert. 
By these operations any formula can be reduced to a mixed 
leaded-zinc-oxide, high-hiding pigment and an inert. Con-

T a b l e  I I .  P i g m e n t s  S e l e c t e d  a s  S t a n d a r d

R ange of
Pigm ent Values, %

Basie sulfate w h ite  lead E -P
“ Super Sublim ed” 0 -1 0 0

Zinc oxide, E -P  N o . 41 A A A  
lead-free (of acicular type ) 0 -1 0 0  

In e rt, asbestine X X X  0 -5 0
H igh-hid ing, “ nonchalking”

T i 0 2 0 -2 0
Basic carbonate w h ite  lead,

E -P  A A A  0 -1 0 0
Experim ental pigments 0 -1 0 0

Size of Steps

!
 Various, and used in 

10, 35, 50, and, 
7 5 %  leaded ZnO

15%

10%
( U s e d in  a manner 

a n a l o g o u s  t o  
“ standard” B S W L

Before the graphical method can be ap
plied, it is necessary to decide on the pigment 
components that are to be used as standard 
pigments throughout the systematic study 
and the range of values to be applied to 
each. It is also necessary to decide upon the 
size of the steps to be used in varying the 
components and upon the pattern for their 
variation.

B

F i g u r e  4 .  P o s s i b l e  A r r a n g e m e n t s  o f  R e l a t e d  T h r e e - C o m p o n e n t

S y s t e m s
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F i g u r e  5 .  P i g m e n t  C o m p o s i t i o n s  o n  W e i g h t  P e r c e n t a g e  B a s i s

elusions drawn from the comparisons made possible by such 
a procedure are satisfactory in most cases.

Diagram  o f an  A ctual Study

Figure 5 shows the thirteen interrelated three-component 
systems that were studied as a basis for a number of four- 
and five-component studies. The formulations actually 
made are shown as circles. The large circles represent 
single-pigment compositions; the abbreviations are all self- 
explanatory except BXWL which was used to represent a 
group of experimental lead pigments. Compositions at 
which alternate pigments were also tried are represented by 
double circles. Each system is lettered and each circle is 
numbered. The letter and number locate the combination 
whose composition is represented by its position on the dia
gram. Figure 5 represents a weight basis and Figure 6 gives 
the same data on a volume basis.

Figure 5 or 6 represents a composite of three hexagonal 
systems analogous to Figure 4B. The central point of inter
est in each hexagonal system is a white lead—that is, either 
basic sulfate white lead, basic carbonate white lead, or some 
member of a group of experimental pigments being studied 
against the commercial white leads.

Since there are three main points of interest, the diagram 
contains three complete sets of studies. The four separate

systems in each of these studies may be enumerated as 
follows:

W h ite  lead—zinc oxide—in ert 
W h ite  le a d -z in c  o x id e -tita n iu m  dioxide  
W h ite  lead -z in c  oxide-second-type w h ite  lead  
W h ite  le a d -in ert—tita n iu m  dioxide

Selection of the type of pattern to be used in locating the 
compositions to be tested was influenced by the fact that 
leaded zinc oxides are used in large quantities to furnish the 
lead and zinc portion of mixed paints. It was therefore 
logical that the white lead-zinc oxide ratios be kept constant 
at values including the most commonly used (35 and 50 per 
cent) commercial leaded zincs. Ratios representing 10, 35, 
50, and 75 per cent leaded zinc oxides were used in all systems 
where both lead and zinc appear, in order to cover the range 
of values.

The size of the steps to be used in making the variations 
was determined by several factors which included con
sideration of the maximum amount of each component that 
probably would be used in a mixed paint, and the largest step 
that would permit future interpolation from the data ob
tained. The goal was to cover thoroughly as much ground 
as possible with the minimum number of compositions. In 
case the limits selected are exceeded or the size of our varia
tion step is shown to be too large, it is possible at any time to
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S ert]

[BSWLl

F i g u r e  6 . P ig m e n t  C o m p o s it io n s  o n  V o l u m e  P e r c e n t a g e  B a s i s

make additional tests. Such tests will require sufficient 
control tests to make sure that the new data form one co
herent body of facts with the original.

Such a system of ternary diagrams makes possible a large 
number of actual comparisons. For example, a study of the 
formulations, composed of 90 per cent of a 50 per cent leaded 
zinc oxide and 10 per cent of titanium dioxide in which the 
composition of the white lead is the variable, can be had by 
comparing the basic sulfate white lead at F-10, the basic 
carbonate white lead at M-9, and the experimental pigments 
at D-9. Similar comparisons exist for practically all of the 
compositions that fall outside of the center ternary diagram, 
H.

Some idea of the amount of work done in one systematic 
mixed-pigment study may be obtained from the fact that 
325 pigment compositions were made and tested in both 
whites and tints. Since practically all the paint systems of 
this part of the study were three-coat jobs, 975 paints were 
actually prepared and tested for weight per gallon, cryp
tometer hiding power, and viscosity. This study required 
over 3600 panels.

The actual laboratory handling of a study of this size 
requires much careful planning if the panels are all to be 
made ready for exposure within a reasonable period. With 
four to six men available, this program was placed on the 
fence in three groups of about 1200 panels each. Each

group was exposed after an interval of about 30 days from the 
previous group; thus only 60 days elapsed from the first to 
third group-exposure date.

Selection of P igm ent-V ehiele-R atio for Each Coat

Paint applied directly to a new wood surface will lose part 
of its oil to the wood (9). The pigment-oil film left on the 
surface of the wood will thus have a considerably higher 
pigment concentration than the paint had originally. Only 
the nonvolatile portion of the paint is considered, since the 
volatile part is lost on drying. In order to maintain the 
proper binder in the first coat of paint, it is customary to add 
oil so that the binder of the dry film may be high enough for 
good life (12).

The second and third coats are usually thinner with a 
small amount of additional volatile or are applied “as made” . 
Adding volatile to the paint will give a surface of lower gloss 
and is therefore generally used for the second or body coat. 
The top coat is usually applied as manufactured to yield a 
glossy surface.

The effect of varying the pigment concentration in each 
coat was first studied with respect to a number of single- 
pigment paints. As an example, our most extensive study 
was made on basic sulfate white lead systems. Four paints 
were made with pigment concentrations ranging from what
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we considered the lowest to the highest useful value (25, 28, 
31, and 34 per cent of nonvolatile by volume). Each paint 
was successively made the primer while the top coats were 
varied. Thus, sixty-four systems were actually made, 
ranging from 25-25-25 to 34-34-34 and including all possible 
permutations of the four paints taken three at a time. A 
number of other pigments were tested in several systems 
covering the practical types. Out of this work considerable 
information is being obtained on the type of failure to be 
expected from the various systems. Although many pig
ments are not used as single pigments in practice, a knowl
edge of their properties is useful when developing formu
lations.

This preliminary work extending over several years showed 
that single-pigment paints of fairly satisfactory working 
properties could be obtained without excessive reduction 
with volatile. The pigment concentrations for these single
pigment paints varied with the kind of pigment, but the 
concentrations were maintained constant at such values that 
some thinning was desirable for all paints. The values for 
each coat of a three-coat system selected from the single
pigment studies are shown in Table III.

T a b l e  III .

P ig m e n t

B S W L
B C W L
Z n O
T iO ,
A s b e s t in e

PV R V a l u e s  A s s i g n e d  t o  S t a n d a b d  S i n g l e -  
P i g m e n t  P a i n t s

P r im e r  C o a t

28
2 8
18
25
2 5

B o d y  C o a t

34
3 4
24
31
31

T o p  C o a t

31
3122
28
28

C alculation o f PVR for Mixed Paints
These figures could be lowered somewhat for the titanium 

dioxide and asbestine, and the final paints would require less 
thinning. The actual figure for these two pigments does 
not, however, greatly affect the results when they are used 
in minor proportions in mixed-pigment paints.

PERCENT BSWL 

F i g u r e  7. D e t e r m i n a t i o n  o f  PVR

In formulating a series of test paints it is necessary to an
swer the question: If the first coats of basic sulfate white 
lead and zinc oxide, when used as single-pigment paints, are 
to be applied at 28 and 18 PVR, respectively, at what PVR 
should the first coat of a 35 per cent leaded zinc oxide be 
applied? In other words, how can the PVR of all these 
compositions be varied in a systematic and uniform manner, 
so that there will be no sudden breaks or jumps and all 
tests will be as nearly interrelated as possible?

The answer may be obtained easily by a simple calculation 
based on the percentage composition of the pigment mixture

and PVR values assigned to the components. In the case 
of the 35 per cent leaded zinc oxide mentioned before, the 
calculation is as follows:

F i r s t - C o a t  
C o m p o n e n t  C o m p n . P V R

B S W L  0 . 3 5  X  2 8  9 . 8
Z n O  0 .6 5  x  18  1 1 .7

F i r s t  c o a t  P V R  fo r  3 5 %  l e a d e d  Z n O  2 1 . 5

If the PVR values.for several leaded zinc oxides, calculated
as shown, are plotted against their composition, they all fall 
on a straight line connecting the respective values assigned 
to the first coats of 100 per cent basic sulfate white lead and 
zinc oxide paints. From this fine the corresponding PVR 
for any mixture of the two may be read directly. Figure 
7 shows such a graph for all three coats of all mixtures of 
zinc oxide and basic sulfate white lead. The PVR values for 
all the paints of this study were obtained in this way. The 
three-component systems may require a preliminary operation 
to determine the PVR values to be used as the limiting values 
for each group of pigments in the interior of a triangular 
diagram. Table IV gives the PVR values for all three coats 
of the series of basic sulfate white lead-zinc oxide mixtures 
as read from Figure 7.

T a b l e  IV. PVR V a l u e s  a s  D e t e r m i n e d  f r o m  F i g u r e  7
.-------C o m p n .,
B S W L

% ------- -
Z n O P r im e r

------- P V R -------
B o d y F in is h

100 0 2 8 .0 3 4 .0 3 1 .0
75 25 2 5 .5 3 1 .5 2 8 .7
50 50 2 3 .0 2 9 .0 2 6 .5
3 5 65 2 1 .5 2 7 .5 2 5 .0
10 90 1 9 .0 2 5 .0 2 2 .8

0 100 1 8 .0 2 4 .0 2 2 .0

The PVR value to be assigned to any pigment may be 
determined by preliminary tests studying its consistency 
characteristics and weathering properties. The values given 
in this paper were determined in this way and may not be 
applicable for all purposes. The method of calculating PVR 
values for mixed paints, as given, may be used regardless of 
the pigments or the exact values assigned to each component.

Application o f D iagram s to  Analysis o f  
Exposure Data

The advantages of organizing a paint study on a graphical 
rather than tabular basis do not stop with the selection of the 
pigment compositions for test. By making use of special 
charts for recording paint and exposure data, it is possible 
to use the same method throughout the study. As examples, 
data sheets are shown in Figures 8 and 9.

The A. S. T. M. Stormer viscosities for the unreduced paints 
of system B, third coats, are shown in Figure 8. This is 
typical of the paint data records made of the various proper
ties such as weight per gallon, hiding power, Ford cup vis
cosity, weight and volume percentage t hinning; required for 
brushing consistency.

As an example of the reporting of durability data, Figure 9 
shows the rating for chalking by the same set of panels after 
12 and 17 months. The numerical rating of a perfect panel 
is 10 and decreases to 0 as failure becomes worse. On some 
paints the rating for chalking may decrease and later rise 
again due to the removal of some of the chalk.

When exhibited in this manner it is possible to pick out 
inconsistent results more easily than if the data were tabu
lated in the usual form. It is also possible from data ar
ranged in this way to observe trends in behavior as the com
position of the pigmentation varies. As an example of how 
this method of organization operates with a paint formu-
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SAMPLE PAINT DATA SHEET

AT B- VIS
B- 1 41 72 5
B-3 37 230

39 250
4 2 640

B-6 4 3 445
4 4 4 4 0
4 5 530

B-7 19 635
B-9 38 330

4 0 375

A T I B- VIS

BTO 28 430
29 445
30 3 10
31 3 00
3 2 3 60
3 3 3 4 5
3 4 4 2 5
3 5 315
36 4 3 0

B-12 26 4 8 0

B

17 550 16 15 14 805

BSWL Z n O

6 5 4C0 4 3 <195 2 595

F i g u r e  8. A . S. T .  M .  S t o b m e r  V i s c o s i t i e s  f o r  U n r e d u c e d  P a in t s  o f  
S y s t e m  B, T h i r d  C o a t s

lation whose proportion is not exactly duplicated in the study, 
the new army cantonment paint, 8000E, whose formulation 
was published after our study was under way, may be taken: 
zinc oxide 30 per cent, basic sulfate white lead 15, basic car
bonate white lead 15, nonchalking titanium dioxide 14, 
asbestine 26. This formulation of five components can be 
reduced to three if the two white leads and the zinc oxide are 
combined as a 50 per cent mixed-leaded zinc oxide. The 
formulation then becomes: 50 per cent mixed-leaded zinc 
oxide 60, nonchalking titanium dioxide 14, asbestine 26.

By comparing this formulation with our 50 per cent 
leaded zinc, inert, high-hiding system (Figure 10), this com
position can be located and is found to lie near to and between 
the formulations P-16, P-17, and P-18. It is true that the 
diagram is based on basic sulfate white lead instead of a 
50-50 mixture, but little difference could be expected from 
this cause for two reasons: (a) The actual properties of 
sulfate white lead and carbonate white lead are similar, es
pecially when used in mixed pigment paints; and (6) to
gether the two leads represent only 30 per cent, or a minor 
portion, of the pigment. From the diagram the army 
cantonment paint would be expected to have a little less hid
ing than P-18 and a little more than P-17. Its other proper
ties could not be far from the average of the two.

Im portance o f Records

The selection and calculation of the desired paint formu
lations, and the preparation and application of the paints, 
although entailing a large amount of work, represent only 
the beginning of an exposure program. Complete weathering 
data on each series of panels involves the inspection of panels 
at regular intervals for all of the factors which are important 
in the failure of a paint film. From complete weathering 
data it should be possible to tell within close limits the time 
required for the total loss of the initial gloss, the first notice
able appearance of chalking, the appearance of the first 
checks or cracks, as well as the relative rating of the panels 
with respect to color (and tint retention), dirt retention, 
chalking, checking, peeling or scaling, cracking, and blister-

exist on the 
of failure.

ing. For a large number of panels, the 
recorded life histories become volumi
nous.

These life histories, consisting in most 
cases of numerical ratings on the several 
types of failure and taken at intervals rang
ing from a few days to several months, ordi
narily do not of themselves afford a cate
gorical answer to the questions: “ Which 
paint is the better?” “ Which paint is the 
longer-lived?” In other words, each paint 
will have its own peculiar manner of failure, 
and in some respects it may rate higher 
than a control formulation while in other 
respects it rates lower. In addition, a group 
of panels made from paints of rather simi
lar characteristics will, during their life, fre
quently show several reversals of order with 
respect to one or more of the points upon 
which they are graded. These changes in 
relative order of rating may occur within 
short periods and are frequently large.

Different paints will also show marked 
differences in rate of failure. Some formu
lations may fail slowly but maintain a con
stant rate: other paints may fail more 
rapidly up to a certain state and retain that 
condition for a long time. Paints fail in 
many ways, and several schools of thought 

question of the relative importance of each type

17 MONTHS

BSWL

F i g u r e  9. C h a l k i n g  o f  a  G r a y  P a i n t , E x p o s e d  
\  ER TIC A LL Y  S O U T H  A F T E R  12 AND 17 MONTHS
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Interpretation  o f R esults

After the paints have been formulated and applied and 
their life histories have been compiled, the most important 
part of the exposure work can be started—that is, the analysis 
and study of the manner and rate of failure of each formu
lation. Before conclusions can be drawn, the relative im
portance of the various factors affecting the ultimate failure 
must be weighed (2, 4, 7, 8). The several factors of failure 
must be weighed in strict accord with all the facts, as they 
apply to the appearance and protection of the painted surface 
and the type of failure at the time of repainting, as well as the 
actual life of the film before repainting is necessary.

A satisfactory paint formulation will yield paint films 
having long life and good appearance, which may be satis
factorily repainted when it no longer gives protection to the 
surface. The paint industry is divided into two schools of 
thought as to the type of formulation that will yield films 
having the most desirable combination of weathering proper
ties.

Straight white lead and high-lead mixed paints show 
superficial checking fairly early in life. These checks, how
ever, are barely visible without magnification and will change 
very little over a period of several years. Paints containing 
large quantities of inerts seldom check but tend to chalk 
rapidly. Towards the end of life the film may suddenly be 
subject to severe erosion and thus offer only a short period 
for repainting after failure has become noticeable.

Both types of failure may be modified within limits by 
the proper use of zinc oxide. Formulations of high-quality 
mixed paints vary with the experience of the formulator and 
his interpretation of the most suitable compositions for slow 
chalking, slight checking, and a long period during which 
repainting is practical without too much film loss from 
erosion.

It is not the purpose of this paper to go into the merits of 
each type of paint. Formulations with high inert content 
are too recent compared to the long time experience with 
high lead paints to form definite conclusions. One of the 
major purposes of this comprehensive study is to assemble 
a mass of data on the subject which will justify a final set 
of opinions at the end of this test and the repainting to follow.

The analytical study of the fife histories is slow and tedious, 
and is frequently slighted or given only cursory treatment. 
Several reasons combine to bring this about and since they 
should affect the planning of the program they are worthy 
of mention here.

1. Most test-fence studies are exposed to answer a definite 
question, and only the positive results are given thorough atten
tion, whereas the negative results may be even more important 
and far-reaching if the reasons for the failures are studied.

2. The complete analysis of the  test-fence data  is almost 
entirely statistical, and as such is ra ther slow and uninteresting 
to the average pain t technician. Statistical methods were used to 
advantage by Calbeck (12) in establishing the desirable range of 
pigment concentrations.

3. Test-fence studies are frequently started  to answer an im
mediate question, although all concerned know th a t the panel 
failure m ay require several years. When failure has been reached, 
the question m ay no longer exist in active form, and the results 
of the tes t are never studied. F requently such studies are simply 
a waste of time. No exposure test should ever be started  unless 
sufficient personnel exists for its regular inspection and a thor
ough study of the obtained data. The work leading up to the 
placing of panels on exposure is only the beginning of the job.

Although the conditions under which paints are formulated 
and exposed have been rather well standardized, the methods 
of attacking a large mass of exposure data are still undevel
oped. Instead of putting out more and more panels and 
gathering more and more exposure data, our attention

F i g u r e  1 0 . L o c a t i o n  o f  a n  A r m y  C a n t o n m e n t  
P a i n t  P i g m e n t  C o m p o s it i o n

should be focused more on the analysis of the data obtained 
from a smaller number of more scientifically selected samples.

R esults Expressed Graphically

Exposure data are taken and recorded directly on the 
form adopted by the Federation of Paint and Varnish Pro
duction Clubs (22). These are excellent for the study of the 
various properties of one formulation during its entire fife. 
They are not, however, easily handled in making comparisons 
of a large number of paints and must be used as a source of 
data which can be tabulated or treated graphically to make 
the desired comparisons. The exposure data for a group of 
paints must be considered as having several dimensions. 
Thus, it is impossible to show the whole story, with respect 
to all paints for all types of film failure at all the intermediate 
states of the exposure, on a simple table or graph. Any 
comparison will represent some section of all this data, and 
since there are three variables, three types of comparisons 
exist in each of which one is kept constant:

1. The Federation exposure records show the aging of the 
film by all modes of failure, a t all the interm ediate times, for one 
paint. Such a record is shown in Figure 11.

2. For a group of paints, their progressive failure over a 
period of time may be compared for a single type of failure. D a ta  
of this type is shown in Table V for a group of paints w ith respect 
to  chalking.

3 . At one definite period a group of paints m ay be compared 
w ith respect to their ratings for several types of failure. This 
type of comparison is shown in Table V I for a group of paints with 
their ratings compared after 12 months.

T a b l e  V. R a t i n g  f o r  C h a l k i n g  a f t e r  E x p o s u r e  f o r
V a r i o u s  P e r i o d s

T im e ,  M o n th s C h a lk in g  f o r  P a i n t :
B -1 0 B -1 5  B -1 8

1 10 10 10
3 9 . 5 9 . 5  9 . 5
6 9 9 . 5  8
9 8 . 5 9 8

12 8 . 5 8 . 5  6
15 8 8 5 . 5
18 7 8  5 . 5

T a b l e  VI. R a t i n g f o r  V a r i o u s  F a c t o r s  a f t e r  
E x p o s u r e

1 2 - M o n t h

P a i n t  N o . B -1 0 B -1 5 B -1 8

G e n e r a l
a p p e a r a n c e 7 4 5 . 5

C h a lk in g 8 . 5 8 . 5 6
C h e c k in g 8 6 5 . 5
C r a c k in g 9 4 6
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F i g u r e  1 1 . S a m p l e  o p  F e d e r a t i o n  E x p o s u r e  R e c o r d

being conducted cover the entire range 
of formulations, it soon becomes appar
ent that each pigment has its proper and 
improper uses. The fact that each pig
ment tested is probably showing both to 
advantage and disadvantage at the same 
time, but in different formulations or 
under different conditions, certainly dis
courages the drawing of hasty con
clusions or sweeping generalizations. A 
biased attitude toward pigments or paint 
properties, as on many other topics, is 
largely due to the error of making gen
eralizations that are much too broad for 
the supporting data.

Until this systematic study was pro
jected, our company, like all other manu
facturers interested in paint life, exposed 
numbers of panels to illustrate points 
in which they were interested at the 
time. These panels were not properly 
correlated nor were the variations in 
composition made in suitable steps to 
cover the entire field.

Old pigments are constantly being 
studied, and new pigments are being 
developed to meet the changing require
ments of the house paint industry. As 
these new products appear, they must be 
tested by comparison with the present 
accepted products they are expected to 
replace. All the pigment products at 
present used in house paints fit into the 
scheme just discussed, and it is probable 
that any new pigments will also fit. If 
a new pigment product logically cannot 
be classified as either of the white lead, 
zinc oxide, inert, or high-hiding types, 
some modification of our scheme would 
be required to enable it to be tested 
systematically in relation to the pigment 
systems already tested.

This type of data lends itself nicely to bar chart con
struction. In Figure 12A the separate types of failure are 
treated separately. If each of the four types of failure is 
considered as having equal weight, the several ratings may be 
added and the paints may then be compared by the total 
height of the bars as shown in Figure 12B. Obviously, any 
agreed-upon weighting other than unity could be applied 
with the result that the heights of the bars would be altered 
from those shown in the example.

In each of these three types of comparisons it has been 
necessary to keep one of the factors constant in order to ob
tain a two-dimensional layout; thus we must decide whether 
our studies shall deal with only one paint, one type of failure, 
or one exposure period. In a few cases it is possible to ap
proach a three-dimensional study by the use of varicolored 
inks or crayons, but this is not generally useful and may 
easily become confusing if more than a few lines are drawn 
on the same graph or chart.

An additional advantage to be obtained by a systematic 
selection and treatment of test-fence exposures lies in the 
fact that it creates an unbiased attitude in the minds of the 
actual operators of the test fence. An open-minded point 
of view is difficult to keep when only a small group of formu
lations are being tested in the hope that they will prove a 
point in which the operator is interested. When the tests

F i g u r e  12. F i l m  R a t i n g s  a f t e r  12 M o n t h s



February, 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 171

Tests made at any future time may be linked with the 
original group of tests by the repetition of the proper formu
lations as controls. In this way the large exposure study 
made at the start of this program is not to be considered 
as separate and distinct from later tests. The use of a 
definite plan for exposure studies makes it possible to cor
relate the exposure work over a period of years. Similar 
schemes can be devised to study systematically the vehicle 
components of paints. To do so would demand that the 
components not being studied at that particular time be 
kept constant.

It is believed that general recognition of the fact that 
paint compositions for exposure study can be selected ac
cording to a systematic plan will benefit the paint industry.
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Z-Pimaric Acid Content of Longleaf and Slash 
Pine Oleoresins

BENJAMIN L. DAVIS AND ELMER E. FLECK
Navad Stores Research Division, Bureau of Agricultural Chemistry and Engineering, 

U. S. D epartm ent of Agriculture, Washington, D. C.

The oleoresin  obtained from  slash  p ine con
tained  7 to  10 per cent less Z-pimaric acid  
th an  was found  in  longleaf p ine oleoresin. 
Scrape contained  a t least as m u ch  Z-pimaric 
acid as ordinary p in e oleoresin. Oleoresin  
obtained from  streaks treated  w ith  10 per 
cent su lfuric acid did n ot differ greatly from  
oleoresin obtained  in  th e  norm al m anner.

OLEORESIN from either longleaf (P inus palustris) or 
slash (Pinus caribaea) pine serves as the starting ma

terial for the isolation of Z-pimaric acid and may also be used 
directly for the production of the addition product of maleic 
anhydride and Z-pimaric acid. Therefore, it is desirable to 
know the Z-pimaric acid content of the oleoresins obtained from 
various species of pine and to what extent, if any, the content 
varies with the season. In the case of longleaf oleoresin, pre
liminary data indicated a gradual decrease of Z-pimaric acid 
with the progress of the season (I).

In the present work the Z-pimaric acid content of the oleo
resin obtained from slash and longleaf pine collected during 
the 1941 season near Olustee, Fla., was determined by the 
gravimetric method described previously ( I). The formation 
of the addition product of Z-pimaric acid proceeded as well, 
if not better, from slash oleoresin as from longleaf oleoresin.

The results in Table I show that the oleoresin from slash pine 
contained from 7 to 10 per cent less Z-pimaric acid than the 
oleoresin from longleaf pine.

A comparison of the Z-pimaric acid content of the longleaf 
oleoresin, collected near Olustee for the 1940 (I) and 1941 
seasons shows about the same average content. The seasonal 
variation of the Z-pimaric acid content was much less in 
1941 than in 1940 and did not follow similar trends. For 1940 
the highest content of Z-pimaric acid occurred in April and de
creased steadily through the entire season. For 1941 the 
high point was reached in midseason and was lower at both 
the start and finish of the season.

The seasonal variation of Z-pimaric acid content of slash 
oleoresin was remarkably small; the Z-pimaric acid content 
reaches a minimum during midseason instead of a maximum 
as was found for longleaf oleoresin. These results indicate 
strongly that the season of the year is not a governing factor 
in the variation of Z-pimaric acid content of pine oleoresin.

Samples of both slash and longleaf “scrape” were taken in 
June and November, 1941, at the same time the oleoresin was 
collected. (Scrape constitutes a hardened form of the oleo
resin obtained by scraping the face of the tree.) Table I 
gives the surprisingly high results of these determinations. 
They undoubtedly indicate a somewhat higher Z-pimaric acid 
content than is actually present because the Z-pimaric acid 
addition product with maleic anhydride isolated from these 
determinations had melting points of 10-15° C. lower than 
those obtained with pine oleoresin itself. The impurity pres-
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T a b l e  I .  / - P i m a r i c  A c i d  P r e s e n t  i n  R e s i n  A c i d  F r a c t i o n s  
o f  P i n e  O l e o r e s i n  a n d  S c r a p e

-— %  i -P im a r ic  A c id —'
M o n th  o f 1941 L o n g le a f  S la sh

P in e  O le o re s in

A p r il  3 1 .2  2 4 .5
3 1 .3  2 4 .3

J u n e  3 3 .5  2 3 .1
3 3 .4  2 3 .3

A u g u s t  3 3 .6  2 3 .7
3 3 .7  2 3 .3

N o v e m b e r  3 2 .1  2 4 .5
3 2 .5  2 4 .1

P in e  S c ra p e

J u n e  3 9 .5  3 2 .2
3 9 .9  3 2 .2

N o v e m b e r  3 8 .0  2 9 .4
3 8 .0  2 9 .7

ent is undoubtedly due to oxidized resin acids not eliminated 
by the n-pentane when the scrape samples were put into solu
tion for analysis.

Considerable work has been done on the stimulation of pine 
oleoresin flow by treating a newly cut streak on the pine tree 
with acids {2). Inasmuch as the mineral acids used are known 
to isomerize /-pimaric acid rapidly into /-abietic acid, deter
minations of /-pimaric acid content of oleoresin obtained in 
this manner were made to determine to what extent, if any, 
isomerization has taken place. Analysis of pine oleoresin ob
tained from streaks treated with 10 per cent sulfuric acid 
showed the presence of 22.6 per cent /-pimaric acid from slash 
pine and 31.9 per cent from longleaf pine.

These results are in contrast to those of Sandermann (3) 
who found no /-pimaric acid in the oleoresin from European 
Pinus sylvestris when the streaks were treated with 25 per 
cent hydrochloric acid. From untreated streaks of this same 
specie of pine, 40 to 48 per cent of /-pimaric acid was found.

The reason for this difference is not clear, but it seems safe 
to conclude that as far as the 10 per cent sulfuric acid treat
ment is concerned, little or no change has been effected on the 
composition of the oleoresin obtained.
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Fatigue Resistance of 
Flexible Plastic Sheetings

F. W. DUGGAN AND K. K. FLIGOR
Carbide and Carbon Chemicals Corporation, N e w  York, N . Y.

I N MANY of the uses to which flexible plastic sheetings 
are being applied, the fatigue resistance of a sheeting is an 
important factor in the serviceability of the material. 

Because of its importance, the study and control of this char
acteristic were desirable, and for this purpose a flex-fatigue 
test procedure was developed.

The type of test employed in this laboratory involves 
simple flexing of a flat or folded sheeting. For some uses the 
machine is adjusted to provide alternate tension and flexing. 
At the flexing end of the cycle the test sheeting is bent upon 
itself rather sharply to a controlled radius at the crease. This 
feature, the sharp creasing of the sheeting at each cycle, pro
vides a severe test, the severity being controlled by the tight
ness of creasing. Some of the flexible elastomeric sheetings in
cluded in this study possess a high degree of fatigue resistance, 
and a particularly severe test was required in order that 
fatigue failures would be obtained within a reasonable period. 
This test has provided useful information regarding the effects 
of various factors on the fatigue resistance of certain flexible 
vinyl resin sheetings.

M ethod of Test
The fatigue test machine incorporates the essential features 

of the A. S. T. M. De Mattia flexing machine used on rubber 
(D430-35T). A stationary head holds one end of the test 
specimen and a reciprocating head holds the other end. The 
heads are adjustable for the clearance between them at the

closed end of the cycle and for the stroke or total displacement 
during the cycle. The clearance setting controls the radius 
of crease during flexing, while the stroke setting controls the 
degree of stretch imposed.

The standard fatigue test in this laboratory is carried out 
on a 0.040 X 2.5 X 5 inch sample of press-polished sheeting, 
folded longitudinally before insertion in the grips. The 
motion of the reciprocating head bends the folded sample 
transversely during flexing. The head clearance at the 
closed end of the cycle is set at 0.090 inch plus the total 
thickness of sheeting. In the bent position there are four 
thicknesses of sheeting between the heads so that the clearance 
=>=0.090 +(4) (0.040) = 0.250 inch. This provides a radius 
of 0.045 inch at the crease. The stroke is adjusted to draw 
the specimen taut at the open position but not to apply any 
stretch. This standard test setup is known as the fold flex 
at 0.045-inch radius. Tests ordinarily are run at 25° and 
0 C.; 0° is particularly useful for accelerated testing. Fig
ures 1, 2, and 3 show the details of the test setup.

The machine tests twenty specimens at a time and operates 
at 115 cycles per minute. This speed was chosen because 
much of the early work on the machine was for evaluating 
flexible sheetings for shoes, and 115 cycles per minute simu
lates the flexing which occurs when walking at a brisk rate. 
This relatively low rate of flexing is desirable also because it 
minimizes the heating of the test piece due to the internal 
friction of flexing.
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P la s t ic iz e r 0 .0 2 0 - in .
F o ld -F le x  a t  0 °  C .-  

0 .0 4 5 - in . r a d iu s 0 .0 8 5 - in .
D , % r a d iu s ( s t a n d a r d ) r a d iu s

2 0 3 0 150 3 0 0
25 3 0 0 1 ,3 0 0 2 ,7 0 0
30 2 ,5 0 0 1 1 ,0 0 0 2 0 ,0 0 0
35 2 0 ,0 0 0 9 0 ,0 0 0 1 7 0 ,0 0 0

D e g r e e  o f  S t r e t c h .  A sheeting which 
is alternately flexed and stretched will have 
a lower fatigue life than the same sheeting 
under flexing only. The decrease in fatigue 
life is roughly proportional to the degree of 
stretch imposed, by the following data on 
Resin W:

- F o l d - F le x -
P la s t ic iz e r  N o  s t r e t c h  1 0 %  2 5 %

D , %  ( s t a n d a r d )  s t r e t c h  s t r e t c h
  A t  0 °  C .--------------------- —

30  1 0 ,0 0 0  1 ,4 0 0  2 0 0
35  9 0 ,0 0 0  2 3 ,0 0 0  6 ,0 0 0

- A t  2 5 °  C . -

25  8 0 ,0 0 0    1 2 ,0 0 0
30  5 5 0 ,0 0 0    1 5 0 ,0 0 0

F i g u r e  1. S a m p l e s  M o u n t e d  f o r  T w i s t - F l e x  T e s t

Correlations of laboratory fatigue data with shoe wear 
tests show that from 5000 to 15,000 cycles in the 25° C. 
laboratory test approximate one day’s wear in shoes. This 
correlation proved useful in the commercial development of 
flexible sheetings for use in shoe uppers.

Effect o f Physical Factors on Fatigue Values

A number of physical factors (test conditions and machine 
adjustments) have important influences on the fatigue values 
obtained for various sheetings. Those factors which are 
important should either be fixed (as test constants) or specified 
when the test data are reported. The various factors are 
discussed below in the approximate order of their importance.

Of the resins used in the tests, S and W were vinyl chloride- 
acetate type; X  was a vinyl butyral resin. The plasticizers 
employed are designated by the following letters: D, dioctyl 
phthalate; G, triglycol dioctoate; K, butoxyglycolphthalate; 
S, dibutyl sebacate.

The fatigue life of flexible vinyl sheetings is shorter at 
lower temperatures. As the temperature is lowered, the 
percentage decrease in fatigue life is greatest for those sheet
ings which stiffen most at low temperature. The extent of 
decrease in fatigue life, for some of the vinyl resin compounds, 
is shown in the following table:

As Figure 5 shows, the percentage decrease 
in fatigue life with stretching is greatest in 
the case of the stiff sheetings (low plasti- 
cizer concentrations).

F l e x i n g  o f  F l a t  o r  F o l d e d  S h e e t i n g s .  

If a 0.045-inch or greater radius at the bend 
is maintained, the manner of mounting samples 
of sheeting in the machine apparently does 

not affect fatigue results. The following variations were 
investigated: simple flexing of flat sheeting (flat-flex), trans
verse flexing of sheeting folded longitudinally (fold-flex), and 
transverse flexing of sheeting folded and twisted longi
tudinally. In this series of tests the machine settings were 
adjusted to provide 0.045-inch radius at the bend, and prac
tically identical fatigue values were obtained with all three 
mountings.

.— F a t ig u e  L ife ,  C y c le s —  
R e s in  P l a s t i c i z e r ,  %  2 5 °  C .  0 °  C .

W  D ,  3 5  4 ,0 0 0 ,0 0 0  9 0 ,0 0 0
8  D , 32  1 0 0 ,0 0 0  1 ,5 0 0

X  G , 2 8  5 0 ,0 0 0  180 F ig u r e  2 . F a t ig u e  T e s t  M a c h in e

Thus, when compared in equal flexibilities at room tempera
ture, sheeting from resin X has the lowest fatigue life. If 
these same sheetings are cooled to 0° C., the resin X  material 
will be the stiffest of the three, and as the table shows, its 
percentage decrease in fatigue life is greatest.

T i g h t n e s s  o f  B e n d i n g .  Bending a sheeting more tightly 
upon itself at the “ closed” end of the flexing cycle (thus 
decreasing the radius at the crease) reduces the fatigue life 
of the material. The following data on resin W (from 
Figure 4) illustrate the important effect of changing the 
radius of bending from 0.020 to 0.085 inch:

However, when the radius at the bend was reduced to 
0.020 inch, the folded sheetings were found to have shorter 
fatigue life than that of the samples flexed flat. These re
lations follow as determined at 0° C. on resin W :

- F a t i g u e  C y c le s  a t  0 °  C--
0 .0 2 0 - ia .  r a d i u s  a t  b e n d

P la s t ic i z e r  D ,  %

20
25
30

F o ld e d

30
3 0 0

2 ,5 0 0

F l a t

7 5
8 0 0

9 ,0 0 0

S t a n d a r d  v a lu e  
a t  0 .0 4 5 - in .  r a d iu s

150
1 ,3 0 0

11,000
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F ig u r e  3 . M o u n t i n g  o f  
S a m p l e s  f o r  S t a n d a r d  

F o l d - F l e x  T e s t

is applied, and flexible sheetings fall in line with fatigue trends 
on rigid materials in this respect.

It should be pointed out that the data in this report were 
obtained on sheetings which had been annealed under pres
sure and fairly high temperature (150° C.) and thus con
tained very little residual strain. However, it is possible, by 
improper adjustment of calendering or forming conditions, 
to produce flexible sheetings which contain an excessive 
amount of residual strain. The effect of such strain on the 
fatigue life of the sheeting has not been investigated, but 
from correlations with other physical properties, an ap
preciable reduction in fatigue life would be expected. For 
that reason the levels of fatigue resistance described in this 
report should not be expected unless the sheetings are properly 
fabricated.

Effect of Compound F orm ulation  on F atigue Life

By combining various resins and plasticizers in suitable 
proportions, it is possible to prepare a large number of flexible 
plastic sheetings which are alike in flexibility and outward 
appearance. However, these various combinations may 
differ greatly in fatigue life. The following discussion brings 
out the effects of various components on the fatigue life of a 
compound.

T y p e  o f  R e s i n .  Of the various vinyl resins studied, 
resin W had the greatest resistance to fatigue, as shown in 
the first table which compared different resin types in com
pounds which had been adjusted to the same flexibility at 
room temperature.

The fatigue life of the various compounds appears to be 
a function of their elasticity or rate of elastic recovery from 
strain. It was noticed that fatigue failures most often 
occurred on the inside of the bend, as if a compound which

At 25° C. the same trend in re
lations was obtained. Reducing 
the radius at the bend from 
0.045 to 0.020 inch reduced the 
fatigue life of the flat samples 
slightly and reduced the life of 
the folded samples consider
ably.

S h e e t i n g  S u r f a c e .  Sharp 
irregularities in the surface of 
a flexible sheeting reduce the 
fatigue life of the material. This 
is illustrated by the following 
data on sheeting prepared from 
resin W with 35 per cent plasti- 
cizer D, compared in the press- 
polished and matte-finished 
forms:

S u r fa c e
>— F a t ig u e  L ife  a t  2 5 °  C .—« 
U n s t r e tc h e d  2 5 %  s t r e tc h

P r e s s -p o lis h e d  4 ,0 0 0 ,0 0 0  1 ,5 0 0 ,0 0 0
M a tt e - 6 n i s h e d  1 ,7 0 0 ,0 0 0  5 0 0 ,0 0 0

Thus, perfection of surface is a 
factor even when no stretching

&

id
0-
_i
LÜ
35

£
IL

10,000

1,000

FOLD -  FLEX 
T E S T E D A T  O ° C .

20.000

/(q 10,000

0/  <n 
/° I Q /w 

¡S /ft

RA DIUS O F  B E N D IN G

F O L D -F L E X  AT 0 ° C . 
R E S IN  W +  3 0 ^  P L A S T IC IZ E R  D

.0-20  . 0 4 0  .06  O . 0 8 0  .IOO
R a d i u s  o f  b e n d i n g , i n c h

d e g r e e  o f  s t r e t c h

i o  Z O  3 0  4 0

%  P  L- A S T  IC I Z  E R  T)

F O L D - F L E A  AT 0 °C  . 
R E S IN  W  -*• 3 0  mf  P L A S T IC irE R  D

F i g u r e  4 . E f f e c t  o f  R a d i u s  a t  B e n d  o n  F a t i g u e  L i f e  o f  S h e e t i n g s  f r o m  R e s i n  W
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P E R C E N T  P L A S T I C I Z E R  D

F i g u r e  5 .  E f f e c t  o f  S t r e t c h i n g  o x  F a t i g u e  L i f e  o f  S h e e t i n g s  
f r o m  R e s i n  W

different plasticizers impart different 
low-temperature stiffening characteristics. 
The sheeting containing plasticizer S remains 
most flexible, and that containing plasticizer 
K, least flexible of the three at 0° C. As 
the table shows, fatigue life at 0° C. parallels 
these flexibility differences.

F i l l e r s .  The effect of fillers on fatigue 
life depends on the type of base resin used 
in the compound. In vinyl chloride-vinyl 
acetate copolymers (resins W, S, etc.), fillers 
reduce the fatigue life of the sheeting to an 
extent depending on the proportion of filler 
present. In polyvinyl butyral resin (resin 
X), certain fillers appear to have reinforc
ing action.

The degrading effect of fillers in copolymer 
vinyl chloride-acetate resins is shown by the 
following data (from Figure 7) on different 
fillers. All the compounds were plasticized 
to equal flexibility at room temperature:

- F a t i g u e  L ife
R e s in F i l l e r ,  % 2 5 °  C . 0° c.

W N o n e 4,000,000 9 0 ,0 0 0
W C a lc e n e ,  40 5 0 ,0 0 0 12,000w Y o r k  W h it in g ,  4 0 1 7 0 ,0 0 0 1 5 ,0 0 0w R a v e n  B la c k ,  40 2 3 ,0 0 0s N o n e 100,000 2,000s C a lc e n e ,  40 ...... 400

was slow to recover from bending stress would be torn by 
tensile stress as the flexing cycle progressed.

C o n c e n t r a t i o n  a n d  T y p e  o f  P l a s t i c i z e r .  In a series 
of flexible sheetings prepared from a given base resin, the 
fatigue life increases rapidly with increase in plasticizer con
centration. Figure 6, with log of fatigue life plotted against 
plasticizer concentration, shows this trend. The following 
typical data, on effect of plasticizer concentration on fatigue 
life (of resin W), were taken from Figure 6 (left):

The reinforcing action of certain fillers in polyvinyl butyral 
resin (X) is still under investigation, but the following data 
(from Figure 8) illustrate the trend:

%  C a lc e n e

N o n e
20
40

F a t ig u e  L ife  a t  0 °  C .

180
2 8 0
4 5 0

P la s t ic iz e r  
D . %

20
2 5
3 0
3 5
4 0

2 5 °  C .

10,000
7 0 ,0 0 0

5 0 0 ,0 0 0
4 ,0 0 0 ,0 0 0

- F a t i g u e  L i f e -
0 °  C .

’ i,200
10,000
9 0 ,0 0 0

8 0 0 ,0 0 0

If different plasticizers are compared 
at concentrations which provide equal 
flexibilities, the type of plasticizer has 
no appreciable effect on fatigue life. 
This comparison was made on commonly 
used plasticizers which are readily com
patible in the resin. Typical data (taken 
from the right-hand graph of Figure 6 and 
other sources) are shown in the following 
table on resin W:

P la s t ic iz e r ,
%

D , 3 5  
K , 33  
S , 2 9

2 5 °  C .

4 .0 0 0 .0 0 0
4 .0 0 0 .0 0 0
4 .0 0 0 .0 0 0

- F a t i g u e  I . i f f
0 °  C .

9 0 .0 0 0
6 0 .0 0 0  

1 5 0 ,0 0 0

The three sheetings have equal flexibili
ties and equal fatigue strengths at room 
temperature (25° C.). There is a differ
ence in fatigue life at the lower tem
perature, but this may be explained by 
the fact that the three sheetings do not 
have equal flexibility at 0° C. The

C o l o r i n g  A g e n t s .  Limited data on plastic compounds 
containing coloring agents show that these materials, in the

P E R  C E N T  P L A S T I C I Z E R .

F i g u r e  6 .  E f f e c t  o f  R e s i n  T t p e  a n d  T e m p e r a t u r e  a n d  o f  P l a s t i c i z e r  
T y p e  a n d  C o n c e n t r a t i o n  o n  F a t i g u e  L i f e  a t  0 .0 4 5 - Ix c h  R a d i u s  o f  B e n d
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concentrations normally used, have no appreciable effect 
on the fatigue life of the compound. Among the coloring 
agents checked and found essentially neutral in effect were 
the following: 1 per cent Excello 2X Black, 1 Genoa Toner 
X-1180, 1 Blue Toner B-3, 1 Opaline Green G-l, 2 c. p .  Deep 
Orange A-4337, 2 Cadmium Red 4333, 2 Titanox A, 2 Osaka 
Yellow Lake X-1630, and 1 per cent Hoover Brown 7764.

( b y  w t )

F i g u r e  7 . E f f e c t  o f  F i l l e r  a n d  
T e m p e r a t u r e  o n  F a t i g u e  L i f e  o f  
S h e e t i n g s  f r o m  R e s i n  W, P l a s 
t i c i z e d  t o  E q u a l  F l e x i b i l i t y  a t  

2 5 °  C .

Conclusions
The effects of physical test factors on the fatigue life of the 

resulting flexible sheetings are given in conclusions 1 to 4; 
the effects on variations in compound formulation, in con
clusions 5 to 9.

1 .  T e m p e r a t u r e .  The fatigue life of flexible vinyl 
sheeting is from thirty to two hundred times longer at room 
temperature (25° C.) than at freezing temperature (0° C.).

nl\L
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1,000
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TESTED FOLD-FLEX 
WITH .045 " RADIOS 

AT O-C.

2 0
P E R

4 0  6 0
C E N T  F I L L E R .

F ig u r e  8 . E f f e c t  o f  C a l c e n e  
F il l e r  o n  F a t i g u e  L i f e  o f  S h e e t 
i n g s , P l a s t ic i z e d  t o  E q u a l  

F l e x i b i l i t y  a t  2 5  ° C .

2 . T y p e  o f  F o l d .  The flexing of folded samples is no 
more severe than simple flexing of flat sheetings, provided 
they are both bent to the same radius at the crease during 
flexing and that this radius is 0.045 inch or greater.

3. D e g r e e  o f  S t r e t c h .  The alternating of tension with 
flexing reduces the fatigue life of a sheeting in proportion to 
the degree of stretch imposed.

4. S h e e t i n g  S u r f a c e .  Press-polished sheeting has two 
or three times the fatigue life of sheeting with a matte finish 
(sharp irregularities in the surface).

5 . T y p e  o f  R e s i n  used in a sheeting is an important 
determinant of its fatigue life. Of the vinyl resins studied, 
W (a high-molecular-weight copolymer of vinyl chloride and 
vinyl acetate) provided sheetings with the greatest resistance 
to fatigue.

6. C o n c e n t r a t i o n  o f  P l a s t i c i z e r .  In a series of 
flexible vinyl sheetings prepared from a given base resin, the 
fatigue life increases rapidly with increase in plasticizer con
centration. A compound containing 40 per cent plasticizer 
will have from two to twenty thousand times the fatigue life 
of a compound containing 20 per cent plasticizer.

7. T y p e  o f  P l a s t i c i z e r .  If we consider only those 
plasticizers which are readily compatible with the resins 
involved, and if we make comparisons on compounds of equal 
flexibility, the type of plasticizer used in a sheeting has little 
effect on fatigue life.

8 . F i l l e r s  greatly reduce the fatigue life of flexible 
sheetings prepared from copolymer vinyl chloride-acetate 
resins. However, sheetings prepared from polyvinyl butyral 
appear to be reinforced by the inclusion of certain fillers.

9. C o l o r i n g  A g e n t s ,  in the 1 or 2 per cent concentrations 
normally used, have no appreciable effect on the fatigue life 
of flexible plastic sheetings.
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Robert E. Wilson

► ► ► One of the large 
ballrooms of the Hotel 
Commodore in New York 
had to be secured to ac
commodate nearly five 
hundred chemists and 
their guests, gathered at a 
dinner meeting to honor 
Robert E. Wilson, thirty- 
seventh recipient of the 
Perkin Medal, on the 
evening of January 8,
1943. The medal may be 
awarded annually by the 
American Section of the 
Society of Chemical In
dustry for outstanding 
work in applied chemis
try. Wilson, now president of the Pan American Petro
leum and Transport Company, is honored for his research 
studies on such varied subjects as flow of fluids, oiliness, 
corrosion, motor fuel volatility, plasticity, and humidity, and 
for his industrial contributions in the use of tetraethyllead, 
petroleum hydrocarbon cracking, and adaptation of chemical 
engineering principles to the oil industry.

Foster D. Snell presided over the meeting immediately fol
lowing the dinner, and introduced the speakers. Thomas 
Midgley, Chairman of the Board of Directors and President- 
Elect of the A m e r i c a n  C h e m i c a l  S o c i e t y , told with evident 
relish of the personal and human side of the medalist, a friend 
of long years’ standing. Walter G. Whitman, of the Chemical 
Branch, War Production Board, paid tribute to the impor
tance of Robert Wilson’s work in both science and war service. 
Marston T. Bogert added several interesting anecdotes about 
the medalist before actually presenting him with the medal. 
The address then made by Wilson is given below.

The Perkin Medal was founded in 1906 in commemoration 
of the fiftieth anniversary of the coal-tar color industry, the

PERKIN 
MEDAL

first medal being awarded to Sir William H. 
Perkin, discoverer of aniline dyes. The award 
may be made to any chemist residing in the 
United States of America for work which he has 
done at any time during his career, whether this 
work proved successful at the time of execution or 
publication, or whether it became valuable in 
subsequent development of the industry. The 
medalist is chosen by a committee representing 
the Society of Chemical Industry, the A m e r ic a n  

C h e m i c a l  S o c i e t y , the Electrochemical Society, 
the American Institute of Chemical Engineers, 
and the Société de Chimie Industrielle.

The list of medalists from the date of founding 
to the present is as follows :

1906 S ir  W il l ia m  H . P e r k in 1926 R . B . M o o re
1908 J .  B . F .  H e r r e s h o f f 1927 J o h n  E .  T e e p le
1909 A rn o  B e h r 1928 I r v in g  L a n g m u ir
1910 E . G . A c h e s o n 1929 E .  C . S u l l iv a n
1911 C h a r le s  M . H a l l 1930 H e r b e r t  H .  D o w
1912 H e r m a n  F r a s c h 1931 A r t h u r  D .  L i t t l e
1913 J a m e s  G a y le y 1932 C h a r le s  F .  B u r g e s s
1914 J o h n  W . H y a t t 19 3 3 G e o rg e  O e n s la g e r
1915 E d w a r d  W e s to n 1934 C o l in  G . F in k
1916 L e o  H . B a e k e la n d 1935 G e o rg e  O . C u r m e ,  J r .
1917 E r n s t  T w itc h e l l 19 3 6 W a r r e n  K . L e w is
1918 A u g u s te  J .  R o s s i 19 3 7 T h o m a s  M id g le y ,  J r .
1919 F .  G . C o t t r e l l 193 8 F r a n k  J .  T o n e
1920 C h a r le s  F .  C h a n d le r 193 9 W a l t e r  S . L a n d is
1921 W ill is  R .  W h itn e y 1940 C h a r le s  M . A . S t in e
1922 W il l ia m  M . B u r to n 1941 J o h n  V . N . D o r r
1923 M il to n  C . W h it a k e r 1942 M a r t i n  H .  I t t n e r
1924 F r e d e r i c k  M . B e c k e t 1943 R o b e r t  E .  W ils o n
1925 H u g h  K . M o o re

(For list of achievements of each medalist up to 1934, see 
I n d . E n g . C h e m ., February, 1933, page 229.)

Research and Patents
ROBERT E. W ILSON, Pan-American Petroleum and Transport Company, New York, N. Y.

T HE time-honored custom of most Perkin medalists has 
been to discuss either the broad outlines of their own 

scientific work or the details of some recent develop
ments with which they have been particularly concerned. 
To depart from that custom of my predecessors demands 
some explanation. First is my enforced separation from fre
quent direct contact with research activities; second, only 
three years ago, before much the same audience, I covered 
the field in which I had been most recently active namely, 
the chemical utilization of cracked refinery gases; third, 
secrecy orders now ban detailed public discussion of many 
of the more interesting recent technical developments in my 
own industry.

However, no apology is necessary for devoting my time to 
discussing a matter which gravely threatens the whole future 
of industrial research and our national welfare. I refer to the 
recent widespread and unfair attacks upon our patent system. 
Unless we, as scientists, help to educate the lay public as to 
the facts of the situation, ill-considered legislation may be 
adopted which would prevent the prompt and free exchange 
of new information, destroy the market of the independent 
inventor, and discourage the continuance of American in
dustrial research of which we are so justly proud.

My own experience in the field of patents has afforded un
usual opportunity to view the practical workings of our pat
ent system from all aspects. Briefly, this includes four years
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as ail independent inventor, with numerous patents sold or 
licensed; two years as an inventor in government service; 
seven years as a so-called “kept inventor” , directing research 
for a large oil company; and six years as the head of the de
velopment and patent department of that company. For the 
past eight years I have been directing the activities of an oil 
company of moderate size, which has been on the royalty- 
paying and not the royalty-collect
ing side of the fence. Our policy 
in developing and expanding our 
refinery has always been to install 
the best processes in sight, whether 
or not this necessitated royalty pay
ments which, in our experience, 
comprise only a small part of the 
prospective savings. My recent 
service as a director of a corporation 
taken over by the Alien Property 
Custodian has also brought me in 
contact with many of the problems 
involved in handling foreign-owned 
patents. In view of this back
ground, I believe I can justly claim 
the right to discuss the practical 
workings of our patent system.

Critics of our patent system 
generally say that they recognize 
the necessity of giving some reward 
to inventors, although they are 
vague as to the form which that re
ward should take, and they usually 
object to giving him even a limited monopoly on what he dis
covers. The alternative of trying to determine the fair cash 
value of an invention is, however, about the most impos
sible task a government could undertake; it involves, first, 
appraising the degree of novelty and value of the inventor’s 
contribution before one knows what other inventors may 
have been doing in the same field, and, second, appraising 
industrial trends many years in advance and deciding whether 
or not, and how soon, some other and better invention will 
supersede the one in question. Such a task would give 
pause to a combination of judge, seer, and prophet—and such 
a man would be too wise to undertake the job.

Whoever first conceived the notion of granting an inventor 
a limited monopoly in return for public disclosure of his inven
tion had a brilliant idea, because it takes advantage of the 
fact that every inventor tends to overvalue his own inven
tion; and no reasonable cash sum would encourage him as 
much as the thought of being able to control his own inven
tion for a period of seventeen years. Furthermore, it is diffi
cult to think of a fairer method of reward, because its mag
nitude is largely dependent on how important his invention 
turns out to be and on his intelligence in handling his patent. 
If he tries to charge too much, his invention will be little 
used and competitive research will be stimulated. In any 
case the public, at very small average cost, gets three advan
tages: prompt knowledge of the invention to add to the 
scientific background on which further research can be based, 
reasonable assurance that the worth-while inventions will 
be commercialized, and free use of the invention after the 
patent expires.

MISUNDERSTANDING OF THE PATENT MONOPOLY

► Prevalence of Misrepresentations. In my opinion the 
greatest danger to our patent system lies in the lack of 
clear understanding of the nature of the patent monopoly 
and the compelling reasons for granting one to the dis
coverer of a really new product or process. Some of this

misunderstanding arises naturally out of the complexity 
of the situation, but much of it is due to a studied mis
representation of the essential facts by a small group who 
have apparently undertaken to destroy or nullify our 
patent system. One of their outstanding methods of con
fusing the public has been the old-fashioned one of name 
calling. Thus the right to the exclusive use of one’s own in

vention for a limited period as pro
vided for in our constitution and 
enacted into law on the recommen
dation of that great antimonopolist, 
Thomas Jefferson, is supposed to be 
damned by calling it a “monopoly” . 
The public traditionally dislikes a 
monopoly, regarding it as something 
carved out of the public domain and 
acquired by an individual. A 
patent right, however, covers some
thing discovered or created by the 
individual and is a natural monop
oly as long as he can keep it
secret. The patent law simply
offers him a legally protected monop
oly, limited in time, in return for 
prompt disclosure, so that the in
formation is immediately, and all 
rights are eventually, added to the 
public domain. As another ex
ample, a mere exchange of free 
cross-licenses and technical infor
mation between a group of com

panies engaged in research in a given field is condemned 
as a “ patent pool” or a “ monopoly of monopolies” . 
Even the magazine Fortune, evidently under the spell of
recent Washington releases, went so far in a recent issue
as to picture a patent pool as a jail with laboratory research 
workers as the prisoners in striped suits and armed guards 
shooting escaping prisoners.

If an American company, in order to get the right to manu
facture under an important patent, granted by our Govern
ment to a foreign owner, had to agree to confine its operations 
under the patent to the United States, it is charged with par
ticipating in a cartel; and if war develops ten years later, the 
company is publicly accused of having conspired with our 
present enemy to deprive our present allies of needed prod
ucts. A small inventor is publicly accused before the Senate 
Patent Committee of blocking the manufacture of an essen
tial item in airplane equipment by refusing to grant licenses, 
whereas it shortly developed that the device was not essential 
but merely one of several alternative devices, and that the 
only reason he had not been able to supply his entire demand 
was that government officials had refused to permit him to 
buy the necessary equipment to enlarge his plant.

I do not mean to say that patents cannot be or have not 
been abused, as rights of every kind can be misused, but I do 
believe that a deliberate attempt has been made to discredit 
our patent system in much of the publicity which has ema
nated from W ashington during the past year or two.

As another example of these unfair attacks on patents and 
inventions, consider the public remarks before this same 
oenate committee of Thurman Arnold regarding tetraethyl- 
eac. This audience appreciates the tremendous economic 

v i ue of this invention and knows the story of the long and 
ri lant series of researches by Midgley; they led to the dis

covery of this antiknock agent which increased the total 
avai able horsepower of the automobile engines made in 1941 
by an amount equal to seventy-five Boulder Dams. It was 
a so one of two inventions which made 100 octane gasoline 
possi j e and has contributed so much to the air superiority of

Thomas Jefferson Recommended and 
Helped Adm inister the First Patent 

Law, as Provided in the Constitution



February, 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 179

the United Nations. This discovery was the primary basis 
for the award to him of the Perkin medal a few years ago. 
Mr. Arnold, however, airily dismissed it all with the remark: 
“Now whether these (ethyl) patents were good, I do not 
know. It struck me at the time, what else could you do with 
tetraethyllead but put it in gasoline? You can’t put it in 
coffee.”

Such statements by government officials in key positions 
are particularly dangerous in complex scientific matters which 
the lay public cannot appraise. The statement would have 
been much less dangerous, though no less unsound, if it had 
been: “ Now whether these telephone patents were good, I 
do not know. It struck me at the time, what else could 
you do with a telephone but talk over it. You can’t play 
tennis with it.”

I hope these examples are adequate evidence that we as 
scientists must do our part to educate the public and the 
lawmakers as to the essential facts about our patent system. 
As the first step in this educational process we must escape 
from what Justice Cardozo called “ the tyranny of words” 
and try to get at fundamental meanings.

► Real Nature of the Patent Monopoly. Our patent sys
tem was not created to enrich inventors but to benefit the 
public by encouraging the invention and the development of 
new and useful processes or products. To secure these bene
fits, Congress, on behalf • 
of the public, has solemnly 
offered a monopoly, 
limited in time to anyone 
who will make prompt and 
full disclosure to the 
public of a new and use
ful invention, instead of 
keeping it secret. If he 
does not make such full 
disclosure, the patent is 
ipso facto void. A patent 
represents an addition to 
and not a subtraction 
from the public wealth.
Under our present law3 
and decisions a patent 
cannot be used to fix re
sale prices, to control un
patented articles used in 
connection with the in
vention, or otherwise to 
extend im properly the 
patent monopoly beyond 
its lim ited purview .
Judicial decisions are 
steadily narrowing the 
field of what it is per
missible to do under a 
patent. Nevertheless, a 
patent is a monopoly, is 
supposed to be a mono
poly, and should not be 
considered damned by 
being called a “ monop
oly” .

As a matter of fact, a 
monopoly is not the inher
ent evil many would have 
us believe. Indeed, one 
of the greatest factors in 
the early development of 
America was the fact that

our settlers could acquire the ownership of land “ in fee sim- 
ple” and thus monopolize forever their land, its products, 
its minerals, and the improvements which they made thereon. 
No greater incentive to hard work and self-sacrifice has ever 
been found than this right of a man to own and control the 
fruits of his labors. No one today7 questions the social value 
and fairness of this monopoly incentive which did so much 
to extend our geographical frontiers and bring new lands 
under cultivation. The monopoly granted to the discoverer 
of a mining claim was likewise largely responsible for the 
rapid development of our mineral resources. Is it not equally7 
important and valuable to extend our only remaining frontiers, 
those of science and invention, when, to do so, we need 
only offer a monopoly for a short span of years?

Probably the first clear perception of the need for and 
justice of a patent monopoly7 was in the Statute of Monop
oly which the English Parliament forced through in 1623 
during the reign of James I, to stop the Crown from grant
ing monopolies to court favorites on everyday commodities of 
life, such as salt, spices, playing cards, etc. This statute 
prohibited all monopolies except those for new inventions 
and new importations into the realm. This was the first 
express recognition of the fact that a man should be entitled
to some form of property right in and protection of his new
ideas and developments. The patent laws of the entire world 
have sprung from this statute and the gradual recognition of

the great incentive thus 
created has had much to 
do with the scientific and 
industrial progress of the 
past two centuries.

► Success of American 
Patent System. In an
early review of the re
sults of our first patent 
law, Thomas Jefferson
said:

A n a c t  o f C o n g r e s s  
authorizing the issue of 
patents for new discoveries 
has given a spring to  in
vention beyond m y concep
tion . . . .  In  the arts, and 
especially in the mechanical 
arts, many ingenious im
provements are made in 
consequence of the paten t 
right giving exclusive use 
of them  for 14 years. Cer
tainly an inventor ought to  
be allowed a right to the 
benefit of his invention for 
some certain time. No
body wishes more than  I do 
th a t ingenuity should re
ceive liberal encouragement.

Lincoln well summar
ized the whole situation in 
his laconic statement that 
“ the patent system added 
the fuel of interest to the 
fire of genius” .

Regardless of theory, 
the experience of this 
country during the past 
150 years has demon
strated that the American 
patent system has been 
an outstanding success. 
It was based on a sound

Seventy-Five Boulder Dams Would Represent the Increase 
in Available A utom otive Horsepower in 1941 Cars Due to 

Tetraethyllead
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understanding of human nature, and its principles have 
no more been outmoded than has human nature been out
moded. It has stimulated and supported the natural inven
tive genius of our people, and has resulted in technical and 
industrial developments which have made us the envy of 
all other nations. I can speak from close personal knowledge 
of the stimulation afforded by the outstanding success of the 
Burton process and the related patent situation. It was un
questionably the major factor in stimulating research in our 
industry, first on competitive methods of cracking, and then 
on the myriad of new processes which have transformed the 
whole industry in recent years. Dr. Burton in 1912 was one 
of probably not more than a dozen scientists in this country 
engaged in petroleum research. In 1922 when I entered the 
industry there were about 250, and in 1942 there were more 
than 7000 such research workers in our field.

It might be argued that other nations also have patent 
systems without getting such outstanding results, but the 
American patent system has real advantages over most of the 
foreign systems in several respects. For example, it pro
vides that the first inventor, and not the first one who files his 
application in the Patent Office, is entitled to the patent. 
This encourages a man to take adequate time to appraise his 
invention, work out the details, and even discuss it with 
others, without jeopardizing his position as the first inventor 
provided he keeps adequate records.

In the second place, American patents are not subjected to 
heavy taxes or compulsory licensing provisions which greatly 
decrease their practical value, especially to an ordinary inde
pendent inventor during the early years when his financial 
resources are likely to be inadequate.

Furthermore, the fact that sound patents are generally re
spected by the responsible business interests of this country 
increases the market for, and the value of, a patent in con
tradistinction to the practices in many foreign countries. As 
John Anderson, an independent inventor of note, has well 
said:

People seldom plant gardens where thieves abound and police 
protection is inadequate. Pirates are everywhere and inventors 
will not continue to invent, nor will small investors support their 
inventions, if patent rights are not sympathetically protected.

► Value of Cross-Licensing Agreements. Another object 
of misinformed criticism is the simple cross-licensing agree
ment between parties actively engaged in similar lines of re
search. Such research generally results in many Patent 
Office interferences and overlapping patents which would 
prevent any party from using the best process in sight. 
Under such circumstances there has been an increasing 
tendency to avoid the expense and delay attendant upon 
interference and infringement litigation by arbitrating the 
interferences and exchanging cross licenses as to both past 
and future developments in a given field, usually on a royalty- 
free basis. Such an agreement generally involves provisions 
for the licensing of others upon reasonable terms and a divi
sion of royalties based upon the best estimate of the parties 
as to the relative value of their respective positions. Usually 
each party also agrees to conduct further research in the field 
in question and is left free to license his own patents on 
such terms as he sees fit.

In spite of recent attempts to arouse opposition to such 
arrangements labeling them all “patent pools” without ana
lyzing their provisions, it seems clear that the ordinary cross
licensing arrangement between companies actively engaged in 
research is very much in the public interest, since it facilitates 
and stimulates research, prevents unnecessary duplication 
removes obstacles to prompt commercial development, and 
avoids wasteful litigation. The free and prompt exchange of 
ideas and information between rival laboratories is a tremen

dous accelerator of new developments. Such cross-licensing 
arrangements also make available to an outside licensee all 
the necessary patents and, what is frequently more important, 
the combined experience of several companies so that he can 
select and operate the process best suited to his needs without 
having to acquire licenses and information from several dif
ferent sources. The only party who could reasonably com
plain against such an arrangement is the individual or company 
which hopes to use with impunity the new process while the 
owners of the patents fritter away the life of their patents in 
lengthy and often suicidal litigation with one another.

Since cross-licensing agreements of this type tend to pro
mote not only research and invention, but the prompt com
mercial application of the inventions, the question might be 
raised as to why free cross-licensing agreements covering en
tire industries would not be still better in this respect. The 
main difficulty of such arrangements is that they run up against 
human nature; when some individuals or companies realize 
that their competitors will have the same rights they have to 
anything new which they may develop, they frequently decide 
to leave most of the expense of research and development to 
the other fellow and hope for a free ride for themselves. 
Other companies which, as a matter of principle, continue 
their research, sooner or later become irritated when the 
fruits of their research are appropriated by others who have 
contributed nothing. Such industry-wide pools also remove 
the main incentive of any company to pioneer radical new 
developments; they have everything to lose and little to gain 
by such action which will quickly be copied by everyone if it 
proves popular.

While it is true that cross-licensing agreements have occa
sionally been used as a screen for an attempt to divide the 
market or to control unpatented devices, such arrangements 
are clearly under the prohibition of the antitrust laws and are 
practically obsolete today, thanks in part to the vigorous ac
tivity of the antitrust division. Accordingly there seems to 
be no reason to legislate against the ordinary and desirable 
type of cross-licensing agreement which I have described. 
If a few of the larger companies in a major industry made a 
cross-licensing arrangement covering every branch of their 
business without regard to their respective patent and research 
positions and excluded others from such an arrangement, it 
might be open to criticism; but where, as in the petroleum 
industry, each new important field of development generally 
becomes the basis for one or more cross-licensing arrange
ments with different participants, depending upon who has 
pioneered in the new field, and with the arrangement open 
to newcomers who can contribute substantial patent assets, 
it is an altogether healthy thing. Certainly it is an efficient 
method of getting new developments into prompt production 
without awaiting the result of lengthy patent litigation.

SUGGESTED CHANGES IN  PA TEN T LAWS

While I do feel that our patent system is basically 
sound and vital to the future of research, this does not mean 
that patent laws do not from time to time need revision to 
meet changing conditions and avoid possible abuses.

The Commissioner of Patents not long ago suggested a 
number of administrative changes in the patent law which 
a general approval of those most concerned with patents; 

most of these have already been adopted. Others have vig
orous y urged more drastic suggestions which have not re
ceive such general support; it is to these that I would par
ticularly call your attention.

► Compulsory Licensing. At the head of the list of pro
pose i rastic changes in the patent system are various 
yPes 0 Provisions for compulsory licensing. The argu-



February, 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 181

ment generally used in favor of such provisions is that 
many patents are used to suppress inventions. If that 
were actually the case, there would admittedly be argument 
for some form of compulsory licensing but, to the best

may at any time be forced to give a competitor a license on 
terms which are unpredictable. If there were some way in 
which one could properly determine a fair royalty and other 
reasonable terms in the event of compulsory licensing, it

One of the Original Burton S tills  (No Longer in Use)

of my knowledge, none of the extensive hearings on patent 
matters has dug up a single authentic case of this kind. In all 
my work in dealing with patents and inventors or trying to 
get licenses, I have never found a patent owner who took 
that attitude. Frank Jewett whose experience in this field is 
unexcelled recently wrote:

Despite the fact th a t I  have made diligent inquiry over the 
years, I  have never been able to locate a suppressed patent nor 
have I  ever found any one who could cite an authentic case of 
suppression. . . . The plain tru th  of the m atter is th a t a large part 
of unused paten ts are worthless things which the inventors 
insisted on patenting  and on which the P a ten t Office had to 
issue patents because the ideas presented were technically new 
and novel— the P aten t Office does not pass judgm ent on the utility 
of the patents it  grants. They are not and never were any
thing anybody would use, in the face of be tter things, even if 
you gave the  patents to  him.

Then there is the  great group of unused patents which, although 
they m ay have had original m erit, were rendered obsolete by 
subsequent inventions. Except for patents on really funda
mental new ideas every new patent tends to kill the value of
those which preceded i t  The only possible way for a business
a t all dependent on live paten ts to  avoid extermination in the 
competitive struggle is to  keep eternally a t the process of re
placing its dead and dying patents by new and better ones and 
that mainly  by its own creative effort.

Recent headlines about the suppression of patents on de
vices needed for war are nothing more than imagination, 
because legislation has been in effect since the last war pro
viding in effect for compulsory licensing of any patent needed 
by the Government in time of war. Accordingly the whole 
matter should be dissociated from the war and be ■viewed 
more calmly from a long-range point of ■view.

The greatest objection to compulsory licensing in normal 
times is that it largely cancels the very reward the inventor 
was supposed to receive. It also interferes with the incentii e 
of the patent owner or licensee to make a large investment in 
.a new development if he is faced with the possibility that he

would overcome much of the objection to such licensing, but 
inventions are so widely different in character and in the in
vestment required to develop them that it is impossible to set 
up an}- general standards as to the proper terms for a license. 
The old American art of horse trading between the patent 
owner and the man who wants a license is often time consum
ing and annoying, but it is probably the best way to arrive at 
the fair value of a license, and it has the further advantage 
of generally being open to readjustment from time to time 
as conditions change.

It is sometimes proposed that the value of the compulsory 
license be arbitrated. While the principle of arbitration ap
peals to everyone as reasonable, the intangible factors make 
arbitration peculiarly difficult in the case of granting a patent 
license, because both the terms and the royalty rate are open 
to so much trading back and forth, with back licenses under 
other patents often constituting part of the consideration, 
that it is even harder than the case I previously mentioned 
of determining the value of a single patent. Furthermore, the 
patent owner i3 at a peculiar disadvantage in such an arbi
tration in that he would be compelled to grant a license on the 
terms set by the arbitration, whereas if the prospective licensee 
who requested the arbitration did not like the terms, he could 
always find some reason for not going ahead with substantial 
use of the patent; therefore arbitration in such a case is really 
a one-sided proceeding, binding only on the patent owner.

Compulsory licensing would militate most seriously against 
individuals and smaller companies who would have to go out
side to secure financing to develop and exploit their patented 
development. Venture capital cannot be attracted into new 
and hazardous fields without the prospect of unusual returns, 
which compulsory licensing would prevent.

►  Proposed Prohibition of Restrictions in Licenses.
While the granting of a patent monopoly seems virtually 
essential to afford an adequate incentive for research and
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invention which is every year becoming more expensive 
and difficult, it is nevertheless equally true that once the 
invention has been disclosed and the patent granted, it is 
thereafter in the public interest, and usually in the inven
tor s interest, to have licenses granted to as many people 
as can make effective use of the invention. Any license, 
however restricted, is in essence a voluntary concession 
of part of the owner’s rights under his original patent 
monopoly. In disposing of part of his monopoly, the 
patent owner naturally must make clear just what he is 
giving away and what he is retaining for himself, but such 
limitations in licenses have recently been under heavy 
attack as though they were fundamentally undesirable, 
and legislation forbidding almost any such limitations has 
been proposed. Actually, the net effect of drastic provi
sions against restrictions in licenses is likely to be the op
posite of that intended. The practical aspect of this can 
possibly be best illustrated by again referring to the 
analogy of the ownership of land. Suppose a man owning 
a tract of land is asked to grant a right-of-way for a road 
across his land. He would probably be quite willing to 
grant such a right-of-way provided he received reasonable 
compensation and could protect his own rights in the re
mainder of the land by providing that the man who ac
quired the right-of-way must keep a certain distance from 
his house, construct and maintain fences and agree not to 
trespass on the remainder of the land. These provisions 
are restrictive as to the rights and duties of the man who 
acquires the right-of-way, but the important thing is that 
he does not lose any rights he ever had; he simply agrees 
to definite limitations on the new rights which he acquires. 
Now if we pass a law saying that all grants of right-of- 
way must be unrestricted and without limitation, it is 
certain that the land owner will be much less willing to 
grant rights-of-way; or if he does, he will charge much 
more for them. Exactly these considerations apply in the 
case of many of the proposed prohibitions against restric
tions in licenses. It should be made as easy as possible 
for a man to chip away his monopoly gradually, however 
small the individual pieces.

One set of proposals put forward last spring in Senate Bill 
2491 would specifically outlaw any restrictions in licenses as 
to (1) price, (2) quantity permitted to be manufactured. (3) 
geographical limitations, and (4) limitations as to the use to be 
made of patents.

As to the restrictions on the price or quantity of patented 
articles to be produced under a license, the modern trend in 
licensing, at least in the industries with which I am most 
familiar, is away from all such restrictions, and I cannot argue 
strongly against the prohibition of such restrictions. How
ever, even such prohibitions would tend to discourage licens
ing or force up royalty rates in certain cases where a patent 
owner feels that such restrictions on first sale are necessary 
for his self-preservation.

The matter of prohibiting geographical restrictions is 
much more serious. For example, take a man who is manu
facturing an article in the East or Middle West on which the 
freight to the Pacific Coast is large. He might be approached 
by a Pacific Coast manufacturer who wanted a license and 
since the patent owner could not readily fill this market him
self, he would be glad to grant a license if it could be limited 
to manufacturing on the Pacific Coast. If, on the other 
hand, geographical restrictions were prohibited so that he 
could not grant a license without throwing open the whole 
world to his licensee, he would probably decide to give no 
license at all, and the Pacific Coast would continue to suffer 
from the lack of a convenient source of supply.

Even more unfortunate would be the practical effect of the 
proposed prohibition of any limitations as to the use to which

a licensee might make of a patented process or apparatus. 
This entirely overlooks the way most licenses are desired and 
granted by most companies operating in the process indus
tries. Suppose X  oil company owns a patent on a process cap
able of being used to make products of high value, such as 
100 octane gasoline, as well as products of relatively low 
value, such as kerosene. If Y  company wanted to take a li
cense on this process to make kerosene, it would undoubtedly 
say that it could afford to pay only a small royalty under 
these conditions, and X  company would probably agree to 
this, provided it used the process only for making kerosene. 
If, however, Y  company later wanted to use the process for 
making 100 octane gasoline or some other product of high 
value, such a royalty would be unreasonably low. Since it 
would be impossible to determine in advance a fair royalty 
for every possible use to which the user might want to 
put the process, it would best suit the needs of both X 
and Y  companies to set a royalty rate for the use or uses 
definitely contemplated and limit the license to such uses. 
If X  company were permitted to give only an unlimited 
License for unknown future uses, it might well decide not to 
grant any license at the low rates appropriate for making 
kerosene.

Furthermore, while Y  company would be primarily inter
ested in getting a license on only one or two specific patents, 
it would undoubtedly want, and expect to get, drawings and 
designs for complete equipment to carry out this process and 
in the design of that equipment there might be half a dozen 
minor patented devices which neither X  nor Y  might have 
in mind. If F were well advised, it would insist that it have 
the right to use any of X ’s patents in carrying out the specific 
process, and X might well agree to this “ throwing in” of all 
incidental patents, provided such uses were limited to the 
process under discussion; but it would certainly not throw in 
all of his patents for use in any process which might come 
along merely for the payment of a small royalty based on a 
kerosene operation. The great bulk of the process licenses 
granted in our industry do not attempt to enumerate all the 
patents and applications which might be useful in a given 
process but give a blanket license under any of the patent 
owner s present or future patents for the defined process. 
Such broad licensing of all the licensor’s patents for the desired 
use is certainly in the public interest but would be made im
possible by the proposed type of restriction.

► Shortening of the Patent’s Life. One abuse which has 
been clearly evident in a few cases is the practice of de
liberately and excessively prolonging the period of argu
ment back and forth in the Patent Office so that a patent 
is not issued until many years after the application, in 
order to get the benefit of a later effective period of life, 

or this reason one of the suggested reforms which would 
eep the life of the patent at not more than seventeen 

years but also limit the expiration date to not more than 
wenty years after the application was filed seems to 

have real merit. Even the seventeen-year life is open to 
quest on in view of the accelerated industrial tempo 
w ic , m general, makes it possible to get a new invention 
mto operation much more promptly than was the case 
when the seventeen-year term was originally set. On the 
other hand, it is getting more and more expensive and diffi- 
cu t to make and develop new inventions as the frontiers of 
science are pushed farther and farther afield, and there should 

e some o setting increase in incentive. Seventeen years 
seems a ong period when we are in the midst of a new develop- 

’ JU ^ IS  ̂ short time in the life of a nation or an 
m us ry. ertainly no one today begrudges James Watt

is monopoly cm the steam engine from 1769 to 1794, or 
Hell his telephone from 1876 to 1893.
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► Greater Care in Granting Patents. It must be con
ceded that a large number of patents issued by our Patent 
Office relate to minor or petty details of routine improve
ment and do not cover true inventions. While these weak 
patents are being consistently knocked down by the courts, 
they are often a source of harassment, confusion, and ex
pense. There appears to be too low a standard of patent
ability in the Patent Office, and in recent times too awe
somely high a standard of patentability in the courts. 
Although the Patent Office is required to resolve its doubts 
in favor of the inventor, it seems that the Patent Office 
has in general been too liberal. The Patent Office is not 
alone at fault in this connection. It is subjected by at
torneys and applicants to strong and relentless pressure to 
issue some kind of a patent even though the applicant or 
attorney realizes that it may be of doubtful validity. This 
type of patent is sometimes called an “ insurance”  patent 
because its main purpose is to prevent someone else from 
being granted a patent later on the same thing.

The character of patents probably would also be improved 
simply by raising the salary standards in the Patent Office. 
The present salary situation is such that there is little incen
tive for the patent examiner to regard service in the Patent 
Office as a lifetime career, with the result that the Patent 
Office functions to a considerable degree as a training school 
for patent attorneys.

There is also room for improvement in the information 
available to examiners in making searches for patentable 
novelty. Much practical knowledge and information from 
the industry should be but is not available in the Patent 
Office. One constructive move to help remedy this situation 
would be to establish a procedure whereby the examiners, at 
least those of senior rank, would have frequent personal con
tact with development and manufacturing activities in the 
particular fields which they are examining.

EFFECT ON RESEARCH OF DRASTIC WEAKENING 
OF OUR PATENT SYSTEM

For an authoritive and considered statement as to the rela
tion of patents to research, one would logically go to the Na

tional Research Council. In their December, 1940, report 
to the National Resources Planning Board they have said:

It is generally recognized, however, that patents play an im
portant part in the motivation of research, and no changes in 
the patent system should be made without most careful considera
tion of possible effects on the welfare of industrial research.

Emasculation of our patent system is bound to discourage 
much industrial research which has grown so amazingly in re
cent years until it employed about 70,000 research workers 
in 1940. However, the effect on the amount of research 
done will vary greatly with the industry and particularly with 
the size of the company, and in a direction which would seem 
to be socially undesirable as it would in the long run weaken 
the competitive position of the smaller companies. Let us 
consider the relative effect on companies of various sizes.

► Little Effect on Large Companies. A drastic weakening 
of our patent system will least affect the research policies 
of the large companies. Such companies can readily afford 
to carry on research programs covering their principal fields of 
activity solely for the purpose of maintaining their competitive 
position and keeping down their manufacturing costs. They 
regard royalties mainly as incidental by-products of their re
search, and their main interest in patents is to help them 
secure maximum operating freedom by virtue of exchanges 
of licenses. Obviously, if they find it expedient not to depend 
on patents, such companies will not stop their research but will 
tend to keep their “know how” largely to themselves.

► Major Effect on Medium and Small Companies. The
effect of emasculation of our patent system on the re
search activities of medium and small companies will be 
much more severe. Such companies must have some re
search organization if they are to keep anywhere near 
abreast of competition, but their laboratories cannot possibly 
do original research in all their fields of activity. In general 
they concentrate mainly on operating problems and the 
application of various patented processes to their own needs. 
In either type of work they frequently run across some new

Fractionating E quipm ent in a Catalytic Cracking Unit
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idea which seems to have merit; and even though their own 
activities would not justify the cost of a thorough investiga
tion, as long as they have the prospect of patent protection 
and substantial royalty income, they can and do exploit such 
ideas, at least through the phase of laboratory development. 
Many small laboratories have more than financed all their re
search activities by one or two important inventions. Also, 
when they come to the point of needing to undertake 
large-scale development, which in our industry frequently 
costs several hundred thousand or even a few million 
dollars, such companies can usually, by virtue of patent 
protection, interest other companies in joining with them 
and sharing such development costs. Several small com
panies in our industry have attained a position of pre
eminence in certain fields by just such methods, but 
without the incentive and protection of a sound patent 
system the ideas would probably never have been de
veloped. As Patent Commissioner Coe has said: “Specula
tive capital will not back new inventions without patent 
protection.”

Another factor which would tend to reduce research in such 
companies would be that, without our patent and licensing 
system, the companies which develop major new processes 
would not be giving out information and trying to sell licenses, 
and hence the smaller companies would not be able to study 
promptly the application of these new processes to their own 
needs, so the whole process of development in industry would 
be retarded.

► Elimination of Research and Licensing Companies. In
addition to the research conducted by operating companies, 
in many industries one or more nonoperating companies 
have maintained research and development programs which 
have resulted in important processes. Outstanding among 
these in the petroleum industry is the Universal Oil Prod
ucts Company which first developed the Dubbs cracking 
process. This company has for over twenty years main
tained a large research staff and has made many other 
outstanding contributions to the refining of petroleum and 
to the chemical field as well. In the past twenty years it 
has spent approximately $25,000,000 for research and 
process development, more recently at the rate of about 
$2,000,000 annually. The income of this company is 
derived entirely from the licensing of its patented processes, 
and the major portion of its royalty income has been used 
for continuing research and development. The income 
derived from royalties on thermal cracking was largely used 
to study and develop some of the present catalytic proc
esses which are so vital in the war effort, including catalytic 
cracking, alkylation, isomerization and dehydrogenation 
for aviation gasoline, and other processes for the produc
tion of components of synthetic rubber, etc. Universal 
Oil Products also maintains a group of skilled technicians 
who for years have advised and assisted its smaller refiner 
licensees to maintain operations on the most efficient basis. 
The weakening of our patent system will automatically 
result in the disappearance of these research, development, 
and licensing companies which have proved so important’ 
particularly to the smaller operating companies.

► Effect on University and Foundation Laboratories. A
generation ago most research workers in the medical field 
and many of those in our universities felt that it was not 
quite ethical to patent their discoveries, particularly in 
matters relating to public health. During the past twenty 
years, however, there has been a growing recognition of 
three facts: (1) Failure to patent is more likely to delay 
than to encourage the development and marketing of new 
products, especially if any substantial investment or

advertising is required to get them started. (2) Failure 
to patent leaves new remedies open to widespread abuse 
by unethical manufacturers and promoters, whereas pat
enting permits a control of quality and marketing prac
tices which is highly desirable in the case of many new 
drugs. (3) Failure to patent simply throws away a 
large potential income from those who benefit from new 
discoveries, which income might better be collected and 
used to promote further research in related fields. Growing 
appreciation of these three facts has largely changed the 
attitude toward patents of the workers in these fields, so 
that patenting is now the usual practice. Partly due to 
the outstanding example of the Wisconsin Alumni Re
search Foundation, millions of dollars a year are today 
being devoted to pure research in medical and other lines 
from royalties obtained from the inventions of earlier 
workers, generally in the same organization. This js a 
sound and socially desirable method of financing research 
work which would be lost if the value of patents were to 
be greatly reduced.

► Back to Dark Ages of Secret Processes. Probably the 
most serious effect that emasculation of our patent system 
would have on the future of research would be to encourage 
the use of secret processes. This would be highly unfortunate, 
since one of the principal factors in the rapid advance of sci
ence and technology in the past thirty years has been the prac
tical elimination of the secret process in favor of full dis
closure and patenting as the preferable method of protect
ing one’s rights and interests in his invention. If we 
take away a large part of the reward for disclosure, the 
tendency to revert to the dark ages of secret processes will 
be inescapable. The loss to our country would not be 
merely that due to the absence of competitive use of new 
processes, but even more in the slowing down of the ex
change of basic information and new ideas. Intercompany 
research conferences and reports on new lines of develop
ment would practically cease, and early publication of 
industrial research work would seldom be permitted. 
Industrial espionage would rear its ugly head, and efforts 
to prevent it would force the elimination of the open-door 
policy of most of our industrial laboratories. As Kettering 
has said, “ when you lock the research laboratory door you 
always lock out a great deal more than you lock in” , but 
serious weakening of our patent system would inevitably 
result in just such a situation. Modern industry based on 
applied science is a great cooperative affair which cannot 
thrive in a world ruled by secrecy.

Another unfortunate result of secret processes would be 
that a small company would no longer be able, as a pro
spective licensee, to get full information and detailed plans 
on competitive new processes. Even though the owners of 
the secret processes were willing to sell the know-how, they 
could not make prior disclosure of their processes for com
parison with others, and the small company would either 
have to buy a “pig in a poke” or do without.

Even the workers in pure science who might discover some 
new principle would probably hesitate to publish it until they 
cou d work out some of the practical applications for sale on a 
secret process basis, because once a new discovery was pub
lished it would largely lose its value. Even though the at
tempt at secrecy might usually fail within a few years, the 
cumu a ue effect of the loss of time between successive im
provements would tremendously retard our progress. Un- 
er present conditions new discoveries are frequently pub

lished long before the patent is actually issued, and the effect 
n e whole tempo of industrial progress is very large be

cause so i tie time elapses between the discovery and the 
general availability of the information to stimulate other re-
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searches in a variety of fields not even dreamed of by the 
original discoverer.

► Loss of Information from Abroad. We must also not 
overlook the effect of a drastic weakening of our patent 
system on our future ability to get information from 
abroad. Foreign manufacturing conditions are usually 
better adapted to protecting the secrecy of processes than 
those in this country, and it is only the liberality of our 
patent system and the existence of a real market for worth 
while patents that have led most foreign patentees to 
make early application for a patent in this country. No 
country has, or can expect to have, anything like a monop
oly on brains, and anything which will discourage our 
receiving prompt information regarding new foreign de
velopments will be another serious bar to industrial and 
scientific progress. Even though some foreign inventors 
might still apply for patents in their own countries so 
that some information would eventually become available, 
it would not be possible for us to secure the detailed plans, 
specifications, and know-how which can usually be ob
tained when it is possible to negotiate for a patent or a 
license. This know-how is particularly necessary on 
foreign patents because their background of language and 
industrial technique is frequently not well understood in 
this country.

To indicate a little of the extent to which our ability to 
meet war demands has arisen out of information obtained 
from our principal enemy, Germany, thanks to the enterprise 
of American companies and the existence of our patent sys
tem, I might cite the following brief summary of a few im
portant items in this category from an article by Lawrence 
Langner in a recent A tla n tic  M o n th ly . In quoting this list 
I do not mean to imply that similar or alternative processes

were not being, or would not have been, developed in this 
country under the stress of war needs. The important thing 
is that we obtained early information which permitted pre
war industrial development of the processes and products 
which have proved so important to the war effort. Lang- 
ner’s list is as follows:

Tetracene, a percussion explosive. Information obtained from 
Germany by Remington Arms Company, a subsidiary of the 
Du Pont Company.

Optical glass and instruments. Information obtained from 
Germany by Bausch & Lomb Company.

Plexiglas, a plastic glass used for airplanes. Information 
obtained from Germany by Rohm & Haas Company.

Carboloy, a tungsten steel alloy important for cutting tools. 
Information obtained from Germany by General Electric 
Company.

Buna rubber. Information obtained from Germany by 
Standard Oil Company of New Jersey.

Magnesium. Information about new processes obtained from 
Germany by Aluminum Company of America and others.

Atabrine, a vitally needed substitute for quinine. Informa
tion obtained from Germany by Winthrop Chemical Company.

100-octane aviation gasoline. Information on which the 
principal American process is based obtained from Germany 
by Standard Oil Company of New Jersey.

Synthetic toluene for TNT. Information on which the prin
cipal American process is based obtained from Germany by 
Standard Oil Company of New Jersey.

This impressive list of American weapons forged from 
German research certainly belies frequent loose statements 
that our leading industrialists were serving as blind tools for 
Hitler when they acquired their patent licenses.

CONCLUSION

In conclusion I hope that what I have said will convince 
both this audience and later readers that our patent system 
is in real jeopardy, and that this jeopardy is due to public 
misunderstanding which, in turn, is largely due to deliberate 
misrepresentations as to the nature of the patent monopoly 
and the part which patents play in encouraging inventions 
and their prompt disclosure to the public. The inevitable 
alternative of secrecy would tremendously retard the prog
ress of both science and industry in this country. Under these 
circumstances it is surely incumbent upon every scientist to 
take his share of the job of educating the public and our leg
islators as to the truth about our patent system.

In many ways the most encouraging aspect of the Wash
ington outlook was the appointment by the President of a 
Patents Planning Commission under the chairmanship of 
Charles F. Kettering. This committee has been expressly 
directed by the President to conduct a comprehensive survey 
and study of the American patent system and to make sug
gestions for its permanent improvement. Rather than being 
stampeded into making drastic patchwork changes as urged 
by some of our theorists and nonresearch industrialists, we 
should certainly await with confidence the completion of the 
studies of this committee. I think we can reasonably an
ticipate a report as sound and important to our industrial 
picture as the recent Baruch report on the rubber problem. 
If such a report is given the weight it deserves, I believe we 
can look forward writh confidence to the future of research 
and invention in this country, which is our greatest hope for 
prompt postwar readjustment of our economy.

Were it my job as supersaboteur to destroy America’s 
future greatness, I can think of no more effective way than 
to destroy our patent system. The tragedy is that if we per
mit impractical theorists and faddists to distort the facts and 
hypnotize our nation into this act of h a r a - k ir i  all of us will 
suffer and yet no adequate punishment can be meted out to 
those really responsible. Let us not by our inaction have any 
share in such a terrible responsibility.



Demineralizing Solutions by a 
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With the advent of the acid-regenerated organic 
cation exchangers (so-called hydrogen zeolites), it 
became possible to replace all metallic cations with 
hydrogen ions, leaving only the corresponding acids 
in solution. The operating principles of these 
hydrogen cation exchangers in the field of water 
treatment have been discussed in previous papers. 
Various classes of organic cation exchangers have 
been developed: coal derivatives, lignite deriva
tives, materials made from paper waste and acid 
sludge, and resins such as tannin-formaldehyde and 
other polyhydric phenol-formaldehyde derivatives.

After it became practical to replace the metallic 
cations in solution by hydrogen ion, it was clear 
that, if the resultant free acids could be absorbed 
by some insoluble substance which could be regen

erated and operated indefinitely in repeated cycles 
like the cation exchangers, it would be possible to 
remove both cations and anions by a practical 
process. Various materials for absorbing these 
acids appeared in rapid succession and the prin
ciples of operation are discussed. Anion exchangers 
have been developed that eliminate troubles experi
enced with earlier materials and, in some respects, 
excel the well-established cation exchangers, 
especially in capacity and regenerating efficiency. 
The principles of operation with respect to elec
trolyte contents of waters that can be economically 
treated by this process are discussed, as well as the 
influence of type of anion and operating cost. The 
method of operation to be followed to obtain a 
properly demineralized final effluent is described.

F OR almost a hundred years, it has been known that 
salts like calcium and magnesium bicarbonate, which 
are frequently present in water supplies, can be re

moved to a substantial extent by precipitation with lime. By 
this means their concentration can be reduced to about 15-50 
p. p. m., depending upon the temperature and excess of re
agents.

With the advent of the acid-regenerated organic cation 
exchangers (so-called hydrogen zeolites), it became possible 
to replace all metallic cations with hydrogen ion, leaving only 
the corresponding acids in solution. It was clear that if 
only the resultant acids could be removed, it would be 
possible for the first time to reduce the total dissolved solids 
chemically rather than by distillation in waters containing 
chlorides, sulfates, or sodium bicarbonate.

The first actual attainment of this objective occurred with 
waters containing sodium carbonate or bicarbonate. The 
volatile carbonic acid formed by reaction of these salts with 
the acid-regenerated cation exchanger was readily removed 
by degasification (3).

Removal of the nonvolatile acids and production of an 
effluent comparable in quality to distilled water depended 
upon the development of an insoluble material that would 
absorb acids and that could be regenerated and operated 
indefinitely in repeated cycles, like the cation exchangers. 
Various acid absorption materials soon appeared in rapid 
succession, and the ion-exchange process of removing salts 
from solutions (commonly called “demineralizing”) was 
launched commercially.

P rin cip les o f  T w o-S tep  D em ineraliz ing
In principle the process is a two-step series operation as 

illustrated in Figure 1. The reactions involved in these steps 
may be represented as follows, using calcium chloride as a 
typical salt:

where Z 
R,N

CaCh +  H2Z CaZ +  2HC1 
HC1 +  R3N ^  RsN.HCl

= cation exchanger 
= anion exchanger

(1)
(2 )

Any chlorides and sulfates present in the original solution will 
be transformed by this treatment into the corresponding 
hydrochloric and sulfuric acids. Bicarbonates are trans
formed into carbonic acid.

In step 2, the anion exchanger (called “De-Acidite” in the 
Permutit process) absorbs the strong acids but does not take 
up the weaker carbonic acid, which is readily decomposed into 
water and carbon dioxide in the degasifier that follows the 
two ion exchange units in series.

Thus, a final effluent which approaches distilled water in 
quality is obtained. The precise composition of this de
mineralized effluent depends to some extent upon the quality 
of the raw water, but in general the following average analysis 
represents its composition:

E x p re ss e d  a s  p . p .  m . o f C a C O j 
T o ta l  h a rd n e s s  
A lk a lin i ty  to  m e th y l  o ra n g e  
C h lo r id e s  
S u lfa te s  

F re e  C O 2, p . p . m .
C o lo r  (A . P .  H . A .)

0-2 
1-6  
0 - 4  
0 -3  
5 -1 0  

B e lo w  5

The demineralizing process does not remove silica frc 
water.  ̂ If the influent contains a sufficiently high silica cc 
centration to be harmful in the particular application une 
consideration, as is frequently the case in the treatment 
ugh-pressure boiler feed water, then silica removal trei 

ment must precede the demineralizing treatment. Practii 
processes and equipment for effective silica removal are ni 
aval able (17), and several large-scale installations £ 
in operation.

186
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S T E P  N O .I 
R E P L A C E M E N T O F  M E T A LLIC  C A T IO N S  
BY H Y O R O G EN  (H ION) CO NVERTS SALTS 
P R E S E N T  IN  R A W  W A T E R  IN T O  C O R 
RESPONDING  A C ID S (V IZ ,H C L ,H 2S04,H 2C 03 )

S T E P  N O .2
R E M O VA L OF A C ID S  F O R M E D  IN S T E P  N O . I.

THE HCL A N D  H2S 04 ARE AB SO R BE D  IN  TH E D E - A C I  D I T E  
U N IT  AN D THE H2C 0 3 DECO M POSES IN TO  H20  A N D  C 0 2,T H IS  
C 0 2 ESCAPING  TO TH E A T M O S P H E R E  IN  TH E D E G A S  I F I E R

F i g u r e  1 .  T w o - S t e p  P r o c e s s  f o r  D e m i n e r a l i z i n g  W a t e r

In the acid regeneration, the cation exchanger is recon
verted to its original condition as follows:

CaZ +  IFSO, — HoZ +  CaSO, (3)

Although De-Acidite and similar materials are usually 
called “anion exchangers”, the indications are that they may 
take up all the free acid molecules in much the same way that 
ammonia reacts with hydrochloric acid { H ) .  In the case of 
these anion exchangers, the acid absorption is accomplished 
by amino groups which form a part of large insoluble organic 
molecules.

When the capacity for absorbing acids has been exhausted, 
the material is regenerated with an alkali, such as sodium 
carbonate, according to the following reactions:

2RjN.HCl +  Na2COj ^  2RSN +  2NaCl +  H20  +  C02 (4)

The sodium chloride, sodium sulfate, and carbon dioxide 
formed in this regeneration pass to waste in the rinse.

Of the many factors influencing the demineralizing of a 
particular water supply,* the most obvious are the nature 
and performance of the cation exchanger and acid absorber 
used.

results were obtained under identical experimental condi
tions and are expressed in milliequivalents (meq.) per liter 
of original bed volume. They can be conveniently con
verted to the usual form of expression, “kilograins per cubic 
foot expressed as CaCOs” by dividing by 45.8.

With certain ion exchangers there is a gradual loss of 
material as the result of solution or attrition. Since the 
total capacity of the installation may be dropping while the 
materials show an apparently constant capacity per unit 
volume of ion exchanger when measured at the same time the 
capacity of the installation is measured, data in Figures 3 
and 4 are given in terms of the initial bed volume of ion 
exchanger. This is done since, in commercial installations, 
knowledge of the capacity of the entire installation is of 
greater value than the capacity per unit volume of exchanger.

These capacity data were obtained by a tube testing 
method which provides a means for simulating large-scale 
operation in the laboratory {1 5 ) . A water or solution of 
known composition flows through a laboratory tube contain
ing a definite volume of the granular ion exchanger until the 
predetermined end point is reached. The capacity is cal
culated from the volume of water treated, the amounts of 
cations or anions removed from solution, and the volume of 
ion exchanger employed. Except when a series of compara-

C ation  E xchangers

Various classes of organic cation exchangers have been 
developed: sulfonated coal derivatives, caustic-treated lig
nite derivatives, materials from paper waste and acid sludge, 
tannin-formaldehyde and other polyhydric phenol-formal- 
dehyde resins, and modifications of these produced by 
supplementary treatments.

The coal derivatives, such as Zeo-Karb, were the earliest 
materials developed and have been most extensively applied 
in practice. Zeo-Karb installations have been operating 
for a number of years and for thousands of cycles without 
deteriorating physically, dropping in capacity, or developing 
colored effluents. It appears that although some resins are 
slightly higher in capacity, a good sulfonated coal is more 
resistant and has greater stability.

Figure 2 presents typical results on organic cation ex
changers which indicate their long-term stability. These

T a b l e  I. E f f e c t  o f  T y p e  o f  A n i o n s  o n  C a t i o n  E x c h a n g e r  
C a p a c i t y  ( T u b e  T e s t s )

( I n f lu e n t  s o lu t io n  c o n c e n t r a t i o n ,  8  m e q .  p e r  l i t e r ; flo w  r a t e ,  5 0  m l. p e r  m in u t e  
i n  a  2 .3 -c m . d i a m e te r  t u b e ;  r e g e n e r a te d  b y  6 0 5  m e g . of 0 .4  N  H iS O j  p e r  l i t e r

o f b e d .)

S a l t

N a C l
C a C l-
M g C l i

N a H C O ä
C a ( H C O i ) j
M g (H C O > )2

C a p a c i t y  ( M e q . /L .  o f  C a t io n  E x c h a n g e r )  
P o ly h y d r i c  

p h e n o l-
S u l f o n a t e d  f o r m a ld e h y d e

c o a l  r e s in

198
2 2 4 ( 3 1 8 ° ,  3 4 2  6) 
3 2 3 (3 3 2  6)

492
2 9 6 (5 0 5 ° )
444

2 6 8
2 6 6
3 0 3

4 9 6
2 9 6

°  I n i t i a l  r u n  o n  c a lc iu m  in f lu e n t .
6 R é g é n é r a n t  =  6 0 5  m e q .  o f 0 .4  N  H C 1  p e r  l i t e r  o f b e d .
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tive tests is made under a fixed set of identical experimental 
conditions, it is necessary when presenting capacity data to 
specify the amount of régénérant used per unit volume of 
ion exchanger, as well as other conditions which affect the 
capacity.

The operation of the hydrogen cation exchangers in the 
field of water treatment has been fully discussed in earlier 
papers (1 -6 , 8 , 9 , 10 , 12 , 16 , 19).

z ïï Q 40°r
V o  . - I
t £ < <  30°b o « Ô -< Ou O
< 2  O 200 

I

SULFONATED'
C O A L

■ RESIN B

100 2 0 0  3 0 0  4 0 0  5 0 0
NUMBER OF CYCLES

F i g u r e  2 . L o n g - T e r m  T u b e  T e s t  C a p a c i t y  D e t e r m i n a t i o n s  
o n  O r g a n i c  C a t i o n  E x c h a n g e r s

The quantity of cation exchanger necessary for deminer- 
alizing a particular water has been found to depend partly upon 
the nature of the anions present. Experiments performed in 
this laboratory indicate that the capacity of a cation ex
changer operating on the hydrogen cycle is profoundly af
fected by the type of anions present.

Table I illustrates this phenomenon with data obtained 
by tube testing; the results are the averages of three to six 
runs.

Table II presents similar data obtained by a simplified 
capacity test. This test is carried out by shaking solutions 
of at least two known concentrations with weighed amounts 
of the ion exchanger until equilibrium is reached. The 
residual concentrations of ions in solution are determined, 
and the quantities of the ions removed from solution per unit 
weight of exchanger are then calculated. The logarithms of 
amount of a given ion absorbed per unit weight of exchanger 
are plotted against the logarithms of the concentrations of the 
corresponding ions in the final solution. The resulting 
Freundlich isotherms are extrapolated to any desired con
centration. As a rule, extrapolation to final concentrations 
of 1 meq. per liter under certain conditions gives results 
that are comparable to those obtained by the tube testing 
method. This method is useful for the rapid estimation of 
ion exchanger capacities on very small samples of material.

T a b l e  I I .  E f f e c t  o f  T y p e  o f  A n i o n s  o n  C a t i o n  E x c h a n g e r  
C a p a c i t y  ( E q u i l i b r i u m  D e t e r m i n a t i o n s )

C a p a c i ty  ( M e q . /L .  o f C a t io n  E x c h a n g e r )

S a l t
S u lfo n a te d

co a l

P o ly h y d r ic
p h e n o l-

fo rm a ld e h y d e
re s in

N a C l 53 73
C a C li 209 167
M g C ls 209 185

N a 2SO<
M gSO <

53 73
209 185

N a H C O i 281 270
M g (H C O a )» 3 16 3 24

The general improvement in cation exchanger capacity 
observed when the influent water contains appreciable concen
trations of anions of weak acids is caused by a shift to the right 
in the cation exchanger-salt equilibrium (Equation 5 below) 
as a result of the removal of hydrogen ions from the solution 
by the formation of the weakly ionized carbonic acid (Equa-

(6)
(7)

tion 6 ). With strong acids, such as hydrochloric, sulfuric, etc., 
the ionization equilibrium shifts predominantly to the left- 
hand side of Equation 7, and introduces a common ion effect on 
the right-hand side of Equation 5 which tends to drive this 
equilibrium to the left and consequently reduces the cation 
exchange capacity:

2M+ +  H2Z M2Z +  2H+ (5)
H+ +  HCOr H2C03 

H+ +  CD = HC1 

where M+ = metal ion

Tables I and II also show that with salts of strong acids 
higher capacities are obtained with divalent cations than 
with monovalent cations. This is in agreement with 
known ion-exchange theory and performance (1 8 ). The 
fact that the bicarbonates of both mono- and divalent metals 
give approximately the same capacities in flow and equilib
rium experiments may be ascribed to the fact that the 
presence of this anion overshadows the effect produced by 
differences in valence of the cations.

N U M BER  OF CYCLES

F ig u r e  3 . L o n g - T e r m  T u b e  T e s t  C a p a c it y  
D e t e r m i n a t i o n s  o n  A n i o n  E x c h a n g e r s

The differences between the capacities obtained with 
calcium salts and those with magnesium salts were apparently 
caused by the deposition of insoluble calcium sulfate on the 
cation exchanger during regeneration. This precipitated 
material apparently blocked access to a part of the cation ex
changer surface, thereby reducing the capacity. Confirma
tion of this hypothesis was obtained by determining capaci
ties on fresh cation exchanger beds and on beds regenerated 
by hydrochloric acid. In runs on fresh cation exchangei 
beds (results marked “ in Table I), the capacities agreed with 
those obtained when using the corresponding magnesium 
salts. Subsequent runs on relatively high calcium influents 
with the same cation exchangers resulted in reduced capaci
ties. Runs made when using hydrochloric acid as régénér
ant (results marked 6 in Table I) gave calcium capacities 
in agreement with magnesium capacities obtained when using 
either régénérant.

In practice, this calcium sulfate deposition occurs onlj 
rarely, and in these cases, in view of the higher cost of hydro- 
c l one acid and the difficult corrosion problem introduced 

y its use, it is cheaper and more expedient to use a largei 
vo ume of cation exchanger than to attempt to obtain maxi- 
addT Câ '10n'exc^an£e capacity by regenerating with this
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For use in demineralizing, it is essential that the cation 
exchanger replace, with hydrogen ions, all of the metallic 
cations in the influent water. Since the anion exchanger 
functions solely as an acid absorber and will not remove 
metallic cations, any of these which appear in the cation- 
exchanger effluent will inevitably appear in the demineralized 
water. Of course, the latter will also contain a concentration 
of anions equivalent to that of the cations present.

T a b l e  III. E f f e c t  o f  R é g é n é r a n t  D o s a g e  o n  E f f l u e n t  
M e t a l l i c  C a t i o n s

I n f lu e n t  W a te r

P .  P .  M . 

C a C O .» M e q . / L i t e r

T o ta l  h a rd n e s s 4 2 8 8 .5 5
S o d iu m  s a l t s 25 0 .5 0
M e th y l  o ra n g e  a lk a l in i t y 107 2 .1 4
C h lo r id e s 3 3 6 6 .7 1
S u lfa te s 10 0 .2 0

Z e o - K a r b  c
A v . M e ta l l i c  

C a t io n s  in
R e g e n e r a n th C a p a c i t y . E f f lu e n t,

D o s a g e , M e q . / L i t e r M e q . / L i t e r M e q . / L i t e r

3 0 3 2 4 8 0 .5 8
6 0 5 3 4 2 0 .1 2

1 2 1 0 4 0 4 0 .0 6

°  5 0  p . p .  m . a s  C a C O s  =  1 m e q . / l i t e r .
i  R e g e n e r a n t  =  0 .4  N  H jS O o  
e F lo w  r a t e  =  5 0  m l . /m in u t e .

The use of a larger cation exchanger regenerant dosage is 
a satisfactory precaution to ensure maximum displacement of 
metallic cations, especially when treating waters with high 
chloride and sulfate content. The cost of the additional acid 
is not entirely chargeable to improved effluent quality, since 
increased cation exchanger capacity is obtained at the same 
time. Table III summarizes experimental results obtained 
when treating a water of high electrolyte content with a 
sulfonated coal cation exchanger regenerated with varied 
amounts of sulfuric acid.

A n io n  E xchangers
For some time after 1937 when the first commercial demin

eralizing unit was installed, the adoption of this two-step 
demineralizing process was slow, mainly because of the poor 
anion exchangers available. As might be expected, the 
earlier anion exchangers, such as the m-phenylenediamine- 
formaldehyde resins and the insoluble basic dyestuffs, left 
much to be desired. Their capacities were limited and 
dropped substantially after a relatively small number of 
cycles. Also, they decomposed with resultant loss and con
tamination of the effluent by colored materials. Worst of 
all, the chemical quality of the effluent de-’ 
teriorated with repeated operation and caused 
a steady rise in the electrolyte content of the 
demineralized water.

These shortcomings were quickly realized, 
and during the few intervening years, as a re
sult of intensive research activity, products have 
been developed that not only eliminate the 
troubles encountered with the earlier materials 
but, in some respects, excel the well-established 
cation exchangers, especially in capacity and 
regenerating efficiency.

Figure 3 summarizes the results on various 
materials on the market at the present or in 
use during the past few years. The data were 
obtained under identical experimental condi
tions, using the tube testing method previously 
described. These long-term studies bring out 
the substantial differences in the stability and

capacity of various materials. The data also show that the 
more recent high-capacity materials give promise of good 
stability over a long period of operation.

Typical of these new anion exchangers is the aliphatic 
amine resin, De-Acidite. Figure 3 shows the performance of 
this kind of material on an influent water containing 1.5 
meq. per liter of hydrochloric acid and 2.5 meq. per liter of 
sulfuric acid, when regenerated with only 1.25 times the 
theoretical amount of sodium carbonate. This material has 
been in operation for several hundred cycles with only a small 
drop in capacity, no color contamination, and no rise in the 
electrolyte content of the effluent.

It is still too early to state that the life of these anion ex
changers equals that of the resistant sulfonated-coal cation 
exchangers, which have been operating day in and day out for 
years without any drop in capacity. But the experience to 
date indicates that the present acid absorber, coupled with 
these cation exchangers, renders commercially practicable the 
two-step demineralizing process.

D em in era liz in g  E q u ip m en t an d  A p p lica tio n s

Good ion exchangers alone are no guarantee of good de
mineralizing performance. Proper equipment design and 
operation are essential for satisfactory results at economical 
operating costs. As stated above, a properly designed and 
operated demineralizing installation delivers a final effluent 
that approaches distilled water in quality. This water can 
be used in almost any application for which distilled water 
has been used or for which its use would be desirable, if costs 
were sufficiently low. Some idea of the variety of uses to 
which demineralized water has been applied may be obtained 
from Table IV. Among recent applications are alcohol de
proofing, brewing, and photographic film preparation.

Certain reports have been made as to the suitability of such 
a process for removing salt from sea water; as might be 
expected, this sensational reference has been picked up and 
published in confused and exaggerated form by popular 
scientific magazines and newspapers all over the world. There 
is no factual basis for assuming that this process can com
pete with distillation when the concentration of salts is 
anywhere near as high as in sea water. The reasons are 
obvious. For the regeneration of the cation exchanger, 
an amount of acid is required substantially higher than the 
theoretical equivalent of the cations removed in the hydrogen 
exchange. Similarly, the regeneration in step 2 requires an 
amount of alkali slightly greater than the theoretical equiva
lent of the acid absorbed. Assuming that it would be 
possible to carry out the reactions on sea water, about 150 
pounds of sulfuric acid and 1 0 0  pounds of sodium carbonate

T a b l e  IV. P a r t i a l  L i s t  o f  D e m i n e r a l i z i n g  I n s t a l l a t i o n s

M e q . / L i t e r  of 
I n f l u e n t  W a te r

D a t e  of F lo w  R a t e , T o t a l C h lo r id e s
C o m p a n y A p p l ic a t io n I n s t a l l a t i o n G a l . / M in . c a t io n s +  s u l f a te s

A M ir r o r  s i lv e r in g 1937 2 . 5 0 . 9 4 0 . 4 8
A - 2 “ M ir r o r  s i lv e r in g 1941 9 - 2 3 5 .7 0 2 . 5 8
B C e l lu lo s e  a c e t a t e  m fg . 19 3 8 100 1 3 .9 8 0 . 1 8
B -2 P l a s t ic s  m fg . 19 4 0 10 0 .8 4 0 . 3 6
C C h e m ic a l s  m fg . 1 9 3 8 1 2 .8 0 1 .9 2
C -2 C h e m ic a l s  m fg . 1 9 4 0 8 5 .8 4 3 .7 6
C -3 C h e m ic a l s  m fg . 1 9 4 0 8 5 .8 4 3 .7 6
D D r u g  m fg . 1939 3 2 .0 0 0 . 9 0
E D r u g  m fg . 1939 10 7 .5 4 1 .5 4
E -2 D r u g  m fg . 1940 10 7 .5 4 1 .5 4
F C o s m e t ic s  m fg . 1941 10 2 . 9 0 0 .7 4
G P l a s t ic s  m fg . 1941 1 50 3 . 3 8 2 . 1 8
H P r o c e s s 1941 5 3 .0 0 0 .9 2
I S y n t h e t i c  r u b b e r  m fg . 1941 55 5 .2 2 1 .4 0
J B o i le r  f e e d 194 2 10 1 1 .6 5 6 .1 6
K B o ile r  fe e d 19 4 2 4 . 5 9 .4 3 5 .6 2

a N u m b e r s in d ic a te  r e p e a t  i n s t a l l a t i o n s  fo r  t h e  s a m e  c o m p a n y .
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F i g u r e  4 .  D e m i n e r a l i z i n g  w i t h  P a r t i a l  R e c i r c u l a t i o n  {above) a n d  M u l t i p l e  D e m i n e r a l i z i n g  (below)

would be required per 1000  gallons of water passed through 
these units for the regeneration of the respective units. Ob
viously, the cost of these huge amounts of chemicals would 
be far greater than the cost of distillation. Furthermore, 
with such high salt concentrations, the large volume of rinse 
water required to remove the excess regenerant and the salts 
displaced by regeneration, compared with the volume of 
useful effluent, makes the process impractical for the treat
ment of sea water.

However, demineralizing may prove useful for reducing 
the high salt content of brackish waters, which periodically 
trouble industrial plants in certain sections of the country. 
For example, in the highly industrialized area along the 
Delaware River from Philadelphia to Wilmington, the river 
water becomes brackish during periods of drought or low 
water. Even when large-capacity storage basins are pro
vided so that the total water requirements may be drawn 
only at ebb tide when the salt content of the water is at a 
minimum, the dissolved solids are sufficiently high to reduce 
substantially steam-plant capacities and, in some instances, to 
force a boiler plant shutdown. The composition of Delaware 
River water during normal periods and at high tide and low 
tide during drought periods is given in Table V.

In order to demineralize waters of such high electrolyte 
content economically, special operating procedures must often 
be employed. Several of them are described in the following 
sections.

Figure 1 illustrates the usual demineralizing installation. 
This is suitable for the large majority of cases. However, 
with waters of very high electrolyte content, such as those 
described above, particularly where high-quality effluent is 
desired, it may be advisable to modify the method of opera
tion to obtain the desired effluent quality at economical 
operating costs.

One method is to use two pairs of cation exchanger and 
anion exchanger units in series. However, this usually in
creases the initial cost and the space requirements, and it is 
therefore not practical.

P a r t ia l  R e c y c l in g . Another method of obtaining 
economical operation on a water of high electrolyte content 
may be described as partial recycling. In this procedure 
a portion of the demineralized water (taken either from the 
outlet of the anion exchange unit or the outlet of the de
gas ei) is mixed with the raw influent to reduce the salt 
C° m ntratl°n; Figure 4 illustrates such an arrangement.

When partial recycling was used to convert a raw water
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containing 650-700 p. p. m. of dissolved salts to a demin
eralized water containing 6  p. p. m. of dissolved salts, a pilot 
plant installation gave an average run of 800 gallons of good 
water. Using the same equipment and raw water, but 
operating by the normal single-pass method, the yield of good 
water per run was only 525 gallons.

T a b l e  V. D e l a w a r e  R i v e r  W a t e r  a t  M a r c u s  H o o k ,  P e n n a .

T y p ic a l T y p ic a l  D r o u g h t -
A n a ly s is P e r io d  A n a ly s is

d u r in g A t A t
N o r m a l h ig h lo w
P e r io d t id e t id e

P .  M . a s  C aC O a
T o ta l  H a r d n e s s 91 629 3 0 0
S o d iu m  S a l ts 54 3871 1346
A lk a l in i ty  to  m e th y l  o ra n g e 5 0 50 50
C h lo r id e s 25 4 2 0 0 1440
S u lfa te s 70 2 5 0 156
I ro n ,  p . p .  m . a s  F e 1 .8 2 . 0 4 .

M u l t i p l e  D e m i n e r a l i z i n g .  Under certain conditions a 
total recycling process may be applied. The equipment for 
this procedure is also shown in Figure 4. This procedure 
requires a minimum of chemical control while producing a 
maximum yield of good-quality effluent. A volume of water, 
chosen on the basis of the water composition and capacity of 
the demineralizing installation, is passed through both units. 
When the prearranged volume of water has entered the first 
storage tank, a float switch shuts off the raw water influent 
and starts circulation of the water from the storage tank, 
through the ion exchangers, and into a second storage tank. 
If this second pass has not sufficiently reduced the electrolyte 
content, the operation may be repeated until the effluent 
quality is acceptable or until the total electrolyte content, 
as measured by a conductivity instrument, is not appreciably 
reduced by further recycling. If acceptable, the water is 
pumped to service. When no further reduction in electrolyte 
content is obtained on repeated passes, both ion exchangers 
are regenerated, and the partially demineralized water is 
further recycled until it is of satisfactory quality.

It is important to note that this scheme does not require 
regeneration of the ion exchangers after each successive pass of 
the same portion of influent water. Regeneration is re
quired only when no further reduction in electrolyte content 
is produced on successive passes through the exchangers.

Comparative experiments were made on a water similar in 
composition to an average brackish Delaware River water, 
using ordinary single-pass operation, partial recycling, and 
multiple demineralizing. The experimental conditions and 
results of these runs are given in Table VI.

Under the conditions used, it was impossible to obtain 
a good-quality effluent by single-pass operation. Partial 
recycling resulted in the formation of only a limited amount of 
good-quality water, and this was increased but slightly by 
increasing the ratio of recycled volume to effluent volume 
from 3 to 5. Multiple demineralizing, however, produced 
an excellent yield of good-quality effluent. It required only 
three passes of the liquid through the ion exchangers to 
obtain this result. Since a single influent was treated by the 
same ion exchangers regenerated in the same manner, these 
experiments provide a clear picture of the wide variations in 
performance which may be brought about by altering the 
operating procedure.

R i n s e  R e c y c l i n g .  After regeneration, the anion ex
changer is normally rinsed with cation exchanger effluent 
until the final effluent has a low methyl orange alkalinity. 
Further economies may be obtained in any of the foregoing 
procedures by recycling rinse effluent from the anion ex
changer to the cation exchanger after the total electrolytes

of the rinse effluent fall below those of the raw water (1 3 ). 
A twofold saving is achieved by this procedure. In the 
first place, the quantity of raw water wasted in the rinse 
operation is reduced. In the second place, a smaller pro
portion of the cation exchanger and anion exchanger capaci
ties are needed tp treat the rinse water, thereby leaving 
additional capacity available for the useful run.

In one test on a raw water containing 8.55 meq. per liter 
electrolytes (6.15 chlorides plus sulfates and 2.40 bicar
bonates), the usual rinse procedure required 1 0 0  gallons of 
raw water to reach an anion exchanger effluent quality of 5 
p. p. m. methyl orange alkalinity, 2  p. p. m. chlorides, and 2 

p. p. m. sulfates. By recycling the rinse after 30 gallons (at 
which point the total electrolytes had fallen to 6.4 meq. 
per liter), the useful cation and anion exchanger capacity 
was increased by more than 15 per cent, while the wasted 
raw water required for rinsing was reduced by more than 50 
per cent.

In it ia l and  O perating  C osts

Demineralizing costs depend upon the quantity and nature 
of the salts present in the raw water. For example, a water 
high in bicarbonates but low in sulfates and chlorides will 
require smaller cation exchanger and anion exchanger in
stallations than a water of equal electrolyte concentration 
but low in bicarbonates. In addition to the smaller initial 
investment, the high-bicarbonate water will require a smaller 
chemical cost for régénérants since the carbonic acid is not 
absorbed by the anion exchanger in step 2  but is removed 
without further cost in the degasifier. A rough estimate of 
demineralizing operating costs for a raw water of known com
position may be made from Figure 5.

These calculations are based on a cost of 2 cents per 
pound for 6 6 ° Bé. sulfuric acid and 2 cents for soda ash. 
These costs would be much lower in the case of large in
stallations or in the case of plants that use these chemicals 
for other processes so that purchasing is done in carload lots. 
Methyl orange alkalinity is removed by step 1 and aeration, 
and hence consumes only acid. The chlorides plus sulfates 
(theoretical mineral acidity) require acid for step 1 regenera
tion and alkali for step 2  regeneration, and the chemicals con
sumed for these two steps must therefore be added to arrive 
at the cost of removing this theoretical mineral acidity.

T a b l e  VI. C o m p a r i s o n  o p  D e m i n e r a l i z i n g  P r o c e d u r e s  

I n f l u e n t

C a t io n s ,  P .  P .  M . a s  C a C O a  A n io n s ,  P .  P .  M . a s  C aC O g
C a  + + 102 A lk a l in i ty  ( m e th y l  o r a n g e )  110
M g  + + 3 1 2  C l -  2 4 5 7
N a  + 2 3 6 8  S O «- "  2 1 5

T o t a l  2 7 8 2  T o t a l  2 7 8 2

I o n  E x c h a n g e r s 0 

T u b e
V o lu m e , D ia m . ,  R e g e n -  C o n c n . ,  V o lu m e ,  

T y p e  N a m e  M l. C m . e r a n t  N o r m a l i t y  M l.

C a t io n  Z e o - K a r b  4 0 0  3 . 5  i L S O i  0 .4 0 3  1 2 0 0
A n io n  D e - A c id i te  2 0 0  2 . 3  N a iC O j  0 . 7 5  2 8 0

R e s u l t s

B e s t  E f f lu e n t  P r o d u c e d ,  P .  P .  M . a s  C a C O a  
M e th y l  Y ie ld

T o t a l  o r a n g e  0 f t h i s
h a r d -  a lk a -  q u a l i t y ,

P r o c e d u r e  n e s s  l i n i t y  C l -  SC>4 ~ ~  m l.

S in g le  p a s s  2 8  2 9  1 0  5 0 0
P a r t i a l  r e c y c l in g

3 r e c y c le ,  1 e f f lu e n t  1 4  0  0  500
5 r e c y c le ,  1 e f f lu e n t  1 .5  8  1 0  800

M u l t ip l e  d e m in e ra l iz in g  1 - 2  3  1 0 2 2 5 0

0 F lo w  r a t e ,  1 0 0  m l.  p e r  m in u te ;  r é g é n é r a n t  c o n ta c t  t im e ,  3 0  m in u te s .
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G R A IN S  PER G A LLO N  ( e x p r e s s e d  i n  t e r m s  o f  c i c o 3 ) 
C H L O R I D E S  T S U L F A T E S  ( O R  M E T H Y L  O R A N G E  A L K A L I N I T Y )  

T O  C O N V E R T  G R / G A L . T O  M E Q / L ^ H U L T I  P L Y  B Y  0 . 3 4 2

F i g u r e  5 .  D e m i n e r a l i z i n g  R e g e n e r a t i o n  C o s t

Costs can be read directly from these curves as shown by 
the following example: Raw water contains 2 0  grains methyl 
orange alkalinity per gallon and 15 grains theoretical mineral 
acidity. From 20 grains on abscissa (Figure 5), follow dotted 
line to curve A  and then follow horizontally to ordinate, 
arriving at cost of 9 cents per 1000 gallons for alkalinity 
removal. From 15 grains on abscissa, follow dotted line to 
curve T  and then follow horizontally to ordinate, arriving 
at cost of 18 cents per 1 00 0  gallons for theoretical mineral 
acidity removal. Thus the total cost of demineralizing this 
water is 9 +  18 = 27 cents per 1000 gallons, based on the 
chemical costs stated above.

O ther A pplications

Two-step demineralizing by ion exchange has also been 
applied to the removal of electrolytes from solutions of neutral 
organic materials. For some years numerous investigations 
have been carried on in this laboratory and in actual 
plants in various parts of the country in demineralizing 
sugar solutions at various stages of beet sugar manufacture 
and cane sugar refining. As is well known, these refining 
processes consist essentially of successive vacuum evapora
tions, followed by sugar crystallizations for the separation of 
the pure sugar from the mother liquor carrying the dissolved 
mineral impurities. The actual removal of a substantial 
portion of these dissolved impurities by two-step deminer
alizing, at certain steps in the process, makes it possible to 
crystallize a larger proportion of the sugar from these solu
tions, and actual experiments have also shown lower ash con
tent in the sugar thus produced. Demineralizing experi
ments carried out in a beet sugar factory showed a reduction 
in ash content of the sugar sirup from 0.87-0.89 to 0.08-0.15 
per cent in single-pass operation.

The value of this increased yield and improved quality 
must be balanced against the operating costs and fixed 
charges involved in the demineralizing process. Such costs 
also include required replacement of ion exchange material, 
which loses capacity at a somewhat greater rate when used 
with these more contaminated solutions. Experiments with 
the earlier ion exchange materials available in past years were 
successful in producing increased yields and improved quality 
of product. However, the economic balance of more and 
better yield vs. operating and depreciation costs was not very 
favorable. But with the better ion exchange materials 
now available and with improved methods of using these 
materials, recent experiments show a more favorable trend.

Several of the special operating methods 
described in the preceding sections are 
specially applicable to demineralizing solu
tions of high electrolyte content, such as 
impure sugar solutions containing high con
centrations of electrolytes. Other experi
ments on purification of sugar solutions 
by ion exchange were reported recently 
(11 ).

Gelatin solutions may also be deminera
lized (7). Using single-pass operation, the 
ash content of one gelatin sample was 
reduced from 2 .6  to 0.09 per cent. This 
process was carried out at 40° C., using a 5 
per cent gelatin solution.

Demineralizing has also been suggested 
for the removal of salts from enzymes, 
glycerol solutions, and other solutions of 
organic materials. Further investigations 
in these and various other fields are in 
progress in this laboratory.
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Equilibrium  Moisture Content of 
Dehydrated Vegetables

BEN JA M IN  M AKOW ER AND G. L. DEH O R ITY
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T h e eq u ilib r iu m  m o istu re  c o n te n t  o f  som e  
d eh yd rated  vegetab les w as d eterm in ed  by  
a llow in g  th e m  to  a tta in  eq u ilib r iu m  in  a ir- 
free d esicca tors c o n ta in in g  su lfu r ic  acid  
so lu tio n s  to  co n tro l th e  re la tive  h u m id ity . 
F resh  vegetab les w ere u sed  for d esorp tion  
m ea su rem en ts  an d  dried  vegetab les for ad 
so rp tio n . E xp erim en ts w ere carried o u t  on  
carrots, cabbage, y a m s, sp in a ch , and  w h ite  
p o ta to es . T h e sorp tion  iso th erm s for a ll th e  
vegetab les are S -sh a p ed  an d  are character

ized by an  in flection  p o in t in  th e  n e ig h b o r
h ood  o f  5 per cen t m o istu re  c o n te n t .

M easu rem en ts were a lso  m a d e  on  
b la n ch ed  w h ite  p o ta to es . B la n ch in g  cau ses  
a decrease in  th e  eq u ilib r iu m  m o istu re  
c o n te n t. T h e decrease is ascribed  to  a 
ch an ge in  th e  p h y sica l s ta te  o f  th e  s ta rch  
granules in  th e  p o ta to .

A p p lication  o f  th e  sorp tion  d a ta  to  d e
h yd ration  and  p ack ag in g  o f  veg eta b les  is  
briefly d iscu ssed .

I N THE course of a pilot plant investigation of the de
hydration of vegetables, it was found necessary to deter
mine the moisture retained by dehydrated vegetables after 

they had been allowed to reach equilibrium in an atmosphere 
of known humidity and temperature. The information was 
needed to define the limits for the dehydration of fresh 
vegetables and for the moisture uptake of dehydrated vege
tables under any given conditions of temperature and humidity.

The moisture uptake or loss in dehydrated vegetables is a 
sorption phenomenon and depends on temperature and 
humidity. As in the case of cotton, paper, and other ma
terials investigated by Wilson and Fuwa (1 1 ), it is found that 
the rate of change of the moisture content with temperature 
is small when the moisture is represented as a function of 
relative humidity rather than absolute humidity.

In the present work, measurements of adsorption and of 
desorption were made on five vegetables at various relative 
humidities and at two temperatures. Most of the measure
ments were made on unblanched vegetables, with the ex
ception of a few on potatoes, where blanched material was 
also used.

Measurements of sorption by vegetable materials present 
difficulties not ordinarily encountered with other substances. 
It is probably not safe to assign a value for the moisture 
retention of a definite species of vegetable—for example, 
carrots—because it may differ in properties as a result of 
differences in variety, chemical composition, maturity, 
source, and other factors. Within any one carrot there may 
be differences between the part near the root and that near 
the top, and also between the outside and the inside portion. 
In addition, changes in the sample may occur during the 
course of the measurement as a result of metabolic processes 
and alterations in the physical structure. In this investiga
tion no exhaustive studies were attempted to determine the 
effect of these various factors. The measurements were made 
only on those materials that were used for the pilot-plant 
dehydration experiments.

E xp erim en ta l M eth od

Samples of vegetables were placed in vacuum desiccators, 
each of which served as a constant-humidity chamber. The 
vapor pressure of water in a desiccator was controlled by an 
aqueous sulfuric acid solution of known concentration, and 
the desiccator was kept at constant temperature so that the 
relative humidity within the desiccator was fixed. The 
water content of the samples placed in the desiccators changed 
with time until equilibrium was reached. The samples were 
removed from the desiccators at various intervals and 
weighed. When no further change in weight occurred, as 
indicated by two successive weighings, a sample was con
sidered to have reached equilibrium. The moisture content 
of the sample was obtained from the difference between the 
weight at equilibrium and the weight of the sample after the 
complete removal of water.

This method was first employed by van Bemmelen (2 ) to 
determine the water absorption by silicic acid gels. Later 
Zsigmondy showed (12) that the time of approach to equilib
rium can be greatly reduced by evacuating the air from the 
desiccators. This effect was confirmed in the present in
vestigation. At the highest relative humidity studied (77 
per cent), less than 2  days were required to reach desorption 
equilibrium in the absence of air and about 4 days in the 
presence of air.

To reduce further the time of approach to equilibrium, it 
is important that the samples be as thin and have as large a 
surface as possible to facilitate the exchange of water vapor 
between the interior of the sample and the surrounding 
atmosphere. Whenever possible—for example, with carrots, 
yams, and white potatoes—the practice was to prepare the 
samples in the form of thin sections cut on a microtome. The 
thickness was 320 microns. Thinner sections proved too 
difficult to handle. With leafy vegetables such as spinach, 
parts of the leaf were used directly without any sectioning. 
The thin sections were mounted on special sample holders

193



194 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. 2

made of glass and designed in the shape of a spike mounted 
on a circular base. Each holder was about 25 mm. high with 
a base approximately 18 mm. in diameter and was marked 
with an identifying number. The sections of vegetable were 
impaled on the spike of the previously weighed holder, and 
the unit could thus be moved about conveniently without 
disturbance of the fragile sample. The holders weighed 
about 0.5 gram each and were designed to fit snugly in weigh
ing bottles which were 30 mm. high with a diameter of 20 mm. 
Sufficient material was used on each holder to make a sample 
weighing between 0.5 and 1.0 gram.

The desiccators were the all-glass vacuum type, about 
150 mm. in diameter. Each one was filled with approxi
mately 250 cc. of sulfuric acid solution of known concentra
tion. The volume of the acid was large enough so that any 
exchange of water vapor between the solution and the 
samples, during the approach to equilibrium, was not suf
ficient to change the concentration of the acid appreciably. 
Another factor which was effective in minimizing changes 
in concentration of the acid resulted from the fact that each 
desiccator was usually filled with two types of samples, one 
undergoing adsorption and the other desorption. In order 
to lessen the chance of accidentally splashing the acid over 
the samples, the perforated porcelain plate which supported 
the samples was placed high above the level of the solution 
on specially constructed glass supports. The arrangement 
is shown in Figure 1. The top of the plate was divided 
radially into six sections by means of glass rods cemented to 
the surface of the plate, in order to keep the sample holders 
from sliding or turning over on the slippery surface of the 
plate. Each desiccator was capable of holding about twenty- 
four samples. Five desiccators were used, each one con
taining a different acid concentration to cover a range of 
relative humidities from about 10 to 75 per cent.

The experimental method has the advantage of permitting 
simultaneous measurements to be made on a great many 
samples at different humidities with very simple equipment. 
A disadvantage is the necessity for interrupting the ex
periment to make weighings. The interruptions can be 
obviated by the use of a McBain-Bakr (6) quartz spiral 
balance. Such a balance is now being set up in this labora
tory.

S a m p l i n g .  The fresh vegetables were sampled as follows: 
The carrots, yams, and potatoes were first trimmed and 
scraped. Representative samples were made up by com

bining on each sample holder the microtome slices taken 
from four different parts of the vegetable at approximately 
equidistant points along its length. The intention was to 
approximate in the sample the composition of the whole 
vegetable in case there should be any difference in the 
sorptive properties among the various parts of the vegetable. 
In the case of spinach, whole leaves were cut up into smaller 
pieces and mounted on the holders. Cabbage presented 
somewhat greater difficulties because of the possibility that 
the inside leaves might differ from the outside ones. The 
procedure finally adopted was to remove the inside core of the

cabbage, divide the head into 
four quarters, and chop one of 
the quarters into small particles 
with the aid of a vegetable 
salad chopper. If subdivision 
is carried too far, a marked 
loss of plant juices occurs, and 
care had to be taken not to go 
beyond this point. Samples 
were made up by placing small 
amounts of the chopped ma
terial in the weighing bottles 
ordinarily used in conjunction 
with the sample holders. The 
use of the spiked holders was 
not practicable in this case. 
Blanched potatoes which were 
ground in a food chopper 
also had to be handled di
rectly in the weighing bottles.

T r e a t m e n t  o f  S a m p l e s .  

After all the samples for an 
experiment had been prepared, 
they were divided into two 

groups. One group was used for adsorption and the other for 
desorption experiments. The desorption samples were im
mediately distributed among the desiccators corresponding 
to the different relative humidities and were allowed to stand 
at room temperature. Before the adsorption samples were 
placed in the desiccators, they were dried by heating in a 
vacuum oven at 70° C. for 3 to 4 hours. No attempt was 
made to remove all the water from the samples; it was con
sidered sufficient to lower the water content below the value 
which obtains at the lowest relative humidity. While it is 
conceivable that drying at an elevated temperature might 
change the adsorptive properties of the material, this method 
has been used because it is relatively rapid and practicable. 
In a few experiments on carrots, preliminary drying was 
at room temperature in evacuated desiccators containing 
Anhydrone (anhydrous magnesium perchlorate), and the 
samples were compared with those dried at 70° C. The 
adsorption values obtained in the two cases did not differ by 
more than the experimental error of the measurements. 
Furthermore, the agreement found in most cases between 
adsorption and desorption values would seem to indicate 
that any changes that may occur at the higher temperature 
are not significant.

The desiccators were evacuated at room temperature to a 
pressure of about 5 mm. of mercury and were transferred to a 
constant-temperature oven maintained to within =*=1° C. 
After 2 days the samples were quickly transferred to the 
small weighing bottles and weighed. They were returned 
to the sulfuric acid desiccators, and another weighing was 
made 2 or 3 days later. The last weight checked the preced
ing one within less than 0 .3  mg., which was considered evi
dence that equilibrium had been attained.

tei the weights at equilibrium were determined, the dry 
ueig it oi the samples was obtained by heating in a vacuum

F i g u r e  1 . Left: D e s i c c a t o r  F i l l e d  w i t h  S a m p l e s  f o r  S o r p t i o n  D e t e r m i n a t i o n .  
Right: L o a d e d  a n d  U n l o a d e d  S a m p l e  H o l d e r ,  a n d  a  H o l d e r  i n  a  W e i g h i n g  B o t t l e
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oven at 70° C. for 6  hours. This procedure is the same as 
the official method adopted by the Association of Official 
Agricultural Chemists for moisture in dried fruits (1 ), and 
gave results in agreement with a slower method of drying in 
vacuum at room temperature over phosphorus pentoxide.

At the end of each experiment the concentration of sul
furic acid in each desiccator was determined from measure
ments of the specific gravity by a Westphal balance. The 
humidity in the desiccators was obtained from tables given 
by Wilson (10 ) for the relation between vapor pressure of 
water and concentration of sulfuric acid.

R esu lts
The results of the measurements were calculated as follows:

Moisture content (% of dry weight) = D ^  X 100
£>

where A  = weight of sample at equilibrium
B  = weight of completely dehydrated sample

It should be noted that (A  — B )  is numerically a very s m a l l  

quantity and is, therefore, subject to a large percentage error 
resulting from the relatively small percentage errors in the 
individual values of A  and B .

Measurements were made on Savoy cabbage, Prickly 
Winter spinach, Puerto Rico yams, Russet white potatoes, 
and Chantenay and Imperator varieties of carrots.

The experimental data in Table I were used to draw the 
isotherms in Figure 2. Each value for moisture content in 
Table I is an arithmetical mean of the results obtained for 
two or three samples measured simultaneously under the 
same conditions. Deviations from the mean value for the 
individual samples were not greater than ±0.5 for the lowest 
relative humidity (1 0  per cent), and ± 1 .0  for the highest 
relative humidity (77 per cent).

The results obtained for adsorption are in agreement with 
those obtained for desorption. If any hysteresis effect

T a b l e  I. E x p e r i m e n t a l  D a t a  f o r  W a t e r  S o r p t i o n  o f  
V e g e t a b l e s

R e la t iv e  . R e l a t i v e
H u m id i ty ,  M o is tu r e ,  %  o f  D r y  W t .  H u m i d i t y ,  

%  D e s o r p t io n  A d s o r p t io n  %
M o is tu r e ,  %  o f  D r y  W t.  
D e s o r p t io n  A d s o r p t io n

C a b b a g e , S a v o y , U n b l a n c h e d  
T e m p e r a tu r e ,  3 7 °  C .

W h i t e  P o t a t o e s , R u s s e t  
U n b la n c h e d ,  3 7 °  C .

1 0 .9 2 . 5 2 . 3 1 1 .4 4 . 6 4 . 4
2 9 .8 4 . 9 5 . 5 3 0 .9 7 . 4 7 . 4
4 9 .0 1 0 .1 9 . 8 4 9 .1 1 0 .8 1 1 .0
6 4 .7 1 7 .8 1 8 .4 6 4 .4 1 4 .5 1 4 .0
7 7 .1 3 0 . 8 2 9 .8 7 6 .9 1 9 .4 1 8 .5

T e m p e r a tu r e ,  7 0 ° C . B la n c h e d ,  N o t  D e h y d r a te d ,  3 7 °  C .

1 5 .8 2 . 3 1 .9 1 2 .3 1 .7 4 . 5
5 3 .2 6 . 8 8 . 7 4 9 . 8 6 . 4 9 . 8

Y a m s , P u e b t o  R i c o , U x b l a x c h e d  
T e m p e r a tu r e ,  3 7 °  C .

B la n c h e d ,  N o t  D e h y d r a te d ,  7 0 °  C .

1 1 .5 3 . 1 3 . 5
3 0 .5 5 . 2 6 .1
4 9 .0 8 . 4 9 . 8
6 4 .7 1 2 .9 1 3 .3
7 7 .3 2 0 . 5 2 0 . 3

T e m p e r a tu r e ,  7 0 ° C .

1 5 .8 2 . 7 3 .1
5 3 .2 7 . 4 7 . 0

S p in a c h , P r ic k l y  W i n t e r ,
ÜNBLANCHED

T e m p e r a tu r e ,  3 7 ° c.
12.0 3 . 9 3 . 4
3 1 .5 6 .1 5 .3
4 8 .8 9 . 7 8 . 5
6 4 .7 1 5 .1 1 4 .1
7 6 .7 2 7 .2 2 1 . 6

T e m p e r a tu r e ,  7 0 ° C .

1 3 .9 1 .3 1 . 0
5 2 .2 5 . 2 3 . 1

1 5 .8
5 3 .2

1.0
5 .3

3 . 4
7 . 7

B la n c h e d ,  D e h y d r a t e d ,  3 7 °  C .

9 . 2  3 . 0  2 . 2
3 1 .1  6 . 7  6 . 0
4 9 . 6  8 . 7  8 . 4

C a b b o t s , C h a n t e n a y , U n b l a n c h e d  
T e m p e r a tu r e ,  3 7 °  C .

6 . 0 1 .9 0 . 7
1 0 .2 2 . 5 1 .3
2 9 .3 5 . 2 4 . 6
4 8 .4 1 1 .5 1 0 .9
7 7 .1 3 2 . 9 3 2 .4

T e m p e r a tu r e ,  7 0 ° C .

3 3 . 4 6 .1 5 . 5
6 7 .4 1 8 .0 1 6 .7

C a b b o t s , I m p e b a t o b , U n b l a n c h e d  
T e m p e r a tu r e ,  3 7 °  C .

1 2 .3
4 9 . 8

2.0
9 . 7

1 .9
11 . 1

exists, it is probably small, and the precision of the experi
mental data is not sufficient to detect it. The isotherms for 
adsorption and desorption were therefore represented in 
Figure 2  by single curves. It is important to note that, 
while sorption measurements are ordinarily made on the 
same sample of material over the entire range of the isotherm, 
in the present case different samples were used for desorption 
and adsorption measurements and for different humidities. 
There was also a slight difference in the history of the ad
sorption and desorption samples as explained previously. 
In view of these factors, it can be said that the agreement 
between the adsorption and desorption measurements is 
satisfactory.

That previous treatment can markedly affect the sorptive 
properties of vegetables is illustrated by the results obtained 
on potatoes. Measurements were made on blanched and 
unblanched (fresh) potatoes. The blanching process con
sisted, in effect, of cooking in five steam for 30 minutes. 
After blanching, the potatoes were mashed and then dehy
drated. While the adsorption and desorption results for the 
unblanched potatoes were in satisfactory agreement, those 
on the blanched potatoes prior to dehydration (Table I) show 
an anomaly in having the adsorption values much higher than 
the desorption values. For example, at a relative humidity 
of 50 per cent, the moisture content at 37° C. for adsorption 
was 9.8 per cent, while that for desorption was 6.5 per cent. 
At 70° C. the values were 7.3 and 4.7 per cent, respectively.

An explanation for this behavior may be made by taking 
into account the changes which occurred in the physical 
characteristics of the desorption and adsorption samples 
during the approach to equilibrium. The adsorption samples 
had first been subjected to rapid vacuum drying and had 
assumed a puffed-up, porous structure. The desorption 
samples, on the other hand, had dried slowly and formed a 
shrunken, hard, solid mass in which the partially gelatinized 
starch grains had probably coagulated into larger particles 
of smaller total surface and thus were not capable of holding 
much water.

The change that occurred in the desorption samples is 
apparently irreversible, as shown by the results on a set 
of blanched dehydrated potatoes. The treatment in this 
case was as follows: The blanched potatoes were first dried 
slowly (to about 5 per cent moisture content) to form the 
shrunken, coagulated product. Part of this material was 
used for adsorption and another part for desorption ex
periments. The desorption samples were first allowed to 
readsorb a large amount of water at high humidity (nearly 
1 00  per cent) and were then brought to equilibrium at a 
lower humidity. The adsorption samples received the usual 
preliminary drying treatment in vacuum at 70° C. The 
moisture content for the adsorption and desorption samples 
was nearly identical, showing that no further change in the 
samples had occurred after the initial slow drying.

The isotherms in Figure 2 are similar to those referred to 
by Emmett (4 ) as the S-shaped isotherms which he found 
in the study of nitrogen adsorption on the surface of inorganic 
materials. They are characterized by an inflection point 
which is considered by Emmett (4 ) and other investigators 
(5 , 7 , 9 ) to represent the approximate limit of ordinary surface 
adsorption occurring at low humidities, and the beginning 
of “multilayer adsorption” or “capillary condensation” 
occurring at high humidities. It is interesting to note that, 
for all the vegetables studied in this investigation, the in
flection point at 37° C. occurs in the neighborhood of 2 0  

per cent relative humidity, corresponding to a moisture con
tent of about 4 to 6  per cent. This similarity in behavior 
would seem to indicate that the plant tissue in all these 
vegetables is probably sufficiently similar in its adsorptive 
properties and in the extent of its adsorptive surface so that
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the ordinary physical or surface adsorption is of the same order 
of magnitude in all cases.

At higher humidities, where capillary condensation occurs, 
differences may be expected to occur as a result of differences 
in the sizes of capillaries and in chemical composition. This 
is shown in Table II where the values of the moisture content 
taken from Figure 2 are arranged to permit a comparison 
of results for different vegetables at the same relative hu
midity. The differences become most apparent at high 
humidities. At 37° C. and a relative humidity of 70 per 
cent the moisture content varies from the lowest value of 
15.3 per cent for yams to the highest of 24.2 per cent for 
carrots.

At constant relative humidity the moisture content de
creases with increasing temperature. The magnitude of 
the effect for a temperature rise from 37° to 70° C. is ap
parent from Figure 2  or Table II. While the experimental 
measurements at 70° C. are not sufficiently detailed to define 

ie isotherms accurately, an attempt was made to indicate 
■+U1 fu s ,wn figure 2 . The temperature effect varies 

w1 the different vegetables. For carrots the isotherms 
a and 70 C. are nearly identical at low humidities and 

egm to diverge at a relative humidity of 30 per cent. For 
spinac , the two corresponding isotherms differ greatly even 
a very low humidities. At 30 per cent relative humidity 
tne moisture content for spinach at 37° C. is 5.6 per cent,



February, 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 197

T a b l e  II. E q u i l i b r i u m  M o i s t u r e  D a t a  f r o m  I s o t h e r m s  f o r  V e g e t a b l e s
--------------------------------------------------------- M o is tu r e  C o n t e n t ,  P e r  C e n t  o f  D r y  W e ig h t ---------------------------------------------------------------------

P o t a to e s ,  R u s s e t

C a b b a g e ,  S a v o y ,  Y a m s ,  P u e r t o  R ic o ,  S p in a c h ,  P r ic k ly  W in te r ,  C a r r o t s ,  C h a n te n a y ,   B la n c h e d ________ _—
R e la t iv e  U n b la n c h e d  U n b la n c h e d  U n b la n c h e d  U n b la n c h e d  U n b la n c h e d  D e s o r p t io n  A d s o r p t io n

H u m id i ty ,  % 3 7 °  C . 7 0 °  C . 3 7 °  C .

O0o

3 7 °  C . 7 0 °  C . 3 7 °  C . 7 0 °  C . 3 7 °  C . 3 7 °  C .
OoO

3 7 °  C . 7 0 °  C .

10 2 . 3 1 .4 3 . 2 2 .1 3 .4 0 . 9 1 .8 1 .8 4 . 2 1 .7 0 . 6 4 . 0 2 . 3
20 3 . 8 2 .5 4 .6 3 . 4 4 . 6 1 .6 3 .1 3 .1 6 .0 2 . 6 1 .3 5 .6 3 . 9
30 5 .2 3 . 6 5 . 8 4 3 5 .6 2 .1 4 . 9 4 . 9 7 . 4 3 . 7 2 .1 6 . 8 5 .2
40 7 . 3 5 . 0 7 . 2 5 . 2 7 .3 2 . 8 8 .0 7 .4 8 . 9 4 . 8 3 . 2 8 . 0 6 . 2
50 1 0 .3 6 .9 9 .2 6 .6 9 .5 3 . 8 1 1 .9 1 0 .4 1 0 .9 6 . 5 4 .7 9 . 8 7 . 3
60 1 5 .1 1 1 .6 1 2 .4 1 7 .1 1 4 .0 1 3 .2
7 0 22  2 1 5 .3 1 7 .9 2 4 .2 1 6 .1

which is more than double the 2 .1  per cent value obtained 
at 70° C. It is difficult to say now whether this high tempera
ture coefficient is wholly accountable by the variation of 
sorption with temperature, or whether it is partly due to the 
change in sorption resulting from physical or chemical 
changes which might occur in the material at the higher 
temperature.

The sorption of water by more than one variety of a 
vegetable was determined only in the case of carrots. The 
data on the Imperator variety (Table I) are incomplete, but 
they are sufficient to indicate that the moisture content, at 
least up to 50 per cent relative humidity, was nearly the same 
as that for the Chantenay carrots.

A p p lica tio n  o f  R e su lts  to  D eh y d ra tio n  o f  
V egetab les

In the dehydration of vegetables it is necessary to lower 
the moisture content far enough to ensure that the product 
will not undergo appreciable decomposition and spoilage on 
subsequent storage. The upper limit of permissible water 
content was determined empirically (8 ) for a number of 
vegetables; and while it varies somewhat for the different 
vegetables, it lies in the neighborhood of 5 per cent. It is 
worthy of note that the 5 per cent value corresponds ap
proximately to the value found at the inflection point of the 
isotherms for all the vegetables studied here. From this 
observation it might be inferred that the deterioration of 
vegetables will not be sufficiently reduced until the moisture 
content is lowered at least below the region of capillary con
densation (below the inflection point).

If further investigations bear out this hypothesis, the ex
periments to determine the permissible water content of 
other dehydrated vegetables would need to be confined only 
to the region below the inflection point, as defined by the 
isotherms.

The isotherms also provide information for the limiting 
conditions of the dehydration process. This information 
is important in designing dehydrating equipment. Regard
less of whether vacuum drying or air drying is used, the 
isotherms make it possible to specify the maximum per
missible pressure (for vacuum drying) or the maximum per
missible humidity (for air drying) to reduce the moisture

content to a desired value. If the moisture content of cab
bage, for example, is to be 5 per cent, the relative humidity 
of the drying air would have to be less than 28 per cent at 
37° C. or less than 40 per cent at 70° C. (Figure 2).

Knowledge of the equilibrium moisture content is also 
important in the study of packaging of dehydrated vegetables. 
The equilibrium values yield information concerning the 
vapor pressure of water within the package and are thus help
ful in estimating, from known permeability data (3 ) , the 
effectiveness of the packaging membrane in protecting the 
dried material against moisture uptake.

In conclusion it may be said that the results obtained so 
far are valid only for certain varieties of vegetables and are 
not sufficient to permit generalizations concerning any one 
species. This investigation is being continued to include 
other vegetables and their varieties, and to determine whether 
moisture content can be correlated with chemical composition 
and maturity and how it is affected by physical treatments 
encountered in blanching processes.
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X-Ray Study of Reactions
Orientation o f Crystalline Phases on

G. L. CLARK AND R. L. LeTOURNEAU
U n iv e rs ity  o f Illino is , U rb a n a , 111.

J. M . BALL
R . T . V a n d e rb ilt  C o m p an y , E a s t  N o rw a lk , C onn .

A BOUT a year ago, in the course of a systematic survey 
of the x-ray diffraction patterns of a number of routine 
rubber samples with different accelerators present, 

certain similarities were noted in the diffraction effects 
from the accelerators in these stocks. Close examination 
of these effects showed that they were identical. The stocks 
contained the accelerators Tuads, Monex, and Zimate which 
are chemically similar (Table I) ; the first is the disulfide, the 
second, the monosulfide, and the third, the zinc salt. Thus, the 
diffraction patterns indicate that, on curing, the disulfide and

T a b l e  I. R e a c t i o n s  b e t w e e n  A c c e l e r a t o r  a n d  A c t i v a t o r  

(C H 3) 2N C — S— C N  (C H s) 2 ZnO +  S (CHs) 2N C— S— Zn— S— C N  (CH 3) 2

S S 
T etram eth y lth iu ram  
m onosulfide (Monex)

S S
Zinc d im ethyldith iocarbam ate 

(m ethyl Zimate)

(C H 3)2N C — S— S— C N (C H s)2 ZnO (C H 3)2N C— S— Zn— S— C N (C H 3)

S S
T etram eth y lth iu ram  disulfide 

(m ethyl Tuads)

S S
Zinc d im ethyldith iocarbam ate 

(m ethyl Zimate)

(C2H t)2N C — S— S— C N  (C2H t)2 ZnO (CiHt) 2N C — S— Zn— S— C N  (C 2H 3)

S S
T etrae th y lth iu ram  disulfide 

(ethyl Tuads)

S S
Zinc diethyld ith iocarbam ate 

(ethyl Zimate)

(C H 3)2N C— S— S— C N (C H 3)2 PbO (C H 3)2NC— S— Pb— S— C N (C H 3)

S S
T e tram eth y lth iu ram  disulfide 

(ethyl Tuads)

S S
Lead dim ethyldith iocarbam ate 

(Ledate)

Chemical reactions between accelerator and accel
erator activator are shown by the x-ray method to 
take place in rubber stocks at the curing tempera
ture ; e. g., tetramethyl thiuram disulfide reacts with 
zinc oxide to form zinc dimethyldithiocarbamate.

These crystalline accelerator salts are highly 
oriented in the rubber matrix on stretching. This 
signifies a strong bond between the rubber crystal
lites and the grains of accelerator salt. Per
haps this explains some of the desirable physical

the monosulfide in the presence of sulfur react with zinc oxide 
to form the zinc salt. This is not a new concept. The zinc 
salts have been extracted with solvents from stocks similar 
to the above, and it has been supposed that such reac

tions occur. However, the extraction 
method leaves some doubt as to 
whether the salt was originally pres-

 ■ ent in the rubber matrix or whether it
was formed in the solvent on extraction.

Every crystalline material has its 
own characteristic x-ray diffraction pat
tern which is different from that of 
every other crystalline material, just 
as the fingerprints of each person are 
different from that of every other per
son. Thus, with x-ray “fingerprint” 
patterns it is possible to identify posi
tively the presence of these salts in 
the rubber matrix and show that they 
must have been formed in the rub
ber mix on curing. Further, it was 
noted that this crystalline salt is 
strongly oriented in the rubber matrix 
on stretching. It seemed advisable, 
then, to investigate other similar re
actions by the x-ray method and to 
investigate the significance of the strong 
orientation of these reaction products in 
the rubber matrix.

B enzothiazyl disulfide 
(Altax)

ZnO

M ercaptobenzothiazole
(C aptax)

/ v
Zn— S— C

V *
Zinc sa lt of m ercaptobenzo- 

thiazole (Zenite)

A /
-Zn— S— C

;n "
Zine sa lt of m ercaptobenzo

thiazole (Zenite)

E xp erim en ta l Procedure

The rubber stocks listed in Table I 
were prepared (in the Vanderbilt labo
ratory) and tested by the x-ray method 
(at the University of Illinois). Series A 
consists of stocks made up according 
to standard compounding practice. 
Series B is prepared with larger 
quantities of accelerator than are usually 
employed so that the reaction products 
will be larger in amount and thus more 
easily detected in the rubber matrix



Involving Accelerators
Stretching o f R ubber Stocks

properties imparted when these accelerators are 
used in higher loadings.

Reinforcing pigments, such as small-particle- 
size whiting and zinc oxide orient themselves in 
the rubber matrix on stretching, whereas coarse 
nonreinforcing pigments do not orient. The ori
entation of crystal grains in the rubber matrix is 
correlated with the particle size and shape of 
the crystal grains as observed under the electron 
microscope.

by the x-ray method. Series C is the same as series B except 
that it contains no stearic acid. It was prepared to observe 
the effect of stearic acid on the chemical reactions between 
accelerator and activator.

The x-ray diffraction apparatus consisted of a Philips 
Metalix copper-target tube mounted in a Hayes multiple 
diffraction unit. The tube was operated at 28 kilovolts 
potential and 20 milliamperes. The radiation was filtered 
through one-mil nickel foil to remove the beta radiation. 
Agfa nonscreen x-ray film was used and developed in Eastman 
developer.

The rubber samples in most cases were cut from rubber 
slabs with scissors along the grain of the rubber to give a 
small sliver. This sliver was simply stretched over the 
pinhole of the collimating system, and a flat cassette exposure 
of 2 hours made at a sample film distance of 5 cm. In some 
cases dumbbell test specimens were used, and the elongation 
was noted in the usual manner.

The RCA electron microscope at the University of Illinois 
was employed to determine the particle shape of some of the 
materials which showed themselves by the x-ray method to 
be strongly oriented in the rubber matrix on stretching. The 
sample screens of the electron microscope were prepared in 
the usual manner, with a film formed by dropping a dilute

P u r e  s t r e t c h e d  r u b b e r P o w d e r e d  e th y l  Z im a te

S t r e t c h e d  r u b b e r  s to c k  A< c o n ta in in g  n o m in a l  
a m o u n t  o f  a c c e l e r a to r  e th y l  T u a d s  a n d  z in c  

o x id e , s h o w in g  e v id e n c e s  o f  e th y l  Z im a te

Figure 1.

S t r e t c h e d  r u b b e r  s to c k  B j, c o n ta in in g  3 p e r  c e n t  
e th y l  T u a d s ,  s h o w in g  p r e s e n c e  o f  e th y l  Z im a te

S t r e t c h e d  r u b b e r  s to c k  B*, w i th  e th y l  Z im a te  
a d d e d  o r ig in a l ly

X - R a y  D i f f r a c t i o n  P a t t e r n s  o f  E t h y l  D e r i v a t i v e s  
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S t r e t c h e d  r u b b e r  s to c k  Bs, c o n ta in in g  m e th y l  
T u a d s  a n d  s h o w in g  p re s e n c e  of m e th y l  Z im a te

S t r e t c h e d  r u b b e r  s to c k  C i, c o n ta in in g  M o n e x  
a n d  sh o w in g  p re s e n c e  of m e th y l  Z im a te

S t r e tc h e d  r u b b e r  s to c k  C i,  w i th  m e th y l  Z im a te  
o r ig in a lly  a d d e d

F i g u r e  2 .  X - R a y  D i f f r a c t i o n  P a t t e r n s  o f  M e t h y l  D e r i v a t i v e s

P o w d e r e d  m e th y l  T u a d s  P o w d e re d  M o n e x  P o w d e r e d  m e th y l  Z im a te

T a b l e  I I .  R u b b e r  S t o c k s “ C u r e d  30 M i n u t e s  a t  274° F .

A 3

100
0 .5
3
2

0 . 5

M a te r ia l  A i A 2

S m o k e d  s h e e t  100 100
S te a r ic  a c id  0 . 5  O .i
Z in c  o x id e  3 3
S u l fu r  2 2
M e th y l  

Z im a te  
E t h y l  Z im a te  
M e th y l  T u a d s  
E t h y l  T u a d s  
M o n e x  
C a p  t a x  
Z e n i te  
L i th a r g e  
I r o n  o x id e  
L ig h t  c a lc in e d  

m a g n e s ia

M a te r ia l  B i B 2

S m o k e d  s h e e t  100 100
Z in c  o x id e  3 3
S u l fu r  2  2
S te a r ic  a c id  1 1
M e th y l  Z im a te  3
E t h y l  Z im a te  
M e th y l  T u a d s  
E t h y l  T u a d s  
M o n e x  
C a p  t a x  
Z e n i te  
AI ta x  
L i th a r g e  
R e d  o x id e
L ig h t  c a lc in e d  m a g n e s ia

S e r i e s  A 

A*

100
0 .5
3
2

Ai
100O.i

3
2

A«

100
0 .

At
100

0 . .

At
100

0 .5

A 9 A 10

100  100

0 .5

S e r i e s  B

b 3 b 4 B, b 6 B, B, B, Bio Bn
100 100 100 100 100 100 100 100

3 3 3 3 32 2 ’ '2 ’ 2 ' 2 3 3 3
1 1 1 I 1 1 1 1

' 3
' 3 ‘ 3 ' 3

' 3
' 5

5
"3 ' 5

' 3
3

0  T h e  C  s e r ie s  s to c k s  a r e  t h e  s a m e ,  r e s p e c tiv e ly ,  a s  t h e  B  se r ie s  e x c e p t  t h a t  n o  s te a r ic  ac id  
is  u s e d  in  th e m .

200

solution of collodion in amyl acetate on water 
and then stripping the film from the water 
surface. The materials to be studied—for 
example, calcium carbonate, zinc oxide, lead 
dimethyldithiocarbamate—were dispersed in 
butanol, and the butanol dispersion was al
lowed to dry on the collodion film before the 
sample holder was placed in the electron micro
scope.

C hem ica l R eaction s

Table I gives the chemical reactions which 
occur in the rubber matrix at the curing tem
perature. The evidence for these reactions is 
presented in the form of x-ray diffraction 
patterns of the various stocks involved. Figure 
1 shows a pattern of pure crepe rubber (free 
from all fillers and compounding agents); it 
is stretched nearly to break and taken with a 
monochromatized beam (pentaerythritol crys
tal monochromator). The patterns of ethyl 
Tuads and ethyl Zimate are “fingerprints” of 
these compounds. The relative intensities 
for the different interferences are very differ
ent in the two. Each has intense long-spacing 
rings (near the center of the pattern) by 
vlfich these materials may be identified in 
the rubber matrix. Compound A4 (Table II) 
contained a very small amount of ethyl Tuads,



P o w d e r e d  C a p t a s P o w d e re d  A l t a s P o w d e r e d  Z e n i te

S t r e tc h e d  r u b b e r  s to c k  C 9, c o n ta in in g  C a p ta x  
a n d  s h o w in g  p r e s e n c e  o f Z e n i te

S t r e t c h e d  r u b b e r  s to c k  C u . c o n ta in in g  A l ta x  
a n d  s h o w in g  p re s e n c e  o f Z e n i te

S t r e t c h e d  r u b b e r  s to c k  C m w i th  Z e n i te  o r ig in a l ly  
a d d e d

F i g u r e  3 .  X - R a y  D i f f r a c t i o n  P a t t e r n s  o f  C  a p t  a x  F a m i l y

corresponding to its use as an accelerator in ordinary prac
tice. The three diffraction rings at the outer edge of the 
pattern are due to the zinc oxide present. The characteristic 
lines of ethyl Zimate show up rather faintly in the central 
part of the pattern. Compound B4 contains a much higher 
percentage of ethyl Tuads than would ordinarily be used. 
Here the ethyl Zimate lines show up strongly. B; was origi
nally compounded with ethyl Zimate as accelerator and is 
shown for comparison with B4. The patterns are identical 
except that the intensity of the zinc oxide lines is somewhat

less in B4, showing that much of it has been used up in the 
reaction to form the zinc salt of Tuads.

Figure 2 shows the patterns for the methyl derivatives. 
Monex is also converted to the dithiocarbamate salt as shown 
in Cs. Figure 3 tells a similar story for the Captax family. 
The acid (Captax) and the disulfide (Altax) both react in the 
rubber matrix to give the zinc salt (Zenite). For C9, Cm, and 
Cu patterns, all three accelerators show the same product in 
the final vulcanízate, which corresponds to the Zenite. The 
fingerprint patterns of Captax and Zenite show that they are
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a. P u r e  s t r e tc h e d  r u b b e r  b. S t r e tc h e d  r u b b e r  c o n ta in in g  z in c  o x id e , c. R u b b e r  s to c k  c o n ta in in g  K a lv a n  s t r e tc h e d  200
s h o w in g  f ib e r in g  of z in c  o x id e  a s  w ell a s  r u b b e r  p e r  c e n t

d. R u b b e r  s to c k  c o n ta in in g  K a lv a n  e. S t r e tc h e d  r u b b e r  s to c k  c o n ta in in g  / .  S t r e tc h e d  r u b b e r  s to c k  c o n ta in in g  K a lv a n
s tr e tc h e d  550 p e r  c e n t  a n d  sh o w in g  fib e r-  w h i t in g  a n d  i ro n  o x id e

in g  of K a lv a n  fille r a s  w ell a s  r u b b e r

F i g u r e  5 .  D i f f r a c t i o n  P a t t e r n s  S h o w i n g  O r i e n t a t i o n

Accelerator activators are always used with accelerators to 
make them work properly. Tuads will not vulcanize if zinc 
oxide is not present. It is suggested that one of the steps in 
activation is the chemical reaction between accelerator and 
accelerator activator which takes place in the rubber matrix 
at the curing temperature.

Examination of the C series stocks showed that the pres
ence or absence of stearic acid had no apparent effect on these 
reactions.

F i g u r e  6 .  E l e c t r o n  P h o t o m i c r o 
g r a p h  o f  Z i n c  O x i d e  U s e d  i n  

F i g u r e  5 b

put into the rubber in rather large grains (specked diffraction 
rings). The vulcanizate patterns show uniformly small 
grain size, indicating that even in the case of the Zenite the ac
celerator has melted or dissolved in the rubber matrix at the 
curing temperature and reprecipitated in colloidal form. Fig
ure 4 tells the story for lead dimethyldithiocarbamate accelera
tor. When litharge is used with methyl Tuads instead of zinc 
oxide as an activating agent, the lead dimethyldithiocarbamate 
is found to be the reaction product in the cured sample.

F i g u r e  7 .  E m c t r o n  P h o t o m i c r o g r a p h s  o f  K a l v a n  ( I n d i c a t i n g  P r i m ,  
P a r t i c l e  S i z e  o f  a b o u t  300 A . )  a n d  o f  W h i t i n g  (right)
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F i g u r e  8 .  M i c r o p h o t o m e t e r  T r a c i n g s  o f  S a m e  C a l c i u m  
C a r b o n a t e  D i f f r a c t i o n  L i n e  i n  K a l v a n  a n d  G i l d e r ’s  

W h i t i n g  f o r  U s e  i n  P a r t i c l e  S i z e  D e t e r m i n a t i o n s

O rien ta tio n  o f  V arious M ateria ls
Zinc dimethyldithiocarbamate is strongly oriented in the 

rubber matrix on stretching. This shows in the x-ray diffrac
tion pattern by nonuniform intensity of the diffraction rings. 
The degree of orientation may be judged by the sharpness of 
the arcs into which the rings are broken. Rubber crystallites 
are an example of a completely oriented material. The arcs 
are so sharp that they appear as spots. Figure 5 shows the 
orientation of some of the inorganic fillers in rubber. A dis
cussion of the orientation of these fillers is necessary to an 
understanding of the importance of the orientation of accel
erator salts in the rubber matrix.

A dry film from latex, stretched 550 per cent (Figure 5a), is 
shown as the pattern for rubber free from all fillers. This 
pattern was taken at a sample film distance of 3 cm.; therefore 
the rubber di f fract ion  
spots appear closer to the 
central portion of the film 
than in Figures 1, 2, 3, 
and 4.

The sample shown in 
Figure 56 is stretched 550 
per cent. Here all the 
rings, in addition to the 
rubber interferences, are 
due to zinc oxide. The 
amount of accelerator used 
is so small that it does not 
show up. These rings are 
not uniformly intense, as 
they are for the zinc oxide 
in a fingerprint pattern, 
but appear with localized 
intensity maxima. This 
means that during stretch
ing of the rubber, the em
bedded zinc oxide grains 
are rotated and lined up

in a preferred direction with respect to the4 direction of 
stretching. It is possible to calculate from the positions of 
the maxima on the rings the actual arrangement, with the 
normal to the (0 0 1 ) planes parallel to the fiber or stretching 
axis. This means, in turn, that such a powerful bond exists 
between the zinc oxide grains and the rubber that the rubber 
does not tear away from the oxide surfaces during stretching 
but instead tends to pull all the grains into parallel alignment. 
This is a distinct property of the zinc oxide and, to some ex
tent, of the compounding; for in the course of years of investi
gation many specimens containing 5 parts of zinc oxide 
showed no such fibering1 of these crystal grains at 550 per 
cent elongation.

An electron microscope picture of the zinc oxide com
pounded into this stock is shown in Figure 6 . The individual 
particles are much longer in one direction than in the other 
two, and it may easily be understood how they would be 
oriented in the rubber matrix on stretching.

The stock shown in Figure 5c contains 25 parts of Kalvan, 
a finely divided calcium carbonate. Stretched only 200 per 
cent, the central rubber halo shows no evidence at this elon
gation of crystalline spots. The intense ring is characteristic 
of calcite, and all others may be identified by comparison with 
fingerprint patterns as belonging either to calcite or zinc oxide. 
The rings are continuously uniform, indicating random ar
rangements of all crystal grains.

Figure 5d  represents the same stock stretched 550 per cent. 
Now the crystal fiber pattern for rubber has appeared; in 
addition the calcite lines, especially the faint line just outside 
the rubber interferences and the very intense ring, show defi
nite evidence of fibering. Again this means a remarkably 
powerful bond between Kalvan and rubber, and a sufficiently 
small size so that the grains rotate and align themselves with 
respect to the direction of stretch. The reverse is true as the 
rubber itself crystallizes; for on release of tension, the speci
men again reverts to an entirely random arrangement of 
rubber molecules and filler crystals. Fibering of the filler 
appears just when fiber spots appear for the rubber.

In Figure 5e the stock containing 25 parts of gilder’s 
whiting, a coarse calcium carbonate, is stretched 550 per cent. 
Under these identical conditions the contrast with the pre
ceding pattern is remarkable. The rubber crystallizes at this 
elongation, but the whiting crystal grains are entirely unaf
fected by the stretching operation and remain in the original 
random arrangement. The grains are too large and the bond

1 K a tz ,  J .  R .,  a n d  B in g , K . ,  Z. angew. Chem., 3 8 , 4 3 9  (1 9 2 5 ).

F i g u r e  9  E l e c t r o n  P h o t o m i c r o g r a p h s  o f  C r y s t a l s  o f  L e d a t e
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is too weak to permit a response to stretching deformation; 
the rubber must tear loose and, in a sense, flow around and 
past these particles like water in a stream around a fixed 
boulder; an exaggerated case is the same effect seen when rub
ber contains grains of sand. Stretching to break at about 
700 per cent has no greater effect on the whiting grains.

Figure 5/ shows a specimen containing 25 parts Kalvan and 
5 parts red oxide, stretched 675 per cent. It again demon
strates the marked fibering of the Kalvan grains. Exactly 
the same phenomenon is shown for any specimen containing 
Kalvan, from 5 to 75 parts. With 75 parts of Kalvan as a 
common commercial proportion, the fibering is prominent; 
but on account of the preponderance of the mineral crystals 
which absorb much of the x-ray energy, it is difficult to repro
duce clearly the rubber interferences. Especially noteworthy 
is the enormous increase in tear resistance in increasing the 
Kalvan content from 25 to 75 parts. This is but another in
dication of the great capacity of the rubber to bond itself to 
Kalvan particles. In the stretched condition it might be 
expected that the resistance to tear across the fibers will be 
greater than parallel to them, just as it is easier to split as
bestos fibers apart parallel to their length than to break a 
bundle across the fibers.

The differences between Kalvan and gilder’s whiting have 
already been noted in rubber. The differences in particle size 
and shape of these materials accounts for the difference in 
behavior. Figure 7 shows electron photomicrographs of 
these two materials; Figure 8  is a microphotometer tracing of 
the principal interference of calcite taken from x-ray patterns 
of these two materials for the purpose of computing particle

size. Gilder’s whiting is out of the range of the x-ray method. 
Kalvan consists of plates about 300 A. in diameter, as shown 
by either the x-ray method or by direct measurement from the 
electron photomicrograph.

Figure 4 shows that Ledate (lead dimethyldithiocarbamate) 
is extremely highly oriented in the rubber matrix on stretch
ing, and the layer lines of Ledate even appear to be in the 
same position as the layer lines on the pattern for the inter
ferences from the rubber crystallites themselves. This indi
cates that an extraordinarily strong bond exists between the 
rubber crystallites and the lead salt. A picture of this lead 
salt was taken under the electron microscope (Figure 9); 
the general shape of the material is that of long needles. Such 
a geometric shape would easily be completely lined up in the 
rubber matrix on stretching. Furthermore, these needles 
apparently grow or are made up from very small particles. 
They are clearly seen at higher magnification. Perhaps these 
extremely small particles account for the extraordinary bond 
between rubber and Ledate.

Tuads and its derivatives give extremely highly oriented 
salts in the rubber matrix on stretching. Ordinary (or methyl) 
Tuads is frequently used in higher loadings of 3 to 5 per cent, 
especially in the compounding of reclaim rubber. The pres
ence in these stocks of considerable highly oriented salt may 
account for some of the desirable physical properties observed 
with these higher percentages. The Captax family of accelera
tors is not so highly oriented in the rubber matrix as the 
Tuads family.
P r e s e n t e d  b e fo re  t h e  D iv is io n  of R u b b e r  C h e m is t r y  a t  t h e  1 0 4 th  M e e t in g  
of 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 ,  B u f fa lo ,  N .  Y .

HydrogenSolubility of 
in n-Butane
I N THE course of an investigation of the solubility of hy

drogen in n-butane, it was noted that the bubble-point 
portion of the pressure-temperature curves for mixtures 

of 3 to 4 mole per cent hydrogen contained minima; 
likewise, the paths of the bubble-point curves of mixtures 
containing greater than 4 mole per cent hydrogen suggested 
that minima would have been obtained for these mixtures if 
the measurements had been extended to higher temperatures. 
These results are reported because they exemplify an interest
ing type of phase behavior which may be a characteristic 
property of a mixture consisting of a liquid and a slightly 
soluble gas, and because they will be useful in engineering 
calculations.

E xperim enta l A pparatus and  Procedure

The apparatus used for obtaining the solubility data was a 
stainless steel bomb with a capacity of 400 cc. The sampling 
line was a 3/s inch o. d. X Vie inch i. d. steel tube which ex
tended to a point Vi inch from the bottom of the bomb. A 
thermowell of similar length was provided. Pressures were 
read from a calibrated Bourdon gage, and temperatures were 
measured by an iron-constantan thermocouple. The bomb 
was incased in an electrically heated jacket and was mounted 
in a motor-driven cradle so that it could be oscillated through 
a 60° angle. With each revolution of the driving motor the

E. E. NELSO N AND W. S. BO NNELL
Gulf Research and Development Company, Pittsburgh, Penna.

longitudinal axis of the bomb passed through the horizontal, 
and thus it was possible to sample either the liquid or the 
vapor phase from the same sampling line by stopping the 
bomb motion at either the bottom or the top of the arc.

The procedure followed in making a series of solubility de
terminations was to charge the bomb with hydrocarbon to 
give a liquid volume of approximately 50 per cent of the total 
bomb capacity. After the bomb had been placed in the in
sulated jacket and heated to the desired temperature, hydro
gen was charged from a high-pressure cylinder. Samples 
were not taken until the bomb temperature had remained 
within 0.5° C. of the desired value for at least 10  minutes; 
then the bomb motion was stopped in either the high or low 
position, depending upon which phase was to be sampled, and 
the sample line was purged by venting to ensure representa- 
lve sampling. The pressure and temperature were recorded 
e ore and after the sample was taken. Gas samples of ap

proximately 500 cc. were taken by displacement of brine and 
ôr hydroSen by being passed over copper oxide 

a ..  ^  ^ is temperature the hydrogen was completely
oxi ized, and the n-butane was not appreciably affected, 

is was confirmed by the preparation and analysis of syn- 
e ic mixtures of pure hydrogen in pure n-butane. The
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M O L %  HYDROGEN IN t h e  VAPOR PHASE

F i g u r e  1 .  S o l u b i l i t t  o f  H y d r o g e n * i n  ti- B u t a n e

water vapor formed in the oxidation of the hydrogen was con
densed in a small water layer present in the analytical ap
paratus; hence the humidity of the sample was not changed 
by any appreciable amount during analysis, and the decrease 
in volume represented the volume per cent hydrogen. Por
tions from each sample were analyzed until the results of 
successive analyses agreed within 0.2 per cent. The volume 
percentages of hydrogen determined by the oxidation analyses 
were corrected to mole percentages by compressibility factors 
for hydrogen and n-butane, and a correction was applied for 
the amount of water vapor present during analysis.

E xp er im en ta l D ata

The experimental results obtained at 23.9°, 82.2°, and 
115.6° C. are summarized in Table I, and the data are plotted

F i g u r e  2 .  B u b b l e - P o i n t  C u r v e s  f o r  M i x t u r e s  o f  H y d r o 
g e n  a n d  7 1 -B u t a n e

T he so lu b ility  o f  h yd rogen  in  n -b u ta n e  w as 
d eterm in ed  a t 23 .9°, 82.2% an d  115.6° C ., 
and  a t pressures u p  to  1 0 0  a tm o sp h eres. 
A t pressures b elow  30 a tm o sp h eres, so lu b il
ity  decreases w ith  in crease  in  tem p era tu re , 
from  30 to  40 a tm o sp h eres tem p era tu re  h as  
l i t t le  effect on  so lu b ility , an d  above 40 
atm osp h eres so lu b ility  in creases w ith  in 
crease in  tem p era tu re  over th e  tem p era tu re  
range in v estig a ted . A t c o n cen tra tio n s  o f  
h yd rogen  above 3 m o le  per c e n t, th e  sh ap es  
o f  th e  P-T  b u b b le -p o in t curves derived  
from  th e  so lu b ility  d ata  su g g est  th e  e x is t
en ce o f  a  region  o f  isob aric  retrograde c o n 
d en sa tio n  a t  tem p era tu res far b elow  th e  
critica l reg ion  o f  th e  m ix tu res.

D al a reported  by K ay (2) for th e  sy ste m  
h y d ro g en -n a p h th a  sh o w  a s im ila r  p h a se  
b ehavior, and  i t  is  b elieved  th a t  th e  m e a s
u rem en ts  on  h y d r o g e n -n -b u ta n e  c o n s t i
tu te  a d d itio n a l ev id en ce in  su p p o rt o f  
K ay’s su g g estio n  th a t  th is  m a y  b e a  ch ar
a cter istic  property  o f  a gen era l c la ss o f  m ix 
tu res co n sist in g  o f  a liq u id  a n d  a s lig h tly  
so lu b le  gas.

in convenient form in Figures 1 and 2. The relation between 
total pressure and solubility at constant temperature is given 
by the curves of Figure 1, which also includes some data on 
vapor composition. The vapor phase samples were taken 
primarily to determine whether a single- or two-phase con
dition existed within the bomb; although these vapor phase 
data are incomplete, they have been included since they will 
be useful in estimating phase equilibria. Figure 1 shows that 
the constant-temperature lines intersect in the range of 3 to 
4 mole per cent hydrogen. Below about 3 mole per cent, 
solubility decreases with increase in temperature for a given 
pressure. For mixtures containing 3 to 4 mole per cent 
hydrogen, composition is substantially independent of tem
perature over the range investigated, and for mixtures con
taining more than 4 mole per cent, solubility increases with an 
increase in temperature.

T a b l e  I. S o l u b i l i t y  D a t a f o r  H y d r o g e n  i n  n -- B u t a n e

T  e m p e r a tu r e , P r e s s u r e , .---------------- M o le  %  H r  i n : ---------------- •
° C .  (°  F . ) A tm .  A b s . L iq u id  p h a s e V a p o r  p h a s e

2 3 .9 2 2 .2 2 . 0 8 3 .2
(7 5 ) 7 8 .6 6 . 2

1 0 3 .0 7 .4

8 2 .2 4 2 .6 4 . 0 6 2 .7
(1 8 0 ) 6 0 .8 6 . 3

6 9 .0 7 . 0
9 3 .6 9 . 9 8 3 .3

1 0 5 .8 1 1 .1

1 1 5 .6 3 8 .6  • 3 . 2
(2 4 0 ) 4 8 .9 5 .1 4 2 . 0

6 5 .9 7 . 5
7 1 . 0 8 .3
9 1 .8 1 1 .1 6 2 .4
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When the liquid phase data of Figure 1 were replotted as 
bubble-point pressure against temperature, the curves of 
Figure 2 were obtained. The accuracy of these curves is 
questionable since only three points were available for draw
ing each curve; however, it is clear that a minimum occurs in 
the bubble-point curve for mixtures containing 3 to 4 mole 
per cent hydrogen, and the curvature of the bubble-point 
curves of mixtures containing greater than 4 mole per cent is 
such that a minimum would probably have been obtained if 
the measurements had been extended to higher temperatures.

L IQ U ID

F i g u r e  3 . P-T  B o r d e r  C u r v e  f o r  a  M i x t u r e  H a v i n g  a  
M in im u m  P o i n t  i n  I t s  B u b b l e - P o i n t  C u r v e

The solubility data reported here are not to be considered 
as derived from precision measurements; however, the data 
are sufficiently accurate for engineering purposes. The 
method of analysis was checked by preparing synthetic mix
tures of pure hydrogen in pure n-butane. Analyses of these 
mixtures indicated that the degree of accuracy to be expected 
from the method of analysis was ± 0 .2  mole per cent hydro
gen; thus the possible percentage error in solubility caused by 
inaccuracy in analysis would be relatively high at low concen
trations, but would be as low as 2  per cent for a mixture con
taining 10  mole per cent hydrogen.

The hydrogen used for the solubility measurements was 
commercially pure, cylinder hydrogen. Analysis of syn
thetic samples of this hydrogen in nitrogen showed a purity 
greater than 99.5 per cent. Fractionation of the n-butane in a 
microcolumn indicated a purity of over 99 per cent.

The pressure change accompanying the withdrawal of a 
liquid phase sample from the bomb was never over 2  per cent 
of the total bomb pressure, and it is believed that the total 
probable error in the liquid phase data is in the neighborhood 
of 5 per cent. The vapor phase data should be used with dis
cretion because so few points were obtained, and because the 
volume of the solubility bomb was such that the total pres
sure on the bomb dropped by about 7 per cent when a vapor 
phase sample was taken. This error was tolerated since the 
vapor phase samples were not taken to secure equilibria data 
but merely to ascertain whether a single- or two-phase condi
tion existed within the bomb.

The only previous data found on the solubility of hydrogen 
in n-butane were those reported by Frolich, Tauch, Hogan, 
and Peer (1) who determined three experimental points at 
25° C. These results show an appreciably higher solubility 
at room temperature than was obtained by us; however, the 
solubilities reported by Frolich et a l. are expressed as volume 
of hydrogen at standard temperature and pressure per volume 
of liquid hydrocarbon, and it is not clear whether the hydro
carbon volume refers to volume at the normal boiling point

or volume at dry ice temperature at which the two compo
nents were presumably separated. Thus, a rigorous compari
son cannot be made.

P hase B ehavior

Kay (£) pointed out that a minimum in the bubble-point 
curve of a binary or a multicomponent system indicates the 
existence of a region of minimum solubility at some tempera
ture below the minimum point. He cited his data on hydro- 
gen-naphtha and data on the following systems as examples of 
this unusual type of phase behavior: hydrogen in liquid
ammonia (8 ), nitrogen in liquid ammonia (6 ) , hydrogen and 
helium in water (4 , 5 ) , and nitrogen in water (3 , 7 ) . It now 
appears evident that certain mixtures of hydrogen and n- 
butane may be added to this group.

The significance of the minimum point in the bubble-point 
portion of the border curve for a multicomponent system may 
be better understood by reference to Figure 3, which repre
sents such a case for a specific binary mixture. Curve A C  is 
the dew-point curve which meets the bubble-point curve, 
I G E B C , at the critical point, C . If the mixture possessing 
this border curve and existing at the pressure-temperature 
conditions represented by point P  is heated along the con- 
stant-pressure line, P - P ' ,  no change occurs until point H  is 
reached and a bubble of vapor appears. As the temperature is 
increased between H  and F ,  the relative proportion of vapor to 
liquid phase reaches a maximum and then decreases (retro
grade condensation) until point F  is reached and all vapor has 
been condensed. Further heating above F  produces no second 
phase until the border curve is reached at point D , and a 
bubble of vapor again appears; between D  and B  the amount 
of vapor reaches a maximum and then decreases (retrograde 
condensation) until only liquid exists when point B  is reached. 
Thus there are two regions of isobaric retrograde condensa
tion for mixtures which contain a minimum in the bubble- 
point curve, the region associated with the critical state and 
the region associated with the temperature of minimum solu
bility.

The temperature range covered by the hydrogen-n-butane 
data is such that the bubble-point curves of Figure 2 corre
spond to that region of the hypothetical border curve of Figure 
3 included between points F  and D . Unfortunately the ap
paratus employed for these measurements was not suitable 
for measurements outside the range of temperature covered; 
and although the P - T  border curve for mixtures containing 
3 to 4 mole per cent hydrogen must of necessity be similar to 
that of Figure 3, the actual temperature of minimum solu
bility was not determined.

A ck n ow led gm en t

The authors are indebted to R. P. Gilmartin for his direc
tion of the analytical work, and to Clark Holloway, Jr., for 
criticism of the manuscript.
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Liquid-Vapor Equilibrium 
Compositions in Hydrogen 

Chloride-n-Butane System
P hase eq u ilib r ia  d a ta  are required  for th e  
effic ien t d esign  o f  a b sorp tion  an d  fra c tio n 
a tin g  eq u ip m e n t, an d  sin ce  h yd rogen  ch lo 
ride is a ssu m in g  a c o n sta n tly  greater role in  
p etro leu m  refinery o p era tio n s, i t  appears 
desirab le to  have su ch  d ata  on  m ix tu res o f  
hyd rogen  ch lorid e  w ith  various hydrocar
bons.

T h e co m p o sit io n s  o f  eq u ilib r iu m  vapor- 
liq u id  m ix tu res in  th e  h yd rogen  ch lo r id e-  
n -b u ta n e  sy s te m  have b een  d eterm in ed  a t  
tem p eratu res o f  70°, 120°, and  180° F . for  
pressures b elow  550 p o u n d s per square in c h , 
u sin g  a c o n sta n t  vo lu m e typ e ap p aratu s. 
T he d a ta , w h ich  are p resen ted  in  b o th  ta b u 
lar and  grap h ica l form  as p ressu re-com p osi-  
tio n  and  eq u ilib r iu m  co n sta n t-p ressu re  
d iagram s, in d ica te  general ag reem en t w ith  
R a o u lt’s law .

H YDROGEN chloride is used as a promoter for the 
aluminum chloride isomerization of n-butane to iso
butane. In a continuous isomerization unit it is 

necessary to introduce the hydrogen chloride with the n- 
butane charge in controlled amounts and also to recover it 
from the reactor effluent for recycling, since the hydrogen 
chloride consumption must be low if the process is to be 
economically feasible. Phase equilibria data for the hydrogen 
chloride-n-butane system are required if absorption and frac
tionating equipment handling these two components are to 
be designed with confidence. A literature search revealed 
some data on the solubility of hydrogen chloride in propane 
(2 ), hexane (5 ), benzene (1 ) , octane (1), dodecane (f), and 
cyclohexane (7 ), but nothing was found for the system hy
drogen chloride-n-butane. This paper presents the equi
librium liquid and vapor compositions for the latter system 
at 70°, 120°, and 180° F. and at pressures up to 550 pounds 
per square inch.

A p p aratu s an d  M ateria ls

The equilibrium chamber was a cylindrical one-gallon 
bomb constructed from a section of 6 -inch, extra heavy, 
S. A. E. 1015 seamless steel tubing, and was provided with a 
thermowell and with both liquid and vapor sampling fines 
made of V8-inch steel tubing. To avoid excessive liquid 
holdup, the transverse area of the liquid sampling fine was re-

1 P r e s e n t  a d d re s s ,  P e n n s y lv a n i a  S t a t e  C o lle g e , S t a t e  C o lle g e , P e n n a .

J. H. OTTENW ELLER1, CLARK HOLLOW AY, JR ., 
AND W H ITNEY W EINRICH

Gulf Research and Development Company, 
Pittsburgh, Penna.

duced about 75 per cent by the insertion of a steel rod. The 
stainless-steel Bourdon-tube pressure gage was attached to 
the vapor-sampling fine of the bomb.

The constant-temperature bath was equipped with immer
sion heaters and a cooling coil, and the fluid of the bath was 
constantly recirculated by a centrifugal pump. The tem
perature was controlled with a bimetallic expansion thermo
regulator, and the actual temperature reading was taken with 
a calibrated A. S. T. M. thermometer. Water was used in the 
bath for the 70° and 120° F. determinations, and oil was em
ployed for the 180° F. determinations. The equilibrium 
chamber was supported vertically in the constant-tempera
ture bath by side arms so that it could be rocked through an 
angle of about 90° and so that the sampling valves were below 
the level of the fluid in the bath.

One-gallon bottles and 700-cc. burets, respectively, were 
used for sampling the liquid and vapor phases. A Cenco 
high-vacuum pump was available for evacuation of the sam
ple containers, and mercury manometers were employed in 
sampling for pressure control and measurement.

The c. p. n-butane used in this work was obtained from the 
Phillips Petroleum Company and was 99.6 per cent pure. 
The impurities were hydrocarbons boiling in the same range 
as n-butane, and since the solubility of hydrogen chloride in 
hydrocarbons of similar boiling points should not vary a 
great deal, no attempt was made to remove the 0.4 per cent 
impurity. The butane was passed through an activated 
alumina dryer to remove any traces of moisture.

The hydrogen chloride for the experimental work at 70° F. 
was obtained in the dry anhydrous form from the Harshaw 
Chemical Company and was from 97 to 98 per cent pure. 
The hydrogen chloride used for the 120° and 180° F. deter
minations had a purity of over 99 per cent and was produced 
by the reaction of concentrated sulfuric acid with rock salt. 
A flanged steel bomb was used, and the generation was al
lowed to continue until a hydrogen chloride pressure in excess 
of that desired in the equilibrium chamber had developed.

M eth od  o f  O p era tion

Before charging n-butane to the equilibrium chamber for 
each series of determinations, it was washed with acetone, 
dried, and flushed out several times with butane. Sufficient



208 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. 2

n-butane was then added for the series of isothermal deter
minations, and air was swept from the line leading to the 
hydrogen chloride supply with a stream of butane. The 
equilibrium chamber was rocked steadily while hydrogen 
chloride was being admitted, and the admission was con
tinued until hydrogen chloride solution into the liquid phase 
became negligible at about the desired pressure. The pres
sure and temperature usually assumed constant values within 
an hour after the hydrogen chloride addition was stopped, but 
samples were never taken earlier than 8  hours after the last 
addition of hydrogen chloride.

In sampling, precautions were taken to remove stagnant 
materials from the internal lines and air or other foreign gases 
from the external lines. Gas samples from the liquid phase 
were taken into clean, dry, evacuated one-gallon bottles. 
They were flushed with three or four times their volume of 
sample in a slow continuous flow under slightly superatmos- 
pheric pressure, and no pressure drop on the system was no
ticeable during the sampling operation. For analysis, gas was 
allowed to flow from the bottle into 700-ml. evacuated (2 mm. 
mercury) gas burets which were constructed with a one-way 
glass stopcock at one end and a three-way stopcock at the 
other end. This three-way cock permitted evacuation and 
flushing of the connection between the buret and the one- 
gallon bottle before the sample was withdrawn from the 
bottle. The buret samples were taken at a pressure of 150- 
2 0 0  mm. mercury, and the exact pressure together with the 
temperature and buret volume determined the weight of 
sample. The hydrogen chloride in the sample was neutral
ized with an excess of measured standard sodium hydroxide 
solution which was added through the three-way stopcock. 
This mixture was diluted with distilled water to provide 
adequate solution for absorbing the hydrogen chloride, and the 
buret was shaken vigorously. The excess sodium hydroxide 
was back-titrated with standard acid to the phenolphthalein 
end point.

T a b l e  I .  C o m p o s i t i o n s  o f  B u b b l e - P o i n t  L i q u i d  a n d  D e w -  
P o i n t  V a p o b  f o b  H y d r o g e n  C h l o r i d e - r - B u t a n e  S y s t e m

F i g u r e  1 .  B u b b l e -  a n d  D e w - P o i n t  C u r v e s  
f o r  H y d r o g e n  C h l o r i d e —r - B u t a n e  S y s t e m

Gas samples of the vapor phase were taken and analyzed 
by the same procedure as for the liquid phase samples, except 
that the sample was passed directly into the buret from the 
equilibrium chamber in order to keep the amount withdrawn 
at a minimum. When taking a vapor phase sample, the total 
pressure on the system did not drop more than 1 or 2  pounds 
per square inch.

P re s s u re ,  L b . /S q .  I n .  
A b s.

M o le  %  H C 1
L iq u id  

A t  7 0 °  F .

V a p o r

66 3 .3 3 8 . 8
1 1 4 ° 1 0 .8 7 4 .5
1 1 9 “ 1 0 .8 7 5 .7
2 0 0 “ 2 2 .6 8 7 .0
2 1 1 “ 2 3 .1 8 9 .3
283 3 4 .1 8 9 .4
3 2 3 “ 4 2 .6 9 0 .2
351 4 6 .5 9 0 .4
403 5 6 .4  

A t  1 2 0 °  F .

9 0 .5

100 2 .0
1 0 6 “ 3 . 5 3 4 .5
137 4 .6
1 5 4 “ 7 .6 5 4 .7
186 9 .5
213 1 1 .9
2 1 5 “ 1 2 .9 6 4  .'8
242 1 4 .5
2 6 1 “ 1 8 .1 7 1 .5
319 2 2 .3
3 2 1 “ 2 3 .6 76.Z
3 6 6 “ 2 7 .8 7 9 .0
4 1 5 “ 3 2 .3 7 8 .5
417 3 2 .4  

A t 1 8 0 °  F

1 9 9 “ 3 . 5 2 4 .5
205 2 . 8 2 3 .8
254 5 .8 4 3 .7
2 5 7 “ 7 .3 3 8 .7
306 9 .5 4 6 .7
317 1 1 .4 4 9 .4
366 1 3 .3 5 5 .3
3 8 5 “ 1 5 .4 5 6 .3
4 6 6 “ 1 9 .4 5 8 .2
484 2 0 .1 5 8 .5
531 2 2 .4 5 9 .4

a P o in ts  in  a  d e c re a s in g  s e rie s .

E xperim en ta l D ata

The equilibrium pressures in the system hydrogen chloride- 
n-butane were determined for 70°, 120°, and 180° F. at con
centrations up to 56 mole per cent hydrogen chloride in the 
liquid phase, and they varied from 50 to 500 pounds per 
square inch absolute. The observed pressures, together with 
the corresponding liquid and vapor compositions for each of 
the three temperatures are presented in Table I and shown 
graphically in Figure 1 . Distinction is made between points 
taken as the pressure was increased between successive analy
ses and points taken as the pressure was decreased. De
viations in the liquid phase data between series of determina
tions made with increasing and with decreasing pressure were 
consistent; that is, in a series made by successively increas
ing the pressure, the concentration of hydrogen chloride 
would tend to be low, whereas in a decreasing series the con
centration would tend to be high. This indicates either some 
holdup in the liquid sampling tube or a considerable lag in 
reaching complete equilibrium. Smooth curves for the 
liquid phase compositions were drawn through the mean of the 
two sets of data, and since the departure of individual points 
from the curve was never more than one mole per cent hydro
gen chloride, errors due to holdup and lack of equilibrium 
should be nullified.

Individual points in the vapor phase data failed to lie on 
a smooth curve in some cases by as much as 2  mole per cent 

ydrogen chloride. This scattering of points from the curve 
exhibits no definite trend, although it is probably due to 
c anges in the vapor samples caused by disruption of the 
equilibrium as the vapor was being withdrawn.
., , ® over-all accuracy of the data is considered to be within
the following limits:

P re ss u re , I b . / s q .  in . 
T e m p e r a tu r e ,  0 F  
H C l in  l iq u id ,  m o le  %  
H C l in  v a p o r ,  m o le  %

± 2
± 0 . 4
± 0 . 4
± 3
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MOL PERCENT HCL IN LIQUID

F i g u r e  2 .  C o m p a r i s o n  o p  E x p e r i 
m e n t a l  D a t a  w i t h  R a o t jl t ’s  L a w

The equilibrium chamber was designed with a capacity of one 
gallon so that the amount of material withdrawn for sampling 
purposes would be a small percentage of the total contents, 
and the amount actually withdrawn in sampling either phase 
amounted to less than one weight per cent of the phase. 
Sampling tubes were of small cross-sectional area, and care 
was taken to prevent sample contamination by adequate 
purging of the sampling lines. The analytical procedure as 
previously described is considered to involve less uncertainty

than other de
tails of the work, 
and as a further 
precaution, the 
hydrogen chlo
ride content as 
determined by 
t h e  a c i d  i on  
equivalent was 
c h e c k e d  by a 
c h l o r i d e  i on  
analys i s .  The 
unit of gradua- 
t i o n  o n  t h e  
Bourdon tube 
g a g e  w a s  5 
p o u n d s  pe r  
square inch, and 
th e  p r e s s u r e  
could be read ac
curate ly to 2 
p o u n d s  pe r  
square inch. The 
gage is thought

to be accurate within this limit, since it was calibrated with a 
dead weight tester at frequent intervals as the work proceeded. 
All temperatures were taken with a calibrated mercury-in-glass 
thermometer which could be read accurately to 0.2° F. 
Bath temperature varied by not more than ±0.2° for the 70° 
and 120° F. determinations, and by not more than ±0.4° for 
the 180° F. determination.

P h a se  B ehavior
In a binary hydrocarbon system the critical locus for mix

tures of the constituents is often in excess and may be far in 
excess of the critical pressure of either pure constituent. 
This phenomenon does not exist in the hydrogen chloride- 
propane system and, assuming an analogy between the sys
tems hydrogen chloride-n-butane and hydrogen chloride- 
propane, the critical locus for mixtures of hydrogen chloride 
and R-butane was drawn on Figure 1 similar in shape to the 
critical locus of mixtures of hydrogen chloride and propane 
(2 ) . The data at 70° and 120° F. were extended to the re
spective vapor pressures of hydrogen chloride, and little op
portunity is seen for errors of greater than 5 mole per cent 
hydrogen chloride at a given pressure in either the bubble- 
point or the dew-point curves. In order to present qualita
tively the shape of a border curve for a temperature above 
the critical temperature of hydrogen chloride, the data at 
180° F. were extrapolated to the critical locus. Retrograde 
effects, as defined by Katz and Kurata (S), can occur at this 
temperature. For example, if a gaseous mixture at 180° F. 
and the pressure and composition defined by point A  is com
pressed isothermally along line A E H ,  at point B  a drop of 
liquid will form. As compression is continued, the amount 
of liquid will increase until a maximum is reached at some 
point, F .  Under further compression, the amount of liquid 
will decrease (retrograde vaporization) until at point G  the 
system consists of a single phase. It is perhaps not generally 
realized that this and other retrograde conditions can be

easily demonstrated by actual calculation of the relative 
amount of liquid and vapor present at various points within 
the border curve. Thus, at point E  where the total system 
in question contains 5 7  mole per cent hydrogen chloride and 
where the equilibrium liquid and vapor as represented by 
points C  and D contain 26.3 and 60.2 mole per cent hydrogen 
chloride, respectively, the mole per cent of the system in the 
liquid phase is represented by the unknown term in the equa
tion:

0 .2 6 3 x  +  0 .6 0 2  ( 1 0 0  -  x) =  0 .5 7  (1 0 0 )

Similar calculations based on the pressure-temperature type 
of diagram are possible, provided sufficient constant composi
tion envelopes are available.

The nearly linear relation of the composition to the pres
sure for the bubble-point curves in Figure 1 indicates approxi
mate agreement with Raoult’s law. This is illustrated to 
better advantage in Figure 2 , where the experimental data 
are compared directly with the calculated predictions. The 
fugacities of hydrogen chloride were obtained by graphical 
integration of P - V - T  data according to the method of Lewis 
and Randall (4 ), and the fugacities of n-butane were taken 
from the data of Sage, Webster, and Lacey (6 ).

F i g u r e  3 . E q u i l i b r i u m  C o n s t a n t  C u r v e s  
f o r  H y d r o g e n  C h l o r i d e  i n  r - B u t a n e

Equilibrium constants, or the mole ratio of the hydrogen 
chloride concentration in the vapor phase to the concentra
tion in the liquid phase, were calculated from the smooth 
curves in Figure 1 and are presented in Figure 3 for the three 
temperatures investigated. At the vapor pressure of n-bu- 
tane the value of K  will approach infinity. For temperatures 
below the critical temperature of hydrogen chloride, the curves 
terminate at the vapor pressure of hydrogen chloride and a K  
value of unity. For temperatures above the critical tem
perature of hydrogen chloride, the curves terminate at a K  
value of unity and the maximum pressure attained by the 
dew point-bubble point border curve on a pressure-composi- 
tion type diagram. On this type of diagram the maximum 
pressure point is coincident with the critical point.
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Grading of Soft Sugars
PHOTOELECTRIC REFLECTANCE 

MEASUREMENTS

T. R. G ILLETT AND A. L. HOLYEN
California and Hawaiian Sugar Refining Corporation, Ltd., Crockett, Calif.

In a previous publication a photoelectric instru
ment was described for measuring the transmitted 
color of raw sugar solutions and other dark colored 
liquids. The basic principles of this instrument 
have since been applied to the development of a 
photoreflectometer for measuring the reflected 
color of brown sugars and other such products.

The basic type of circuit employed is similar to 
that previously used—two photogenerative cells 
connected opposingly in a balanced circuit. The 
design of the instrument, however, is different and 
involves a novel means of eliminating errors nor
mally associated with reflectance measurements. 
Instead of incident or direct reflection which intro
duces errors due to glare, surface irregularities, etc., 
diffuse reflection is measured. To accomplish this, 
the photoelectric cell surfaces are located parallel 
to the illuminated surface.

A particular feature is the absolute nature of the 
measurements, all results being read directly in 
absolute absorption units relative to magnesium 
carbonate. As a working basis of reference, white 
tile which has been calibrated against magnesium 
carbonate is used.

In measuring the reflected color of brown sugars, 
it was necessary to develop a standard method of 
preparing the sample. In operating the instru
ment, an initial balance is first obtained with the 
standard tiles in place. The comparison tile is 
then replaced by the sample of sugar, the instru
ment rebalanced, and the color read directly on the 
slide-wire in absolute absorption units.

In addition to the several instruments which have 
been constructed for brown sugar color measure
ment, a modified reflectometer for measuring the 
color of dry white sugars is described.

I N THE manufacture of soft or brown sugars, various 
grades are produced, usually ranging in color from a pale 
yellow to a dark brown. Each grade has its own selling 

price based on the particular color that has been established 
for that grade. As it is desirable to maintain the color of 
these different grades within rather narrow limits, it is essen
tial that accurate means of color measurement be available.

Color measurement frequently involves both quantitative 
and qualitative characteristics. However, most refined sugar 
products vary little in quality of color, and therefore means 
for measuring the quantity of color is usually sufficient in the 
sugar industry. These characteristics of color in sugar prod
ucts are described in considerable detail by Peters and Phelps
(13 ) and by Honig and Bogtstra (4 ), with considerable dis
cussion being given on suitable nomenclature for use in color 
measurement.

Because of the importance of soft sugar color measurement 
in the sugar industry, considerable investigation has been 
done on the subject. Meade and Harris (9) pioneered in this 
work on soft sugar, using the Hess-Ives photometer. Rice
(14 ) later adapted the Meade-Harris scale to a —log T  basis. 
Knowles (7) and Wills (15) described the preparation of ar
tificial color standards for visually estimating the color of 
soft sugar. Wills also described a method employed by 
Schlegel with the Hess-Ives photometer. However, these 
and other visual methods of comparison have been subject 
to the inaccuracies of vision and personal judgment of the ob
server. Such errors inevitably result from the inability of 
the human eye to distinguish small quantitative or qualitative 
differences in the color of the sugar. Therefore it has gen
erally been found that readings of different observers fre
quently varied widely, and even individual observers could 
not be depended upon to reproduce their results.

Although these various difficulties with visual methods 
have been recognized, artificial or synthetic color standards 
were used in this laboratory for many years for lack of a more 
satisfactory method of soft sugar color measurement. How
ever, with the development of improved types of photoelec
tric cells in comparatively recent years, it appeared that er
rors in visual methods might be avoided by substituting 
photoelectric cells for the human eye. When the subject was 
first considered, few photoelectric colorimeters were available 
and the majority of these were not particularly applicable to 
this type of measurement. An investigation was made 
which has resulted in the development of a photoelectric 
reflectometer (3) which gives a quantitative reading di
rectly indicative of the amount of color in soft sugar and 
which has entirely replaced our former visual method of com
parison. This new photoelectric reflectometer has operated 
satisfactorily for the past few years and has eliminated the 
principal personal errors which have always been associated 
with the visual methods of color determination previously 
employed. Since the development of this instrument, other 
photoelectric means of measuring the transmittancy or re
flectance of sugar products have been described—i. e., Keane 
and Brice (6 ), Nees (1 2 ), and Morse and McGinnis (1 0 ), al
though these have been mainly for use on white refined sugars, 
primarily in solution.

D evelopm ent o f  P h o to e lec tr ic  R eflectom eter
In the early stages of this investigation, much of the pre

liminary work usually associated with the development of an 
electrical instrument of this type was avoided by use of a cir
cuit which was basically similar to that employed in the 
photoelectric colorimeter previously developed by the authors 
(2 ) . While a number of different photoelectric circuits have
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FIGURE I

VARIOUS A R R A N G E M E N T S
FOR MEASURING LIGHT REFLECTION

been described in the literature {1 , 8 , 1 1 ), the former circuit 
had proved extremely sensitive and accurate, and appeared to 
be most suitable for the purpose. The particular circuit as 
modified for the photoelectric reflectometer consists of two 
photogenerative cells connected in an opposing type circuit. 
Photogenerative cells are preferable to emissive type cells as 
they develop their own output and thus avoid the use of com
plicated amplifiers. Furthermore, their current response 
upon illumination gives practically a straight line relation
ship within the light intensity range normally encountered 
in color work. This is of great advantage as it permits the 
color intensity to be measured directly in accordance with 
fundamental physical laws of light transmission and reflec
tion. In measurements of this type the use of two photo
electric cells is preferable to one, as compensation can be auto
matically obtained for fluctuations in light intensity, voltage 
variation, and other such factors. Also, by the use of two 
photoelectric cells, measurements which are relative to a se
lected reference standard are obtained. By using a basic 
standard, the shades of color may thus be expressed in funda
mental units of reflection.

The principle employed in the photoreflectometer de
veloped in this investigation was that of photoelectric meas
urement of the diffused light reflected by the test sample. 
A number of different arrangements were tried, including 45° 
viewing as illustrated in diagram A  of Figure 1, and normal 
or 90° viewing as indicated in diagram B .  Of these two, the 
latter gave greater accuracy, as errors due to irregularities in 
the reflecting surface were minimized. This principle, modified 
as shown in diagram C , was therefore adopted. While some 
consideration was given to reflecting spheres, these did not 
appear particularly suitable for routine use by inexperienced 
observers because of their elaborate construction and compli
cated method of operation.

Another phase of this investigation which required consid
erable experimental work was the establishment of a suitable 
method of preparing the soft sugar sample. Obviously, it 
was necessary to provide a smooth surface which could be 
easily duplicated, and this did not appear practical without 
compressing the sugar on a level plate. In forming such a 
surface it was found that insufficient compression caused a 
very irregular surface wThile excessive compression resulted in 
separation of the sirup from the crystals. Also, it developed 
that compression of the sample directly on the glass plate in 
the instrument caused formation of a sirup film on the glass 
which interfered with the reflectance measurement. These 
various sources of error were overcome by use of the modified 
arrangement shown in diagram C  of Figure 1 and by a stand
ardized method of preparing the sample. This latter proce
dure involved use of a large metal ring approximately 4 inches 
in diameter and 5/g inch thick which is placed on a separate 
glass plate. The ring is filled with sugar and the top scraped 
off evenly7 to provide a uniform, loosely packed volume of 
sugar for each sample. The sugar is then compressed uni
formly by means of a plunger with a 5/ 30-inch shoulder, and 
the prepared sample is moved from the plate oh which it was 
prepared onto the glass plate on the instrument. This proce
dure resulted in good reproducibility of samples.

D escrip tion  o f  In stru m en t

Figure 2 shows the general arrangement finally adopted for 
the photoelectric reflectometer. Light from the illuminating 
source is directed through the apertures onto the reflecting 
surfaces, which are located on the glass plates shown. Large 
light apertures (approximately 3.25 inches in diameter) are 
used in order to reduce the effect of irregularities in the sur
face of the sugar. Immediately below and parallel to the 
reflecting surfaces are located the photoelectric cells. These 
cells are protected from extraneous light by the use of cylin- 
drically shaped shields. The fight source employed is a 200- 
watt projection type lamp which operates on 1 10  volts a. c. 
In order to protect the cells from excessive heat, an insulating 
chamber is situated between the lamps and the photoelectric 
cells. This consists of an air space between two glass plates. 
Ventilation of this air space as well as the fight housing thus 
avoids high operating temperatures which might adversely 
influence the accuracy of response of the photoelectric cells.

6 L A S S

SA M PLE STANDARD

1 1

FIGURE 2

SCHEMATIC DIAGRAM OF PHOTO-REFLECTOMETER
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As Figure 2 shows, the two photoelectric cells are con
nected opposingly in a balanced electrical circuit of a poten- 
tiometric type. Each cell is shunted by a fixed resistance, 
the resistances being substantially equal in value. One of the 
shunting resistances is a precision wire wound type. The 
other shunt is a uniformly wound slide-wire resistance accu
rate to approximately 0.1 per cent. This slide-wire is uni
formly calibrated in equal divisions from 0 to 100. The rela
tion between potentials developed across these two shunts is 
determined by adjustment of the contact on the slide-wire, 
using a lamp and scale galvanometer as a null-point indicator.

The lamp is originally positioned so that both photoelec
tric cells are illuminated equally. Any slight inequalities in 
the circuit are initially compensated for by adjustment of the 
contact on the precision resistance mentioned above. Tests 
indicated that this electrical method of balancing was extremely 
simple, and did not affect the accuracy or calibration of the 
instrument. The adjustable contact on the slide-wire re
sistance is used to obtain a measure of the reflectance. When 
all of this resistance is in circuit, the slide-wire reads zero, and 
when all of the resistance is out of circuit it reads 100. This 
will be described in more detail in a later section.

The particular reference standard normally employed in 
reflection measurements is magnesium carbonate, which is 
the closest approach to pure white and has a reflective power 
of 98 per cent according to International Critical Tables ([5). 
However, this material is not particularly suitable for indus
trial measurements due to its fragile nature, and a more du
rable standard was therefore used. The standard selected is a 
glazed white tile which had an apparent reflection of 88.9 per 
cent compared to magnesium carbonate or 87 per cent against 
pure white—i. e., 98 per cent of 88.9 per cent. Two of these 
tiles are used, one over each photoelectric cell, to provide the 
reflecting surfaces for initial balancing of the instrument. In 
subsequent reflectance measurements, the sample is substi
tuted for one of the tiles. A number of these white tiles hav
ing substantially the same reflectance are being held in re
serve.

In order to provide light of a suitable spectral character, a 
color filter such as Corning No. 590 Daylite may be utilized. 
Such a filter transmits light, the spectral quality of which is 
similar to that of daylight. However, as the total spectral 
response of the photoelectric cell used does not differ greatly 
from that of the human eye, and only a measure of the total 
reflectance is desired, monochromatic color filters need not be 
used unless a spectral color analysis is required. In such an 
event, primary color filters or, if desired, monochromatic 
color filters may easily be inserted in the light path and a 
measurement obtained of the qualitative color characteristics 
of the sample.

The photoelectric reflectometer constructed on the above 
principles is shown in Figure 3. The illumination is housed in 
the rear of the cabinet. The glass plate, which is located over 
the apertures and on which the sample or tiles are placed, is 
apparent near the center of the instrument. The two tiles 
are mounted in hinged frames so that they can be readily 
raised or lowered over the photoelectric cells. The electrical 
equipment is mounted on the panel at the front of the cabinet 
and in the interior. Other details of construction are obvious.

C alibration  o f  P h o to e lec tr ic  R eflectom eter

In expressing the reflectance of opaque substances, any one 
of a number of different systems of units might be used. How
ever, some of these are empirical in nature and have no 
fundamental basis. In order to avoid the use of such arbitrary 
units, the photoelectric reflectometer was purposely designed 
so that measurements based on the apparent reflection of the 
sample relative to pure white could be obtained. To secure 
readings which increased with increasing concentrations of 
coloring matter, the percentage light absorption, which is 
merely 100 minus per cent reflection, was adopted. These 
units have been termed “apparent absorption” units.

As will be recalled, the slide-wire is calibrated uniformly 
from 0 to 100. Therefore, if a pure white reflecting surface of 
100  per cent were obtainable, the instrument would read di
rectly in per cent; that is, a pure white would read 0  per cent 
light absorption and a pure black 1 00  per cent light absorp
tion. As previously mentioned, this was an impractical con
dition and white tiles having an apparent absorption of 13 per 
cent had been used instead. If the slide-wire was balanced 
at zero with these tiles, obviously per cent absorption would 
not be read directly. However, it appeared that if the in
strument was initially balanced with the slide-wire set at the 
predetermined apparent absorption of the tile—i. e., 13 per 
cent—then all subsequent readings would be directly in per 
cent. To prove this, three different sets of measurements 
were made on the same group of samples. The first of these 
were readings made with magnesium carbonate as a standard 
and the slide-wire set at zero, the results being corrected from 
98 to 100 per cent basis as follows:

100 -  (% R  X 0.98)
% R  = per cent apparent reflection

The second set was obtained with the white tile as a standard 
and the slide-wire set at zero, the results being calculated to 
a percentage basis by means of the formula:

100 -  (% R  X 0.87)

The third set was obtained by the method de
scribed above in which the instrument is bal
anced with the white tile, the slide-wire being 
set at 13. The results of these three sets of 
determinations are shown in Table I. As will 
be noted, the data agree closely and indicate 
that the photoelectric reflectometer operated 
in this manner can be depended upon to give 
an accurate measure of per cent absorption in 
terms of any accepted standard of whiteness. 
As a means of assuring that this calibration 
remains unchanged, a series of colored tile 
have been standardized and are used on a 
routine check basis. In conjunction with this 
calibration work, some observations were made 
on the general character of the measurements. 
One of these points involved the effect a 
mixture of light and dark brown sugar in 
a sample would have on the reading.F i g u r e  3 .  P h o t o e l e c t r i c  P h o t o m e t e r
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Observations along this line indicated that, within the small 
color variations encountered, the photoelectric reflectometer 
integrated the color of the sample and gave a value represen
tative of its average reflectance.

T a b l e  I. P h o t o e l e c t r i c  C o m p a r i s o n  o p  R e f l e c t a n c e  o f  
S o f t  S u g a r s  a g a i n s t  V a r i o u s  S t a n d a r d s

A p p a r e n t  A b s o r p t io n  M e a s u r e d  a g a in s t :

S a m p le  N o .

M g C C h , s l id e 
w ire  b a la n c e d  a t  

0 .0  [1 0 0  -  
( %  R  X  0 .9 8 ) ]

W h i t e  t ile ,  
b a la n c e d  a t  
0 .0  [1 0 0  -  

( %  R  X  0 .8 7 ) ]
W h it e  t i l e ,  

b a la n c e d  a t  13 .

1 1 3 .5 1 3 .5 1 4 .0
2 1 5 .0 1 4 .2 1 4 .5
3 1 7 .6 1 7 .1 1 6 . S
4 2 0 .5 1 9 .7 1 9 .7
5 2 8 .0 2 7 .4 2 8 .4
6 3 6 .5 3 6 .4 3 6 .3
7 4 5 .0 4 4 .1 4 4 .9
S 5 6 .7 5 6 .5 5 6 .9
9 6 0 . 0 6 0 .2 6 0 .6

10 6 5 .  5 6 6 .0 6 6 .4

R esu lts

Before this new instrument was officially adopted, the cali
bration was checked against available standards, and many 
comparisons were made against other methods. These com
parisons indicated that photoelectric reflectance measure
ments were considerably more accurate and reproducible by 
this means. Table II shows one such typical comparison be
tween visual readings obtained by comparison against color 
standards and photoelectric reflectance determinations ob
tained with the photoelectric reflectometer by five observers. 
The mavimiiTn deviation with the visual method for this 
group was 7  units as compared to only 0 .8  unit for the photo
electric method. The average deviation was 1.0 unit for the 
visual method and only 0 .1  unit for the photoelectric method.

These data indicate that substitution of the photoelectric re
flectometer for methods based on visual comparison with 
standards has eliminated about 90 per cent of the personal 
error involved in such determinations. Tests have also been 
made on the reproducibility of the readings and the repro
ducibility of sample preparation, and they also indicate good 
precision.

Another group of data gathered over a considerable period 
of time compared the reflectance of soft sugars as determined 
on the photoelectric reflectometer with the transmittancy of 
solutions of the same samples as measured on the photoelectric 
colorimeter. These results are plotted on Figure 4 and indi
cate, as might be expected, that the ratio between reflectance 
and transmittancy decreases as the total amount of color in
creases.

In order to ascertain the relation between the calibration 
of the photoelectric reflectometer in terms of apparent absorp
tion and a system used elsewhere in the sugar industry, the 
reflectance of each sample in a complete set of ground glass 
standards prepared by the Sugar Institute was determined. 
These results (Figure 5) are included as a matter of general 
interest.

It has been our experience that use of these photoelectric 
reflectometers in the refinery and laboratory has not only sim
plified our soft sugar color control, but also has greatly in
creased its accuracy. As a further step in eliminating inac
curate visual methods, two additional instruments have since 
been developed. One of these is a modified reflectometer for 
dry white sugars; the other is for determining the color index 
and turbidity index of white sugar solutions. With the de
velopment and adoption of these various instruments our 
transition from comparatively unreliable visual methods to a 
precise photoelectric basis for the grading of sugars has been 
completed. Although the use of these photoelectric devices 
has largely been confined to sugar products, their applica
tion is now being gradually extended to other materials.

T a b l e  II. C o m p a r i s o n  o f  t h e  C o l o r  o f  S o f t  S u g a r  D e t e r m i n e d  V i s u a l l y  a n d  P h o t o e l e c t r i c a l l y  b y  V a r i o u s  O b s e r v e r s

D e v i a t i o n
 ___________________________ V is u a l  M e th o d ----------------------------------------- -   P h o to e le c t r i c  M e th o d ----------------------------------- . o f  A t .  V is u a l

M a x .  A v .    M a x .  A v . C o lo r  f r o m  A v .
P h o to e le c t r i c  
R e f le c ta n c e

S a m p le
N o . A B

-O b s e rv e r -
C D E

1 5 6 .2 5 7 .0 5 5 . 0 5 5 . 5 5 4 .3
2 5 6 .7 5 5 .5 5 6 .5 5 5 .0 5 3 .5
3 5 7 .0 5 6 .7 5 6 .5 5 6 .0 5 5 .0
4 5 3 .5 5 4 . 0 5 2 .5 5 2 .0 5 2 .0
5 5 8 .0 5 7 .0 5 7 .0 5 5 .0 5 4 .0
6 5 7 .3 5 7 .3 5 7 .0 5 5 .0 5 6 .0
7 5 6 0 5 6 . 5 5 7 .5 5 5 .0 5 5 .5
g 5 6 .5 5 7 . 5 5 6 .  5 5 5 .0 5 4 .7
9 5 5 .3 5 5 .7 5 5 .5 5 6 .0 5 3 .0

10 5 4 .6 5 5 . 0 5 3 .0 5 5 .0 5 2 .  5

11 3 4 . 0 3 7 .5 3 6 . 0 3 7 . 0 4 0 .0
12 3 3 . 0 3 5 . 5 3 4 . 5 4 0  0 3 5 .0

13 6 7 . 0 6 6 . 0 6 7 .7 6 8 .0
14 6 6 .0 6 6 . 0 6 7 .5 6 7 .5 • •

d e v ia  d e v ia  ----------- ■O bserver- d e v ia  d e v ia 
t i o n t io n A v . A B C D E t io n t io n A v .

2 . 7 0 . 8 5 5 .6 5 5 .8 5 6 .2 5 6 .1 5 6 .3 5 6 .2 0 . 5 0 . 1 5 6 .1
3 . 2 0 . 8 5 5 .5 5 5 .6 5 5 .8 5 5 .5 5 6 .1 5 6 .0 0 . 6 0 . 2 5 5 . S
2 . 0 0 . 6 5 6 .2 5 5 .5 5 5 .3 5 5 .5 5 5 .2 5 5 .5 0 . 3 0 . 1 5 5 .4
2 . 0 0 . 8 5 2 .8 5 3 .0 5 3 .2 5 2 .8 5 2 .9 5 2 .6 0 . 6 0 . 2 5 2 .9
4 . 0 1 .4 5 6 .2 5 7 .3 5 7 .3 5 7 .3 5 7 .4 5 7 .2 0 . 2 0 . 0 5 7 .3
2 . 3 0 . 8 5 6 .5 5 7 .1 5 7 .3 5 7 .0 5 6 .7 5 7 .2 0 . 6 0 . 2 5 7 .0
2 . 5 0 . 7 5 6 .1 5 7 .3 5 7 .0 5 7 .1 5 7 .4 5 7 .1 0 . 4 0 . 1 5 7 .1
2 . 8 1 .0 5 6 .0 5 6 .2 5 6 .5 5 6 .0 5 6 .4 5 6 .1 0 . 5 0 . 2 5 6 .2
3 . 0 0 . 8 5 5 .1 5 5 .4 5 5 . Í 5 4 .9 5 5 .1 5 4 . 8 0 . 6 0 . 2 5 5 .1
2 . 5 1 .0 5 4 .0 5 3 .0 5 3 .5 5 3 .3 5 3 .6 5 3 .8 0 . 8 0 . 2 5 3 .4

6 . 0 1 .5 3 6 .9 3 7 .2 3 7 .2 . . . . 0 . 0 0 . 0 3 7 . 2
7 . 0 1 .7 3 5 . 6 3 4 . 4 3 4 .8 - - • • - - 0 . 4 0 . 2 3 4 .6

2 . 0 0 . 6 6 7 .2 6 7 .6 6 7 .4 . . . . 0 . 2 0 . 1 6 7 . 5
1 . 5

A v e r a g e

0 . 8

1 .0

6 6 .7 6 7 .8 6 7 .6 0 . 2 0 . 1

0 . 1

6 7 .7

- 0 . 5  
- 0 . 3  
+ 0 .8  
- 0 . 1  
— 1.1  
— 0 . 5  
- 1 . 0  - 0 .2  

0 .0  
+ 0 .6

- 0 . 3
+ 1 .0

- 0 . 3
- 1.0

-0 .2
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FIG. A  -  CO M PARISON OF REFLECTED
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Action of Light on Cellulose
Viscosity-Concentration Relations o f Cellulose 

Acetate Solutions

RALPH E. MONTONNA AND C. C. W INDING 1

University of Minnesota, Minneapolis, Minn.

T he eq u ation

l)r = 1  +  fcc +  fc'c2

w h ich  is an alogou s to  th e  expanded form  
o f  th e  expressions derived by E in ste in  and  
by K u n itz , describes th e  v iscosity  behavior 
o f d ilu te  so lu tio n s o f  cellu lose aceta te . An 
easy and rapid m eth o d  for ob ta in in g  th e  
lim it in g  specific v iscosity , [77] , defined by 
th e  eq u ation

is described.

S EVERAL authors have derived mathematical ex
pressions for the viscosity of colloidal dispersions, either 
based on experimental evidence or obtained from 

theoretical considerations. These equations all attempt to 
relate the relative viscosity, i)r, with the volume of the dis
persed phase, <f>, and it is generally accepted that the relative 
viscosity should be definitely determined by the volume of 
the dispersed phase alone, provided the particles are spherical 
in shape.

Among the expressions frequently used are those of Ein
stein (2 ),

Vr =  1 +  2.5 0 (1)
and Hatschek (4)

Vr = 1 +  4.5 0  (2)

Equation 1 is the expanded form to the first approximation of
1 +  0.50 

*  (1 -  <t>)2

and Equation 2 is the expanded form of
> P r e s e n t  a d d re s s ,  C o r n e ll  U n iv e r s i ty ,  I th a c a ,  N . Y .

1 +  0.5 0
Vr (1 -  4>Y

which is the relation proposed by Kunitz (6 ).
These mathematical relations have either been developed 

on the assumption that the dispersed particles are approxi
mately spherical without interference between particles, or 
they are empirical equations that have been determined under 
conditions where the above assumption was not greatly in 
error. However, in studying the viscosity of dispersions of 
cellulose acetate, we encounter conditions where the individual 
particles do not even approximate spherical shapes. This 
statement must be true whether we concede the existence of 
long straight-chain macromolecules as proposed by Staudinger 
(11) or micelles composed of bundles of these linear molecules 
as suggested by McBain (7).

Smoluchowski (10) and Sakurada (9 ) pointed out that the 
coefficient 2.5 of the Einstein equation includes a shape 
factor which is a minimum for spheres.

Onsager (8) calculated the case for a suspension of rotation 
ellipsoids and found that the shape factor of Einstein’s equa
tion increases with the square of the ratio of major to minor 
axes.

Eisenschitz (3 ), by a less rigorous analysis, reached the 
conclusion that, as a first approximation, the shape factor 
would increase linearly with this ratio.

It appears obvious, and in agreement with the various 
theoretical concepts, that coefficients for these equations 
derived on the assumption of the existence of spherical 
particles should not be applied to cases where other shapes 
are known to exist. Since the difficulty of determining 
particle shape is so great, and the hydrodynamical calcula
tions of shapes other than spherical have not generally been 
worked out, it seems logical to turn to experimental data in 
order to determine the true coefficients. In order to do this, 
such dilute solutions must be used that the assumption of 
noninterference of particles is valid. A search of the liter
ature reveals the fact that most of the work on the viscosity 
of dispersions of cellulose derivatives has exceeded the limit 
imposed by this condition since the results of this work
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indicate that, even for the relatively low viscosity cellulose 
acetates used, this limit is in the neighborhood of 0.5 gram per 
100 cc. of solution.

The value of characterizing the viscosity properties of 
solutions by the limiting specific viscosity, [rj], defined by

hi -  r = 5 r o  O“ 1)

was discussed by Kraemer (5 ) and Dobry (1), and is sub
stantiated by this work.

The equations of Einstein and Kunitz can be expanded to 
include a term involving <f>2; and since 4> is equal to cv/1 0 0  

where v is the partial specific volume and c is the concentra
tion in grams per 1 00  cc., a general equation

7Jr = 1 +  kc +  k 'c 2 (4)

may be written. In this equation k  and k l are constants 
containing a shape factor and a specific volume term, both of 
which are constant for any given material. Rearranging,

-  = k +  fc'c (5)
c

If the value (r\T — l) /c  is plotted against concentration c, a 
straight line of slope k 1 and intercept k should result. In 
addition, the intercept k is the value of {q , — l)/c  at infinite 
dilution and is equal to the previously defined “limiting 
specific viscosity” [17].

E xperim enta l

The cellulose acetate used in this work consisted of ten 
samples of commercial material manufactured and furnished 
by the Eastman Kodak Company, E. I. du Pont de Nemours 
and Company, Inc., and the American-British Chemical 
Supplies, Inc. Grateful acknowledgment is made for their 
use.

The acetyl contents of the various types were as follows:

S a m p le  N o .
M a n u f a c tu r e r ’s 

T y p e  D e s ig n a t io n A c e ty l  C o n te n t ,

21 H ig h  v i s c o s i ty 4 0 .6
12 M e d iu m  v is c o s i ty 4 1 .6
50 M e d iu m  v is c o s i ty 4 2 .2

101 H ig h  v i s c o s i ty 3 9 .5
102 M e d iu m  v is c o s i ty 3 9 .1
107 M e d iu m  v i s c o s i ty 4 1 .4
108 L o w  v is c o s i ty 4 0 .0

15 M e d iu m  v i s c o s i ty 3 8 .4
10 M e d iu m  v is c o s i ty 3 8  .'7

5 L o w  v is c o s i ty 3 8 .6

To purify the acetone used as a solvent, it was stored over 
calcium chloride for at least 48 hours; potassium permanga
nate was then added, and the mixture was allowed to stand 
and was finally distilled through a 90-cm. column, packed 
with glass tubing, in 2-liter batches. The first 500 cc. coming 
over were arbitrarily discarded, and the distillation was 
stopped after 1.5 liters had distilled over. The intermediate 
fraction of 1 liter was saved and used. This fraction dis
tilled at a constant temperature.

The cellulose acetate was dried in a desiccator over P20 5 for 
48 hours and dispersed in the proper solvent; the solution was 
analyzed for the cellulose acetate content and placed in cali
brated 50-cc. volumetric flasks. Pipets, calibrated to hold 
either 10  or 25 cc., were used to remove samples for viscosity 
determinations. By this means a definite volume was re
moved for each determination after temperature adjustments 
had been made. At least 24 hours were allowed between 
determinations after the addition of solvent to permit com
plete dispersion.

Viscosities were determined by Ostwald pipets of approxi
mately the proper dimensions, at 30° ±  0.1° C. Various 
pipets were used so that in no case was the time of flow less

F i g u r e  1

than 100 seconds. The volume of flow varied from approxi
mately 4 to 8  cc., depending on the pipet used. In any one 
case check runs were made with different pipets. The con
centration was varied from 1 .6  down to 0 .0 2  gram per 1 00  cc. 
The resulting viscosity-concentration data were first plotted 
on large graph paper so that curves for q r against c were ob
tained; 25 to 50 points were taken for each type of acetate, 
and the best curve was drawn through them. The values of 
q , and c in Figure 1 were obtained by reading from this curve. 
This method tended to smooth out slight inaccuracies in the 
viscosity determinations and gave good average values for 
the viscosity at any one concentration.

Figure 1 shows typical curves obtained by plotting c vs. 
(q r — l) /c  for dispersions of various types of cellulose 
acetate in acetone. In all cases a straight-line relation is 
obtained up to a concentration of approximately 0.5 gram. 
At this point the higher viscosity cellulose acetates give a 
curve which begins to deviate from a straight line. Table I 
gives the values for the intercept, k, and the slope, k 1, for 
dispersions of various types of cellulose acetate in acetone. 
The duplicate values are the results of check runs.

D iscu ssio n  o f  R esu lts

Although this method of presenting viscosity-concentration 
relations is admittedly approximate and applies only to very 
dilute solutions, it does illustrate the fact that the theoretical 
equations developed can be correlated with experimental 
data, provided the fundamental assumptions are modified to 
apply to the particular system under consideration. Table 
I presents the values of the coefficients a  and b in the equation:

Vr = 1 +  a<t> +  6<#>2 (6 )

These values were obtained, using a partial specific volume of
0.66 for cellulose acetate. Since <f> =  cy/100,

k X 100 , , B  X 10,000
a  =  and 0 = ------- ------- -

v v2

At first glance these values appear to be surprisingly large, 
but if a shape factor of 1 00  were substituted in place of unity 
in the original equations, a  would be 250 in Equation 1 or 450 
in Equation 2. Corresponding values of b would be 30.000
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T a b l e  I . C o e f f i c i e n t s  o f  E q u a t i o n s  4  a n d  6  f o b  V a r i o u s  
T y p e s  o f  C e l l u l o s e  A c e t a t e

S a m p le V is c o s i ty -— --------E q u a t io n  4 ----------—-. ,-------E q u .a t io n  6 --------
N o . T y p e k k i a b

5 L o w 0 . 8 6 - 0 . 9 0 0 . 6 4 - 0 . 5 0 136 13 ,100
10 M e d iu m 1 . 1 0 - 1 . 1 6 0 .9 9 - 0 . 9 8 171 2 1 ,5 0 0
12 M e d iu m 1 .1 0 - 1 .1 2 1 .0 4 - 1 .0 2 168 2 3 ,7 0 0
15 M e d iu m 1 . 1 9 - 1 . 2 0 1 . 1 8 - 1 .0 6 182 2 5 ,3 0 0
21 H ig h 1 .6 6 1 .2 5 252 2 8 ,7 0 0
50 L o w 0 . 7 6 - 0 .7 7 0 . 4 6 - 0 .3 1 115 9 ,0 0 0

101 H ig h 1 .3 0 1 .0 8 197 2 4 ,8 0 0
102 M e d iu m 0 . 9 6 - 1 . 0 6 0 .9 4 - 0 . 8 0 151 2 0 ,0 0 0
107 M e d iu m 1 . 1 8 - 1 .2 3 1 .2 4 - 1 .1 3 182 2 7 ,2 0 0
108 L o w 0 .5 7 - 0 . 6 2 0 .3 8 - 0 . 3 4 91 8 ,3 0 0

and 100,000. According to Onsager (8 ) a factor of this mag
nitude would be necessary if the ratio of major to minor axes 
was 10. Even with micellar structures, a ratio of this magni
tude would be expected, while long, single-chain macro
molecules of the Staudinger type might have ratios varying 
from 10  to over 1 0 0 0 .

These theoretical speculations are interesting and in
dicate that the effect of shape of particles must be considered, 
but the most important discovery of this work is the ease 
with which the “limiting specific viscosity” [the value of 
(r]r — 1 )/c at infinite dilution] can be obtained. By this 
method it is necessary only to make two viscosity determi
nations at two different concentrations below 0.5 gram per 
1 00  cc., and [17] can be obtained assuming only the validity 
of the linear relation between (r]r — l)/c  and c in this concen
tration range. No available experimental data invalidate

this assumption. This value is slowly coming into general 
use as a means of characterizing the properties of this type 
of colloidal solution. Staudinger and Kraemer have both 
correlated [77] with molecular weight determinations, and 
unpublished work in this laboratory has indicated that it 
is the best means of following the degradation of cellulose 
derivatives. Its chief advantage is the fact that thixo- 
tropic effects seem to be eliminated as infinite dilution is 
approached. The very satisfactory check runs in different 
pipets are an indication of this fact. The constancy of this 
value, coupled with its ease of determination, should ulti
mately lead to its use to designate viscosity types of cellulose 
acetate in place of the falling-ball viscometer.
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Properties of Rubber 
Solutions and GelsM AURICE L. H U G G IN S

Kodak Research Laboratories, Rochester, N. Y.

T he w riter’s theory o f  th e  th erm od yn am ic p roperties o f  so lu tio n s  o f  lo n g -  
ch a in  m olecu les is show n to  he applicable to  rubber so lu t io n s . E ach rubber- 
so lvent sy stem  is characterized by a c o n sta n t w h ich  d eterm in es th e  
dependence o f  th e  activ ity  (and , therefore, o f  various properties derived from  
th e  activ ity ) on  con cen tra tion . T he th eoretica l eq u a tio n s  h o ld  over th e  
w hole range o f  com p osition , for th e  ru b b er-b en zen e sy stem  a t  lea st. 
T heoretica lly  sound  eq u ation s for th e  d e term in a tio n  o f  m o lecu la r  w eigh ts  
from  o sm o tic  pressure and cryoscopic d ata  are p resen ted ; th e  errors in h er
en t in  th e  use o f other eq u ation s are p o in ted  o u t.

R UBBER solutions, like other solutions of long-chain 
molecules in small-molecule solvents, show large devi- 

' ations from Raoult’s law even when the heat of mixing 
is small. As Meyer (17 , 18 ) pointed out, this can be attrib
uted to a large entropy-of-mixing effect, a result of a random
ness of orientation of each segment of the solute molecule 
chain relative to the adjacent segments. This conception 
has been put on a quantitative basis by the writer ( 9 ,1 0 ,1 1 )  
and, independently, by Flory (3 ).

Combining his theoretical equation for the entropy of mix
ing with an approximate expression, due to van Laar (IB ), 
Scatchard (2 3 ), and Hildebrand (8 ) , for the heat of mixing, 
the writer deduced the following equation for the thermo
dynamic activity of the small-molecule component:

In aj = In 7 i +  I 1 - I )
V ,/

Vl +  Ml V l (1)

where di — thermodynamic activity
Fi, V2 — volume fractions
Vi, V2 = partial molal volumes of components (for present 

purpose assumed equal to actual molal volumes, 
Vi and V2 of pure components)

Mi = a constant (approximately), characteristic of a 
given solute-solvent system at a given tempera
ture

The corresponding equation for In a2 is like Equation 1, ex
cept for the interchange of all subscripts.

Such properties as vapor pressures, osmotic pressures, 
freezing-point depressions, and solubilities are related by
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F i g u r e  1 . D e p e n d e n c e  o f  O s m o t ic  P r e s s u r e  o n  
C o n c e n t r a t i o n , f o r  G u t t a - P e r c h a  S o l u t i o n s  i n  
T o l u e n e  - (B l a c k  C i r c l e s )  a n d  i n  C a r b o n  T e t r a 

c h l o r i d e  (O p e n  C i r c l e s )

D a t a  f ro m  S ta u d in g e r  a n d  F i s c h e r  (2 5 ) .  T h e  in c lu s io n  o f a  t e r m  
( — R T C \ /3 V \d \ )  w o u ld  lo w e r  t h e  tw o  r ig h t - h a n d  p o in ts  ( a t  

C j «  0 .0 0 8 )  a b o u t  0 .0 0 5 .

F i g u r e  3 . E f f e c t  o f  t h e  T e r m  — R T j,\C l/Z d \ AH/,i 
o n  E x t r a p o l a t i o n  o f  C r t o s c o p ic  D a t a  t o  I n f i n i t e  

D i l u t i o n , t o  O b t a i n  M o l e c u l a r  W e i g h t s

T h e  in te r c e p t s  g iv e  M 2 =  2 7 ,0 0 0  w i th  t h i s  t e r m  a n d  “ M r ”  =* 2 3 ,0 0 0  
w i th o u t  i t .  D a t a  o f  K e m p  a n d  P e t e r s  (1 2 ) o n  s o lu t io n s  o f r u b b e r  
( p r e p a r a t io n  2 , f r a c t i o n  2 ) i n  c y c lo h e x a n e .  ( T h e y  g iv e  “ c ry o s c o p ic  
m o le c u la r  w e ig h ts ” , o b t a in e d  w i th o u t  e x t r a p o la t io n ,  r a n g in g  f ro m  

6 0 5 0  t o  3 0 ,8 7 0  f o r  t h i s  m a te r ia l . )

F i g u r e  2 .  E f f e c t  o f  t h e  T e r m  - R T C l /Z V id \  o n  E x t r a 
p o l a t i o n  o f  O s m o t i c  P r e s s u r e  D a t a  t o  I n f i n i t e  D i l u 

t io n , to Ob t a in  M o l e c u l a r  W e i g h t s

T h e  in te r c e p t s  g iv e  M r  -  9 4 ,0 0 0  w i t h  t h i s  t e r m  a n d  “ M r ”  -  1 0 2 ,0 0 0  
w i th o u t  i t .  D a t a  o f  C a s p a r i  ( I )  o n  s o lu t io n s  o f “ f r e s h ”  r u b b e r  in  l ig h t  

p e t r o le u m .

simple thermodynamic equations to the activities of the solu
tion components. There are thus ample data on a wide vari
ety of systems, available for testing Equation 1. These tests 
have yielded such uniformly satisfactory results (9 , 11) thait 
this equation must represent a close approximation to the 
truth.

In this paper Equation 1 will be applied to solutions of rub
ber.

T h e  “ C o n sta n t”  mi

The quantity Mi depends in part on the heat of mixing and 
in part on the departure from perfect randomness of mixing 
of the molecules in the solution. Crudely speaking, it is a 
measure of the preference of each molecule (or submolecule) 
to have other like molecules (or submolecules) rather than 
units of the other kind, for immediate neighbors.

Rearranging Equation 1,

F i g u r e  4 .  D e t e r m i n a t i o n  o f  ¿h f r o m  S w e l l i n g  P r e s s u r e  
D a t a  o f  P o s n j a k  ( 2 0 ) ,  A c c o r d i n g  t o  E q u a t i o n  2

#  R u b b e r - e th e r ,  m  = 0 .5 5  
O R u b b e r - th io p h e n e ,  m  =  0 .4 5  
□  R u b b e r -c y m e m e ,  m  = 0 .3 3

A plot of the left-hand member of this equation against Vt 
should therefore give a straight line (if Mi is constant) having 
a slope equal to Mi and an intercept at V i =  0  (i. e., at infinite 
dilution) equal to — Vi/V* (hence, for a given solvent, in
versely proportional to the molecular weight of the solute). 
Any accurate method for determining ai as a function of con
centration (V i) will thus serve to give the molecular volume 
(and so the molecular weight) of the solute particles and also 
the value of Mi-

If data are available on osmotic pressure (II), for example, 
substitution may be made into Equation 2:

. _ n v , n v , ...
lnai R T  ~  R T  (3)

where R  = molal gas law constant 
T  = absolute temperature

The value of R  depends, of course, on the units in which II and 
Vi are expressed. Also, in Vi may be expanded:

in q. -  f r y. _  ! = _  Xi +  M1 Vi 
Vi v2

(2) ln F i =  ln (1 — Vi) =  -  Fr -  v r  ~  y  ~ (4)
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F i g u r e  5 . D e t e r m i n a t i o n  o f  /¿i

O  R u b b e r - c a r b o n  d isu lf id e , m  =  0 .4 9 ;  v a p o r  
p re s s u re  d a t a  of S ta rn b e rg e r  {24)

A  R u b b e r - e th y le n e  c h lo r id e , m  = 0 .6 2 (? ) ;
s w e llin g  p re s s u re  d a ta  of P o s n ja k  {20)

#  R u b b e r -c h lo ro fo rm , =  0 .3 7 ; s w e llin g  
p re s s u re  d a t a  of P o s n ja k  {20)

□  R u b b e r - c a r b o n  te t r a c h lo r id e ,  Mi =  0 .2 8 ; 
s w e llin g  p re s s u re  d a t a  of P o s n ja k  {20)

and if the solution is sufficiently dilute, all but the first two 
or three terms may be dropped. This leads to the relation,

n:
Vi

R T  y l  
3 Vi

R T
V2

, R T (  1 \
+  v7 ( 2  “  Ml)  V2 (5)

the second term on the left-hand side usually being negligible. 
Similar equations involving concentrations in other units 
are readily deduced. If the concentrations are in grams of 
solute per cc. of solution (C2), for example,

n
C2

R T C l  

3  V jdJ
R T
M , + R T

( 2- -  * ) (6)

w h ere  d2 = d e n s ity  of p u re  so lu te
M 2 =  m o lecu la r  w e ig h t of p u re  so lu te

0.002 O.OOfc o.ooe 0.010
F i g u r e  6 . D e t e r m i n a t i o n  o p  mi a n d  M2 f r o m  O s m o t ic  
P r e s s u r e  D a t a  o f  S t a u d i n g e r  a n d  F i s c h e r  {25) o n  S o l u 

t i o n s  i n  T o l u e n e

0  H y d r o r u b b e r  (less  s o lu b le  f r a c t io n ) ,  p i  =  0 .4 5 , M i  — 9 0 ,0 0 0  
□  G u t t a - p e r e h a  ( p r e p a r a t io n  I I ) ,  p i  =  0 .3 6 , M 2 =  9 8 .0 0 0  
O  B a l a t a  ( p r e p a r a t io n  I ) ,  p i  = 0 .3 6 , M 2 =  8 4 ,0 0 0

If the data at hand are cryoscopic, the equations corre 
sponding to 3, 5, and 6 are

A Hr,, d/

_  R T /,\ y \  
Yi 3 A H/,i

In Oi =  — 

RT,,\ Vi

R T ,,\ 

R T,+A H /,i V2 A H£ G - ) Vi

*L
Ci

R T ,,\C l RT,,\ V , , RT„\ ( \  \ n 
3 A H /(1 dl A H /,i M 2 A H /,id | V2 ßl)  2

(7)

(8) 

(9)

w here  T,,, =  freezing  p o in t, ° K .
A H ,,i = m o la l h e a t  of fu sio n  of so lv e n t

In agreement with Equation 6 , graphs of 11/concentration 
against concentration, for very dilute rubber solutions (as for 
solutions of other long-chain compounds, 9 , 1 0 , 1 1 , 1 6 )  show a 
rectilinear relation (/, 1 9 ). A typical example is shown in 
Figure 1.

In this case, the omission of the second term on the left- 
hand side of Equation 6 makes little difference. This is not 
true, however, if the data are for somewhat higher concen
trations, as illustrated by Figure 2. Over the concentra
tion range shown, the agreement with a straight-fine relation 
is not much altered. (In this case the inclusion of the second 
term actually results in slightly poorer agreement; more 
often the agreement is bettered.) There is a significant differ
ence, however, between the intercepts (at C2 = 0 ) and hence 
between the molecular weights calculated from them.

Similar remarks apply to the use of cryoscopic data to ob
tain molecular weights. As Figure 3 shows, somewhat differ
ent molecular weights are deduced, depending on whether or 
not the second term of Equation 9 is included.

It is obvious from these figures and from Equations 6  and 
9 that “molecular weights” computed from the l i m i t i n g  

equations, .
n
Ci

*L
Ci

R T
M 2

RT/,1 V, 
M 2 AH/,!

(10)

(11)

i g u r e  7. D e t e r m i n a t i o n  o f  p , a n d  M 2 f r o m  O s m o t i c  P r e s 
s u r e  D a t a  b y  S t a u d i n g e r  a n d  F i s c h e r  { 2 5 )  o n  S o l u t i o n s  in  

T o l u e n e
A  R u b b e r  t r e a te d  w i th  AROs, in =  0 .4 4 , M 2 =  3 9 5 ,0 0 0

D O ^O O  t<!d rU b b e r  ( te c h n ic a b  le s s  s o lu b le  f r a c t i o n ) ,  p i =  0 .4 5 , M 2 =

•  C re p e  r u b b e r  I , o x id iz e d  w i th  K M n O i,  p i  =  0 .4 3 , M i  -  1 0 2 ,0 0 0

™ a te d  r u b b e r  ( te c h n ic a l ;  m o re  s o lu b le  f r a c t io n ) ,  p i =  0 .4 3 . M i  =
o o ,  0 0 0

0  M a s t i c a t e d  r u b b e r  (m o re  s o lu b le  f r a c t i o n ) ,  p i  =  0 .4 2 , M s =  6 8 ,0 0 0  
, C y c lic  r u b b e r  m a d e  w i th  S n C h , p i =  0 .4 6 , M s =  3 2 ,0 0 0
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F i g u r e  8 .  R u b b e r - B e n z e n e  S y s t e m

o O s m o tic  p r e s s u r e  d a t a  (40° C .)  o f  K r o e p e l in  a n d  B r u m s h a g e n  (14) 
#  O s m o tic  p r e s s u r e  d a t a  (2 5 °  C .)  of C a s p a r i  (1)
□  S w e llin g  p r e s s u r e  d a t a  ( 1 5 -2 0 °  C .)  of P o s n ja k  (20)

or other equations equivalent to them, are true molecular 
weights only if the concentration is not significantly different 
from zero or if /ii for the particular combination of solvent 
and solute is close to Vi- Otherwise the so-called molecular 
weights are erroneous, and their use is likely to lead to false 
conclusions { 1 2 ,1 3 ,2 1 ,  2 2 ) , as pointed out by Gee (6 ).

Values of the constants /n for different systems can be com
puted from the slopes of the straight lines obtained when the 
quantity (EE/C2) — ( R T C l / S Y id l )  is plotted against C2 or from 
corresponding plots of cryoscopic data. If the data to be 
used are for more concentrated solutions, however—for ex
ample, Posnjak’s data {20 ) on swelling pressures and Stam- 
berger’s {24 ) and Gee and Treloar’s (7) on vapor pressure—

it is more convenient to compute -n — i  and plot
V2

this against V2, as suggested by Equation 2; Figures 4 to 9 
are examples. Table I fists values of fii, obtained from these 
and similar graphs, for various systems containing rubber, as 
well as for a few containing gutta-percha, hydrorubber, etc.

O  O s m o tic  p r e s s u r e  
A  E q u i l i b r iu m  a g a in s t  t r io le in  
□  D i r e c t  m a n o m e tr i e  m e th o d  
#  M c L e o d  g a g e  m e th o d

The value of Mi is apparently independent of molecular 
weight, as it is for other high-polymer systems studied. The 
slight differences in slope shown in Figure 7 are probably due 
in part to experimental error; on the other hand, minor dif
ferences in the chemical nature of the molecules (and so in 
their attractions for one another and for the solvent, resulting 
in differences in mO would be expected from the differences in

F i g u r e  1 0 . A c t i v i t y  a s  a  F u n c t i o n  o f  M o l e  
F r a c t i o n  f o r  R u b b e r - B e n z e n e  S y s t e m  (m i =  

0 .4 3 )

H e a v y  c u rv e :  m o le c u la r  w e ig h t  =  3 0 0 ,0 0 0  
L ig h t  c u rv e :  m o le c u la r  w e ig h t  =  1 .000

the chemical treatment undergone by the various samples 
studied.

As Figure 9 shows, a constant value of represented by 
the straight line, agrees with the experimental observations 
on the rubber-benzene system over the whole range of com
position, within or nearly within the probable experimental 
error. (The scattering of the experimental points at high 
values of V2 is due partly to the impossibility of reading the 
coordinates of the points on the published graphs accurately; 
the numerical data were not published. One might expect 
slightly low values at high rubber concentrations, however, as 
a result of failure to obtain equilibrium.)

The value of jui would be expected to vary somew'hat with 
the temperature. In the case of the rubber-benzene system, 
this variation is very slight, as indicated by the fact that ex
perimental results obtained at three different temperatures 
agree reasonably well with the same straight fine (Figure 8 ). 
From Gee and Treloar’s measurements of osmotic pressure 
at 30.6° and at 8.8-9.95° C., one can compute an average

T a b l e  I .  V a l u e s  o f  m i f o r  V a r i o u s  S y s t e m s

S y s te m Ml
T e m p .,  

0 C . C i t a t i o n

R u b b e r -
B e n z e n e  +  1 0 %  C iH s O H 0 .2 6 25 (5)
C a r b o n  t e t r a c h lo r id e 0 . 2 8 1 5 -2 0 (20)
C a m p h o r 0 .2 9 180 (6)
C y m e n e 0 .3 3 1 5 -2 0 (20)
C y c lo h e x a n e 0 .3 3 6 . 5 (12)
T e t r a c h lo r o e th a n e 0 .3 6 15- 20 (20)
C h lo ro fo rm 0 .3 7 1 5 -2 0 (20)
C u m e n e 0 .3 8 1 5 -2 0 (20)
L ig h t  p e t r o le u m 0 .4 3 25 (?)
A c e ty le n e  d ic h lo r id e 0 .4 3 1 5 -2 0 (20)
T o lu e n e 0 . 4 3 - 0 . 4 4 27 (26)
B e n z e n e 0 . 4 3 - 0 . 4 4 7 - 4 0 (1, 2, 7, 14. 20)
C h lo ro b e n z e n e 0 .4 4 7 (2)
T h io p h e n e 0 .4 5 1 5 -2 0 (20)
C a r b o n  d is u l f id e 0 .4 9 2 5 (24)
A m y l a c e t a t e 0 . 4 9 25 (6)
B e n z e n e  +  1 5 %  C H jO H 0 .5 0 25 (5)
E t h e r 0 .5 5 1 5 -2 0 (20)
E t h y le n e  c h lo r id e 0 .6 2 ? 1 5 -2 0 (20)

G u t t a - p e r c h a -
C a r b o n  t e t r a c h lo r id e 0 . 2 8 27 (25)
T o lu e n e 0 .3 6 27 (26)
B e n z e n e 0 .5 2 2 5 (1)

B a la ta - to lu e n e 0 .3 6 27 (25)
H y d r o r u b b e r - to lu e n e 0 .4 5 27 (26)
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F i g u r e  1 1 . A c t i v i t y  a s  a  F u n c t i o n  o f  V o l 
u m e  F r a c t i o n  f o r  R u b b e r - B e n z e n e  S y s t e m  

(m i =  0 .4 3 )

H e a v y  c u rv e :  m o le c u la r  w e ig h t  =  3 0 0 ,0 0 0  
L ig h t  c u rv e :  m o le c u la r  w e ig h t  =  1 ,000

value of d n i/d T  of about —0.0002. The higher the tempera
ture, the smaller the value of gi. Considerably larger values 
of the temperature coefficient would be expected for many 
other systems.

The swelling pressure data on rubber gels containing ethyl
ene chloride indicate an increasing value of Mi with increasing 
concentration (Figure 5). This may perhaps be real; it seems 
more likely, however, that the experimental data are in 
error. The swelling pressure is over 5 atmospheres at the 
highest concentration.

A ctiv ity  Curves for R u b b er-B en zen e  S y stem

Figure 10 shows, for the rubber-benzene system, the enor
mous departure of the activity-mole fraction curve from 
Raoult’s law. In addition to the heavy curve, drawn for a 
(number-average) molecular weight of 300,000, correspond
ing approximately to ordinary unfractionated rubber solu
tions, a curve is shown for a fraction of very low molecular 
weight (1000). Figure 11 gives the corresponding curves for 
the activity as a function of volume fraction. Similar curves 
can be readily drawn for other molecular weights and for 
other systems, once pi has been determined.

Figure 12 shows the activity vs. volume fraction curves for 
certain arbitrary values of fit, with the size of the “solute” 
molecules (component 2 ) assumed to be infinitely large rela
tive to the size of the solvent molecules. (This state of affairs 
may be assumed to exist in any gel.) As previously pointed 
out ($, 10) the curves corresponding to values of Mi greater 
t.bflu 0 .5  have a double inflection, indicating a separation of 
phases. Except when Mi is very close to the limiting value, 
one phase is practically pure solvent; the other consists of the 
high-molecular-weight component (rubber) containing an 
amount of the low-molecular component determined by the 
concentration at which its activity equals unity.

C on clu sion

Although the data presented suffice to show the general ap
plicability of our theoretical equations to rubber systems, large 
gaps in our knowledge obviously remain. In particular, it 
would be desirable to have more data on systems having large 
Mi values.
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What Is Research?

S OME time ago I enlisted 
the help of George Cunne 

to cooperate in planning a 
session on research. There 
were a number of aspects of 
current importance worthy of 
an evening’s discussion; but 
it seemed that the treatment of each was contingent upon 
a definition. As a consequence, the subject became, “What 
Is Research?” My part was merely to propound the 
question. George Cunne, vice president of Carbide and 
Carbon Chemicals Corporation, discussed it from the view
point of an industrialist; John P. Hubbell, of Singmaster 
and Breyer, from that of a consultant; and L. W. Bass, then 
of Mellon Institute, from that of an institutional director. 
Having had the benefit of their erudition, I am supposed to 
answer the question.

The dictionary would appear to make our problem simple. 
Broadly, research is “a studious inquiry” ; specifically, it is 
“a scientific experimental investigation”. Beside the diction
ary others have described it variously as “finding out what you 
want to know” and “an inquiring state of mind”. Could it be 
that research is nothing more than the process of becoming 
educated; or, might we better say that it connotes creative 
thinking? Since we can view this word “research” from so 
many angles, it acquires a magic value unattainable by a more 
precise word.

In the field of chemistry, scientific experimental investiga
tion has brought to light ever increasing data, and interpre
tation has proceeded apace. Research in this sense has been 
the basis for the tremendous growth of science, and through 
its service industry has found the way to meet our expanding 
standards of living and the needs of rapidly changing times. 
Though man may long have thought creatively, research in 
the scientific sense and on a substantial scale is but about three 
decades old.

The great achievements of chemical industry, attributed to 
research, have been so highly publicized as to make the word 
very popular. The term is used freely and is not restricted to 
chemistry, physics, or other science. It is used in the motion 
picture business to indicate studious inquiry into the clothing 
worn and the furniture used by the ancient folk to be por
trayed in film. It is used in advertising and merchandising to 
cover studies of consumer appeal, seasonal trends, and store 
locations. It is employed in banking, psychology, sociology, 
and in m a n y  unexpected ways. It is also a popular word with 
the press. On my arrival in Buffalo, I noticed a newspaper 
headline: “Sister’s Long Research Cuts Convict’s Term”.

Apparently the word cannot be ours alone, for it has at
tained a meaning, broad but indefinite, through common 
usage. During the interval while chemical research was ex
panding so greatly and while the word “research was gain
ing in popularity, little was done in out field toward finding a 
new term or in making an exact definition of this one. Rapid 
changes were in progress, and the purpose of research leaders 
was to make the creative thinking and experimental ini esti- 
gations effective. These were problems dominating considera
tion of the definition.
RECOGNIZING that the word, apart from its context and 
not otherwise modified, is not isolated in the public mind as a 
chemist’s word, let us attempt to limit it. One form of modi
fication is to draw the distinction between experimental and

nonexperimental research; but. 
though occasionally employed, 
it is not restrictive as to field. 
Another with similar limi
tation is the difference be
tween fundamental and ap
plied research. In passing we 

may note that one of our early research directors has 
aptly defined this: In the former you find out what hap
pens, then use it; and in the latter you direct your effort 
toward a specific application to find how to do it best. Fur
ther, that word “fundamental” is just about as popular, and 
hence just as loosely definable, as “research ’. We may, of 
course, modify the word with respect to a field of science or 
technology. Terms such as chemical or chemical engineering 
research do make the scope more definite. We did not feel 
that we should abandon the word “research” in favor of terms 
like “technical” and “experimental”. In fact, our first limita
tion was to call it “industrial chemical research”; and we con
sidered this in the fight of practices in our industrial organiza
tions and in the related consulting and institutional agencies.

This still did not furnish the answer. You need but examine 
a few industrial organizations from your own experience to 
find how divergent are their views and practices. These same 
things which gave indefiniteness to the term “research” still 
exist. One would hardly expect or desire that all organizations 
would follow the same path from their beginnings and attain 
the same f i n a l  form, since circumstances and personalities are 
so important, that they often dominate an organization chart. 
When a company was small and there was but one outstand
ing chemical technologist, with perhaps a few helpers, he 
could serve all parts of the company. He could improve the 
production processes and even substitute new processes to 
make other or better products. He could help the sales de
partment, so that it did not make rash commitments that 
could not be fulfilled; and he could help that department to 
find new markets. He could test raw materials and finished 
products to see that the quality of goods was maintained. 
The great measure of success of these technical men led to the 
employment of still more. When one man could no longer 
handle this, the growth in different companies led to different 
types of structures.

In one type they grew within a department which might be 
called the technical department; and all chemical knowledge 
was confined there. This possesses some merit because the 
men could work together and keep the technical information 
well correlated. There was also some objection because the 
efforts were not 30 well correlated with the department to 
which each was assigned to work. Often it became very cum
bersome, as when a technical department would be controlling 
inspection at plants located far apart, or when men on research 
projects would have to break away to solve a customer’s com
plaint. Perhaps in their enthusiasm for research they would 
neglect the call of production or sales—at least offer too little 
and be too late. This is still the type of structure with some 
companies, usually those in nontechnical fines.

There was another type of growth. The success of a limited 
technologic program revealed to sales and to manufacturing 
departments the merit of the scientific method to replace rule- 
of-thumb methods. These departments added technical men 
and equipped them with the tools for experimentation. In 
such cases there may be several laboratories within the com
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pany devoted to specific types of experimental work. These 
often overlap; and then there is a problem of correlating the 
experiences of the technical groups.

The two types of growth cited above have resulted in many 
variations in the technical structure within a company. Ob
viously some designation must be applied to this technical 
scope and to the divisional functions within it. Let me quote 
George Curme in that connection:

I t  is of in te re s t  to  exam ine th e  v ario u s  fu n c tio n s  of in d u s tr ia l 
o p e ra tio n s  w h ere  th e  a p p lic a tio n  of scientific m e th o d s, re su ltin g  
fro m  e x p e r im e n ta tio n , h as c re a te d  new  values. I n  all cases an  
e x p lo ra tio n  in to  th e  u n k n o w n  h as b een  in v o lv ed ; in  a ll cases 
benefits h av e  re su lte d ; in  m o st cases th e re  is v e ry  l i t t le  difference 
in  th e  acad em ic  tr a in in g  a n d  qu a lifica tio n s of th e  tech n ica l 
w orkers em p lo y ed . H ow ever, if th e y  a re  a ll to  be  considered  as 
“ in d u s tr ia l  chem ical re se a rc h ” , th e n  th a t  te rm  is ju s t  a  syn o n y m  
of “ e x p e r im e n ta tio n ” , a n d  we a re  going to  n eed  a  new  w ord.

SUPPOSE we do examine the types of activities very briefly. 
There is, of course, the pioneer investigation needed to open 
new fields of business expeditiously. Chemical processes are 
subject to rapid obsolescence and one must consider anew not 
only the processes upon which his organization depends for 
subsistence but must be alert to the major ramifications grow
ing therefrom. Such an experimental group is, under wise 
management, set aside for the function of studying the future 
well-being of the company. It is not concerned with the day- 
by-day problems, and its subjects may take a long period of 
uninterrupted effort before coming to fruition. In the sense 
that this work is intended to assist in solution of a problem of 
company policy, it may become a department called “re
search”. In fact, as distinguished from subsequent group
ings, there may be some reason to call it “industrial chemical 
research”.

There is another division closely associated with this one 
which often bears the name “development”. This word 
speaks for itself, and implies a carrying forward of an investi
gation which has been started. Nevertheless, the physical 
distinction may be at many points, depending on how far the 
one who initiates the project carries it before giving it over to 
development. In some cases the pilot plant, often associated 
with development, is the stage in which the initial study must 
be carried out.

Another experimental activity is the service to manufac
turing. Testing and evaluation of raw materials with the pos
sible result of securing cheaper ones, investigation of losses and 
by-products within the process, and improvement in the 
quality of the product—all come within this scope. Still 
another is the service to sales. Many a customer can be per
suaded to purchase a commodity on the basis of technical 
evaluation. This service may also partake of inspection of the 
product which the company intends to sell, and there may be 
further the question of adaptation to new uses. Other phases 
may include experimental investigation in engineering, patent 
and legal work, and advertising. All these may come within 
the scope of the technical service developed according to the 
first pattern, but if developed according to the second, they 
may be parts of several company departments. Somewhere 
in the group the term “research” is used, sometimes to cover 
all and sometimes to cover only the pioneering ventures. 
Depending upon what the term “research” is applied to in 
the industrial structure, there 
are a number of questions which 
must be settled in the light of 
that definition. I mention two 
of these and offer some dis
cussion of them:

WHERE should research be done 
in an industrial organization?

Within the organization it is essential to know who should 
carry out the research and how it should be coordinated with 
other agencies to attain production and sales. Where no real 
research department exists, some companies have prided 
themselves upon the fact that every production man is a re
search man, and in such cases, there is neither best production 
nor effective research. On the other hand, there is a question 
as to whether a selected group of men should be expected to 
discover all of the new ideas needed to sustain and expand an 
industrial organization while they themselves are apart from 
that organization.

There have been many schools of thought as to the location 
of the research organization, whether it should be directly in 
connection with the plant to give research men viewpoint and 
possibly to permit them to devote some part of their time to 
trouble shooting; whether the laboratory should be located 
near the main office to make it possible for the sales and pro
duction executives to keep in close touch with the work that is 
being done; or whether it is better to place the laboratory in 
extreme isolation or in institutional environment where the 
processes of creative thinking can be indulged in without seri
ous interference. The fact that many answers to this problem 
exist undoubtedly lies in the emphasis being placed by differ
ent people upon the thing they call “research” probably with
out analyzing it fully.
HOW should research be budgeted?

In the publicity which has made “research” the popular 
word it now is, there has developed the concept that some 
proportionate allocation of the gross volume of the business of 
the company should be made. C. M. A. Stine in his Perkin 
Medal address before the Society of Chemical Industry a few • 
years ago1, gave certain figures ranging from a fraction of a 
cent to several cents on every dollar of sales as the ratio be
tween research budgets and the volume of business. There is 
a group which has steadily popularized “ 2  per cent for re
search”, which is a rough average related to figures cited by 
Stine. The question arises as to just what this 2 per cent 
should cover—the fundamental aspects of developing new 
processes, the pilot plant, the trouble shooting in the plant, 
the service to sales?

This question logically arises as a result of the different 
types of organization we have noted—the one with all tech
nical effort concentrated in a department which has only a 
portion of its efforts devoted to pioneer investigation, the 
other with the technical effort assigned to function within the 
several departments of the company and with one of these 
groups assigned to creative experimental investigation—or 
shall we say research?

This discussion reveals the present state of indefiniteness in 
the use of the term “research” as it is applied to chemical in
dustry. It arrives at no arbitrary answer, because we make no 
brief to possess a favored word. In our experience in science 
we have seen rigorous methods applied to nomenclature, as 
the labeling of organic compounds or the symbols in heat and 
thermodynamics, and we have seen differences of opinion 
reconciled by debate or through committee correspondence.
The strength of our science lies in this very exactness, and the 
progress which it has made has been made because we under
stood one another. Clarity in the use of the term “research” 
in connection with a department of an industrial organization

will do much toward simplifying 
questions about research.

1 I n d . E n q . C h e m .,  3 2 ,  1 3 7  ( 1 9 4 0 ) .
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Graduate Fellowship System

T HE principal functions of 
a university are the crea

tion, preservation, and dis
semination of knowledge. The 
first of these is fulfilled largely 
by research, which is one 
of the creative arts. As such, 
it reflects the personality of the 
researcher and does not lend itself readily to complete rational 
analysis. There are, however, various organizations which 
have been devised for the purpose of facilitating scientific in
vestigation; this article deals with one of them, the Pur
due Research Foundation, with the underlying thought that 
the demonstrated success of the policies here described may 
make them of general interest.

History of Purdue Research Foundation

In December, 1930, a group of courageous men under the 
leadership of David E. Ross, president of the Board of Trus
tees of Purdue University, and J. K. Lilly, chairman of the 
Board of Directors of Eh Lilly & Company, established the 
Purdue Research Foundation, the purpose of which is to pro
mote closer relations between industry and the university. 
The wisdom of this objective has been argued elsewhere (2 ); 
for present purposes it is sufficient to point out that Purdue is 
a land-grant institution and was created specifically for the 
purpose of aiding “agriculture and the mechanic arts”. Since 
the university charter did not clearly give it the right to own 
patents and perform certain other functions necessary to a 
close research partnership with industry, the foundation was 
organized with this in view.

The foundation discovered at once an eager and active ally 
in the Department of Chemistry where a mutuality of interests 
led to continuous, close cooperation. In the decade since 1932 
the research funds in this department obtained from the 
foundation have increased fairly steadily from five thousand 
dollars a year to twenty times that figure.

Policies and Practices of the Foundation

In order to understand the operation of the foundation, let 
us see how a project originates. Frequently independent 
thinking on the part of a faculty member, supported by pre- 
fiminarv experimentation, results in a research problem of 
sufficient, promise to attract the interest of an industrial group. 
The contract is negotiated by Director G. S. Meikle, one or 
more fellows are assigned to the problem, and laboratory work 
is begun. W hen the pilot-plant stage is reached, it is pre
ferred to allow the industry to take over the problem although 
on more than one occasion the Purdue group has assumed this
responsibility also.

In recent years industry has brought its projects to the 
foundation to an increasing extent. Before attempting the 
solution of a problem originating from a source external to the 
university, the foundation assures itself that it is of vital inter
est to one or more staff members, is of genuine scientific im
portance, and has a reasonable chance of success. The reason 
for the first of these requirements is that cooperation between 
the foundation and faculty members is on a purely voluntary 
basis and there is no means of compelling a professor to attack 
a problem distasteful to him. In general, the best research is

done by persons so excited 
about their experiments that 
they think of them during 
most of their waking hours. 
Anything substantially less 
t h a n  t h i s  r e p r e s e n t s  
a poor bargain for the in
dustry.

While considerable postdoctoral research has been done on 
foundation fellowships, in most cases the results become in
corporated in a doctoral thesis. This is one reason for accept
ing only scientifically important problems and for insisting 
upon ultimate publication. It also accounts for the fact that 
research can be done more economically in the university than 
in an industrial laboratory. The stipend received by the fel
low is carefully calculated to enable him to live healthfully and 
decently but leaves little for outside activities. The fellow’s 
principal reward is the training represented by the doctoral 
degree. In case the project reaches commercial success, the 
fellow also receives a share of the royalty payments. The 
knowledge of this fact is a stimulus to earnest endeavor.

The professor directing the research receives no extra in
come except from royalties. If there was a “flash of genius” 
in the establishment of the foundation, it came at this point. 
The effects of this policy are far-reaching. There is no temp
tation for a professor to assume the direction of a problem in 
order to augment his income and then give the matter rela
tively little thought and attention. An unsuccessful problem 
brings no remuneration. The man who is ignorant of the re
quirements of industry has a strong incentive to correct his 
deficiencies and to cooperate with the scientists who must ul
timately decide whether the new process or product will be 
adopted or discarded. Finally, the professor with an aversion 
to the practical is not tempted to waste his own time and the 
company’s money.

Patents resulting from the researches are assigned to the 
Purdue Research Foundation. This provision sometimes 
seems inequitable, at first glance, to industrial executives who 
feel that their company is paying for the creation of an in
tangible asset which then becomes the property of the founda
tion. It should be recalled, however, that the skilled direction 
of the research is not paid for, and the fellow is receiving most 
of his reward from the university (in the form of training) 
rather than from the industrial sponsor. Since the university 
has such a large stake in the projects, it is equitable for the 
foundation to profit if (and only if) the industry profits. The 
exact royalty to be paid varies from one case to another and is 
best left to negotiation and, if necessary, to arbitration, after 
the laboratory work is complete and the value of the new dis
coveries can be more nearly appraised.

The question of whether the license under a foundation 
patent should be exclusive or not is difficult. The foundation 
believes that it is obviously inequitable to expect any company 
to furnish the funds for a research project, assume the risk 
that perhaps no valuable results will be obtained, and then, in 
case commercial success is achieved, to allow another corpora
tion to enter the field merely by matching the financial contri
bution of the first group. Such a policy would act as a deter
rent against assuming the financial hazard involved in the 
support of research and would thus defeat the principal ob
jectives of the foundation. On the other hand, it sometimes 
happens that a process or product of little or no value to the
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company sponsoring the research which created it may be 
worth adopting by some other corporation, which is more 
favorably situated with respect to raw materials, markets, or 
other dovetailing processes. It would be contrary to public 
policy for such a situation to result in an artificial dormancy 
for the life of the patent, and it will be recalled that Purdue 
University is a state and federal institution. If the question of 
general public policy controlling tax-supported institutions 
did not dominate the situation, one solution would be a mini
mum license agreement which would serve to force the indus
try either to use the results of the research, allow their rights 
to revert to the foundation, or suffer an economic penalty. 
We find industry, very understandably, reluctant to accept 
minimum royalties. The commonest arrangement on this 
point is a contract providing for the licensing of another com
pany unless due diligence is shown by the sponsor in applying 
the results of the research. If this seems to require a great 
deal of confidence in the ethics of the Board of Directors of the 
foundation, it should be remembered that this group is com
posed of first-rank scientists and business men who may not 
profit financially by this connection.

The foundation is a nonprofit organization and royalties re
ceived are used for two purposes: furtherance of fundamental 
research, and rewarding the faculty member and fellow re
sponsible for the discoveries and/or inventions resulting in the 
patents upon which royalty payments are based. The deci
sion as to the distribution of royalties between these two ob
jectives rests with the Board of Directors of the foundation. 
Before beginning work on a project, all patent rights are as
signed to the foundation by fellow and professor. It will be 
recalled that cooperation with the foundation upon the part of 
any faculty member is not compulsory, and this serves as a 
substantial guarantee of fair treatment. In this department a 
uniform policy has been adopted of sharing royalty payments 
equally between fellow and professor.

Such a system obviously requires very careful records. A 
United States patent is invalid if it can be proved that the 
wrong names or too many or too few appear on it as inventors. 
Duplicate bound notebooks are kept with the aid of carbon 
paper, and the usual precautions are observed: entries direct, 
entries dated, no blank spaces, all entries in ink, and experi
ments described with sufficient care so that they can be re
peated with the notebook as the only source of information. 
In addition to the notebook, monthly reports are required of 
all fellows. Copies of these are sent to whomever is designated 
by the industrial group to receive them and the fellow has full 
responsibility for correctness of content and form. The writer 
reads all reports and is fairly unmerciful in criticism of both 
English and chemistry. Unofficial nomenclature as well as 
split infinitives, confusion between yields and conversions, and 
occasionally, mistakes in the interpretation of results are 
called to the fellow’s attention, usually by written memoran
dum. Each report begins with a one-page abstract supplied 
for persons unable to spend the time required to read the en
tire copy. It is our belief that the monthly summing up of re
sults is of great value in training the fellow for writing similar 
reports later in connection with industrial research work. It 
is of obvious assistance to those following and directing the 
work and to the patent attorneys, and often the recapitulation 
of data suggest new experiments to be tried. Graduate stu
dents seriously deficient in written English are uncommon, 
but a few are discovered each year and remedial measures are 
taken while sufficient time is available to make them effective.

Foundation System  as a Teaching Mechanism

Almost without exception, foundation fellows from this de
partment have entered and are now occupying positions in 
industrial research organizations. Our belief that this system

prepares men unusually well for such responsibilities seems to 
be widely shared by their employers. In many instances the 
graduates have gone with sponsoring companies where their 
fellowship experience has been directly applicable. In most 
cases, however, the enhanced value of the training has been 
indirect and is probably attributable, at least in part, to the 
following factors: close contact with leading industrial
chemists who usually make frequent visits to Purdue during 
the course of the work; experience in the use of expensive 
equipment provided by industry and beyond the reach of 
most university budgets; familiarity with the industrial view
point, the habit of including dollars and cents in his chemical 
thinking; and the additional motivation provided by a prob
lem of obvious social importance.

The Foundation and Fundam ental Research

The question has frequently been raised as to the effect of 
all this upon fundamental research. Let us define our terms. 
“Fundamental” means “of or pertaining to the foundation”. 
A foundation is something that can be built upon, and a fun
damental scientific discovery is one that forms the basis for 
other scientific advances. Let us remember that, in general, 
fundamental discoveries are usually a source of benefit to the 
public sooner or later. The classification of a given phenom
enon as belonging in the category of “pure” or “applied” 
science has meaning only as of a given date. What begins 
as pure science frequently is applied subsequently.

It has become fashionable among some scientific groups to 
feel that the worker in pure science is, in some esoteric way, 
“a little closer to heaven” than his confrere who is attempting 
to use scientific discoveries to benefit humanity. The fallacy 
of this is exposed when the same worker in pure science is 
asked to justify public support of his researches; he invariably 
does so by pointing to the numerous instances in which in
vestigations in pure science have created new industries, im
proved the general health, or in some other way ameliorated 
the condition of humanity. He is tacitly assuming a truism— 
namely, the only valid argument for public support of research 
is that benefits to the public flow from it—which demolishes 
the logical foundations of his feeling of superiority over the 
scientist or engineer who is trying to create exactly these 
human values. If pure science is important because of its im
pact upon humanity, then the conscious effort to use science 
for the welfare of people should be a part of the thinking of 
every serious scientist.

The only distinction between pure and applied science that 
will bear logical analysis is to designate a given problem as 
long-range or short-range and the results as potential or active. 
Research on the mechanism of photosynthesis would be an 
example of the former. The solution to this important prob
lem might revolutionize the production of food and the utiliza
tion of solar energy, but such results could be expected only 
after decades of intensive research. An example of a short- 
range, immediately applicable, research problem is the im
provement in the yield from a chemical reaction capable of 
being used for the manufacture of valuable products, by a sys
tematic study of temperature, pressure, reaction time, cata
lysts, and concentration of reagents. The results could yield 
financial returns almost immediately.

It is true that industrial support is more easily obtained for 
s lort-range than for long-range problems. And yet the more 
orward-looking companies are keenly aware of the necessity 

o laving in the literature a vast stockpile of potentially useful
owledge from which industry may select ideas that some 

new development has for the first time made practicable. A 
we known instance is Cavendish’s experiment in which he 
use an electric spark to produce combination between the 
oxygen and nitrogen of the air. Approximately a century
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later, when electrical energy became cheap, this process was 
developed by Birkeland and Eyde into a commercial source of 
nitric acid.

It is to assist in replenishing the store of potential knowledge 
that du Pont, Allied Chemical & Dye, Abbott Laboratories, 
and J. T. Baker Chemical Company have established fellow
ships in pure chemistry at Purdue. It is of interest to note, 
however, that these fellowships came to us only after research 
on projects leading to rapid commercial success had attracted 
attention to this department as a research agency.

The generosity of certain philanthropists, particularly J. 
K. Lilly, David Ross, and H. N. McCoy, have contributed 
tremendously to the achievements of this department in both 
pure and applied science. Fellowships established by these 
men, and administered by the Purdue Research Foundation, 
have enabled various members of this department to make 
fundamental contributions to chemistry without thought of 
immediate applications. A considerable proportion of the 
preliminary  experimentation, which later resulted in indus
trial research fellowships, was made possible by these funds. 
The new methods for the resolution of enantiomorphs (1 , 7 ), 
the Lecky-Ewell spiral gauze rectifying column (6 ) , and the 
work leading to the establishment of the fundamental rules of 
aliphatic chlorinations (3 , 4-> 5 ) were done under these circum
stances.

The royalty system of the foundation constitutes a further 
guarantee that research on long-range problems will continue 
to receive substantial financial support. Industrial profits 
derived from the application of discoveries made in this de
partment are thus utilized for the direct furtherance of the 
type of research upon which the foundation might be pre
sumed by some persons to have an inimical effect.

Another aspect of this problem deserves mention. The rate

at which potential knowledge is accumulated is largely a mat
ter of the magnitude of the total research effort being put 
forth. The most important scientific discoveries usually in
volve a considerable element of the fortuitous. The instance 
of the chemist who succeeded in his efforts to oxidize naph
thalene to phthalic acid by means of sulfuric acid only after he 
broke his thermometer and introduced catalytic quantities of 
mercury is not too far from the typical. In the development of 
a science that is partly empirical, researchers working for im
mediately useful results will inevitably create potential knowl
edge as a by-product if they have learned to keep their eyes 
and minds open.

The fact that every recently published textbook of organic 
chemistry has devoted space to a discussion of the results of 
the nitroparaffin researches carried on by the Purdue Research 
Foundation is strong evidence that there is no essential con
flict between the creation of fundamental knowledge and the 
foundation procedures.
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Research Accounting

ECAUSE of the con
siderable amount in

vested in research programs 
by many of the larger com
panies, it has been found 
necessary to exercise care
ful control over expenditures 
for this purpose. Such control is not intended as a restriction 
upon the initiative or resourcefulness of the director of re
search, but is for the purpose of ascertaining that the proper 
a m o u n t ,  is expended on each project in the program commen
surate with its importance in relation to all other projects. 
One of the most important and effective tools which may be 
used in exercising this control is accounting. It supplies both 
the management and the research director with valuable in
formation which should be of material assistance in the plan
ning of this work. I believe it a fair statement to say that all 
other factors being equal, the company having the most ef
fective accounting control of research expenditures will obtain 
the best results from this work at the lowest cost.

The accounting for research is usually divided into two 
phases—the projection or budgeting of research expenses, and 
the determination of the actual cost. Effective supervision 
and control of such expenditures makes it necessary not only 
to budget and accumulate research cost by classes of expense,

such as salaries, wages, ma
terials, supplies, etc., but 
a l s o  b y  c l a s s e s  o f  
research and by individual 
projects.

There are undoubtedly many 
research classifications in use 

but our company has found it desirable to segregate these ex
penditures into: production research, research on new proc
esses for present products, research on related new products, 
research on unrelated new products, application research, 
pilot-plant research, engineering research, purchased processes, 
and outside research. With the exception of production re
search, application research, and engineering research, the 
titles of the various classes are self-explanatory.

Production research represents work on processes currently 
used in the manufacture of the company’s products. Such 
service is usually performed at the request of production de
partments.

Application research is performed with a view to finding new 
uses for present products. This work is done usually in col
laboration with the sales department.

The work done by mechanical engineers in the designing of 
equipment for pilot plants and other research uses is con
sidered engineering research.

D A M  E L  H. SH EEH A N  and F. J .  C U R T IS
Monsanto Chemical Company, St. Louis, Mo.
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A research director who receives monthly reports of the ex
penses of his department, showing a breakdown of cost by ex
pense classification, by class of research, and by each indi
vidual project, all of which are compared with budgeted 
amounts, is in a better position to direct the activities for 
which he is responsible than he would be without such 
information. Many of the large companies have several 
research departments, each with a separate director. In 
such cases monthly research reports are prepared for each 
department.

It is obvious that the research budget should be prepared in 
accordance with the classifications used in the determination 
of actual costs in order that the desired comparisons between 
budgeted and actual amounts can be made.

It should be the responsibility of the research director to pre
pare the budget, as he is in the best position to know the work 
in progress and what will be undertaken. In doing this, he 
is guided by the wishes of the management as to research poli
cies and is assisted in the projecting of research costs by mem
bers of the research staff and by the comptroller’s office. On 
the other hand, it is the responsibility of the comptroller’s 
office to devise adequate records for accounting for actual re
search costs and to prepare monthly informative research re
ports.
THE first step in setting up a research budget is to prepare a 
list of the projects expected to be worked on during the com
ing year. Estimates should then be made of the amount to be 
spent on each project during that period. This is accom- 

• plished by first estimating the amount of salaries, wages, and 
materials required for each project. Next, estimates of other 
direct laboratory costs, such as supplies, power, repairs, etc., 
as well as indirect expenses, such as depreciation, insurance, 
and taxes, are made for the department as a whole. Likewise, 
administrative expenses of the department are estimated for 
the year. The estimated direct costs (except salaries and ma
terials) and indirect laboratory expenses, together with the re
search department administrative expense, are then allocated 
to the various projects, thus obtaining the budget of the de
partment for the year by each project and in total. After the 
budget by projects has been completed, it is merely a matter of 
summarizing to obtain a budget by classes of research. A 
helpful guide in the preparation of the budget is the research 
reports of previous years.

It is desirable in most cases to maintain the original over-all 
budget throughout the year, but such practice need not neces
sarily be followed with respect to individual projects. It has 
been our experience that many projects in the original budget 
are never carried through, while the work in connection with 
other projects is greatly expanded, and new fields are explored. 
As the work progresses during the year, the research director 
may consider it desirable to change the amounts budgeted as 
between projects and provide for additional items, maintain
ing at the same time, as nearly as possible, the total amount 
forecast at the beginning of the year.

The preparation of a research budget entails a considerable 
amount of work. It should be kept in mind, however, that 
the budget is of value, not only to the research department, 
but also to the management in the formulation of financial and 
other policies, as it is an important factor in estimating a 
company’s net income and cash position.
THE second phase of research accounting, the determination 
of actual cost, requires adequate accounting records for the 
accumulation of such costs. Provision should be made for 
accumulating costs both by classification of expenses and by 
projects. In order to obtain the project cost, it is desirable to 
give each research job a number, which is used in the distribu
tion of all direct costs and expenses. Amounts expended for 
salaries, wages, materials, power, and other direct costs can be

charged directly to each project. For example, salaries of 
chemists can be distributed to the various projects based upon 
reports of the time spent on the jobs. Likewise, all requisi
tions for materials should carry a project number so that the 
costs of materials can be charged to the proper job. Other 
direct items of cost can be determined in a similar manner. 
We have found that the most satisfactory method of allocat
ing indirect costs to the various projects is on the basis of the 
total of materials and labor.

It may be of interest to mention briefly the method of ac
counting for materials produced in the research laboratory 
and in pilot plants. Our experience is that only a small 
amount of salable material is produced in the laboratory. 
When it is disposed of, research expense is credited with the 
sales value of the material. At times considerable quantities 
of salable materials are produced in pilot plants. It is our 
practice to credit research expense with the actual manufac
turing cost of these materials. Losses from the sale of such 
materials are charged to operations.

To obtain reliable and accurate costs, there must be close 
cooperation between the research and accounting departments. 
The research directors of our company take great interest in 
the costs of their departments, and consequently our account
ing department has received their complete cooperation.

Each month a research report is prepared by the account
ing department, showing the actual cost of each project for the 
month and year to date, along with the accumulated cost 
since its inception. In the early stages of a problem, the com
parison of actual cost with the amount budgeted may not be 
important; nevertheless, the budgeted amounts should be 
shown in the monthly report as such information becomes 
more important as the work progresses. In addition, this 
monthly research report should include a statement showing 
the expense by classes of research, setting forth the actual 
expense for the month and year to date as compared with 
the amounts budgeted. We also have found it advisable to 
include in the research report an analysis of the administrative 
research expense allocated to the various projects.

THE preceding paragraphs cover in a general way the ac
counting for research expenses. There is a difference of opin
ion as to whether certain research expenditures should be de
ferred or immediately written off to expense, and what 
accounts should be charged with that written off. Some com
panies charge all research expenses to cost of production, 
others charge only a portion, while some do not include any 
part of them in cost. It would not seem improper to 
charge certain types of research expenses to cost of produc
tion—for example, those we describe as production research. 
However, it is a conservative practice to consider all research 
expense as general rather than manufacturing expense, for by 
so doing no portion of it is included in the inventory valuation 
of goods produced.

One other point is the classification of research expense on 
the income statement. If research expense is considered an 
element of cost, it should be included under the cost of goods- 
sold caption. If not, it should be included among the general 
and administrative expenses. In any event, if the research ex
pense is of consequence, the amount should be disclosed on 
the income statement.

Experience has proved the value of careful control of re
search expenditures both from the viewpoint of the manage
ment and the director of research. In the manner which has 
been described, accounting serves in a definite and helpful 
way this important activity of modern business.

P r e s e n t e d  as  p a r t  of a  S y m p o s iu m  o n  R e s e a rc h  M a n a g e m e n t  b e fo re  th e  
D iv is io n  of I n d u s t r ia l  a n d  E n g in e e r in g  C h e m is t r y  a t  t h e  1 0 4 th  M e e t in g  of 
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 ,  B u f f a lo ,  N .  Y .



Acid Waste Treatment with Lime
W ILLEM  R U D O LFS

New Jersey Agricultural Experiment Station, New Brunswick, N. J.

T HE treatment and dis
posal of relatively di
lute acid wastes produced 

by chemical industries has 
been, in many instances, a 
considerable problem for a 
number of years. Expansion 
of these industries on account 
of war work has made the 
problem more acute. Although 
the wastes produced vary in 
composition and strength, they 
consist mainly of mixtures of 
acids or mixtures of acids 
and alkalies discharged inter
mittently with or without some 
salts, solvents, and poisons 
present.

The problems created by 
the discharge of these wastes 
pertain mainly to corrosion 
in sewers and equipment at 
sewage treatment plants, se
vere effects on biological sew
age treatment processes, inter
ference with fish life and self
purification of receiving waters.

This paper is primarily 
confined to a discussion of the 
characteristics of the wastes, 
their variations in strength and 
fluctuations in flow, and the 
presentation of laboratory results pertaining to treatment of 
the wastes to prevent difficulties.

The wastes studied were produced by:

1. A large chemical laboratory and pilot plant causing sewer 
corrosion.

2. Plant waste causing sewer corrosion and interference with 
sewage treatment processes.

3. Plant waste causing pollution and interference with 
aquatic life.

4. Plant waste causing stream pollution.
5. Plant waste causing sewer corrosion.

The character of the wastes from different sources varied 
materially, both within each plant and among the different 
plants, as shown in Table I. The variations given were 
obtained by frequent sampling during 8—24 hour periods on

several days. In some cases 
pH variations were within 
rather narrow limits, whereas 
in others intermittent dis
charges of alkalies caused ma
terial fluctuations. The wastes 
consisted primarily of sulfuric 
acid mixed with nitric and/or 
hydrochloric acid. Cooling 
water and wash water were 
present in all cases, while wastes 
2, 4, and 5 contained relatively 
small amounts of domestic sew
age.

The flow of the various 
wastes fluctuated in most cases 
materially.

M eth od s o f  T rea tm en t

The neutralization agents 
used for experimentation were 
calcium and magnesium hy
drate, soda ash, caustic soda, 
and combinations of the vari
ous neutralization agents. 
After considerable experi
mentation the most effective 
and most economical methods 
of treatment for the various 
wastes were as follows:

Waste 1. Neutralization of the mineral acidity by filtering 
through a bed of calcium limestone with a contact time of 5 
minutes.

Waste 2. Equalization and neutralization to pH 6.0 with high 
calcium hydrate.

Waste 3. Neutralization with high magnesium hydrate and 
soda ash to any desired pH value.

Waste 4. Equalization and neutralization of mineral acidity 
with high magnesium hydrate.

Waste 5. Neutralization with dolomitic limestone and aera
tion.

It is evident that the method of neutralization to be used 
depends not only on the type of acid and volume of flow, but 
also upon other ingredients in the wastes and the purpose to 
be served by the treatment. A more detailed discussion of 
one of the wastes and a description of the treatment plant 
constructed will be published in the future.

Expansion of chemical industries on account of 
war work has made the problem of acid waste dis
posal more acute. The wastes studied caused sewer 
corrosion, interference with biological sewage treat
ment processes, and stream pollution, and affected 
aquatic life. The wastes consisted primarily of 
mixtures of sulfuric, nitric, and hydrochloric acids, 
with some alkalies, solvents, and poisons present. 
The character and volumes fluctuated materially.

Methods of treatment were developed, and de
pended upon the type of acids, volume of flow, 
materials in the waste, and purpose of treatment. 
Neutralizing agents used for experimental purposes 
were calcium and magnesium hydrates, quick 
limes, limestones, soda ash, caustic soda, and their 
combinations.

During experimentation with nitrocellulose waste 
it was found that neutralization with calcium 
hydrate proceeded gradually until about 90 per 
cent of the total acids was destroyed, followed by a 
sharp break. The contact time required and 
amounts of sludge formed varied with the type and 
concentration of lime used. A combination of dolo
mitic hydrate with soda ash was preferable over 
lime, soda ash, or caustic soda alone. The dry 
weight of sludge decreased with increasing quanti
ties of soda ash, but the volume of sludge increased 
and the ease of dewatering decreased. The reac
tion time required for complete neutralization in
creased with increasing quantities of soda ash.

T a b l e  I. V a r i a t i o n  i n  C h a r a c t e r  o f  W a s t e s  a n d  F l o w s

V a s te
N o.

P r in c ip a l
I n g r e d i e n t s

A c id s ,  a lk a l ie s
A c id s , a lk a l ie s ,  s o lv e n t s ,  p o i s o n s ,  s a l t s  
A c id s , s o lv e n t s  
A c id s , a lk a l ie s ,  s o lv e n ts  
A c id s , a lk a l ie s

p H

2 .0-  8 .6
1 . 7 - 1 0 . 5  
0 . 9 -  1 .4  
1 . 0 -  3 .2
1 . 8 -  4 .3

A c i d i t y “ , 
P .  P .  M .

0 - 9 1 0
0 -1 1 8 0

9 0 0 0 -1 1 ,8 0 0
2 5 0 -4 0 0 0

0 -3 0 0 0

A lk a l i n i t y “ , 
P .  P .  M .

0 - 8 5
0 - 1 1 4 0
0

0 - 5 6 0 0

T y p e  o f  
A c id s

H 2S O 4 , H C l ,  H N O .  
H 2S O 4 , H C l  
H 2S O 4, H N O .  
H 2S O 4 , H C l  
H 2S O 4, H C l

- F lo w ,  G a l . / D a y -
M in im u m

1 4 ,4 0 0
8 6 5 .0 0 0  

3 ,4 0 0 ,0 0 0
3 2 5 .0 0 0  

9 0 ,0 0 0

M a x im u m

3 5 ,0 0 0
1 ,8 0 0 ,0 0 0
7 ,8 0 0 ,0 0 0

3 6 5 .0 0 0
1 6 0 .0 0 0

1 A s  C a C O a .
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During the course of experimentation a number of questions 
were raised pertaining to the behavior of the various neutrali
zation agents. Results on part of the work1 are presented 
to illustrate the action of the neutralization agents and indi
cate some of the more important factors involved. The 
particular waste used for illustration, discharged from a 
nitrocellulose process, consisted essentially of a mixture of

T a b l e  I I .  Q u a n t i t i e s  o f  L im e  R e q u i r e d  t o  R a i s e  p H  V a l u e s  
i n  3 0 - M i n u t e  C o n t a c t  T im e

T y p e  o f L im e

H ig h -c a lc iu m  h y d r a t e  
D o lo m it ic  h y d r a t e  
H ig h -c a lc iu m  l im e s to n e  
D o lo m it ic  l im e s to n e  
H ig h -c a lc iu m  q u ic k  lim e  
D o lo m it ic  q u ic k  lim e

T h e o r e t ic a l , A c tu a l ,
P .  P .  M . P .  P .  M . F in a l  p H

9 ,2 0 0 9 ,2 5 0 8 .6
7 ,0 2 0 7 ,7 5 0 8 .5

1 2 ,2 4 0 1 3 ,0 0 0 4 .7
1 0 ,9 3 0 1 5 ,0 0 0 1 .4

6 ,9 0 0 9 ,0 0 0 3 .4
6 ,0 0 0 8 ,0 0 0 3 .3

A c i d F i g u r e  2 .  E f f e c t  o f  
C o n t a c t  T im e

sulfuric and nitric acids, some solvents, and a very small 
amount of nitrocellulose floe. The total acidity of the waste, 
expressed as CaCCh, was 11,810 p. p. m., with 3660 p. p. m. 
nitric and 8150 p. p. m. sulfuric acid.

The procedure of the general method employed for neutrali
zation consisted of placing 1 00 -cc. samples in beakers 
equipped with a stirring device and the electrodes of a pH 
apparatus placed stationary in the liquid. Various types of 
lime used were added dry while the waste was rapidly stirred. 
When the dosage necessary to complete neutralization was 
found, the sludge produced was dewatered, dried, and 
weighed. Observations were made regarding the character 
of the sludge formed, its rate of formation, the rate and com
pleteness of settling, ease of dewatering, and amounts of cake 
produced.

Effect o f  L im e

T y p e  o f  L i m e .  Keeping the contact time between the 
various types of lime and acid waste constant at 30 minutes, 
the quantities of neutralizing agent were determined. The 
theoretical amounts of lime, actual quantities, and resulting 
pH values are Summarized in Table II. Calcium and dolo
mitic quick lime were unsuitable, because the lime balled in 
the waste on account of a coating of calcium sulfate formed 
before complete hydration could take place. The dolomitic 
limestone was unsatisfactory, because with this material, 
even when dosages far in excess of the theoretical amounts 
were employed, neutralization could not be completed in 30 
minutes. Calcium limestone liberates considerable carbon 
dioxide. Most of this is removable by aeration for 15 min
utes and by paddle mixing for an appreciably longer time. 
When paddle mixing is employed, only part of the carbon 
dioxide is removed after 30 minutes, giving a final pH value 
of 4.7. Removal of carbon dioxide with air produces con
siderable foaming. Calcium hydrate addition required larger 
quantities and produced more sludge than dolomitic hydrate.

C o n c e n t r a t i o n .  Series of experiments were made with a 
wide range of hydrate lime dosages to determine the effect

1 P a r t  o f t h e  l a b o r a to r y  w o rk  w a s  p e r f o r m e d  u n d e r  t h e  fe llo w sh ip  g r a n t  
f ro m  t h e  N a t io n a l  L im e  A s s o c ia t io n .

of lime concentration on the resulting pH values. The con
tact time was kept constant at 2 0  minutes, with vigorous 
stirring to remove the carbon dioxide formed as much as 
possible. A typical example, using calcium hydrate, is 
illustrated in Figure 1. Neutralization proceeded gradually 
until about 90 per cent of the total acids was destroyed. 
There was then a sharp break in the curve, giving evidence 
of the unbuffered character of the waste. Acid wastes con
taining appreciable quantities of salts in solution may behave 
differently.

C o n t a c t  T i m e .  The effect of contact time varies with 
the type and concentration of lime used. Employing 
quantities of lime sufficient to raise the pH values to 8 .6 , the 
rate of neutralization with increasing time is illustrated in 
Figure 2, for high calcium and magnesium hydrate and lime
stones. In all cases the mixtures were vigorously stirred. 
The dolomitic hydrate reacts most rapidly, followed by cal
cium hydrate, the reactions being completed in 2 0  minutes. 
With calcium limestone the pH was raised rapidly during the 
first 5 minutes and gradually tapered off, while the dolo
mitic limestone required several hours to raise the pH to 5.5.

O

F ig u r e  3 . S l u d g e  F o r m a t io n  w i t h  V a r y i n g  
D e g r e e s  o f  N e u t r a l i z a t i o n

. .  ^ ? G E  F o r m a t i o n .  The quantities of sludge forme« 
the different types of lime varied materially. This is indie 

y e ollowing figures, showing the amounts of lime at 
and quantities of sludge formed per 1 0 0 0  gallons of wash

T y p e

C a lc iu m  h y d r a t e  
D o lo m it ic  h y d r a t e  
C a lc iu m  l im e s to n e

P o u n d s
A d d e d

7 6 .8
6 4 .0

1 0 8 .0

P o u n d s  D r y  
S lu d g e

55
21
67

T y p e  of 
S lu d g e

P la s t ic
P la s t ic
G r a n u la r

^watered well and could be readily vacui 
e rate of sludge formation, employing increai

I
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%  N E U T R A L IZ A T IO N  BY SO O A A S H

F i g u r e  4 .  W e i g h t  o f  S l u d g e  P r o d u c t io n '  
w i t h  V a r y i n g  P e b c e n t a g e s  o f  M a g n e s i u m  

H t d r a t e  a n d  S o d a  A s h

cost, the intense foam formation with soda ash alone made it 
undesirable for this purpose.

C o m b in a tio n  o f  L im e an d  Soda A sh

To complete neutralization of the waste with lime alone 
7750 p. p. m. of dolomitic hydrate were necessary, but large 
volumes of sludge were formed.

Experiments were performed particularly to determine 
whether the quantities of sludge could be reduced without 
interference with dewatering. Amounts of lime and soda 
ash were calculated to give the neutralization effect of lime 
alone. The technique used was to add the materials dry, stir 
vigorously for 6  minutes, and then add the other material. 
The sludge formed was dewatered and the dry weight deter
mined.

quantities of dolomitic hydrate, increases rapidly with a de
crease of acidity remaining until about 90 per cent of the 
acidity is neutralized. With further neutralization the 
volume of sludge decreases, although the total dry weight 
increases slightly. The maximum amount of sludge forma
tion varied between 8  and 9 per cent of the total volume of 
waste. The relation between sludge volume, the degree of 
neutralization, and the resulting pH values is graphically 
shown in Figure 3 .  The greatest volumes of sludge were 
produced when the liquor had pH values between 2 . 5  and 5 .7  
with a m a - r i m u m  at about pH 3 .5 .  The decrease in sludge 
volume with higher pH values appears to be related to the 
physical character of the sludge. In this connection, it is 
of interest that completely neutralized waste does not con
tain water of hydration.

SODA A S H

F i g u r e  5 .  V o l u m e  o f  S l u d g e  
P r o d u c e d  a f t e r  2 - H o u r  S e t t l i n g  

C o m p a r e d  w i t h  D r y  W e i g h t

Of the various limes used for treatment of this acid waste, 
dolomitic hydrate was found best for neutralization, but it 
produced considerable quantities of sludge.

Soda A sh a n d  C a u stic  Soda

Considerable experimentation with soda ash and caustic 
soda for neutralization showed that soda ash was preferable 
because of the tendency of intense color formation with 
caustic soda. Aside from the question of availability an

F i g u r e  6 .  R e l a t i o n  
b e t w e e n  N e u t r a l i z a 
t i o n  A g e n t  R e q u i r e d  
a n d  R a t i o  6 f  L i m e  a n d  

S o d a  A s h

“ L O O L .  4 0  6 0

“ Í S 0 D A 6 0  4 0

8 0

20
100

0

Addition of lime first appeared to give slightly better re
sults than partial neutralization with soda ash followed by 
l i m p . When soda ash is added first, large amounts of carbon 
dioxide are liberated. Most of this is immediately expelled 
as long as the pH is below 4.5. The carbon dioxide remaining, 
however, may cause carbonization of the lime when added 
later.

T a b l e  HI. C h a n g e  i n  pH V a l u e s  o n  A d d i t i o n  o f  C h e m i c a l s
t o  A c i d

T o t a l  ^
D o lo m it ic N  e u tr a l i z in g
H y d r a te , N’ a-C O », A g e n t ,

% % P .  P .  M .

5 1 .5 4 8 . 5 1 0 ,0 5 0
6 4 .5 3 5 .5 9 .4 3 0
7 7 .5 2 2 .5 8 ,8 2 0
9 0 .3 9 . 7 8 .1 8 0

100 0 7 .7 5 0

- p H  a f t e r  M in u t e s : —  
12 15

1 . 3
1 . 5
1 . 7
2 .2
3 .1

1 .3
1 .5  
1 . 7
2 .6  
5 . 6

9
4 . 7
5 .5
5 .7
7 . 5  
6 .2

6 . 3
6 . 7
7.2

6 . 9
7 . 1

18
7 .0

7.1  7 .3

The weight of sludge produced when varying percentages of 
magnesium hydrate and soda ash are added is illustrated in 
Figure 4. With less than 50 per cent dolomitic hydrate added 
to complete neutralization, Hie weight of dry sludge is very 
small, increasing rapidly with the percentage increase of lime. 
It is possible, therefore, to balance the cost of sludge treat
ment against the cost of two-stage treatment. With increas
ing quantities of soda ash, however, the sludge becomes in
creasingly lighter, more voluminous, and more difficult to 
dewater. The fiuffiness of the sludge produced with the 
larger percentages of soda ash increases with time of settling, 
so that after 18 to 24 hours the sludge volume is three to four 
times larger than sludge produced with dolomitic hydrate 
alone. The volume of sludge formed after 2-hour settling is 
illustrated in Figure 5. Neutralization with 90 per cent 
dolomitic hydrate and 1 0  per cent soda ash produced about 
the same amount of sludge as neutralization with magnesium 
hydrate alone. The smallest volume and lowest dry weight

10.000

a o o o

a. 4000
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were obtained when the acids were neutralized with about 80 
per cent lime and 20 per cent soda ash. This sludge, how
ever, did not settle so well as that produced by dolomitic lime 
alone.

The moisture content of the filter cakes produced with dif
ferent treatments varied, but the filter yields decreased with 
increasing quantities of soda ash.

Complete neutralization with lime and soda ash required a 
larger quantity of chemical than lime alone. As an example, 
some results obtained are illustrated in Figure 6 . In this 
respect the rate of neutralization in a given time is of particular 
interest. When soda ash is added following the addition of 
lime, the higher the sodium carbonate percentage, the longer 
it takes before neutralization is accomplished. Some results

given in Table III illustrate this. After addition of lime vigor
ous stirring was continued for 6 minutes, the sodium carbonate 
was added, and stirring was continued until neutralization was 
completed. With about 10 per cent soda ash added, the time 
required for complete neutralization was less than half that 
required when about 50 per cent sodium carbonate was used. 
The probable reason is that large quantities of carbon dioxide 
are formed with the soda ash addition, and even vigorous 
stirring does not release the carbon dioxide fast enough to 
prevent carbonization and coating of the lime.

P r e s e n t e d  b e fo re  t h e  D iv is io n  o f W a te r ,  S e w a g e , a n d  S a n i ta t io n  C h e m is t ry  
a t  t h e  1 0 4 th  M e e t in g  o f 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 ,  B u f fa lo , N . Y . 
J o u rn a l  S e rie s  P a p e r ,  N .  J .  A g r ic u l tu ra l  E x p e r im e n t  S t a t i o n ,  R u tg e r s  U n i
v e r s i ty ,  D e p a r tm e n t  o f  W a te r  a n d  S e w a g e  R e s e a rc h .

Stabilizing Zein Dispersions 
against Gelation
CYRIL D. EVANS AND RALPH H . MANLEY

N o rth e rn  R eg iona l R esearch  L a b o ra to ry , U . S. D e p a r tm e n t o f  A g ricu ltu re , P e o r ia , 111.

Z EIN disperses readily in a large number of single and 
mixed solvents such as diethylene glycol, the lower 
mono ethers and esters of the glycols, the lower mono 

and diesters and ethers of glycerol, aqueous mixtures of methyl, 
ethyl, and isopropyl alcohols, aqueous acetone, and numerous 
organic acids, amides, and amines, as shown by Swallen (4 ), 
Evans and Manley ( 1 ,3 ) ,  and others. In all of these solvents 
zein tends to set spontaneously with time to a solid gel which 
is useless for most commercial purposes. The stability of 
such zein sols may be increased by storage at low temperatures, 
by the use of substantially anhydrous solvents, by the addi
tion of certain reagents, or by keeping the concentration of 
zein at a practical minimum. Effective control of tempera
ture is usually not practical, as summer room temperatures 
are frequently high enough to cause commercially usable con
centrations of zein to gel in a few days. Thus, a dispersion of 
20 grams of dry commercial zein dissolved in 100 ml. of 85 per 
cent aqueous ethyl or isopropyl alcohol may be expected to 
set to a useless gel in 4 or 5 days if stored at 38° to 40° C.

Swollen (4 ) pointed out that alcoholic zein dispersions con
taining a low’ concentration of water are, in general, more 
resistant to gelation than are those in the more highly aqueous 
alcoholic solvents. This is illustrated by the observation that 
20 grams of dry zein dissolved in 100 ml. of aqueous 90 per 
cent ethyl alcohol will not set to a gel in 2  weeks at 40° C., 
whereas 20 grams of dry zein in 100 ml. of aqueous 70 per cent 
ethyl alcohol w’ill usually gel in less than 1 day at the same 
temperature.

The stabilization of zein dispersions by the simple addition 
of small amounts of gelation retarders at room temperature 
has thus far proved unsatisfactory. Addition of 20 grams or 
more of acetaldehyde to alcoholic solutions of zein containing 
20 grams of protein in 100 ml. of 85 per cent ethyl alcohol may, 
however, postpone gelation as long as several months. 
Amounts in the range of 2 to 5 grams of the aldehyde added to

1 A  p a t e n t  a p p l i c a t i o n  c o v e r in g  t h e  r e s u l ts  of th is  w o rk  h a s  b e e n  filed  in  
t h e  U . S . P a t e n t  O ffice  a n d  a s s ig n e d  to  t h e  S e c re ta ry  of A g r ic u l tu re .

100  ml. of similar dispersion have little stabilizing effect. 
Benzene, morpholine, the nitroparaffins, and the chloro- 
nitroparaffins also stabilize zein dispersions under proper con
ditions but to a lesser extent than the aldehydes.

The rate of gelation of aqueous alcoholic dispersions of zein 
containing less than 10  per cent of the protein is very slow, 
but the viscosities of such dilute solutions are so low as to 
limit their industrial usefulness. It would be desirable for 
some purposes to use zein concentrations as high as 40 per 
cent, but this is usually impractical because of the rapid rate 
at which such dispersions gel at room temperatures.

IT HAS been found that zein dispersions may be stabilized 
against gelation to a limited extent simply by heating for 15 
minutes or longer at a temperature above 1 0 0 ° C. and below’ 
the point where destruction of the protein occurs; that their 
stability may be further improved by heating the dispersion, 
followed by adding 1 to 5 per cent of an aldehyde; and that 
much more stable dispersions may be prepared by heating in 
the presence of a small percentage of an aldehyde at a temp
erature above 100° C. and below the point where destruction 
of the protein occurs. This last stabilizing treatment also 
improves materially the color and flexibility of films formed 
from such dispersions. Heat treatment of aqueous alcoholic 
zein dispersions containing as little as 1 or 2  per cent of an 
aldehyde and as much as 50 per cent of water increases their 
resistance to gelation many fold as shown in Table I. Simple 
addition of such small amounts of aldehyde without heat 
treatment has little stabilizing effect.

Films and coatings produced from the aldehyde heat- 
treated zein dispersions are made insoluble in the ordinary 
zein solvents by baking, and are also made strongly resistant 
to the discoloring and softening action of water to which un
treated zein films are so sensitive (2 ). For example, 20 grams 
or more of commercial zein may be dispersed in 90 ml. of 85 
per cent ethyl alcohol and 10  ml. of 3 7  per cent formaldehyde 
and the dispersion then heated in a sealed container at ap-
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proximately 1 2 0 ° C. for 15 minutes. The resulting disper
sion will be stable towards gelation for 4 months or longer when 
stored at 40 ° C. Films formed from this dispersion, when air- 
dried at room temperature and then baked at 100° to 140° C. 
for 5  to 2 0  minutes, will not lose their transparency when 
immersed in water for several months at room temperature 
and will absorb approximately 10 per cent of water on 24-hour 
immersion. By comparison, a dispersion made simply by

T a b l e  I. E f f e c t  o f  H e a t  T r e a t m e n t  o n  R a t e  o f  G e l a t i o n  
o f  Z e i n  D i s p e r s i o n s

(20  g r a m s  z e in /1 0 0  cc. s o lv e n t ,  h e a t e d  15 m in u te s  a t  1 2 0 °  C .)

C o m p n . o f S o lv e n t ,  P a r t s  b y  W t. S t a b i l i t y ,  D a y s  a t  4 0 °  C .
N o t

E th a n o l W a te r F o r m a ld e h y d e h e a te d H e a te d

4 7 .0 4 4 .7 2 .0 5 2 54 +
6 3 .8 2 4 .4 2 .0 5 5 54 +
4 4 .5 4 3 .2 4 .1 1 2 54 +
6 0 .5 2 1 .8 4 .1 1 5 54 +
4 2 .0 4 1 .9 6 .1 6 5 54 +
5 7 .2 1 9 .4 6 .1 6 2 54 +
5 7 .2 3 0 .8 0 . 0 4 4
7 3 .6 8 .2 0 . 0 3 0  + 3 0  +

E th a n o l W a te r A c e ta ld e h y d e

6 6 .4 1 6 .7 1 .2 2 31
5 6 .5 3 0 .4 1 .2 2 28
6 5 .6 1 6 .4 2 . 4 1 67 +
4 0 .5 4 9 . 5 2 . 4 1 50
6 5 .2 1 6 .3 3 . 9 1 73 +
3 9 .6 4 8 .4 3 . 9 1 7 3  +

E t h a n o l W a te r P r o p io n a ld é h y d e

6 6 .7 1 6 .9 0 . 0 5 11
6 6 .9 1 6 .7 0 . 8 2 11
6 4 .2 1 6 .0 4 . 0 2 2 0

E th a n o l W a te r B u t y r a l d é h y d e

6 5 .6 1 6 .4 2 . 5 2 4 8  +
6 4 .2 1 6 .1 4 .1 2 4 8  +
5 1 .2 3 4 .2 2 . 5 4 41
5 0 .2 3 3 .5 4 .1 3 4 8  +

E th a n o l W a te r F  u r f  u r a ld e h y d e

6 7 .6 1 6 .9 0 . 0 5 17
6 6 .9 1 6 .7 1 .1 2 17
6 4 .2 1 6 .0 5 .7 3 15

E th a n o l W a te r B e n z a ld e h y d e

6 7 .6 1 6 .9 0 . 0 5
6 6 .9 1 6 .7 1 .0 4 ió
6 4 .2 1 6 .0 5 . 2 3 16

D io x a n e W a te r F o r m a ld e h y d e

7 1 .4 3 0 .6 0 . 0 2 6
7 0 .0 3 1 .4 0 .8 2 3 4 0  +
6 7 .9 3 2 .5 2 .0 5 6 4 0  +

A c e to n e W a te r F o r m a ld e h y d e

6 0 .9 2 6 .1 0 . 0 1 G e ls  o n  a u to c l a v in g
6 0 .3 2 6 .5 0 .4 1 9 4 0  +
5 7 .8 2 8 .2 2 .0 5 4 0  + 4 0  +

dissolving a similar amount of commercial zein in 1 00  ml. of 
85 per cent ethyl alcohol may be expected to gel in 4 days or 
less when stored at 40° C. Both baked and unbaked films 
made from this latter dispersion will turn white after immer
sion for 2  or 3  minutes in cold water, and will absorb approxi
mately their own weight of water on 24-hour immersion.

AQUEOUS acetone and aqueous dioxane dispersions of zein are 
likewise stabilized by an autoclave-aldehyde treatment. In 
aqueous acetone the reaction appears to go forward more 
easily than in aqueous alcohol, inasmuch as smaller amounts 
of aldehyde are required, and the minimum effective tempera
ture to form a stable zein solution in aqueous acetone is lower 
than that required to obtain a stable zein dispersion in aque
ous ethyl alcohol containing the same concentration of alde
hyde.

As Table II shows, the viscosities of zein solutions in both 
aqueous ethyl alcohol and aqueous acetone containing alde
hydes are essentially the same before and after heating. It 
has been further observed that the length of the heat treat
ment within the range of 15 to 60 minutes has little effect 
upon the viscosities of the dispersions. Thus it would seem

that the stabilizing effect of the autoclave treatment is not 
due to partial hydrolysis of the protein, as has been suggested. 
If this were the case, then polymerization or denaturation 
would presumably have to be taking place simultaneously 
with hydrolysis at such a rate that the summation of the two 
effects would be equal. The resultant of the two reactions 
would be expected to effect substantial changes in the solu
bility of the zein and in the strength and flexibility of its 
films. Neither of these changes has been observed, except 
that films formed from the autoclaved solutions were found to 
be smoother and more homogeneous and to have better 
spreading and covering properties than those of unautoclaved 
samples. Upon storage, as indicated in Table III, the viscos
ity of the stabilized as well as the unstabilized solutions 
slowly increased, the rate and the amount depending upon the 
treatment and the amount of aldehyde present.

THE critical peptization temperatures of a large number of 
zein samples in aqueous ethyl and isopropyl alcohol and aque
ous acetone solutions were determined before and after 
stabilization by the aldehyde-heat treatment. In all in
stances where the concentration of alcohol was in the range 
45 to 55 per cent, the heat treatment at 120° C. for periods 
ranging from 15 to 60 minutes had no effect upon the critical 
peptization temperature of the dispersions. However, as the 
concentration of alcohol was raised, the critical peptization 
temperature of the autoclaved samples was found to drop 
progressively below that of unautoclaved dispersions. Thus, 
an unautoclaved dispersion in 65 per cent ethyl alcohol con
taining 5 per cent acetaldehyde precipitated from solution 
at —1 2 ° C., while an autoclaved sample of the same material 
precipitated at —16° C. Likewise, an unautoclaved dis
persion in 80 per cent ethyl alcohol containing 5 per cent acet
aldehyde showed a critical peptization temperature of —17 ° C., 
while an autoclaved portion of the same material precipi
tated at —28° C.

T a b l e  II. V i s c o s i t i e s  o f  A l d e h t d e - H e a t  S t a b i l i z e d  Z e e s  
D i s p e r s i o n s  a t  3 0 °  C .

(2 0  g r a m s  z e in /1 0 0  cc . s o lv e n t ,  h e a te d  15 m in u te s  a t  1 2 0 °  C .)

8 5 9 c  E t h y l  A lc o h o l 7 0 ’/ ,  A c e to n e

r i S o lv e n t  b y  W t.
U n 

h e a te d

F o r m a l in
F o r m a l in
A c e ta ld e h y d e
A c e ta ld e h y d e
B u ty r a ld é h y d e
B u ty r a ld é h y d e

1 2 .5  
2.6

1 4 .0
4 . 6

1 4 .5  
4 . 8

5 2 .3
4 7 .3
7 0 .4
4 3 .4  
6 3 .6  
4 6 .1

Un-
H e a t e d  h e a te d  

------------C e n t ip o i s e s -----

2 3 .4
2 2 .7
2 3 .8  
1 9 .1
1 6 .8
1 9 .5

H e a t e d

6 5 .9  
5 5 .6
7 0 .4
5 5 .9
6 2 .5  
5 4 .0

3 2 .2
2 7 .3
2 7 .1
21.1
1 9 .7
22.8

T a b l e  III. C h a n g e  i n  V i s c o s i t t  o f  A l d e h t d e - H e a t  
S t a b i l i z e d  Z e i n  D i s p e r s i o n s  u n d e r  S t o r a g e  a t  2 5 °  C .

(2 0  g r a m s  z e in  100 cc . s o lv e n t ,  m a d e  u p  o f e th y l  a lc o h o l  a ld e h y d e )  

- V i s c o s i ty  a t  3 0 °  C . ,  C e n t ip o i s e s -

%  S o lv e n t  b y  W t .
1

d a y
4

d a y s
9

d a y s
16

d a y s
23

d a y s

F o r m a l in 1 2 .7 6 5 .9 7 2 .8 7 5 .2 8 2 .1 9 1 .3
A c e ta ld e h y d e 1 4 .0 7 0 .4 7 8 .4 7 7 .7 S l . l 8 7 .0
B u ty r a ld é h y d e 1 4 .5 6 2 .5 6 5 .8 7 0 .8 7 6 . 4 8 0 .5

Stabilization against gelation by heating in the presence of 
an aldehyde is effected with equal readiness throughout the 
pH range of 5.5 to 10. However, blush-proof water-resistant 
films are produced only in neutral or acidic dispersions, and 
the speed of the reaction is greatly increased by the addition 
of small amounts of mineral acids, acid salts, or salts of strong 
acids and weak bases.

The extent of floe formation during and subsequent to the 
aldehyde-heat treatment also varied with the quality of the 
original zein. In no case was the floe sufficiently heavy to 
interfere with the formation of clear and transparent films.
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When desired, the floe could be removed either by settling 
or in the centrifuge.

In stabilizing zein dispersions by the aldehyde-heat treat
ment, it has been found that the stabilizing effect is improved 
as the concentration of aldehyde is increased, and that if 
too low concentrations of aldehyde are used, prolonged heat 
treatment causes the dispersion to gel despite the presence of 
the aldehyde.
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Vapor Pressure Nomograph for 

Isomeric Octanols . D . S. DAVIS
Michigan Alkali Co., Wyandotte, Mich.

R ECENT vapor pressure data1 covering twenty-two 
isomeric octanols appeared as a table of boiling points 

for pressures of 20, 100, 300, and 760 mm. mercury, sup
plemented by pressure-temperature curves for twelve of the 
series. The accompanying line coordinate chart enables 
convenient estimation of boiling points at other pressures or 
vapor pressures at any temperature in the range of the data. 
It is based upon the expression

log p  = A /( t  +  a) +  B

where p  = vapor pressure, mm. mercury 
t - temperature, ° C.

and A , B ,  and a  have values, depending upon the compound, 
as follow:

K e y  N o . A B a K e y  N o . A B a
41 - 2 3 4 0 8 .0 4 0 a 61 - 1 1 4 4 6 .5 9 9 120
42 - 1 1 5 5 6 .5 8 6 140 62 - 1 8 0 2 7 .7 2 6 2 0 0
43 - 2 2 5 8 8 .1 9 0 2 7 0 63 - 1 1 2 6 6 .4 1 7 160
44 - 1 1 3 0 6 .6 3 8 140 64 - 1 3 4 1 6 .9 9 0 160
51 - 1 0 7 4 6 .3 8 3 120 65 - 1 3 3 5 6 .9 6 1 160
§2 - 1 6 7 8 7 .3 9 3 2 0 0 6 6 - 1 7 8 2 7 .8 8 5 2 0 0
53 - 1 4 8 3 7 .0 7 8 2 0 0 67 - 1 1 0 5 6 .3 8 5 140
54 - 1 5 8 0 7 .2 1 4 2 0 0 71 - 1 1 7 0 6 .5 9 6 120
55 - 1 3 2 6 7 .0 3 2 160 72 - 1 0 6 6 6 .4 3 4 120
56 - 1 5 8 0 7 .1 9 7 2 0 0 7 3 - 9 4 0 6 .0 8 9 120
57 - 1 7 8 2 7 .5 0 0 2 0 0 7 4 - 9 9 2 6 .2 2 9 120

« a  =  2 7 0  -  10*-»»*

X

/90—

t, Tem p e ra ture  D eç G 

4!

/60—

/2 0 -

0 0 -

-60

O  4 3
—190

p, Vapor  
Pressure, 

m m  Hg

—400

— 6 0 0

-600

With respect to the key numbers 
which appear on the chart and in the 
table, the original investigators stated, 
“The first digit locates the methyl 
group and the second the hydroxyl 
group: thus 72 is 7-methyl-2-heptanol, 
i. e., 2-octanol, and 53 is 5-methyl-3- 
heptanol. Sometimes the key numbers 
depart, for convenience, from official 
nomenclature.”

The temperature scales on the 
chart bear symbols or numbers which 
must correspond with those of the 
gage points for the various compounds. 
The circled points, for instance, are 
employed with the temperature scale 
headed by a circle.

The use of the chart is illustrated 
as follows: What is the vapor pressure 
of 5-methyl-3-heptanol at 85° C.? 
The key number for this compound 
is 53 which appears as a circled point 
on the chart. Connect this point with 
85 on the t scale topped by a circle 
and produce the line to the p  scale 
where the vapor pressure is read as 7 5  
mm. mercury. Vapor pressures read 
from the chart deviate from the origi
nal data by an average of about 0 .8  
per cent.

1 D o r o u g h ,  G . L . ,  G la s s ,  H .  B . ,  G r e s h a m ,  T .  L ., 
M a lo n e ,  G . B „  a n d  R e id ,  E .  E „  J .  Am. Chem. 
Soe.. 6 3 , 3 1 0 0  (1 9 4 1 ).



Starch Viscosity 01* Strength
W ILLARD L. M O RG AN 1  A N D  NORM AN L. VAUG H N 2

Arnold, Hoffman & Company, Inc., Providence, R. I.

T h e flu id ity  fu n n e l co m m o n ly  em p loyed  
th ro u g h o u t th e  sta rch  p rod u cin g  in d u stry  
and  th e  ex p er im en ta l factors a ffectin g  its  
u se  are exam in ed .

T h e s tr e n g th  fu n n e l is  n o t  a tru e  vis
com eter . an d  th e  stren  g th  sca le  varies in  its  
re la tio n  to  v isco s ity . A s in g le  u n it  o f  
str e n g th  ch an ge  fro m  0  to  2 0  rep resen ts an  
en orm ou s ch a n g e  in  tru e  v isco sity , w hereas  
a u n it  ch an ge  in  th e  80 to  1 0 0  s tr e n g th  range  
is o n ly  a s lig h t  ch a n g e  in  v isco sity . A ppar
en t v iscosity  o f  s ta rch  p a stes  varies w idely  
w ith  th e  ra te  o f  sh ear u sed  in  th e  m ea su r

in g  v iscom eter . A pparent v isco sity  o f  
starch  p a stes  ch an ges rap id ly  w ith  co n cen 
tra tio n  w h ich  in d ica te s  th a t  th e  effect is  
largely  m ech a n ica l. G raphs b ased  on  
stren g th  figures are o fte n  m is lea d in g . P lo ts  
o f  apparent v iscosity  figures d u rin g  pro
gressive m o d ifica tio n  b y  d ex tr in iza tio n , 
ox id ation , and  acid  th in -b o ilin g  tr e a tm e n t  
resu lt in  sim p le  typ e  curves w h ich  clarify  
th e  n a tu re  o f  su ch  ch an ges.

T h e com m ercia l varia tion  in  starch es p er
m it  extrem ely  large ranges o f  v iscosity  an d  
solids co m b in a tio n s .

4-IN. I X THE great 
majority of 
their uses  

the viscosity of 
starches is a main 
controlling factor 
in determining 
t h e i r  ut i l i t y .  
The preparation 
of starch dextrins 
and other modi
fied starches is 
also general ly  
followed and con
trolled by ob
serving the pro
gressive shifts in 
v i s c o s i t y  of  
s tarch pas tes  
which are sus
pensions of the 
swollen material. 
For this purpose 
th e  v a r i o u s  
starch producers 
generally use a 
s imple funnel  
with a restricted 
tip of the type 
shown by Figure

1. The use of such a funnel appears to have begun with the 
Com Products Refining Company, the funnel and some of the 
factors involved in its use being described by Buel (2 ) in 1912. 
While such funnels are in common use, the tips, calibration 
method, and other constructional details have been varied in 
some plants during the intervening years.

One modification attempting to maintain relatively con
stant head conditions appears in Figure 2. The adoption and

1 P r e s e n t  a d d re s s ,  P r o la m in e  P r o d u c t s ,  I n c . ,  C o lu m b u s ,  O h io .
* P r e s e n t  a d d re s s .  H e r c u le s  P o w d e r  C o m p a n y ,  H o p e w e ll ,  V a .

F i g t r e  1 .  S t a r c h  F u n n e l

S t re n g th  =  cc . f lo w  in  4 5  s e c . ( fe e d , 1 0 0  c c . ) ; 
c a l ib ra t io n  =  1 0 0  c c .;  w a te r  f lo w s o u t  in  

4 5  s e c . ( fe e d , 1 1 5  c c .) .

use of these funnels arise from the attempt to make a single 
instrument cover the extreme ranges in viscosity found in the 
numerous materials sold as starches. The funnels also pro
vide easy cleaning which is a distinct necessity with these 
gelatinous and pasty materials.

To those familiar with the nature of viscous flow, it is ap
parent that such a funnel can hardly be expected to measure 
true viscosity, as most of the flow measured will be hydraulic. 
The flow of ordinary liquids from such a funnel occurs in gen
eral accord with Equation 1 , and the energy lost in hydraulic 
flow given by the second term is generally large instead of

N O T E  :
STOP COCK TO 
BE. OP S O cO  
G L A S S  W IT H  
O B i l l E D  BO SE

POR PUSSES TUBE 
CONNECT,ON

•3 jr*-  s m m. 
w  —  5  M M.

-  W .   75° M A K IN G  ABOUT
H k V  3 0 “ A N G l l  O P E V N G

•—OPENING - w M.

F i g v r e  2 .  M o d i f i c a t i o n  o f  S t a k c h  F u k k k l

S t r e n g t h  =  cc . S o w  i n  5 5  se c . ( fe e d . 3 0 0  c c . ' : c a l i b r a t io n  
=  2 0 0  c c .;  w a t e r  f lo w , o u t  i n  5 5  s e c . ( fe e d , 3 0 0  ec.).

233



234 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. 2

F i g u r e  3 . C e n t i p o i s e s  v s . S t a r c h  F u n n e l  S t r e n g t h s

negligible, as is desirable in a good viscometer (1 ) .  
Poiseuille equation corrected for kinetic energy loss is:

n g r 'P T  1 .1 4  dV
v = 8  VI 8  7T IT

The

(1)

where r; = apparent viscosity measured
g = gravity constant 
P  = averaged pressure head 
r  = effective capillary radius 
I = capillary length 
d = density of liquid 
V  = volume flow 
T  = time of flow

The funnel shown in Figure 1 follows Equation 1 only ap
proximately, depending upon the tip. In use it is made with 
a tip such that when 115 cc. of water are placed in the funnel, 
100 cc. will flow out in 45 seconds. In use 100 cc. of the 
starch paste are put into the funnel, and the number of cubic 
centimeters which flow through in this time is referred to as 
the strength. It is apparent that the 
greater the thickening effect, the lower is 
the strength; strength is, then, a fluidity 
factor.

If instead of starch pastes we run through 
this funnel ordinary liquids, such as glyc
erol, sulfuric acid, castor oil, etc., of known 
viscosity (as determined by a true viscome
ter such as a suitable set of capillaries) and 
plot the strength figures thus secured against 
the known true viscosities for these liquids,
Figure 3 results. This shows that only 
in a small range at the left of the curve 
does the instrument measure viscous flow.
It also shows that there is a large differ
ence in viscosity per strength unit in this 
range, while at the higher strengths a unit 
change in strength corresponds to only 
slight changes in viscosity. Thus the scale 
or the yardstick on which the strength 
scale is laid out is a highly distorted one as

shown at the right-hand side of Figure 3. Attempts to follow 
any progressive alteration of a starch using the starch strength 
scale results in irregular-appearing data which make true 
understanding difficult. The mere intercomparison of starch 
data as at present reported (Table I) giving a single strength 
figure at some ratio of solids to water is often so difficult that 
one cannot determine the relative thickening order without 
further experimental work.

T a b l e  I .  S i n g l e  P o i n t  D a t a

T y p e  of S ta r c h

R a w  c o rn  
R a w  ta p io c a  
R o a s te d  ta p io c a  
W h ite  c o rn  d e x tr in  
Y e llo w  c o rn  d e x tr in

C o n c e n t r a t io n  
R a t io

1 0 :2 5 0  
1 0 :4 0 0  
1 0 :1 5 0  
20 :120  
5 0 : 5 0

%
3 . 8 5
2 . 4 4
6 . 2 5

1 4 . 2 8
5 0 . 0

A p p a r e n t  
R e l a t i v e  
V is c o s i ty  

S t r e n g t h  U n i t s

R e la 
t iv e

T h ic k 
e n in g
O rd e r

16
2 7

8
88
5 2

1 9 0
100
3 3 5

5
3 8

A pparent V iscosity  U n it
The conversion of the cubic centimeters of flow or strength 

of starches into apparent viscosity units is of real help in the 
systematic study of starchy materials. In suggesting such a 
scale we wish to point out that, in order to avoid later mis
understandings, the figures secured should not be referred to 
as so many centipoises but might more properly be termed 
“relative” or “apparent” viscosity units. The starch pastes 
are suspensions and not true liquids. Starches show anoma
lous viscosity, the apparent viscosity indicated being depen
dent upon the rate of shear existing in the instrument used. 
Thus, no two differently constructed viscometers can be ex
pected to show the same apparent viscosity with a given 
starch paste as illustrated in Figure 4. While a starch paste 
may show an apparent vicosity of so many centipoises in the 
funnel described, it is to be expected that it will show a dif
ferent apparent viscosity in centipoises when measured on 
any of the standard instruments; such variation with cap
illaries of different radius and head are amply illustrated by 
Hixon (7). What we wish to indicate by the relative vis
cosity unit readings, then, is only that a starch of a given 
value flows through the given funnel in a time comparable 
with the time of flow of a true liquid of the indicated viscosity. 
Despite the wide difference in the two starch funnels shown in 
Figures 1 and 2, it appears that the second one used at a rela
tively constant head was made to duplicate reasonably the 
earlier type instrument, as is apparent in Figure 5.

F i g u r e  4 .  V i s c o s i t y  C u r v e s  
R a w  C o r n  S t a r c h

f o r F i g u r e  5 .  F u n n e l  C o m p a r i s o n  
f o r  R a w  C o r n  S t a r c h
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The variation of apparent viscosity with rate of 
shear makes intercomparison of data on other in
struments which are in general use in the starch con
suming industry difficult. For very heavy pastes, 
such as are utilized in the textile printing trade,
Glarum (6 ) showed that the Stormer viscometer is 
particularly adaptable, provided slippage is avoided.
The food and paper trades frequently use the Mac- 
Michael instrument which, like the Stormer, offers 
easy study under varied rate-of-shear conditions. 
Capillaries and the Hoeppler viscometer can be used 
only on very thin solutions, and a little gelation up
sets the readings and causes cleaning to be difficult.

Hixon (7, 8 ) , Porst and Moskowitz (1 0 ) , and Far
row and Lowe (4) have given considerable data show
ing the variation in apparent viscosity of starches 
when measured in capillaries at various rates of shear 
secured by varying the pressure head or capillary size.
Gallay and Bell (5 ) made a thorough study of the 
similar variation in apparent viscosity of starches 
with varying rate of shear in the MacMichael tor
sional type of apparatus. Like Farrow and Lowe, 
they find that the phenomena in the main fit the 
empirical equation

F  =  K P n 
where F  =  rate of flow, dv/dt 

P  — pressure
n, K  =  constants depending on starch and instrument, re

spectively.

Thus with a MacMichael viscometer the data for the loga
rithm of the deflection vs. the logarithm of the r. p. m. applied 
plots over a considerable range as a straight line, but at the 
lower shearing rates this type of equation is not followed: 

log v/t =  n  log P  +  log K

It would appear that through the Williamson formulas (12) 
intercomparison of data on the various viscometers could be 
carried out once several apparent viscosities have been deter
mined at several different rates of shear. Thus, for the com
plete characterization of a starch flow picture the Mac
Michael instrument appears best.

However, for plant control and investigations involving 
large numbers of determinations, the simple funnel appears to 
offer advantages, provided care is taken to use it in the best 
ways; namely, an attempt should be made to secure values

F i g u r e  6 .  A p p a r e n t  V i s c o s i t y  R a n g e  o f  C o m m e r c i a l  S t a r c h e s

in the 10-25 range. Below 10 it is difficult to get duplicable 
data and certainly above 80 the differences indicated by the 
strength scale are mainly without actual significance. In an 
actual determination the preparation of the cooked starch dis
persion or paste is just as important a source of variation as is 
the instrument. Starches variously swell, burst, or disinte
grate during cooking; and, depending on the time and tem
perature, the degree to which this is carried out varies with a 
wide variation in the resultant thickness or apparent viscos
ity. Temperature effects were previously reported by one 
of the writers (9 ) . Mechanical agitation is necessary to pre
vent sticking and to ensure the full action of the heat, but 
mechanical agitation also causes rupture of the swollen grains 
with consequent large decreases in apparent viscosity. This 
effect is well illustrated by the work of Caesar (3 ) whose con- 
sistometer curves also clearly show the rather rapidly occur
ring increases in apparent viscosity which take place when the 
pastes are cooled and gelation starts to set in.

Consequently, an arbitrary procedure for preparing starch 
pastes must be followed closely in systematic comparison 
work. The following method which reduces variation from

F i g u r e  7  P h o t o m i c r o g r a p h  o f  T h i c k  R a w  S t a r c h  ( X  2 6 0 )  F i g u r e  8 .  P h o t o m i c r o g r a p h  o f  C o r n  D e x t r i n  D i s 
p e r s e d  i n  A l k a l i  ( X  5 5 0 )
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0  1 2 3 4 5 6 7 8 9 1 0  II 12  1 3

P E R C E N T  S T A R C H

F i g u r e  1 0 . V i s c o s i t i e s  o f  M i x t u r e s

F i g u b e  9 .  R e l a t i o n  o f  L o g  V i s c o s i t y  t o  
CONCENTBATION  FOB M iXTTTBE OF H A L F  C O B N  

a n d  H a l f  T a p i o c a  S t a b c h

the operator to a minimum was used to secure the data of this 
study:

To the weighed starch sample, water was stirred in slowly to pre
vent lumping, the final volume being 200 cc. The starch mix

ture in a 250-cc. beaker was heated to boiling in 15 minutes by 
an electric hot plate while being constantly stirred by a three- 
bladed Lightning mixer running at 400 r. p. m. During cooking 
each batch lost 3 grams of water, and as viscosity changes in 
these pastes corrected for their loss in moisture could not be ob
served, no adjustments were made. As soon as the 15-minute 
cooking was completed, the pastes were placed in flasks, stop
pered, and cooled to 25° C., at which temperature they were 
run immediately. The average of three strength readings was 
taken. The consistency of the strength readings of two opera
tors is illustrated by the following data:

S ta rch

R aw

D e x tr in ix e d

C o n c n .  R a t io  

1 0 : 3 0 0

20:120

S t r e n g t h  R e a d in g  
O p e r a to r  1 O p e r a to r  2

6
5
7

88
9 2
9 3

5
6 
6

87
9 1
9 2

F i g u r e  1 1 . P r o g r e s s i v e  D e x t r i n i z a t i o n  C u r v e s  
o f  a  M i x t u r e  o f  T a p i o c a  a n d  C o r n

F i g u r e  12. V i s c o s i t y  C h a n g e  d u r i n g  C o n v e r sio n  
f o r  a  M i x e d  C o r n  a n d  T a p i o c a  D e x t r in  of 6 P e r  

C e n t  C o n c e n t r a t i o n

U  600

1 -R A W  CORN
2 -50%  LOW-SOL. CORN DEXTRIN ,  50% RAW CORN
3- 50%  O f 100% SOLUBLE. TAPIOCA DEXTRIN , 

50%  RAW  CORN
A -  L O W - S O L U B L E  C O R N  d e x t r i n

20  3 0  4 0
P E R C E N T  5 T A R C H  B V  W E I G H T

PERCENT STARCH BY WEIGHT
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V isco sity  rs. C o n cen tra tio n

The viscosity of starch solutions varies rapidly with changes 
in concentration, and in the practical use of the starch funnels 
the practice in industry is to select a starch concentration 
suitable to the various starches such that strength measure
ments can be secured on the funnel. However, the compari
son of starches for apparent viscosity with the data at varied 
solids percentages is difficult. Consequently, apparent vis
cosities at several different solids contents are frequently de
sirable. Figure 6  shows several curves for starches (not cor
rected for density of solution) of widely different natures; 
this is the only means of bringing out the seldom realized ex
treme variation in apparent viscosity that can be secured with 
the wide range of materials offered industrially under the 
name of starches. By running along a constant apparent 
viscosity unit figure of, say, 300, approximately forty times 
as much of the canary com dextrin starch is needed per 1 0 0

cc. of water as of the raw tapioca starch to give the same vis
cosity; conversely, the thin starch can obviously be used at a 
high solids concentration without trouble arising from too 
thick solutions.

P E S  C E N T  C H L O S N E  P P = » - E O  T O  ; - * C n

F i g u r e  1 4 . C o n s t a n t  V i s c o s i t y  
C o n d i t i o n s  f o r  O x i d i z e d  C o r n  

S t a r c h e s

Each curve shows an almost linear increase in apparent 
viscosity at first, followed by a rapid increase with further in
creases in concentration; still further slight increases of solids 
concentration result in enormous increases in viscosity. In 
the latter range it appears that the swollen particles occupy 
most of the volume and are rubbing on one another and inter
meshing. Figure 7, shows the swollen, largely unbroken sacs 
common to the very thick, essentially raw starches; Figure S 
shows the broken and swollen pieces found in a heavy paste 
of a highly soluble dextrinized starch. A plot of the rate of 
increase of viscosity with successive units of concentration 
gives three separate slopes indicating free suspensions at low 
solids; a second range apparently corresponds to some inter- 
meshing; and there is a final range where apparently the 
mass of swollen particles all rub on one another. Figure 9 
shows that the logarithm of the viscosity is a straight-line 
function of the concentration only over very short ranges of 
viscosity, and that the Rask and Alsberg relation (11 ) cannot 
be generally used (7).

The apparent viscosities of mixtures of starches are inter
esting: Figure 10 covers such experiments and shows that at 
least the mechanical and physical phenomena determining the 
apparent viscosities are additive and sum up as expected from 
the data for the individual starches when the raw or slightly 
modified starches alone are considered. In these cases the 
volume of the swollen grains is probably the main determining 
factor as indicated by Hixon (7). As the data also show, vis
cosities for mixtures with highly soluble starches are not addi
tive, and other factors besides the actual volumes of the grains 
become important.

"V isco s ity  rs. M od ifica tion

Figure 11 compares the graphs secured on a mixture of com 
and tapioca starches where the strength figures and the appar
ent viscosity units are plotted against per cent solids. The
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distortion caused by the strength scale is apparent. The data 
in Figures 9 and 11 cover samples taken progressively during 
dextrinization, and the shift to thinner starches is noted. The 
progress of dextrinization is better followed, however, by a 
curve drawn from these data for cases where the cooked pastes 
all contain a constant amount of starch, such as in Figure 12.

F i g u r e  15. P r e p a r a t i o n  o f  A c i d  T h i n -  
B o i l i n g  C o r n  S t a r c h e s  ( C o n s t a n t  T e m p e r a 

t u r e ,  122° F.)

lere where the strength plot indicates relatively little change 
a thé first hour which might readily be misinterpreted as a 
ieating-up or induction period, it is clear from the plot using 
he apparent viscosity units that no such period occurs, the 
pparent period comes from the distortion existing in the

strength scale or yardstick. In line with the known sensi
tivity of starches to acids even at room temperature, the dex
trinization starts off immediately the heat is applied and ap
pears through most of the early part of its course to proceed
at a linear rate. _ . .

A series of corn starches oxidized in aqueous suspension at 
1 1 0 °  F with various amounts of free chlorine, based on the 
starch and supplied as sodium hypochlorite, gave the peculiar 
set of curves in the upper graph of Figure 13; the picture sim
plifies when the data are plotted against apparent viscosity 
units, as in the lower graph. Since the variation in viscosity 
in this series of starches is large, curves at several constant 
solids contents are shown. In Figure 14 this difficulty is 
overcome, since the curves read for constant viscosity condi
tions. The two sets of curves taken together would indicate 
that successive units of chlorine applied to the starch have 
approximately the same apparent viscosity-lowering effect, or 
that the viscosity lowering is directly proportional to the per
centage of chlorine applied to the starch.

The upper graph of Figure 15 gives the data of (jrallay (5 ) 
on the apparent viscosity or strength of cornstarch during 
various times of treatment in suspension with hydrochloric 
acid leading to formation of acid thin-boiling starches. The 
data were determined in a funnel like that used by the writers.

The data are not on cooked starch pastes, but on starches 
dissolved in one per cent sodium hydroxide. The data 
straighten out when plotted as apparent viscosity units 
(Figure 1 5 , lower graph). The process proceeds with respect 
to time in a fashion much like that found with the closely re
lated but different dextrinizing conditions already described.
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P r e s e n t e d  b e fo re  t h e  D iv is io n  of S u g a r  C h e m is t r y  a t  t h e  1 0 2 n d  M e e t in g  of 
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 ,  A t l a n t i c  C i ty ,  N .  J

Coal in  th e  M a n u fa c tu r e  o f  S y n th e tic  
R ubbers— C o rrection

In the November, 1942, issue an error occurs on page 1384 in 
Figure 1. The butadiene formula over the arrow in the lower 
right-hand corner pointing to BUTYL should be the formula for 
isobutylene:

CH.

+ C H » = ¿ —CH,

I appreciate having this error called to my attention by Charles
F. Smith, Jr., of Buffalo.

H a rry  L. F ish e r
U . S . I n d u s t r i a l  C h e m i c a l s , I n c .
S t a m f o r d , C o n n .



Surface Tensions of Methane- 
Propane Mixtures

CHARLES F. W EINAUG 1 AND DONALD L. KATZ
University of Michigan, Ann Arbor, Mich.

S URFACE tension is becom
ing an important property 
describing the behavior of 

the petroleum hydrocarbons in 
the producing and refining in
dustry. Capillary action may 
become the controlling property 
in oil recovery (1 , 12 , 1 5 ) . En- 
trainment in fractionating equip
ment is closely related to the 
surface tension of liquid hydro
carbons (3 , 1 3 ) . The engineer 
needs the surface tension of 
hydrocarbon mixtures, contain
ing dissolved gases at high pres
sures, for the solution of prob
lems of this nature.

Although the surface tensions 
of most pure hydrocarbons are 
known (1 3 ), no data were avail
able for mixtures of known 
compositions under pressure.
To develop a correlation by 
which the surface tension of hydrocarbon mixtures under 
pressure may be predicted, data on the methane-propane 
system (22) over the temperature range 5° to 194° F. and 
pressure range 40 to 1500 pounds per square inch were ob
tained. These data were used to establish a pattern by 
which surface tension data on hydrocarbon mixtures may be 
correlated.

The literature contains surface tension data measured at 
various pressures for a great number of pure compounds. 
Several relations for correlating the data have been brought 
forward (2 , 6 , 7 , 10 , 13 , 17 , 19 , 2 5 , 2 6 , 2 8 ) . The equation 
of Macleod (1 7 ) , which was suggested on an entirely empirical 
basis, was expanded by Sugden (2 5 ) to obtain the following 
equation:

t 'a  -  [pi (i)
where y  = surface tension, dynes/cm.

[P] = a constant called the “parachor”
M  = molecular weight
d L  = density of liquid, grams/cc.
d y  = density of vapor, grams/cc.

Sugden showed that the parachor is primarily an additive 
and constitutive property. Fowler (7 ) derived Macleod’s 
equation, including the parachor, by applying statistical 
mechanics and thermodynamics to a reasonable model and 
obtained

,. B N *  (  dL _  d r \  (2)
7  “ 4A2 T c \ M l  M y )

1 P r e s e n t  a d d re s s ,  P h i l l ip s  P e t r o l e u m  C o .,  B a r t l e s v i l le ,  O k la .

= constants 
= critical tempera

ture
= A v o g a d r o ’ s 

number 
M l = molecular weight 

of liquid 
M y  = molecular weight 

of vapor

Equation 2 will easily reduce to 
Equation 1 for pure compounds.

Hammick and Andrew (8 )  
found that the surface tension 
of mixtures at low pressure 
could be calculated by Equation 
1 , provided the parachor used 
was the molal average of the 
parachors and M  was the av
erage molecular weight of the 
liquid. This method is unsatis
factory at elevated pressures 
or wh e n  t he  m i x t u r e s  are  
either associated, dissociated, or 
polar.

Swartz presented data on crude oils containing dissolved 
gases (27 ) but did not report compositions of phases.

E q u ilib r iu m  Cell

A double glass equilibrium cell was used to permit visual 
observation of the capillary-rise and drop-volumes of the 
mixtures. The cell was mounted in a constant-temperature 
air bath, supported by two spindles and bearings. This 
arrangement permitted the air bath and cell to be rocked in 
order to facilitate the attainment of equilibrium between the 
gas and liquid phases. The general arrangement of the 
equipment is shown in Figures 1 and 2. The shield shown 
in Figure 2 was for protection in case the glass windows 
ruptured.

To obtain positive circulation of the air in the bath, a 
partition was placed in the center of the bath and a high
speed stirrer on one side of the partition. This fan directed 
the air first along the heaters and then around the equilibrium 
cell. Until this arrangement was tried, continuous boding 
of the liquid occurred from some point in the cell because of 
an unequal temperature distribution. The temperature of 
the air in the bath was controlled between ± 0 .1 ° C. of the 
temperature desired. Since the system being considered 
was in the equdibrium ced which is essentially a steel con
tainer weighing about 50 pounds, it is believed that the 
temperature of the system was within ±0.05° C. of the 
reported value.

Since the gaskets used to seal the glass windows of the 
equilibrium cell came into contact with the liquid under 
observation, each gasket was carefudy covered with alumi-

T h e su rface ten sio n s  o f  th e  liq u id s in  
eq u ilib r iu m  w ith  vapor have been  d eter
m in ed  for th e  m eth a n e-p ro p a n e  sy stem  
over th e  range 5° to  194° F. and  40 to  1500 
p ou n d s per square in ch . T h e capillary- 
rise an d  d rop -vo lu m e m eth o d s were used  
in  a g lass-w in d ow ed  eq u ilib r iu m  cell. D if
ferences in  resu lts  b etw een  th ese  m eth o d s  
are exp la in ed  by th e  h ig h  rates o f  drop for
m a tio n  in  th e  drop vo lu m e m eth o d .

A fo rm u la  is  developed w h ich  reproduces  
th e  m eth a n e-p ro p a n e  d ata  w ith in  0.1 dyne  
per cm . T h is  form u la  m ay be app lied  to  
a n y  m ix tu re  w h en  th e  m o lecu lar  w e ig h t, 
d en s ity , and  com p osition  o f  each  p h ase  
are k n o w n . T h e research  in d ica ted  th a t  
liq u id s in  th e  en tire  cr itica l reg ion  have  
very low  su rface ten sio n s .
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nnm foil. This precaution prevented any foreign material 
from being dissolved out of the gasket by the mixtures. 
Oxides of mercury, which formed from the confining fluid, 
and solid particles were filtered out by a closely packed as
bestos plug in the feed line. This detail also was a necessary 
improvement for satisfactory operation.

A mercury fluorescent light was placed behind the cell 
to supply illumination. To obtain equilibrium, a driving 
mechanism consisting of a motor, gear reducer, and eccentric 
arms rotated the constant-temperature bath and its contents 
through angles of =*=30° from the horizontal at a rate of 
approximately 15 cycles per minute. Bourdon-tube pressure 
gages were used after calibration by a dead weight tester. 
The thermometers were graduated to 0.1° C. and calibrated 
against National Bureau of Standards thermometers.

In charging the hydrocarbons to the apparatus, the cell 
and supply lines were always evacuated, purged with pro
pane, and re-evacuated and purged again at least three times. 
Then a predetermined amount of propane was allowed to 
flow into the gage from a cylinder attached to feed line A  
(Figure 1). The temperature of the air in the bath was 
brought to the desired value and held there for at least an 
hour before any surface tension measurements on pure pro
pane were made. After these measurements had been ob
tained, methane was injected into the equilibrium cell 
through the bottom feed lines. After the cell was rocked 
1 5  m i n u t e s ,  the surface tension of this mixture was deter
mined and then more methane was added to the system. 
This procedure was repeated at constant temperature until 
the surface tension became so small that accurate results 
could no longer be obtained. Another series of measure
ments was made by bleeding off gas to reduce the pressure.

To prove that the system had not become contaminated 
by heavier constituents during the run, the 45° C. isotherm was 
determined by both the bleeding-off and injection processes. 
If any foreign material had become dissolved in the liquid 
during the injection process, it would not only have remained 
during the bleeding—off operations, but have been concentrated 
and thus have changed the surface tension measurements.

Capillary R ise M eth od
Since the mixtures used were not viscous and little, if any, 

absorption of one of the constituents on the surface was ex
pected, the capillary rise method (5 , 2 0 , 2 1 ) was chosen as 
one means of determining surface tension. A glass capillary 
tube of less than 0 .5  mm. inside diameter was mounted in the 
equilibrium cell by two small springs. This tube was cali
brated in place with c. p. benzene in order to include the 
correction for the rise of the liquid outside the tube in the
computed radius of the capillary. The radius determined
by this method is not the true one but a pseudo radius con
taining a correction factor. The height of the capillary rise 
measured at five different positions averaged 3.030 cm., the 
greatest deviation being less than 1 per cent. This rise, 
the density of benzene at the temperature of the calibration 
(25.5° C.), and the surface tension of benzene (28.30 dynes 
per cm.) gave a pseudo radius of 0.02177 cm. for the capillary.

The usual formula, corrected for the liquid in the meniscus 
and the density of the vapors, was used to compute the sur
face tension from the rise of the liquid in the capillary above 
that in the gage:

7 = ^ r9 ( h  +  — 0 )
where r = pseudo inside radius of tube, cm. 

g = gravitational constant, 980.6 
h = height of rise, cm.

F i g u r e  2 .  F r o n t  V i e w  o f  P r e s s u r e  A p p a r a t u s

The use of a pseudo radius for r  when correcting for the liquid 
in the meniscus involves an error not exceeding 0 .0 0 1  cm. in 
the corrected height. Height h was measured with a cath- 
etometer, reading direct to 0 .0 0 1  cm.

Drop V o lu m e M eth od
In order to establish more closely the absolute value of the 

surface tension, another method was used to determine a few 
check points. The drop volume method was tried because 
it has been rather completely studied by Harkins and Brown 
(9) and does not depend on the contact angle being zero as 
does the capillary rise method. The usual drop volume 
equipment could not be used because, once it was placed in
side the equilibrium cell, no adjustments or manipulations 
could be made. A glass measuring bulb with a brass tip 
(Figure 3) was designed to measure the volume of the liquid. 
The difficulty of reading the etched marks was surmounted 
by etching them quite deep and placing a fine chromel wire 
in each groove.
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The brass dropping tip was constructed with a taper on one 
end that corresponded to the taper of the standard ground- 
glass joint. Since the liquids considered showed a tendency 
to crawl up the sides of the tip, the portion directly above 
the dropping surface was machined back to form a sharp edge 
over which the liquid had to crawl. The rate at which the 
drops were formed was controlled by soldering shut the top 
end of the hole in the tip and then making a small hole in this 
plug with a needle. The assembled glass bulb and brass tip 
were mounted inside and at the top of the equilibrium cell so 
that the flattened part of the offset funnel was against the 
back window of the cell. The method for filling the glass bulb 
was to tip the cell so that the front window was up and most 
of the liquid was in the top of the cell. Then the cell was 
quickly swung to its vertical position and the liquid running 
along the back window was caught by the offset funnel filling 
the glass measuring bulb. Immediately the drops began fall
ing and the number of drops were counted for a volume meas
ured between the two etched stems. The data were inter
preted by the following equation, proposed by Harkins and 
Brown (9 ) :

(W  — w)g
(4)

where W  
w

= 2 ^ / ( Q

71 ----

'©  -

weight of a drop 
weight of a volume of vapor equal to volume of a 

drop 
3.1416
correction factor which is a function of

= radius of dropping tip, cm.
= square root of capillary constant

G)

I -10  TAPER ± .0 0 6  
5”- A 3 ' HIGH POLISH

HOLE

T a b l e  I. S u r f a c e  T e n s i o n  D a t a  f o r  M e t h a n e - P r o p a n e  M i x t u r e s  b y  C a p i l l a r y  R i s e

A b s .
_  P r e s s u r e ,
T e m p e r a tu r e  L b . /S q .

M o le  F r a c t i o n  
M e th a n e

a F .  0 C . 

5 . 0  - 1 5 . 0

5 0 . 0  + 1 0

86.0 3 0

1 1 3 .0 4 5

1 4 9 .0

1 9 4 .0

6 5

9 0

I n .

1 0 9 4
1 0 3 7

8 8 7
6 0 0
3 1 4

4 2

1210
1 1 0 9

9 1 6
7 7 3
5 7 5
3 7 5
201

9 4

1 2 3 0
1 0 3 9

9 8 2
9 4 8
8 5 8
8 0 8
7 4 4
5 8 3
5 1 0
4 1 9
3 1 1
220
1 6 3

9 8 2
8 9 3
8 7 2
8 2 1
7 3 3
7 2 8
6 9 2
6 2 3
6 1 9
5 1 8
3 4 8
222

9 3 5
8 3 0
7 1 8
6 1 5
4 8 0
4 3 5
3 4 0

5 4 7

L iq u id
XI

0 .4 7 9
0 .4 5 7
0 .3 7 2
0 .2 5 0
0 .1 2 3

0

0 .4 5 0
0 .4 1 8
0 .3 2 7
0 .2 6 6
0 .1 8 3
0 .1 2 2
0 .0 5 7

0

0 .4 5 2
0 .3 5 5
0 .3 3 6
0 .3 1 4
0 .2 7 9
0 .2 5 5
0 .2 2 9
0 .1 6 6
0 .1 3 6
0.100
0 .0 5 9
0 .0 2 4

0

0 .2 9 7  
0 .2 5 8  
0 .2 5 0  
0 .2 3 0  
0 .1 9 4  
0 .1 9 2  
0 .1 7 8  
0 .1 5 1  
0 .1 4 9  
0.110 
0 .0 4 6  

0
0 .2 3 3
0 .1 8 4
0 .1 3 6
0 .0 9 6
0 .0 4 7
0 .0 3 2

0

0

V a p o r
Vi

0 .8 8 7
0 .8 8 9
0 .8 8 7
0 .8 6 5
0 .8 0 3

0

0 .7 8 3
0 .7 8 8
0 .7 8 7
0 .7 7 6
0 .7 3 6
0 .6 5 4
0 .4 6 9

0
0 .6 8 4
0.688
0 .6 8 7
0 .6 8 4
0 .6 7 8
0 .6 7 2
0 .6 6 1
0 .6 1 6
0 .5 8 2
0 .5 2 0
0 .4 1 8
0 .2 3 3

0
0 .5 8 4
0 .5 7 7
0 .5 7 5
0 .5 6 8
0 .5 4 8
0 .5 4 7
0 .5 3 6
0 .5 0 9
0 .5 0 7
0 .4 5 4
0 .2 9 5

0

0 .4 3 8  
0 .4 2 0  
0 .3 8 0  
0 .3 2 3  
0 . 2 1 1  
0 .1 5 8  

0

0

D e n s i t i e s ,  G r a m s / C c .
d h

0 . 4 3 4 0
0 .4 4 6 7
0 . 4 7 4 8
0 .5 1 4 2
0 . 5 3 8 0
0 . 5 5 1 1

0 . 3 6 6 1
0 .3 9 3 1
0 . 4 3 4 0
0 . 4 5 6 2
0 .4 8 0 7
0 . 4 9 9 3
0 .5 1 1 3
0 . 5 1 7 5

0 . 3 2 7 3  
0 . 3 7 8 6  
0 . 3 9 0 3  
0 .3 9 7 2  
0 . 4 1 2 5  
0 . 4 2 0 0  
0 .4 2 9 0  
0 .4 4 8 9  
0 . 4 5 6 9  
0 . 4 6 6 0  
0 . 4 7 5 5  
0 .4 8 3 1  
0 . 4 8 7 7

0 . 3 6 4 6
0 . 3 8 0 8
0 .3 8 4 0
0 . 3 9 2 2
0 . 4 0 5 1
0 .4 0 5 9
0 . 4 1 0 8
0 . 4 2 0 0
0 .4 2 0 5
0 .4 3 2 6
0 . 4 4 9 9
0 .- 4 6 1 0

0 . 3 2 2 8
0 . 3 4 6 8
0 . 3 6 8 6
0 .3 8 6 7
0 . 4 0 5 3
0 . 4 1 0 8
0 . 4 2 1 5

0 . 3 4 3 4

d v
0 .1 0 5 9
0 .0 9 8 6
0 .0 8 0 3
0 . 0 5 0 3
0 .0 2 5 5
0 . 0 0 6 3

0 .1 2 9 0
0 .1 1 2 0
0 .0 8 7 1
0 . 0 7 1 9
0 . 0 5 1 8
0 . 0 3 3 9
0 .02 1 0
0 . 0 1 3 9

0 . 1 2 4 3
0 . 1 0 8 9
0 .1 0 11
0 . 0 8 6 4
0 .0 8 6 1
0 .0 8 0 7
0 . 0 7 3 4
0 .0 5 7 5
0 . 0 5 0 8
0 . 0 4 2 6
0 . 0 3 3 6
0 . 0 2 6 5
0 . 0 2 3 5

0 .1 1 0 9  
0 .0 9 8 2  
0 . 0 9 5 4  
0 .0 8 8 9  
0 .0 7 8 7  
0 .0 7 8 1  
0 . 0 7 4 3  
0 . 0 6 7 1  
0 . 0 6 6 8  
0 . 0 5 7 1  
0 .0 4 2 3  
0 .0 3 2 7

0 . 1 2 4 3  
0 . 1 0 4 8  
0 . 0 8 9 0  
0 .0 7 7 1  
0 . 0 6 3 7  
0 . 0 5 9 3  
0 .0 5 0 7

0 . 1 1 8 0

d L  — d v

0 .3 2 8 1
0 .3 4 8 1
0 .3 9 4 5
0 .4 6 3 9
0 .5 1 2 5
0 . 5 4 4 8

0 .2 3 7 1
0 .2 8 1 1
0 .3 4 6 9
0 .3 8 4 3
0 .4 2 8 9
0 .4 6 5 4
0 .4 9 0 3
0 . 5 0 3 6

0 . 2 0 3 0
0 .2 6 9 7
0 .2 8 9 2
0 .3 0 0 8
0 . 3 2 6 4
0 .3 3 9 3
0 .3 5 5 6
0 .3 9 1 4
0 .4 0 6 1
0 . 4 2 3 4
0 .4 4 1 9
0 . 4 5 6 6
0 .4 6 4 2

0 . 2 5 3 7
0 .2 8 2 6
0 .2 8 8 6
0 .3 0 3 3
0 . 3 2 6 4
0 . 3 2 7 8
0 . 3 3 6 5
0 .3 5 2 9
0 .3 5 3 7
0 . 3 7 5 5
0 .4 0 7 6
0 .4 2 8 3

0 .1 9 8 5  
0 . 2 4 2 0  
0 . 2 7 9 6  
0 . 3 0 9 6  
0 .3 4 1 6  
0 . 3 5 1 5  
0 .3 7 0 7

0 . 2 2 5 4

R e a d in g
h,

C m .

0 . 3 4 5
0 . 4 0 0
0 . 6 7 8
1 . 1 1 6
1 .5 7 3
2 . 0 8 3

0 . 1 9 0
0 . 3 0 8
0 . 5 4 2
0 . 7 1 5
0 . 9 6 6
1 . 2 3 8
1 .4 7 2
1 .5 7 8

0 . 0 8 1
0 . 2 8 4
0 . 3 5 1
0 . 3 9 8
0 . 4 8 9
0 . 5 4 9
0 . 6 0 9
0 . 8 0 0
0.886
0 . 9 7 4
1 .1 0 4
1 . 2 0 5
1 . 2 8 6

0 . 2 3 0
0 . 3 1 5
0 . 3 3 6
0 . 3 9 5
0 . 4 7 4
0 . 4 7 9
0 . 5 1 2
0 . 5 8 6
0 . 6 0 1
0.688
0 .8 6 1
0 . 9 9 8

0 . 0 9 7
0 . 2 0 3
0 . 2 8 5
0 . 3 8 0
0 . 5 0 6
0 . 5 3 9
0 . 6 4 2

0 . 1 3 8

D y n e s /
C m .

1 . 2 3
1 . 5 1  
2.88
5 . 5 6  
8 . 6 4

1 2 .1 3

0 . 5 0
0 . 9 8
2 . 0 4  
2 . 9 7  
4 . 4 6  
6 . 1 9  
7 . 7 4
8 . 5 2

0 . 1 9
0 . 8 2
1.11
1 . 3 0  
1 . 7 3  
2 . 1 4  
2 . 3 4  
3 . 3 7  
3 . 8 3  
4 . 4 3  
5 . 2 5  
5 . 9 1  
6 . 3 9

0 . 6 4
0 . 9 7
1 . 0 6
1 . 3 0  
1 . 6 8  
1 . 7 0
1 . 8 7
2 . 2 3
2 . 3 0  
2 . 7 9  
3 . 7 8  
4 . 5 8

0 . 2 2
0 . 5 4
0 . 8 7
1 . 2 8
1 . 8 7
2 . 0 5
2 . 5 7

0 . 3 5

The correction factors were 
obtained from Harkins and 
Brown’s plot of f ( r / a )  against 
( r / a ) .  The term (W  — w) is 
calculated by means of

(W  — w) = V {d L — d v) (5) 

where V  = volume of a drop

The volume of the glass bulb 
and etched stems were cali
brated with distilled water 
and checked with mercury. 
The radius was measured with 
a standardized micrometer 
caliper and found to be 0.2140 
cm.

The methane used in this 
investigation was obtained 
from the Buttonwillow Field, 
Calif., and has an analysis of 
99.7 mole per cent methane, 
0.3 carbon dioxide, and less 
than 0 .0 2  ethane or heavier 
h y dr o c a r bo ns .  Propane  
having a purity of 99.9 mole 
per cent was furnished through 
the courtesy of the Phillips 
Petroleum Company.

P r e se n ta tio n  o f  D ata
A t o t a l  of f or t y- seven  

different conditions of tem
perat ure  and pressure  
for equilibrium liquids in the 
met hane- propane  s ys t e m
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PRESSURE , LB. PER SQ. IN. ABS.

F i g u r e  4 . S u r f a c e  T e n s i o n  v s .  P r e s s u r e  f o r  M e t h a n e - P r o p a n e  S y s t e m

was investigated. The six isotherms at which the surface 
tensions were measured are 5°, 50°, 8 6 °, 113°, 149°, and 
194° F. The capillary rise data for these isotherms are 
presented in Table I, 
using Equation 3 for 
the surface tension calcu
lations. The composi
tion and density data 
given in this table were 
interpolated and extra
polated from the data 
of Sage, Lacey, and 
Schaafsma {2 2 ) . The 
surface tensions are 
plotted in Figure 4 as 
isotherms. The bound
ary curve for the iso
therms is the surface 
tension curve of pure 
propane. The pressure 
at which the surface 
tension becomes equal 
to zero on this plot is 
the critical pressure of 
a methane-propane mix
ture whose critical tem
perature is the tempera
ture of the isotherm.

Figure 4 is cross
plotted as isobars in Fig
ure 5 , with pure propane 
values as the boundary 
curve. Using Figures 4 
and 5 , lines of con
stant surface tension 
have been superimposed

on a pressure-temperature plot of the 
phase diagrams of various mixtures 
of the methane-propane system, Fig
ure 6 . From these three graphs, the 
surface tension can be read if any 
two of temperature, pressure, com
position of liquid, or composition of 
vapor are given. The surface tensions 
below 5° F. on Figures 5 and 6  were 
extrapolated, using values of methane 
obtained from Katz and Saltman’s cor
relation {13 ) as a guide.

To establish more closely the abso
lute value of the surface tension, the 
drop volume data on the methane- 
propane mixtures presented in Table II 
were taken. The calculations follow 
Equation 4.

A comparison of the interfacial ten
sions measured by the drop volume 
and the capillary rise methods showed 
considerable differences. Therefore the 
drop volume method was studied 
further. The rate of formation of a 
drop seemed to be the cause of the 
difference. Harkins and Brown (9) 
called attention to this but did not 
investigate the effect of rate, since 
their data were obtained at such small 
rates of flow that the effect was neg
ligible. The experimental conditions of 
this investigation required complete dis
assembly of the equipment to control the 

rate of flow. Therefore the effect of rate of drop formation 
on the value of the surface tension of several materials was 
studied at room conditions, yielding the data in Table III.

F i g u r e  5 . S u r f a c e  T e n s i o n  v s .  T e m p e r a t u r e  f o r  M e t h a n e - P r o p a n e  S y s t e m
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T a b l e  II. D r o p  V o l u m e  D a t a  o n  M e t h a n e - P r o p a n e  M i x t u r e s

T e m p .,  
° F .

50

86

113

A b s .
P r e s 
s u re ,

L b . /S q .
I n .

V o l.  of 
L iq u id  

in  
D r o p s  

C c .

N o .  o f 
D r o p s ,  

n
T im e ,

M in . a / ( r / o )
dL — dr ,

G ./C c .

t / n ,
M i n . /
D r o p

y.
D y n e s /

C m .

94 1 .6 2 1 107 3 .2 6 6 0 .1 8 5 9 0 .5 9 9 3 0 .5 0 4 0 0 .0 3 0 5 5 9 .2 9
94 1 .6 2 7 110 1 4 .3 3 3 0 .1 8 5 9 0 .5 9 9 3 0 .5 0 4 0 0 .1 3 0 2 0 9 .0 8

201 1 .6 2 1 119 9 .8 3 3 0 .1 7 9 4 0 .6 0 0 2 0 .4 9 0 3 0 .0 8 2 6 0 8 .0 9
3 7 5 1 .6 1 0 136 3 .8 5 6 0 .1 6 4 6 0 .6 0 4 9 0 .4 6 5 4 0 .0 2 8 3 5 6 .6 4
3 7 5 1 .6 2 1 137 4 .2 8 0 0 .1 6 4 6 0 .6 0 4 9 0 .4 6 5 4 0 .0 3 1 2 0 6 .6 4
5 7 5 1 .6 1 0 167 3 .7 2 9 0 .1 4 5 1 0 .6 1 7 7 0 .4 2 8 8 0 .0 2 2 3 5 4 .7 6
5 7 5 1 .6 1 6 168 3 .8 8 0 0 .1 4 5 1 0 .6 1 7 7 0 .4 2 8 8 0 .0 2 3 1 0 4 .7 5
7 7 3 1 .6 1 0 2 1 8 6 .3 9 0 0 .1 2 4 8 0 .6 3 8 0 0 .3 8 4 3 0 .0 2 9 3 0 3 .2 5
7 7 3 1 .6 1 0 2 1 9 8 .2 9 0 0 .1 2 4 8 0 .6 3 8 0 0 .3 8 4 3 0 .0 3 7 8 5 3 .2 3
9 1 6 1 .6 1 6 2 7 7 5 .9 3 8 0 .1 0 9 4 0 .6 5 5 0 0 .3 4 6 9 0 .0 2 1 4 0 2 .2 5
9 1 6 1 .6 0 9 2 8 0 6 .6 3 6 0 .1 0 9 4 0 .6 5 5 0 0 .3 4 6 9 0 .0 2 3 6 5 2 .2 2

163 1 .6 2 7 139 5 8 .0 0 0 0 .1 6 7 7 0 .6 0 2 7 0 .4 6 4 2 0 .4 1 7 0 6 .5 7
3 11 1 .6 2 3 159 6 1 .1 5 0 0 .1 5 5 6 0 .6 1 0 0 0 .4 4 1 9 0 .3 8 4 5 5 .4 0
4 1 9 1 .6 2 9 177 6 6 .7 5 0 0 .1 4 6 1 0 .6 2 1 0 0 .4 2 3 4 0 .3 7 7 0 4 .5 7
5 83 1 .6 2 9 2 1 5 5 9 .8 1 6 0 .1 3 2 5 0 .6 2 9 4 0 .3 9 1 4 0 .2 7 8 5 3 .4 4
8 0 8 1 .6 5 2 3 1 0 9 4 .9 8 3 0 .1 1 0 0 0 .6 5 5 0 0 .3 5 9 3 0 .2 1 1 5 2 .1 3

2 2 2 1 .6 2 1 165 3 .8 8 3 0 .1 4 7 7 0 .6 1 6 4 0 .4 2 8 3 0 .0 2 3 5 5 4 .9 7
34 8 1 .6 1 0 186 4 .8 6 6 0 .1 3 7 5 0 .6 2 4 7 0 .4 0 7 6 0 .0 2 6 2 0 4 .1 2
5 1 8 1 .6 0 3 2 1 8 3 .0 3 3 0 .1 2 3 0 0 .6 4 0 3 0 .3 7 5 5 0 .0 1 3 9 1 3 .1 4

The time to form a drop was plotted against the percent
age deviation of the surface tension obtained by this method 
from the accepted values (Figure 7). This graph shows that 
the rate data for each compound fall very close to a smooth 
curve. All of these curves seem to have the same form and 
can be extrapolated to zero per cent deviation, as would be 
expected. The anticipated biaxial asymtotic property of the 
curves described for benzene (9 ) is verified in Figure 7. 
Since all the rate curves seemed to exhibit similar character
istics, a short study was made of the variables which could 
be introduced to make one general curve. This study was 
unsuccessful with regard to variables which could be evaluated 
for the methane-propane mixtures.

Those drop volume meas
urements on the methane-
propane system which were =
made at low rates of drop 
formation agreed with the 
values found by the capil
lary rise. Figure 7 appears 
to explain satisfactorily the 
discrepancies at higher rates, 
although complete proof is 
lacking. Only the surface ten
sions by capillary rise method 
will be considered in the 
correlations.

C orrelations

The correlation found satis
factory for pure paraffinic 
hydrocarbons (1 3 ) was tested 
for mixtures by plotting the 
surface tensions against both 
true reduced temperature and 
pseudo reduced temperature 
of the liquid phases and then 
against the true and pseudo 
reduced pressures of the liquid 
phases (1 4 ). Figure 8  shows 
the scattering of the data for 
the reduced temperature re
lation, and the reduced pressure 
function was even more unreli
able. These data indicate that 
surface tension data cannot 
be correlated on any simple re

duced basis, but there were 
insufficient data to test the 
relation of surface tension 
vs. reduced temperature for 
lines of constant reduced pres
sure.

This method of correla
tion takes into account only 
the liquid phase, which is 
probably one reason for the 
failure of the data to corre
late. But when one starts to 
take into account the effect 
of the vapor phase, the prob
lem arises of determining the 
basis upon which the criti
cal data are to be computed. 
This problem is mainly con
cerned with determining what 
the total system is, since the 
c o m p o s i t i o n  o f  t h e  

system can be considered as being any value between the 
compositions of the liquid and vapor. This is true because 
any amount of liquid or vapor phase can be added or taken 
away without changing the surface tension and gives rise to 
the same difficulties which arise in vapor-liquid equilibria.

Since the critical locus is also the locus of zero surface 
tension, the empirical method of Mayfield (18 ) for completing 
critical loci for binary systems was used to try to predict loci 
of constant surface tension. Figure 6  shows that the shape 
of the constant surface tension lines departs more and more 
from that of the critical locus as the surface tension increases, 
and hence such a method could apply only in the critical 
region.

T a b l e  III.  D r o p  V o l u m e  R a t e  D a t a

T e m p .,  
° F .

V o l. of 
L iq u id  

i n  D r o p s ,  
C c .

N o .  o f 
D r o p s ,  

n
T im e ,

M in . a / ( r / o )
dL — dr ,

G . / C c .
t/ n ,

M i n . / D r o p

y.
D y n e s /

C m .

7 6 1 .6 2 9 6 0 1 5 .9 6 0

B e n z e n e

0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .2 6 6 0 2 8 .4 5
1 .6 7 2 61 7 .0 0 0 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .1 1 6 7 2 8 .7 5
1 .6 1 8 59 7 .0 0 0 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .1 1 6 7 2 8 .7 5
1 .6 4 9 58 1 .2 6 7 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .0 0 2 1 8 2 9 .3 0
1 .6 9 9 60 1 .4 2 5 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .0 0 2 3 8 2 9 .7 0
1 .6 2 9 59 7 .1 5 7 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .1 2 1 2 2 8 .7 5
1 .6 4 0 6 0 7 .7 6 6 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .1 2 9 3 2 8 .7 0
1 .6 2 3 60 1 8 .2 1 6 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .3 0 4 5 2 8 .3 5
1 .6 4 9 59 2 .0 9 7 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .0 3 5 5 5 2 9 .2 5
1 .6 3 7 59 2 .8 2 9 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .0 4 8 0 0 2 9 .0 5
1 .6 1 9 59 8 .4 2 0 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .1 4 0 2 2 8 .7 5
1 .6 3 7 60 1 2 .5 2 0 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .2 0 9 2 8 .5 5
1 .6 5 0 60 4 .9 4 5 0 .2 5 9 0 .6 0 8 0 0 .8 7 4 0 0 .0 8 2 5 2 8 .9 0

7 6 1 .7 1 3 27 1 3 .4 3 3

W a te r

0 .3 8 6 0 .6 4 0 8 0 .9 9 7 0 0 .4 9 8 7 5 .0 0
1 .7 0 7 26 1 .3 7 5 0 .3 8 6 0 .6 4 0 8 0 .9 9 7 0 0 .0 5 2 9 7 7 .5 5
1 .6 5 0 2 6 1 4 .5 5 0 0 .3 8 6 0 .6 4 0 8 0 .9 9 7 0 0 .5 6 0 0 7 5 .1 0
1 .6 9 2 2 6 1 .6 2 5 0 .3 8 6 0 .6 4 0 8 0 .9 9 7 0 0 .0 6 2 5 7 6 .9 5

7 6 1 .6 2 0 118 2 7 .4 8 0

C a r b o n  T e t r a c h lo r id e  

0 .1 8 4  0 .5 9 9 5 1 .5 8 7 0 .2 3 3 0 2 6 .4 0
7 8 1 .6 2 0 117 1 3 .1 9 3 0 .1 8 4 0 .5 9 9 5 1 .5 8 6 0 .1 1 2 8 2 6 .6 0
7 8 1 .6 1 2 116 1 0 .6 0 4 0 .1 8 4 0 .5 9 9 5 1 .5 8 6 0 .0 9 1 5 2 6 .7 5
7 6 1 .6 3 7 117 1 0 .0 9 2 0 .1 8 4 0 .5 9 9 5 1 .5 8 7 0 .0 8 6 3 2 6 .9 2
7 6 1 .6 2 8 118 2 5 .7 5 6 0 .1 8 4 0 .5 9 9 5 1 .5 8 7 0 .2 1 8 0 2 6 .6 2
7 4 1 .6 2 0 118 5 0 .2 7 3 0 .1 8 4 0 .5 9 9 5 1 .5 8 8 0 .4 2 6 0 2 6 .4 2
7 8 1 .6 2 9 118 1 7 .1 9 7 0 .1 8 4 0 .5 5 9 5 1 .5 8 6 0 .1 4 5 8 2 6 .5 5

7 8 1 .6 3 0 7 7 7 .7 9 0

P e n t a n e

0 .2 2 2 3 0 .6 0 0 9 0 .6 2 0 9 0 .1 0 1 1 1 5 .9 0
1 .6 2 7 77 6 .5 6 8 0 .2 2 2 3 0 .6 0 0 9 0 .6 2 0 9 0 .0 8 5 2 1 5 .8 7
1 .6 1 9 77 6 .9 7 4 0 .2 2 2 3 0 .6 0 0 9 0 .6 2 0 9 0 .0 9 0 6 1 5 .7 8
1 .6 2 9 77 5 .4 4 3 0 .2 2 2 3 0 .6 0 0 9 0 .6 2 0 9 0 .0 5 7 6 1 5 .8 9
1 .6 4 0 7 7 6 .9 2 9 0 .2 2 2 3 0 .6 0 0 9 0 .6 2 0 9 0 .1 1 3 3 1 5 .8 0

7 8 1 .6 0 8 66 1 5 .5 6 8

H e p t a n e

0 .2 4 3 5 0 .6 0 4 8 0 .6 7 8 8 0 .2 3 5 5 1 9 .8 8
1 .6 2 8 6 6 5 .7 0 8 0 .2 4 3 5 0 .6 0 4 8 0 .6 7 8 8 0 .0 8 6 5 2 1 .0 0
1 .6 5 0 67 5 .8 7 5 0 .2 4 3 5 0 .6 0 4 8 0 .6 7 8 8 0 .0 8 7 7 2 1 .0 0



244 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. 2

1600

I20C

I00C

2  6°<

200

—250 -2 0 0  -150  -100 - 5 0  0 50
TEMPERATURE, °E.

200

F i g u r e  6 . S u r f a c e  T e n s i o n  D ia g r a m  f o r  M e t h a n e - P r o p a n e  S y s t e m d y / M

Macleod’s equation was tried and found to be of no value 
in the initial form or in the form proposed by Sugden in 
Equation 1. The method of Hammich and Andrew, using 
a parachor based on the molal average of the parachors of 
the compounds in the liquid phase, was found to give a good 
correlation at low pressures but became unsatisfactory at 
higher pressures.

Theoretical Equation 2, derived by Fowler to establish 
Macleod’s equation, was then carefully considered. Since 
terms d J M h and d v/ M v are the molal volumes of the liquid 
and vapor phases, respectively, a method of applying the 
mole fraction of each constituent in its respective phase to 
these terms was conceived, and the following equation re
sulted:

1p | ' ( k i ‘ " K * )  +

- » > ) + ■ ' ■  (6)

where M v  =  molecular weight of vapor phase
x  = mole fraction of constituent in liquid phase
y = mole fraction of constituent in vapor phase

Subscripts on P, x, and y =  individual components

Equation 6  was used to compute the surface tensions at 
the conditions of the experimental points for the methane- 
propane system. The experimental data and smoothed 
points read from Figure 4 were compared with those com
puted by Equation 6  in Table IV; there was excellent agree
ment in most cases. The greatest deviations occur at 5° 
and 50° F., probably because the density and composition 
data used in these computations are extrapolated 65° and 
2 0 °  F., respectively, from the original data (2 2 ). When

these two temperatures 
are not considered, the 
arithmetic average devia
tion of the computed from 
t h e  o b s e r v e d  a n d  
smoothed values are 0.05 
and 0.04 dyne per cm., 
r es pec t i ve l y .  These  
deviations are well within 
the experimental error. 
The algebraic average 
deviation is' only +0.03 
dyne per cm. These small 
deviations are even more 
remarkable when the form 
of Equation 6  is con
sidered, for a small error 
in the right-hand side of 
the equation appears in 
the final answer raised 
to the fourth power and 
thus is increased approxi
mately fourfold.

Equation 6  is an ex
pansion of Fowler’s, which 
shows that the surface 
tension of a pure com
pound is proportional to 
the fourth power of the 
difference between the 
number of moles per cc. in 
the liquid and vapor, given 
by the terms d J M L and 

v . Equation 6  con
siders each component of 
the mixture as if all the 

others were absent and uses the apparent molal volumes of 
each constituent (dL/ M L) x  and (d v/ M v) y . The differences 
of these terms for each component is multiplied by the 
parachor for that compound, and the sum of these products 
is raised to the fourth power giving the surface tension desired.

F i g u r e  7 . D r o p  V o l u m e  R a t e  C u r v e s
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Hammick and Andrew (8) 
developed and tested the fol
lowing equation at atmospheric 
pressure for binary mixtures:

y '/t = j [P  ]lXl +  [P  ]j

m

This is Equation 6  simplified 
for a binary mixture at low 
pressures at which the density 
of the vapor is small. The 
successful use of Equation 7 
to several binary mixtures at 
low pressure and the ability 
of general Equation 6  to re
produce the methane-propane 
data under pressure indicate 
that Equation 6  would be likely 
to apply to binary mixtures 
under pressure, provided they 
were neither associated, dis
sociated, nor polar.

While only two-component 
mixtures have been considered

T a b l e  IV. C O M P A R IS O N

A b s

o f  O b s e r v e d ,  S m o o t h e d ,  a n d  C a l c u l a t e d  S u r fa c e  T e n s io n s
t -v_________ ____ r*—  __________________  —

T e m p ., P r e s s u r e ,
---- Yt ±Jy L ic a  p c i  v ^ iu .

O b s v d .  — S m o o th e d  —
0 F . L b . / S q .  I n . O b s v d . S m o o th e d C a le d . C a le d . C a le d .

5 . 0 10 9 4 1 .2 3 1 .2 3 1 .1 4 + 0 . 0 9 + 0 . 0 9
1037 1 .5 1 1 .6 5 1 .2 6 + 0 . 2 5 + 0 . 2 9

887 2 .8 8 2 .8 7 2 .6 3 + 0 . 2 5 + 0 . 2 4
6 00 5 .5 6 5 .5 6 3 .3 0 +  0 .2 6 + 0 . 2 6
3 1 4 8 .6 4 8 .6 4 8 .7 1 - 0 . 0 7 - 0 . 0 7

42 1 2 .1 3 1 2 .1 3 1 2 .0 0 +  0 .1 3 + 0 . 1 3

5 0 .0 1210 0 .5 0 0 .5 0 0 .4 5 + 0 . 0 5 + 0 . 0 5
1109 0 .9 8 0 .9 4 0 .9 3 + 0 . 0 5 + 0 . 0 1

916 2 .0 4 2 .0 4 2 .1 1 - 0 . 0 7 - 0 . 0 7
7 7 3 2 .9 7 3 .0 2 3 .1 7 - 0 . 2 0 — 0 .1 5
575 4 .4 6 4 .5 7 4 .7 5 - 0 . 2 9 - 0 . 1 8
375 6 .1 9 6 .1 9 6 .4 1 - 0 . 2 2 - 0 . 2 2
201 7 .7 4 7 .7 4 8 .0 9 - 0 . 3 5 - 0 . 3 5

94 8 .5 2 8 .6 8 8 .7 7 - 0 . 2 5 - 0 . 0 9

8 6 .0 1230 0 .1 9 0 .2 5 0 .2 7 - 0 . 0 8 - 0 . 0 2
1039 0 .8 2 0 .8 6 0 .7 7 + 0 . 0 5 +  0 .0 9

982 1 .1 1 1 .1 1 1 .0 5 + 0 . 0 6 + 0 . 0 6
9 4 8 1 .3 0 1 .2 6 1 .2 2 + 0 . 0 8 + 0 . 0 4
8 5 8 1 .7 3 1 .7 3 1 .6 6 +  0 .0 7 + 0 . 0 7
808 2 .1 4 1 .9 9 1 .9 5 + 0 . 1 9 + 0 . 0 4
7 4 4 2 .3 4 2 .3 6 2 .3 9 - 0 . 0 5 - 0 . 0 3
583 3 .3 7 3 .3 7 3 .2 9 +  0 .0 8 + 0 . 0 8
5 1 0 3 .8 3 3 .8 5 3 .8 3 0.00 +  0 .0 2
4 1 9 4 .4 3 4 .4 6 4 .5 0 - 0 . 0 7 - 0 . 0 4
311 5 .2 5 5 .2 5 5 .2 8 - 0 . 0 3 - 0 . 0 3
2 2 0 5 .9 1 5 .9 1 5 .8 5 + 0 . 0 6 + 0 . 0 6
163 6 .3 9 6 .3 9 6 .3 6 + 0 . 0 3 + 0 . 0 3

1 1 3 .0 982 0 .6 4 0 .6 4 0 .6 0 + 0 . 0 0 4 + 0 . 0 4
893 0 .9 7 0 .9 7 0 .8 9 + 0 . 0 8 + 0 . 0 8
872 1 .0 6 1 .0 6 1.00 + 0 . 0 6 +  0 .0 6
821 1 .3 0 1 .2 7 1 .2 3 + 0 . 0 7 + 0 . 0 4
733 1 .6 8 1 .6 8 1 .5 5 + 0 . 0 3 + 0 . 0 3
72 8 1 .7 0 1 .7 0 1 .6 3 + 0 . 0 7 + 0 . 0 7
692 1 .8 7 1 .8 8 1 .8 4 + 0 . 0 3 + 0 . 0 4
623 2 .2 3 2 .2 3 2 .2 0 + 0 . 0 3 + 0 . 0 3
619 2 .3 0 2 .2 5 2 .2 5 + 0 . 0 5 0 .00
518 2 .7 9 2 .8 1 2 .7 8 + 0 . 0 1 + 0 . 0 3
3 4 8 3 .7 8 3 .8 1 3 .7 5 + 0 . 0 3 + 0 . 0 6
222 4 .5 8 4 .5 8 4 .5 8 0 .00 0 .00

1 4 9 .0 9 3 5 0 .2 2 0 .2 6 0 .2 2 0.00 + 0 . 0 4
830 0 .5 4 0 .5 4 0 .4 9 + 0 . 0 6 +  0 .0 6
7 1 8 0 .8 7 0 .8 5 0 .8 5 + 0 . 0 2 0.00
615 1 .2 8 1 .2 6 1 .2 7 +  0 .0 1 - 0 . 0 1
4 8 0 1 .8 7 1 .8 4 1 .8 6 + 0 . 0 1 - 0 . 0 2
4 3 5 2 .0 5 2 .0 5 2 .0 9 - 0 . 0 4 - 0 . 0 4
3 4 0 2 .5 7 2 .5 7 2 .5 8 - 0 . 0 1 - 0 . 0 1

1 9 4 .0 547 0 .3 5 0 .3 5 0 .3 5 0 . 0 0 0.00
A r i th m e t ic a v e ra g e  ( a l l  v a lu e s ) 0 .0 9 0 . 0 7
A r i th m e t i c  a v e ra g e  ( a b o v e  5 0  F .)  0 .0 5 0 . 0 4
A lg e b ra ic  a v e ra g e  ( a l l  v a lu e s ) +  0 .0 2 + 0 . 0 2
A lg e b ra ic  a v e r a g e  ( a b o v e  5 0 °  F .) + 0 . 0 3 + 0 . 0 3

so far, there is no 
reason to believe 
that other

M e th a n e 7 7 .0 n - H e x a n e 2 7 1 .0
E t h a n e 1 0 8 .0 n - H e p ta n e 3 1 2 .5
P r o p a n e 1 5 0 .3 n - O c ta n e 3 5 1 .5
I s o b u ta n e 1 8 1 .5 E t h y le n e 1 0 0 .1
n - B u ta n e 1 8 9 .9 A c e ty le n e 8 8 .6
I s o p e n ta n e
n - P e n ta n e

2 2 5 .0
2 3 1 .5

P r o p y le n e
H y d r o g e n

1 3 9 .9
3 4

[P]n X

( — X  -U
dv

J G

F i g u r e  8 .  S u r f a c e  T e n s i o n  vs . 
R e d u c e d  T e m p e r a t u r e

terms cannot be 
added, thus pro
ducing a com
pletely general 
equation for multi- 
component sys
tems.

To facilitate the 
use of Equation 6 
in computing the 
surface tension of 
mixtures under 
commercial con- 
d i t i o n s ,  t h e  
parachor values 
for a few com
mon compounds 
are as follows:

( a p p r o x .)

These parachors were computed from surface tension data 
(4 , 11 , 13 , 1 6 ) , equilibrium densities, and molecular weights 
by Equation 1, and may be used in the general Equation 6 . 
The density of the liquid and vapor must be known or com
puted {2 3 , 24 ) in the absence of reliable data. An example 
calculation of the surface tension of the liquid on the top plate 
of a stabilizer follows. The negative effect of methane in
dicates that it has a greater concentration in the vapor phase 
than in the liquid, and therefore the methane tends to form 
a surface from the vapor side of the system.

C o m p u t a t io n  o f  S u r f a c e  T e n s io n  o f  a  S t a b il iz e r  
P l a t e  L iq u id . The composition of the equilibrium liquid 
and vapor at 232 pounds per square inch absolute and 
120° F. is:

.------- M o le F r a c t i o n -------•
V a p o r ,  y L i q u id ,  x

M e th a n e 0 .2 3 1 0 .0 1 5
E t h a n e 0 .2 2 0 0 .0 7 1
P r o p a n e 0 .2 8 9 0 .2 7 5
I s o b u t a n e 0 .1 3 1 0  2 6 8
n - B u t a n e 0 .1 2 8 0 .3 6 7
I s o p e n t a n e 0 .0 0 1 0 .0 0 4

C a le d ,  m o l. w t . 3 8 .2 5 1 .7
C a le d ,  d e n s i t y  (2 3 , 2J,), g r a m / c c . 0 .0 2 6 8 0 .5 0 5
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d v 0.0268 
M v  38.2  
d L 0.505 
M l 51.7

- 0.000701 mole/oc. 

=  0.00977 mole/cc.

The solution of Equation 6  follows:

M e th a n e
E t h a n e
P r o p a n e
I o o b u ta n e
n - B u ta n e
I s o p e n ta n e

dL d v dL dv
M l  x M v  V M l x  M v

0 .0 0 0 1 4 6 5 0 .0 0 0 1 6 2 - 0 .0 0 0 0 1 5 5
0 .0 0 0 6 9 4 0 0 .0 0 0 1 5 4 + 0 .0 0 0 5 3 9 8
0 .0 0 2 6 8 4 0 .0 0 0 2 0 2 5 0 .0 0 2 4 8 2
0 .0 0 2 6 1 8 0 .0 0 0 0 9 1 9 0 .0 0 2 5 2 6
0 .0 0 3 5 8 2 0 .0 0 0 0 8 9 7 0 .0 0 3 5 0 2
0 .0 0 0 0 3 9 0 .0 0 0 0 0 0 7 0 .0 0 0 0 3 8

P a r a -
c h o r

77
108
1 3 0 .3
1 8 1 .5
1 8 9 .9
2 3 2 .0

-

»
d v
M

- 0 .0012
+ 0 .0 5 7 7

0 .3 5 8 1
0 .3 2 9 5
0 .6 6 5 0
0 .0 0 8 8

1 .4 1 7 9

S u r fa c e  te n s io n  y  =  1 .4 1 7 9 *  =  4 .0 5  d y n e s /c m .

In commercial practice the compositions of the heavier 
petroleum fractions are not determined as pure compounds 
but only as cuts. Measurements of surface tensions, liquid 
densities, and molecular weights on these cuts at atmospheric 
pressure permit, computation of their parachors. Terms in 
Equation 6  may apply for close-boiling fractions or cuts as 
well as for compounds. This enlargement provides a mech
anism for computing the surface tension for any hydro
carbon mixture for which the compositions of the equilibrium 
phases are known.
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TH IS, N o . 146 in  the Beroizheim er 
series o f A lchem ical and H istorical 

R eproductions, represents one o f the 
earliest A m erican uses o f the alchemist 
them e. It was used on  the cover of 
Ayer’s A m erican Almanac fo r 1853, pub
lished by Jam es C. Ayer & Company of 
Lowell, Mass.

T he apparatus, som e o f w hich is quite 
m odern  in appearance, and apparently 
made o f glass, largely depicts pharm a
ceutical operations — m aceration, ex
traction , d istillation , and absorption. 
H ence, if the alchem ist is not try ing to 
produce the elix ir o f life, he must be 
m aking "C herry Pecto ra l” .

D. D. BEROLZHEIMER

50 East 41st Street 
N ew  Y ork, N . Y.
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Pure Hydrocarbons 
from Petroleum

Vapor-Liquid Equilibria o f  
Close-Boiling H ydrocarbons1

JOHN GRISWOLD
The University of Texas. Austin, Texas

Close-boiling hydrocarbon m ixtures deviate 
from  ideality  in  b oth  vapor and liquid  
phases to th e exten t th a t th e relative vola
tility  (a  — P.aJP b) calcu lated  as th e ratio  
of vapor pressures, m ay n ot be relied upon. 
Deviations from  th e  ideal gas law and from  
R aoult's law  usually  oppose each other in  
their effects on  th e  relative vo latility . The 
system  n-hep tan e-m eth ylcycloh exan e devi
ates appreciably from  ideality  o f th e  solu 
tion ; th is ind icates th a t close-boiling  
paraffin-naphthene m ixtures m ay not 
safely be assum ed ideal.

A fractional d istilla tion  m ethod  is pre
sented as th e  m ost reliable m eans o f veri
fying vapor-liquid equilibrium  data, and  
for determ in ing th e relative volatility  of 
the close-boiling hydrocarbon system s in  
which a is su bstan tia lly  con stan t. Re
exam ination  o f th e  vapor-liquid equilib
rium and fractional d istilla tion  data on th e  
n-heptane—m ethylcyclohexane system  both  
gave th e  sam e value: a =  1.083. A deter- 
m in ation  on  th e  n -heptane—isooctane sys
tem  gave th e value: a — 1.023.

THU problem of separating pure hydrocarbons from 
petroleum fractions requires an accurate knowledge 
of their behavior on distillation. The previous paper

(8) discussed the complicating effects caused by the presence 
of aromatics. These aromatics may be removed from a 
petroleum fraction by any of several processes; then resolu
tion of the residual paraffin-naphthene mixture is much 
easier.

A valuable property of close-boiling paraffin and naphthene 
mixtures is the constancy of the relative volatility, a , between 
two of the hydrocarbons over a wide range of concentrations, 
as long as the temperature does not change more than a tew

» The firs t paper in  th is  series appeared on pages 117 to  119. January. 
1943, issue.

(i)

degrees. When a  is constant or changes but slightly so 
that an average value may be used, the number of theoretical 
plates required to effect a given separation may be calculated 
by the equation of Smoker { 13 ) , which for total reflux reduces 
to the simpler equation derived by Fenske {6):

X } f , A  t  v ,  A t , X—  = for r----
A .v .s  U i , j

where Ah = mole fraction of a component at plate 1 
A'.v = mole fraction of the component at plate A 

a = relative volatility

When the still-pot composition is used as Xi, the exponent 
of a  becomes N  +  1.

As an illustration of the importance of knowing exact 
values of a  for close-boiling mixtures, suppose it is desired 
to fractionate a 50 mole per cent mixture of n-heptane and 
isooctane (2,2,4-trimethylpentane) to obtain 99 per cent 
pure n-heptane. Using relative volatility values of 1.052 
and 1.023, the calculated numbers of theoretical plates are 
91 and 202.5, respectively. Since, in practice, 2 to 10 actual 
plates at partial reflux are required for each theoretical plate 
at total reflux, seemingly small differences become significant 
when a  is close to unity.

C alculation of a for Ideal System s

The relative volatility of component A to component B  
in a mixture (16 ) is, by definition,

Y aX b

aAB = n n (2)

where Y  and X  are mole fractions or mole percentages in 
equilibrium vapor and in liquid phases, respectively.

When the ideal gas and solution laws apply. Equation 2
simplifies to

P a/ P b (3)

where P a and P b are the vapor pressures of the pure liquid 
components. When the system is ideal, a  may be calculated 
directly from vapor pressures. However, accurate vapor 
pressure data have not been obtained for all hydrocarbons 
which one may wish to separate from petroleum, and an 
equation relating normal boiling temperature to relative 
volatility will be a real convenience.

Edgeworth-Johnstone (5) derived the relation for hydro
carbons at atmospheric pressure:

log, a  = 11.5 { T b  -  Tjû (4)

The temperatures are the atmospheric boiling points ex
pressed in an absolute temperature scale. The Clausius- 
Clapeyron equation and Trouton’s rule with a constant ef 
22.0 were assumed. The constant should be modified to 
obtain best accuracy for close-boiling hydrocarbons, giving

lOglQ < 4.85 ^ (4A)

2 4 7
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A formula which gives somewhat better accuracy for 
hydrocarbons boiling within 5° C. of one another is:

<*c 1 +
T b  -  T a 

10.56 +  0.0633 T
(5)

Equation 5 was derived by fitting an empirical linear tem
perature equation to the values of dt/dp for pure hydro
carbons given by Brooks (3). For wider boiling compounds, 
the formula is proposed:

« . =  ! +  «. (4.4 +  2.3 log T)
{T b -  T a) (6)

in which the temperatures are expressed in ° K. Additional 
approximate relations incorporated into Equation 6 are the 
Kistiakowsky equation for latent heat of vaporization and 
the Clapeyron equation. For wide-boiling compounds, 
Equation 5 predicts relative volatilities somewhat low, while 
Equation 6 gives values slightly high.

Deviations from Ideal Gas and Solution Laws
The relative volatility is strictly equal to P a / P b only when 

the laws of Amagat, Boyle, Charles, Dalton, and Raoult all 
apply rigorously. This is almost never the true case, yet 
the relation a  =  P a/ P b is sometimes a satisfactory ap
proximation.

D e v ia t io n s  f r o m  I d e a l  G a s  L a w . Inspection of vapor 
density and P -V -T  data for pure six-carbon to eight-carbon 
hydrocarbons (9 , 14) near their normal boiling points shows 
gas law deviations ranging from 4 to 10 per cent (p =  P V / R T  
=  0.96 to 0.90). These deviations result in vapor concen
trations higher than those given by the gas law, and a  is 
affected unless the deviations happen to be equal, or p a  =  p b .  

The effect of gas law deviations on a  may be eliminated by 
the substitution of fugacities for vapor pressures {10 ), and 
this procedure works well at high pressures. When fugacities 
are used at atmospheric pressure, the result is a calculated 
a  which is usually lower than both P a / P b  and the experi
mental vapor-liquid equilibrium value.

This anomaly is explainable on the hypothesis that “ideal” 
hydrocarbon solutions are rare. In general, the gas law 
deviation of hydrocarbons is negative, and that of the more 
volatile component of a binary mixture (component A ) is 
somewhat greater in magnitude than that of component B . 
Likewise, Raoult’s law deviations (activities) of hydrocarbons 
are most frequently positive, and the activity of component 
A  is often somewhat greater than that of component B . 
Negative gas law deviations and positive activities oppose 
each other in their effects on a ; and in some cases, although 
neither effect is negligible, the net effect is so slight that the

T a b l e  I. R e l a t iv e  H E T P  V a l u e s “

System s w ith  
D is c o rd a n t V a lues

A . C a rb o n  te tra ch lo rid e -b e n zen e
B . H e p ta n e -m e thy lcyc loh e xa ne
A . C a rb o n  te tra ch lo rid e -b e n ze n e
B . H e p ta n e -to lu e n e
A . H ep ta n e -to lu e n e
B . H ep ta n e -m e thy lcyc loh e xa ne
A . M e th y lcyc lo h e xa n e -to lu e n e
B . H ep ta n e -m e thy lcyc loh e xa ne

°  C o m p a ra tiv e  d a ta  fo r  tw o  system s o b ta in e d  on th e  same f ra c t io n a t in g  c o lu m n  a t to ta l 
re f lu x  o v e r th e  same range  o f b o il in g  ra tes .

P l a n t  f o r  S e p a r a t i o n  o f  P u r e  H y d r o c a r b o n s  f r o m  
N a t u r a l  G a s o l i n e  F r a c t io n s

C ita t io n S ystem s w ith C ita t io n
N o . A c c o rd a n t V a lues N o .

(7) A . C a rb o n  te tra ch lo rid e -b e n ze n e
B . B enzene-to luene

(15)

(4 ,7) A . C a rb o n  te tra ch lo rid e -b e n ze n e
B . H ep ta n e -to lu e n e

(7, 16)

(7) A . B enzene-to luene
B . H e p ta n e -to lu e n e

(7)

(15) A . C a rb o n  te tra c h lo rid e -b e n ze n e
B . M e th y lc y c lo h e x a n e -to lu e n e

(16)

system appears to be ideal with respect to the relation 
a  = P a/ P b . This situation may be detected by comparison 
of observed total pressures of mixtures with the sum of 
calculated partial pressures, as was done by Beatty and 
Calingaert (1 ) .  I t does not follow that a  =  P a/ P b whenever 
observed total pressures approximate ideal values.

Verification o f Binary Equilibrium  Data

The Duhem-Margules equation may be used to detect 
incongruities in vapor-liquid equilibrium data. Beatty and 
Calingaert (1 )  used it to develop a number of criteria for 
testing such data. By relations so developed and close 
scrutiny of experimental data, they found certain inconsist
encies and experimental errors in most of the systems in
vestigated, and concluded that such data were unreliable. 
They also developed a method of calculating vapor-hquid 
equilibria of nearly-ideal solutions by constructing synthetic 
partial pressure curves from total pressure measurements 
by assuming the ideal gas law and “that the deviations of 
these pressures from the ideal fines vary with X  in a more or 
less uniform manner”. This procedure gave values of a  
which are constant or independent of concentration. Of the 
relative volatilities so calculated by the same authors, the 
benzene-cyclohexane azeotrope was undetected and this 
article will show that the values reported for the n-heptane- 
methylcyclohexane and the n-heptane-isooctane (2,2,4- 

trimethylpentane) systems are in seri
ous disagreement with experimental 
vapor-hquid equilibria and rectifica
tion data. Hence, although the method 
may detect deviations from ideality 
of the solution, its merit for pre
dicting relative volatilities of close- 
boiling hydrocarbons has never been 
established.

Since the use of equilibrium data 
is to compute separations obtain
able by fractional distillation, direct 
data may not be dispensed with 
until another method is available 
which shows positive agreement with 
fractional distillation data. An obvi
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ous method of verifying vapor-liquid equilibrium data is 
to compare it with the results of fractional distillation.

Verification o f Vapor-Liquid Equilibria by Frac
tional D istilla tion  Data

If it is granted that the diffusional theory of fractionation 
is correct, the rate at which vapor-liquid interaction proceeds 
in a packed or bubble-tray column (operated at total reflux) 
will be nearly the same for systems of approximately equal 
viscosities and normal boiling ranges at equivalent vapor 
rates. This condition is manifested in packed columns by 
equal and constant values of the height equivalent of a 
theoretical plate (HETP) or height of a transfer unit (HTU) 
for different systems run in the same column, and by equal 
plate efficiencies for different systems in the same bubble- 
tray tower.

Modern data suitable for comparison are reported in 
several articles (4, 7, 1 5 ) .  Equivalent HETP values were 
obtained in a number of the tests, as well as a number of 
divergent values. All systems on which comparisons could 
be made are listed in Table I under “Accordant” or “Dis
cordant” columns or both, as the case may be. There are 
five binary systems in the “Discordant” column. Of these, 
the carbon tetrachloride-benzene system has been subjected 
to a great deal of experimental study over a period of years, 
and there is scarcely room for doubt about the essential 
accuracy of its vapor-liquid equilibrium. I t  is further veri
fied by its frequent presence in the “Accordant” column. 
On the basis that the vapor-liquid equilibrium of this system 
and the fractionation data are correct, vapor-liquid equilibrium 
of the system n-heptane-toluene and the relative volatility 
value of 1.07 for u-heptane-methylcyclohexane are open to 
question.

The n-heptane-toluene and carbon tetrachloride-benzene 
pair appears in both “Accordant” and “Discordant” columns 
of Table I. Of the data suitable for comparison, there was 
a total of thirty-five experiments on n-heptane-toluene in 
four fractionating columns. Vapor-liquid equilibrium data 
used in all cases were those determined by Bromiley and 
Quiggle (2). Inspection of the thirty-five experiments 
revealed twenty giving accordant HETP values and fifteen 
giving discordant values. In every case the distillate com
position in the accordant runs was below 80 mole per cent 
n-heptane whereas the distillate composition of the dis
cordant tests was above 80 mole per cent n-heptane. I t  
must, therefore, be concluded that the vapor-liquid equilib
rium data are essentially correct below 80 mole per cent 
n-heptane but appreciably in error a t concentrations above 
that figure. Since the system is nonideal, the relative 
volatility may not be assumed constant and independent of
X . The discordant HETP values are low; this indicates that 
y/x  above 80 per cent heptane is too low, or that the system 
deviates from ideality in this zone less than the vapor-liquid 
equilibria indicate.

The methylcyclohexane-toluene results are slightly out 
of fine in the same direction as those of n-heptane—toluene. 
The distillate composition was above 90 mole per cent 
methylcyclohexane in each of the four experiments on this 
system, which indicates tha t the vapor-liquid equilibrium 
are also in error, possibly at high heptane concentrations 
only.

The error in both systems is explainable by the hypothesis 
that the charge to the equilibrium still contained quite small 
amounts of benzene as an impurity, which would exert a 
greater and greater analytical effect on the equilibrium as 
the concentration of heptane or methylcyclohexane increased. 
As the previous paper (8) showed, benzene forms azeotropes 
with six-carbon hydrocarbons and is likely to behave ab
normally with seven-carbon hydrocarbons other than toluene.

Vapor-Liquid Equilibrium  of n -H eptane—M ethyl- 
cyclohexane

Table I  indicates an appreciable error in the vapor-liquid 
equilibrium of n-heptane-methylcyclohexane. This system 
is of particular interest, since it is widely used for testing 
laboratory columns. The only vapor-liquid equilibrium 
data are those of Bromiley and Quiggle (2). Beatty and 
Calingaert (1 ) found errors of various magnitudes in these 
data and criticized them as inaccurate, inconsistent, and 
unreliable. The latter authors recommended the relative 
volatility of 1.07 derived from their total pressure measure
ments, and this figure was then accepted with no supporting 
experimental verification. In  order to arrive a t the most 
dependable relative volatility, values will be calculated from 
both equilibrium and fractional distillation data.

I d e a l -S y s t e m  V a l u e . The vapor pressure curve for 
n-heptane has been accurately determined by Smith { 12 ) .  
The vapor pressure ratio of n-heptane to methylcyclohexane 
at the accepted boiling point of the latter (100.8° C.) is 
1.0694. Equation 5 indicates an increase of 0.0003 at the 
boding point of n-heptane (98.42° C.).

O
Ui

kl

F ig u r e  1. R e l a t iv e  V o l a t il it y  o f  m-H e p t a n e - M e t h y l -
CYCLOHEXANE

R e -e x a m in a t io n  o f  E q u il ib r iu m  D a t a . The relative 
volatility was calculated for each experiment of Bromdey 
and Quiggle’s tabulation. The determinations in which the 
heptane concentration was less than 5 or greater than 85 
mole per cent were rejected in order to minimize the effect 
of analytical error. (This will be discussed later.) The 
average of the eighteen determinations of intermediate 
concentration was 1.083, with an uncertainty of 0.002. The 
authors made an unfortunate choice in the use of density 
rather than refractive index for analysis, since use of the 
refractive index would have greatly reduced analytical error. 
The experimental values of a  are plotted on Figure 1. 
Except for the ends of the curve (at which errors of analysis 
are greatly magnified) the data are remarkably consistent. 
The hypothetical effect of a density error of ±0.0001 on a 
relative volatility of 1.08 is shown by the dashed curves, and 
indicates that a precision of about ±0.00005 in the density 
determination was realized in the great majority of the 
analyses. The data show a slight trend of a, increasing 
with n-heptane concentration. This would result if the 
heptane contained a trace of low-density, volatile impurity. 
As an illustration, suppose the true a  is 1.08 and independent 
of concentration. If the heptane was 99.9 mole per cent 
pure and contained 0.1 mole per cent n-hexane, a  observed 
from exact density analyses would form the solid curve 
shown on Figure 1.

The physical constants of the materials used in these 
experiments were within analytical agreement of more
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recent values. These constants with the purification history 
of both hydrocarbons indicate that the materials were as 
pure as any likely to be used for purposes of fractional 
distillation.

T a b l e  II. R e l a t i v e  V o l a t i l i t y  o p  w - H e p t a n e - M e t h y l -
C Y C L O H E X A N E  F R O M  F R A C T I O N A L  D I S T I L L A T I O N  D A T A

Run
No.

Velocity of 
Liquid at 

Top, L ./H r.
Mole % n-Heptane 

Distillate Still

Relative Vol
atility a from 
Equation 1

A. U-Type Packing, 32.4 Theoretical Plates
1.8
2.0 
2.1 
2.2 
2.3  
4 .6
4 .8  
5 .0

Average 1.084

B. One-Turn Helices, 18.0 Theoretical Plates
5 .2
5 .5
5 .6
5 .8

80 5 25.5 1.080
84.0 24.0 1.090
90.0 24 0 1.108
81.0 22.8 1.086
82.0 26.6 1.081
76 .0 20.5 1.081
75.0 25.6 1.069
80.0 28.0 1.075

51.0 20.7 1.080
47.0 19.3 1.076
48.0 18.0 1.083
45 .8 17.5 1.080

Average 1.080

T a b l e  I I I .  R e l a t iv e  V o l a t il it y  o f  w-H e p t a n e - I so o c t a n e  b y  F r a c t io n a l  
D is t il l a t io n  M et h o d

Liquid 
Rate at 

Time of Top of 
of Run, Column, 
Hours Cc./Hr.

Distillate Still Pot
No. of 

Theoretical 
Plates

Mole % 
n-hydro- 

carbon

Mole % 
n-hydro- 

carbon

No. of Theoretical 
Plates

A. Equivalent Theoretical Plates from n-Heptane-Methylcyclohexane

8 .5 321 63 (.U)
27.0 273 73 (U)

4 312 55 .26
8 312 55 .26

Mole % n-hydrocarbon 
„2 °  n D
Mole % n-hydrocarbon

Mole % 71-hydrocarbon

1.39068 90.4 a a 63.7 54.1
1.38962 93.8 1.41868 11.2 70.7 60.1

B. 7i-Heptane-Isooctane
1.38898 69.8 a a 1. 0228=
1.38898 69.8 1.39014 40.0 1. 0228 c

Known Mixtures of n-Heptane—Isooctane
0 12.1 17.6 24.3 35.3 36.2 51.9

1.39150 1.39110 1.39092 1.39071 1 .39032 1.39023 1.38967

53 .5  54.6 57.1 60.3 65.8 67.7 74.8
1.38962 1.38953 1.38947 1.38943 1 .38913 1.38907 1.38883

77 .3  80.3 82.0 82.3 89.8 100
1.38868 1.38858 1.38845 1.38852 1 .38818 1.38870

° Still pot not sampled until end of runs; final analyses used; less than 0.5 cc. distillate withdrawn. 
!> Using Bame column as in A, and a =  1.083 for n-heptane-methylcyclohexane. 
c Relative volatility a  calculated by Equation 1.

F r a c t io n a t io n  D a t a . The equivalence of experimental 
HETP values obtained on a given column with different 
liquid mixtures is sufficient evidence that such data may be 
used to calculate a  for a system, once the number of equiva
lent theoretical plates in the column has been established 
by data on some other system of known behavior. Two 
sets of data by which a  for n-heptane-methylcyclohexane 
may be calculated are given in Table II  {14 ). The frac
tionating column was 32 mm. i. d. and had 2.74 meters of 
packing. The second system was 
carbon tetrachloride-benzene, which
was more extensively used and gave = = =
more consistent results in these 
experiments than any other sys
tem.

For the data of Table IIA, a U- 
type packing was employed. The re
sults show no consistent trend with 
vapor velocity and so are directly 
comparable. Rejecting runs 5 and 
8 as deviating too greatly from the 
other six, the average number of

equivalent theoretical plates in the column from the carbon 
tetrachloride-benzene runs is (33.4 -  1) -  32.4.

In Table IIB the same column packed with one-turn helices, 
was used and a trend of HETP with boiling rate is apparent. 
Experiments at comparable rates are runs 1-4 on n-heptane 
methylcyclohexane and runs 3-5 on carbon tetrachloride- 
benzene, since in all of these the “liquid velocity' was be
tween 5 2 and 5.8 liters per hour. The number of eqmvalent 
theoretical plates in the column averaged (19.0 -  1) =  18.0 
from carbon tetrachloride-benzene runs 3-5. From Table IIA 
(eight observations), «... =  1-084, while Table IIB (four
observations) gave a»v. — 1.080.

Relative V olatility o f n -H eptane-Isooctane
The system n-heptane-isooctane (2,2,4-trimethylpentane) 

should be nearly ideal, since it consists of two paraffins of 
nearly the same boiling point. Smith { 12 )  determined 
accurate vapor pressure curves on highly purified samples 
of each hydrocarbon. From his data a  =  P  J P  B = 1-0237 
at atmospheric pressure.

Samples of pure materials (tested 
at the National Bureau of Standards) 

-  were obtained from the California
Chemical Company (n-heptane) and 
Rohm & Haas Company (2,2,4-tri
methylpentane). Since the relative 
volatility of these hydrocarbons is 
close to unity and their gravities and 
refractive indices also he close to
gether, the analytical precision of 
density or refractive index determina
tions obtainable with instruments of 
the conventional types would render 
vapor-liquid equilibrium determina
tions futile.

The relative volatility was de
termined by the fractional distilla
tion method, using a high-tempera- 
ture Podbielniak apparatus equipped 
with an 11-mm. distilling tube con
taining 36 inches of Heli-Grid pack
ing { 1 1 ) .  Analysis was by refrac
tive index, using a Bausch & Lomb 

-  precision-type oil refractometer, ac
curate to 0.00003 unit. The data 
are given in Table III . The experi

mental value of a  was 1.0228. An error of one theoretical 
plate would affect this value by ±0.0004.

Sum m ary

The data and observations on close-boiling binary hydro
carbon systems are summarized in Table IV. The recom
mended relative volatilities of n-heptane-methylcyclohexane 
and n-heptane-isooctane (2,2,4-trimethylpentane) systems

a = 
1.07 1.083

T a b l e  IV. R e l a t i v e  V o l a t i l i t i e s  o f  C l o s e - B o i l i n g  H y d r o c a r b o n  S y s t e m s

System
Benzene-cyclohexane
n-Heptane-methylcyclo-

hexane
n-Heptane-isooctane

° Beatty and Calingaert (1, Table I). 
*> From Equation 5. 
e Fugacity calculation {10).

Total
- Method of Determining a -------------

Ideal Ideal Ideal Vapor- Frac Recompres lor- system solu- liquid tional mendedsure0 mula& (P a /P b) tionc equilibrium distn. Value of a
1.021 Azeotrope . . .

1.07 1.0693 1.0694 1.0650 1.083
1.084
1.080 1.0831.052 1.0237 1.0237 1.0222 1.0228 1.023
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for use in fractional distillation are 1.0832 and 1.023, respec
tively. The former system was found to deviate appreci
ably from an ideal solution. From the information now 
available, systems of sufficient ideality to permit valid use 
of the relation a  =  P  J P B are limited to close-boiling mix
tures of the same hydrocarbon class—i. e. paraffin-paraffin, 
naphthene-naphthene, and aromatic-aromatic compounds.

Analytical error in vapor-liquid equilibrium determinations 
becomes pronounced at extremes of concentration, and con
sistent errors which may be due to slight impurities are most 
pronounced at the low-boiling end of the curve. Such 
errors do not of themselves justify rejection of data on 
intermediate concentrations.

The fractional distillation method is proposed as the most 
reliable to date for verification of vapor-liquid equilibrium 
data and determination of a  for close-boiling hydrocarbon 
systems in which it is essentially constant.
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Activated Carbon Treatment of 
Raw Whisky

G. C. WILLIAMS A N D  E. A. FALLIN1
U n iv e r s i t y  o f  L o u is v i l le ,  L o u is v i l le ,  K y .

The chem ical changes and changes in  taste  
characteristics th a t take place w hen a d is
tilla te  from  an alcohol ferm entation  process 
is treated  w ith  each o f several activated  
carbons are reported. T he effect o f one car
bon was investigated  over a tem perature 
range from  20° to  80° C.

Tables o f results are included , and figures 
illu strate th e  percentage change effected by 
the treatm ent.

At room tem perature it  was noted  th a t  
the change in  acids, esters, aldehydes, and  
fusel oil was slight b u t n o t con sisten tly  in  
one direction. Perm anganate tim e was in 
creased in  all treatm ents and to  approxi
m ately th e sam e extent. However, th e  
treatm ent at elevated tem peratures defi
n itely  produced an increase in  acids and  
perm anganate tim e, w hile i t  ind icated  de
creases in  ester, aldehydes, and fu sel oil.

IN DISTILLATION industries, adsorption methods are 
often used to remove impurities, particularly those pres
ent a t relatively low concentrations. These methods 

are used although very little is known of the actual chemical 
changes effected by the treatment. In a liquid mixture or 
solution, some constituents are preferentially attracted to the 
surface of different adsorbents to the almost complete exclu
sion of others.

The program described in this paper was to determine some 
of the more important chemical changes brought about in the 
raw whisky by different kinds of activated carbons, and to de
termine the effect of temperature on one of the carbon treat
ments. Taste preference was utilized to show a correlation

i Present »ddress, M. F. A. Milling Company, Springfield, Mo.

with the extent of these chemical changes. Such a relation 
would substantiate the effects of the various treatments.

The chemical changes involved are many and complex. 
Different amplitudes are affected by the kinds of material 
used as containers during storage, as shown by laboratory in
vestigations of Valaer and Frazier of the Bureau of Internal 
Revenue (6). They found upon storing raw whisky for four 
years in charred white oak barrels that the most rapid changes 
of acids, esters, solids, and color took place in the first six 
months. During the four years acids increased from 24.9 to 
56 mg. per 100 ml. while esters increased from 7.4 to 21.3 mg. 
per 100 ml. Fusel oil content, however, dropped from 69 to 
58.4 mg. per 100 ml.

I t  was also found that raw whisky changes while standing
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in glass. The acids, aldehydes, and furfural contents de
crease while the esters and color increase. I t  was nearly four 
years before the whisky had lost the major portion of its green 
or slop taste and odor.

The practice of some distilleries has been to treat raw whisky 
with charcoal to remove undesirable green characteristics. 
In 1908 Dudley (8) found that fatty oils and other insolubles 
could be removed from raw whisky distillates by filtration 
through a sugar maple wood charcoal. He also asserted that 
soluble constituents are removed partly by adsorption but 
principally by diffusion into the charcoal, where particles of 
higher molecular weight are held longer while the lighter ma
terials pass more rapidly.

Thomas and Hochwalt (5) patented a process for making an 
improved beverage substantially free of usual green charac
teristics by subjecting the liquor to a hydrogenation treatment 
in the presence of a catalyst of finely divided platinum, nickel, 
and cobalt. By this method, it is maintained, the odor and 
taste characteristics are permanently improved.

Chabot (1 ) found that beer worts treated by activated car
bon were greatly improved in taste and foam retention prop
erties, and that protein turbidity was removed.

Fritzweiler and Dietrich (4) purified absolute alcohol by 
percolation through carbon. Wuoorinen and Lawren (7) 
reported that birchwood charcoal removes a large number of 
aldehydes from alcoholic solutions, formaldehyde being an 
exception. In some cases they found that the removal was 
more easily accomplished in lower proof alcohols.

Chaney (%) stated, from a study of the properties of acti
vated carbon in industrial application, that the adsorption 
power for particles of colloidial dimensions is a mathematical 
function of the ratio of its activity to its apparent density, 
fineness being constant. The adsorption is most effective if 
the carbon carries an opposite electric charge.

Zahariz, Angelescu, and Motoc (8) stated that animal char
coal removes, in varying amounts, the different impurities in 
commercial alcohols when the adsorption is performed under 
conditions precluding oxidation.

As a general review on effects that may be expected from 
treating an alcohol solution with activated carbon, it is worth
while to consider many different viewpoints.

The treatment of a solution with an adsorbent such as ac

tivated carbon results in the phe
nomenon of the adhesion of mole
cules of a gas or dissolved sub
stances to the surfaces of the 
solid bodies. This results in a 
relatively high concentration of 
the gas or solution at the place of 
contact, while the carrier solu
tion is freed of these substances.

Activated carbon has a large 
surface area per unit volume which 
is increased with a reduction in 
particle size. Some kinds of acti
vated carbons, too, are more po
rous than others and have a larger 
surface area per unit volume. 
This surface area is capable of 
holding the adherent molecules. 
The amount adsorbed increases 
with the length of time allowed for 
the treatment until equilibrium 
is reached. Agitation of the solu
tion will accelerate the contact 
with the adsorbent and thus re
duce the time required for reach
ing this equilibrium.

An increased temperature will 
decrease the viscosity of the alcoholic solution. This results 
in an increasing number of usable pores of the activated 
carbon and an increase in the usable surface area, and thus 
varies the amount adsorbed. A temperature change will 
also alter the rate of circulation and diffusion.

The removal of the adsorbed substances from the solution 
will disturb the chemical equilibrium, and additional chemi
cal changes will take place. Any variation in temperature or 
pressure will affect both the rate of chemical change and the 
solubility factors. The chemical and mechanical changes will 
be accelerated as the temperature and pressure are increased.

The presence of air in the pores of an adsorbent will oxidize 
some solutions. The raw whiskies treated in the following 
experiments contain alcohol, acids, esters, and aldehydes 
which may be oxidized by the air present, but these substances 
will also be adsorbed by the carbon. Either oxidation or ad
sorption may predominate according to the kind of activated 
carbon used and the temperature and pressure maintained 
during the treatment.

W hiskies and Carbons Used
The distillate from an alcohol fermentation process of 51 

per cent rye, 39 per cent corn, and 10 per cent small grain mash 
was stored in one-gallon glass bottles. This whisky was 
clear, 100-proof alcohol and had no visible colloidal suspended 
materials. A 100-proof, raw bourbon whisky from a grain 
mash of 51 per cent corn and 49 per cent small grain was also 
used. This, too, was clear and had no colloidal suspension 
perceptible to the naked eye.

For treating raw whiskies, several different kinds of acti
vated carbon of various particle sizes were used, as well as 
activated alumina and silica gel as adsorptive agents.

All the samples were tested for proof before and after 
treating. A special test was used as an indication of the 
amount of reducing compounds present in the alcohol, which 
was considered to give an indication of various impurities. 
This test was called “permanganate time” , as it consists in 
bringing a 50-ml. sample to 18° C. in a Nessler tube and add
ing 1 ml. of standard potassium permanganate solution. The 
time which elapses from the adding of the permanganate un
til the solution turns from pink to yellow is the permanganate 
time.

V o l .  3 5 ,  N o .  2
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The alcohol solutions were treated with various carbons. 
For each test 0.4 gram of activated carbon was made into a 
thin paste and gradually diluted with a portion of the one- 
liter sample of alcohol to be treated. The remaining part of 
the liter was quickly added and the solution placed in a one- 
gallon, glass-stoppered bottle. The bottle was shaken for 30 
minutes, and the carbon filtered out through ashless double
acid-washed filter paper. I t  was filtered the second time to 
make certain that all traces of carbon were removed. This 
procedure was carried out on each treatment with the several 
difierent kinds of activated carbons, activated alumina, and 
silica gel. Only Darco carbon was used for further experi
ments a t elevated temperatures.

At the higher temperatures the entire shaking mechanism 
was placed inside an oven where the treatments were carried 
out a t constant temperatures of 35°, 50°, 70°, and 80° C. 
Chemical analyses were run for acids, esters, fusel oil, alde
hydes, and permanganate time. These tests were made on 
the samples both before and after treatment with the various 
adsorptive agents (Table I).

Since it was desired to determine the effects of activated 
carbon on the residual nitrogen content of whisky, a one- 
liter sample of bourbon was treated in the usual manner and 
an analysis made for residual nitrogen, before and after treat
ment:

Bourbon Untreated, Treated with Darco, Per Cent
Whisky M g./L iter M g./Liter Change

I 0.464 0.3712 20 .0
II 0 .476 0.2784 20.5

Samples of treated and untreated bourbon and rye whis
kies were submitted to a taste-preference laboratory with the
following results:

W hisky Sample % Preference Probable Error

Untreated bourbon 35 .0
1.35

Bourbon, Darco-treated at 18° C. 65 .0

Untreated rye 21 .6
1.25

Rye, Darco-treated at 35° C. 34 .2
2 .5

Rye, Darco-treated at 80° C. 44 .2

The various chemical analyses were carried out principally 
by A. 0 . A. C. methods. Aldehydes were calculated as acet- 
aldehyde from the colorimetric determination. Acids were 
determined by titration of 0.05 N  sodium hydroxide and cal
culated as acetic acid. Esters were calculated as ethyl ace
tate. The esters were determined by back-titrating with 
sulfuric acid the sample used for the acid determination,

F i g u r e  2. A c t io n  o f  D a r c o  G-60 A c t i v a t e d  C a r b o n  a t  
E l e v a t e d  T e m p e r a t u r e s  o n  R a w  R y e  W h is k y

which had been made alkaline and allowed to stand overnight. 
This is in accord with standard procedure.

Chem ical Changes D ue to  Carbons

The data show that the amounts of various impurities pres
ent in the ethyl alcohol of raw rye whisky are materially 
changed by treatment with activated carbon, silica gel, or 
activated alumina. A much greater change is shown, how
ever, in the treatments conducted at elevated temperatures.

Figure 1 gives the percentage of chemical changes that take 
place during treatment. Figure 2 indicates the chemical

T a b l e  I .  E f f e c t  o f  V a r io u s  C a r b o n s  o n  W h is k y  S a m p l e s

Per Cent Change by Carbon Treatment

Sample Adsorptive
No. Agent

R -l None
R-2 None
R-3 None
R-4 None
R-5 None

R-l Lignin carbon
R-2 Hardwood carbon
R-2 Coconut carbon
R-2 Lignite carbon
R-3 G.W. grade carbon
R-3 NuChar
R-4 Blood carbon
R-4 Activated alumina
R-4 Silica gel

R-l Darco®, 18° C.
R-5 Darco®, 35° C.
R-5 Darco®, 50° C.
R-5 Darco®, 70° C.
R-5 Darco®, 80° C.

Per
Chemical Analysis , M g./100 Ml. Perman man

Alde Fusel ganate ganate
Acids Esters hydes oil Time, Sec. Proof Acid Esters Aldehyde Fusel oil time

3 .9 10.50 1 .15 270 30 100.4
4 .0 10.50 1.15 270 30 99.1
3 .9 10.50 1.10 260 100.0
4 .0 10.50 1.00  

1.00
260
255

30 99 .7
99 .5

3 45 10.50 1.35 265 75 99 .2 11.50 0 17.40 -  1 .85 150
4 .00 9 .95 1.00 260 65 98 .8 0 -  5 .25 - 1 3 .0 5 -  3 .70 117
3.90 10.05 1.15 265 65 99.1 - 2 . 5 0 -  4 .2 8 0 -  1 .85 117
3.90 10.40 1.15 275 60 99 .8 - 2 . 5 0 -  0 .95 0 1.85 100
3 .85 10.40 1.00 250 45 99.5 - 1 . 3 0 -  0 .9 5 -  9 .1 0 -  3 .85 50
3 .85 9 .45 1.05 270 60 99 .2 - 1 . 3 0 - 1 0 .0 0 -  4 .5 5 3 .85 100
3 .55 10.40 1.10 265 70 97.9 11.25 -  0 .95 10.00 1.93 133
4 00 10.15 1.10 240 60 99 .6 0 -  3 .33 10.00 -  7 .70 100
4 .00 10.05 1.05 215 30 98.9 0 -  4 .28 5 .00 - 1 7 .3 0 0

4 .00 9 .30 0 .95 260 60 99 0 2.50 - 1 1 .4 2 - 1 7 .4 0 -  3 .70 100
4.30 9 55 0 .80 245 105 97 2 7 .50 -  9 .05 - 2 0 .0 0 -  3 .92 250
4.40 9 .25 0 .75 230 120 96 .6 10.00 - 1 1 .9 0 - 2 5 .0 0 -  9 .80 300
4 15 8 75 0 .65 210 165 96.7 3 .75 - 1 6 .6 5 - 3 5 .0 0 - 1 7 .6 0 450
4Í30 8 .25 0.60 215 240 96.6 7 .50 - 2 1 .4 2 - 4 0 .0 0 - 1 7 .3 0 700

« Grade G-60.
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changes occurring in the samples treated at various tempera
tures. These chemical changes are given as the per cent of 
the original value of the raw samples. However, most car
bons reduced the amount of acid present, especially those 
made from lignin and from blood. Darco caused a slight in
crease at higher temperatures, the maximum being reached 
at 50° C.

In no case did the esters show any increase due to treat
ment, and, with the exceptions of samples treated with lignin, 
lignite, blood, and G. W. grade carbon, all showed a consider
able decrease in the amount of esters.

The change in aldehydes seems to be large when the amount 
removed is compared on a percentage basis with the amount 
present in the raw sample. Owing to the small amount of 
aldehydes present a t any time, however, on a weight basis 
the removal was no greater than that for any other impurity. 
Treatment with lignin carbon, blood carbon, activated alu
mina, and silica gel all gave about the same increase in alde
hyde content. The others tested showed some removal of 
that originally present.

Treatments at room temperature with the various mate
rials showed little effect on the amount of fusel oil present, 
even though the removal at elevated temperatures was high.

With the exception of silica gel, all the absorptive materi
als caused nearly 100 per cent increase in permanganate time, 
which indicates a considerable removal of reducing compounds, 
such as sulfur, nitrogen, etc. A tremendous change in per
manganate time was noticed for those samples treated with 
Darco at elevated temperatures; the higher the temperature, 
in fact, the greater was the permanganate time.

The activated carbons NuChar and Darco are similar in 
effect. The change Darco produced was magnified at higher 
temperatures. The activated carbons from lignin and blood 
also resemble each other in the effect produced but are dif
ferent from NuChar and Darco in that they increase the alde
hydes and lower the acids. This latter reaction may be attrib
uted to the presence of alkalies in these carbons.

The residual nitrogen determinations show that the un
treated raw bourbon samples contained an average of 0.470 
mg. per liter. The treatment of the sample with Darco at 
room temperature removed 20 per cent of the nitrogen in 
the sample.

The taste preference indicates strongly that the treatments 
remove undesirable taste characteristics. As far as the treat
ment of the bourbon is concerned, the difference is statisti
cally significant, as indicated by the probable error of 1.35. 
This means that in approximately 85 chances out of 100, the 
trend toward improvement is duplicable.

In a similar manner the various samples of rye whisky are 
well differentiated from one another in terms of preference. 
The 30° C. treatment is significantly superior to the control, 
while the 80° C. treatment is reproducible to the extent of 
100 per cent with respect to the control.

The adsorptive powers of the various activated carbons at 
room temperature, regardless of particle size, were only

slightly different in effect on whiskies in comparison to 
those at elevated temperatures.

I t appears that certain of the adsorptive agents were ef
fective in causing oxidation of the ethyl alcohol to acids and 
aldehydes in excess of the amount adsorbed by the carbon 
itself. Other agents either failed to cause oxidation or, if oxi
dation did take place, were sufficiently adsorptive to remove 
the new substances thus produced as well as a portion of those 
impurities already present, so that to all appearances oxida
tion might never have occurred.

I t  is probable that only a small amount of oxidation did 
occur during these treatments, since small quantities of car
bon were first made into a thin paste, diluted several times, 
and then added to the whisky sample. As Figures 1 and 2 
show, considerable activity took place at elevated tempera
tures’. Acids were increased but only at 70° C. However, 
there was a decided and uniform decrease of aldehydes and 
esters as the temperature was increased.

An even more outstanding change is noticeable in the per
manganate time. A 700 per cent increase was obtained for 
treatment at 80° C., which would indicate a high removal of 
reducing compounds such as those made up of sulfur, nitrogen, 
etc., that were carried over in the distillation from the fermen
tation process. The determination showing a removal of 
20 per cent residual nitrogen also supported this conclusion.

The tests for taste preference showed that treatment with 
activated carbons removed from the raw whisky impurities 
that are undesirable to human taste.

Conclusions
These tests gave definite evidence that the treatments 

carried on at elevated temperatures were superior to those at 
room temperature for removing the impurities from the dis
tillate of an alcohol fermentation process.

Taste preferences and the desirable effects of aging on 
whiskies are not completely understood. Some theories hold for 
low fusel oil, aldehyde, and acid values; some consider a high 
ester value necessary; and a third group considers the rela
tive amounts of all materials more important than the abso
lute values of each. On this basis it may be of interest to 
consider the action of activated carbon as a substitute for 
some aging time in the whisky industry, as well as a possible 
procedure for the reduction of impurities in the manufacture 
of industrial alcohol.
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Vapor-Liquid Equilibria for 
Commercially Important Systems 

of Organic Solvents

T he Binary System s Ethanol-n-Butanol, Acetone-W ater and 
Isopropanol-W ater

AUSTIN S. BRUNJES A N D  MARCEL J. P. BOGART
T h e  L u m m u s  C o m p a n y , N e w  Y o r k ,  N .  Y .

Vapor-liquid equilibrium  data are pre
sented for th e  three binary system s  
eth a n o l-n -b u ta n o l, acetone-w ater, and iso- 
propanol-water. A ctivity coefficients for 
th e  acetone-w ater and isopropanol-w ater 
system s are also given. T hese data, to 
gether w ith  observations on  th e  operation  
of com m ercial d istilla tion  equ ipm ent, show  
th at th e original published values for these  
two aqueous system s were n o t sufficiently  
accurate for engineering purposes.

DATA are available on the vapor-liquid equilibria for 
most of the binary systems involved in the distillation 
of the solvents obtained from the acetone-butanol 

fermentation of molasses or grain. Of the six possible binary

F i g u r e  1. R e f r a c t i v e  I n d e x  o f  M i x t u h e s  o f _ E t h a n o l  
a n d  n-BuTANOL a t  25 0 C.

systems which comprise the quaternary system n-butanol 
acetone-ethanol-water, all of the equilibrium data have been 
published in the literature except those for mixtures of 
ethanol and n-butanol. While it might be expected that 
mixtures of the two monohydric alcohols would closely follow 
the ideal solution laws, it was considered desirable actually 
to determine the experimental data for comparison with 
theoretically calculated values.

In  the production of high-purity acetone from aqueous 
mixtures by distillation, it has been found that fractionating 
column performance is a t variance with tha t predicted from 
existing vapor-liquid equilibrium data. This was also noted 
by Luaces { 12 ) , who cited large discrepancies in equipment 
sizes for acetone-water distillation units by various designers, 
although he was not able to ascribe these differences to their 
true source. Hence the original data of Bergstrom {2) were 
carefully redetermined, the region of the high acetone con
centration receiving particular attention. Data on this sys
tem were also recently determined by York and Holmes {23).

F ig u r e  2 . T e m p e r a t u r e - C o m p o s it io n  D ia g r a m  f o r  S y s 
t e m  E t h a n o l - m-B u t a n o l  a t  1 A t m o s p h e r e
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T a b l e  I .  V a p o r - L i q u i d  E q u i l i b r i u m  D a t a  f o r  t h e  S y s t e m  
E t h a n o l - w- B u t a n  o l

Run
No.

1
13 
2
3

14
16
4

15
5
6
7
8 
9

10
11
12

Cor. Temp, at 
760 Mm. Hg 

° C.
79.1
80.3  
81.0
83.3  
83.9
85.7
86.4
88.3
88.1 
90.6
93.5
96.4

101.3 
105.9 
111.1
114.3

Ethanol in Liquid Ethanol in Vapor
o F. Wt. % Mole % Wt. % Mole %

174.4 90 .3 93 .8 99 .6 99 .7
176.5 83 .0 88 .7 98 .0 98.7
177.8 77 .2 84 .5 96.9 98.2
181.0 63 .8 73 .8 96 .0 97.6
183.0 64..3 74 .3 91 .4 94.6

186.1 55 .5 66 .6 88 .6 92.7
187.5 48 .4 60.1 84 .9 90 .0
190.9 45 .7 57 .4 82.7 88 .5
190.5 43 ,7 55 .5 82.1 88.1
195.0 36..9 4 8 .8 75 .0 82 .8
200.3 31. 7 42 .7 69 .3 78 .4
205.6 22..9 32 .3 60.3 70 .8
215.3 17..3 25 .2 48.1 59.7
222.5 12. 0 17.8 38 .0 49 .6
232.0 7. 3 11.3 22 .3 31.6
237.9 4. 0 6 .2 12.2 18.1

pressure of 759.4 mm. of mercury. Density and refractive 
index determinations of two samples gave the following results:

20 4 0 6 0 ÖO I0O dîï 0.80815
0.80567
1.3970

O.8O8I5
0.80567
1.3970

F i g u r e  3 . V a p o r - L i q u i d  E q u i l i b r i a  f o r  S y s t e m  E t h a n o l -  
w- B u t a n o l  a t  1 A t m o s p h e r e

The original vapor-liquid equilibrium data 
on the system isopropanol-water were de
termined by Lebo (10) who used simple 
batch distillation with an averaged liquid 
c o m p o s itio n . Equipment designed from 
these data again did not operate at the 
reflux ratio and the overhead composition 
predicted from Lebo’s data. I t  was thus 
decided to redetermine these data accord
ing to more recent technique. Miller and 
Bliss (IS) determined a few points for this 
system while studying isopropanol-isopropyl 
ether mixtures. Schumacher and Hunt (18) 
also recently determined points for this 
system.

Purification o f Materials
7i- B u t a n o l . The c. p . grade was used in 

these determinations. The A. S. T. M. dis
tillation (1)  of the unpurified sample 
follows :

First drop C.
10% over 
20%
30%
40%
50%
90%
95% .
End point

Recovery, 97 % ; corrected pressure, 760.4 mm. Hg.

The Ti-butanol was purified by fractionation 
in a glass column of 2.5-cm. diameter, hav
ing a 73.7-cm. packing of jack chain. The 
portion distilling below 116.7° C. was dis
carded. The rest of the sample boiled 
within 0.5° C. The sample was then shaken 
with Drierite and allowed to stand in con
tact with the reagent with frequent shak
ing for 3 days. I t  was refractionated through 
the column equipped with a calibrated 
Anschutz thermometer. The entire fraction 
distilled off a t 117.8° G. under a corrected

238° F. 114.4'
239 115.0
240 115.5
241 116.1
241.8 116.5
242 116.6
242 116.6
242 116.6
242 116.6

These values are in good agreement with those of Brunell, 
Crenshaw, and Tobin (4); Clarke, Robinson, and Smith (7).

E t h a n o l . The raw material used was 190-proof ethanol. 
This was dried by refluxing for 4 hours each with two batches

w zo 40  6 0  60  100
I ig u r e  4 .  T e m p e r a t u r e - C o m p o s it i o n  D ia g r a m  f o r  S y s t e m  A c e t o n e - 

W a t e r  a t  1 A t m o s p h e r e
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M O L  %  A C E T O N E  I N  L I Q U I D

of quicklime, according to Fisher {9). The alcohol was 
distilled off from the lime into a previously dried receiver and 
was found to contain 0.37 per cent water by weight. Severe 
humidity conditions prevailing at the tune prevented further 
dehydration. This alcohol was considered satisfactory for 
the purpose of this experiment and was stored in bottles 
equipped with tin-foil covered stoppers. The density and 
refractive index of the alcohol are tabulated below:

d ll
d ï

0.78863
0.78623
1.3589

The density conversions were obtained from the Bureau of 
Standards alcohol tables {22).

A c e t o n e .  Reagent-grade acetone was repeatedly agitated 
with anhydrous calcium chloride, and the mixture allowed to 
stand overnight. The acetone was decanted off and distilled 
through a column 2.5 cm. in diameter and 137 cm. long, 
packed with glass Raschig rings, under a reflux ratio of 2 
to 1; the first portion distilling over was discarded. The 
remainder of the sample distilled a t a constant temperature 
of 56.6° C. and had a specific gravity (d|i) of 0.78623. This 
value is in agreement with the experimental value of Perkin 
{16) and the computed value from the equation of Timmer
mans {2 1)  and Squibb { 19 ) . _

I s o p r o p a n o l .  The c. p. grade as received had a boiling 
point of 81.72° C. a t 760 mm. of mercury, and a specific 
gravity (d??) of 0.7888s, corresponding to 98.86 weight per 
cent alcohol. This checked the analysis furnished with the 
sample and, since the remainder was reported as water this 
sample was not further purified before use. The gravities 
were determined at 20/15° C. in order to use the tables 
furnished by the Standard Alcohol Company {20). .

W a t e r .  The water used in the equilibrium and analytical 
runs was double-distilled and freshly boiled.

Experim ental Procedure
The well established method of Othmer {14 , 

15 )  was used for the determination of the 
equilibrium data in each of the systems 
studied. The original apparatus was modi
fied to permit the use of external gas heating, 
and an auxiliary vent condenser was perma
nently sealed onto the vent. When running 
the ethanol-butanol system, a large drying 
tube filled with soda lime and anhydrous 
calcium chloride was attached to the vent 
line beyond the condenser. When running 
the acetone-water system, an additional long 
jacketed condenser was attached directly to 
the end of the small vent condenser on the still.

Refractive indices were determined on a 
Bausch & Lomb Abbe-type refractometer 
equipped with a microvemier and held at 
constant temperature by circulating water 
from the thermostat. Sodium flame illumi
nation was provided by a shielded Bunsen 
burner and a mixture of sodium carbonate 
and borax. A metal shield covered the top 
and three sides of the instrument, and ex
cluded stray white light from the room.

Specific gravities were determined by 25- 
ml. pycnometers equipped with thermometers 
and caps having no vent holes at the extremi
ties. They were immersed in the constant- 
temperature bath for a sufficient time before 
each weighing to come to equilibrium tem
perature.

The System  E th anol-n -B u tan ol
A series of mixtures of the two alcohols were weighed out 

on the basis of an approximately 10-gram total sample and
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T a b l e  I I .  V a p o r -L iq u id  E q u il ib r iu m  D a t a  f o r  t h e  S y s t e m  A c e t o n e -
W a t e r

Run
Cor. Temp, at 
760 Mm. Hg

Acetone in 
Liquid

Acetone in 
Vapor

Activity
Coefficient

No. • C. ° F. w t..% Mole % W t.% Mole % Acetone Water

19 56.5 133.7 99. 50 98.40 99.65 98.44 0.996 4.212
20 56.6 133.9 99. 20 97.47 99.35 97.93 0.992 4.900
21 56 .8 134.2 98. 85 96.38 99.10 97.15 0.989 4.665

1 Determination lost
0.990 4.27822 57.0 134.6 98. 00 93.83 98.60 95.62

10 57.7 135.9 97..50 92.37 98.30 94.72 0.973 4.034
2 57.6 135.7 96..70 90.04 97.90 93.53 0.988 3.777
3 57.7 135.9 95. 40 86.55 97.40 92.08 1.011 3.349
4 58.1 136.7 93. 65 82.08 96.80 90.37 1.031 2.998
5 5 8 .35 136.9 91.,20 76.29 96.20 88.71 1.083 2.632

6 58.7 = 137.8 89 .50 72.57 95.90 87.90 1.110 2.393
7 58.8 137.9 87 .40 68.29 98.65 87.23 1.168 2.174
8 59.4 138.9 84 .20 62.32 95.20 86.03 1.237 1.946
9 59.8 139.8 78 .60 52.28 94.85 85.12 1.434 1.607

11 59.8 139.8 77 .00 50.96 94.90 85.24 1.477 1.551

12 60.3 140.5 72 .00 44.39 94.50 84.21 1.653 1.429
13 60.9 141.6 58 .20 30.85 94.00 83.09 2.297 1.197
14 62.7 144.9 40 .20 17.27 93.10 80.73 3.744 1.050
15 65.3 149.4 29 .75 11.64 91.85 77.77 4.930 1.008
16 72.1 161.8 18 .00 6.38 87.30 68.09 6.362 1.014

17 85.2 185.3 6 .80 2.21 72.40 44.88 8.253 0.981
18 92.0 197.6 3 .60 1.15 55.50 27.91 8.216 0.978

the refractive indices of the mixtures were determined at 
25° C. When a sufficient number of mixtures had been made 
to define the refractive index-composition curve, the points 
were plotted and a smooth curve drawn through the data.
Figure 1 is a plot of the following data:

Weight % 
Ethanol n D

Weight % 
Ethanol « 25 n p

Weight % 
Ethanol «25n D

0.00 1.3970 23.19 1.3875 62.45 1.3731
5.96 1.3940 29.57 1.3853 69.61 1.3694
9.60 1.3930 35.06 1.3830 80.29 1.3660

10.14 1.3929 43.06 1.3800 88.78 1.3626
15.51 1.3909 51.91 1.3770 100.00 1.3589

Four hundred milliliters of a mixture of ethanol and buta
nol were introduced into the equilibrium still; the rate of 
boiling was regulated so that the contents of the receiver 
would change in 3 to 4 minutes, and the runs were carried on 
from 45 to 60 minutes before samples were taken. Samples 
of high ethanol concentration reached equilibrium, judged by 
constancy of vapor temperature, more quickly 
than samples of high butanol concentration. = = = =

Samples of liquid and condensed vapor were 
withdrawn simultaneously in small bottles. The 
bottle on the liquid side was immersed in a 
beaker of crushed ice.

The data obtained from the equilibrium runs 
are plotted in Figure 2 and listed in Table I.
The x-y values are shown in Figure 3 together 
with the values computed from Raoult’s ideal 
law. These theoretical values for vapor-liquid 
equilibrium at 760 mm. of mercury follow:

Mole % Ethanol_________________

of the high volatility of the acetone. The 
boiling rate in the still was such that at the 
high acetone concentrations the receiver filled 
in 3 to 4 minutes. At the low concentration 
end, because of occasional bumping, the rate 
of distillation was reduced so that the re
ceiver would fill in 6 to 7 minutes. Runs 
were made from 40 to 75 minutes, depending 
upon the concentration range.

At the conclusion of each run, after the 
vapor temperature and the barometer were 
read, the still was shut off and allowed to 
cool. Liquid and condensed vapor samples 
were then taken in bottles surrounded by ice 
baths. Pycnometers were filled and placed 
in the constant-temperature bath. When they 
reached equilibrium temperature, they were 
capped, carefully wiped dry, and rapidly 
weighed on a Chainomatic balance. The 
weights were left on the balance, and the 
pycnometers again returned to the bath and 

' refilled with sample. The second weighings 
were accomplished rapidly by merely adjust

ing the chain. All determinations in the high acetone 
region were checked three times in this manner to make 
sure that there was no loss of weight due to evaporation. 
At lower concentrations of acetone, two weighings were 
found sufficient for a check. A second series of runs on the 
high acetone concentrations were made to ensure a sufficient 
number of points to define clearly the equilibrium curve in 
the region where previous data have been questionable.

The data for the system are reported in Table II. The 
boiling point-composition curves are plotted in Figure 4 
together with the data of Carveth (6), Pettit ( 17 ) , and the 
recent data of York and Holmes (23) for comparison. Figure 
5 is a plot of the equilibrium data showing a comparison with 
the data of Bergstrom (2) and those of York and Holmes. 
Figure 6 is an enlarged section of the upper portion of the 
equilibrium diagram, the dotted line showing the previously 
accepted curve of Bergstrom and the solid line, the data of 
this paper. This difference in the position of the curve 
accounts for the discrepancy between the older data and

T a b l e  I I I . V a p o r -L iq u id  E q u il ib r iu m  D a t a  f o r  t h e  S y s t e m  
I s o p r o p a n o l -W a t e r

Liquid Vapor Liquid Vapor
94.7 98.8 25.2 59.6
71 .2 92.2 15.1 43 .0
52 .8 83.9 6 .7 22.7
37 .9 73 .3 2.84 10.5

The System  Acetone-W ater

A curve of specific gravities was computed 
and drawn on a large-scale plot according to 
the equation of Squibb (19) for analytical pur
poses. The technique of making the equilib
rium runs and handling the samples was 
modified from the standard procedure because

Cor. Temp, at
Run 760 Mm. Hg
No. ° C. 0 F.

1 81.21 178.2
2 81.01 177.8
3 80.75 177.4
4 80.51 176.9
5 80.30 176.5
6 80.14 176.3
7 80.07 176.1
8 80.05 176.1
9 80.03 176.0

27 80.04 176.0
10 80.05 176.1
28 80.16 176.3
11 80.04 176.1
12 80.14 176.3
13 80.44 176.7
14 80.77 177.4
15
26 81.11 178.0
25 81.19 178.2
24 81.39 178.4
22 81.41 178.5
21 82.63 180.9
20 83.80 182.8
18 89.04 192.3
19 90.80 195.4
23 93.19 199.7
17 95.30 203.5
16 98.87 210.0

Isopropanol 
in Liquid

Isopropanol 
in Vapor

Activity
Coefficient

W t.% Mole % W t.% Mole % Alcohol Water
97.85 93.19 96.82 90.11 1.012 2.963
97.29 91.53 96.07 88.01 1.014 2.912
96.33 88.72 94.97 85 .00 1.022 2.741
95.05 85.20 93 .54 81.26 1.027 2.657
93.42 81.00 91.77 76.98 1.032 2.564
91.77 77.02 90.47 74.01 1.050 2.409
90.15 73.33 89.28 71.42 1.067 2.289
88.48 69.71 88.27 69.31 1.123 2.166
88.15 69.05 88.02 68.79 1.093 2.157
87.90 68.57 87.74 68.24 1.091 2.163
87.82 68.38 87.86 68.46 1.098 2.132
87.70 68.13 87.70 68.13 1.093 2.134
86.08 64.96 86.91 66.59 1.122 2.041
82.39 58.38 85.34 63.58 1.190 1.864
73.95 ■ 45.97 82.98 59.39 1.395 1.582
62.30 33.14 81.27  

Determination lost
56.54 1.820 1.350

51.15 23.87 80.67 55.59 2.448 1.195
45.24 19.86 79.93 54.44 2.873 1.160
39.35 16.29 78.99 52.98 3.380 1.137
31.90 12.32 79.50 53.78 4.531 1.067
23.50 8.43 77.10 50.24 5.873 1.049
14.59 4.88 74.42 46.60 8.926 1.033
8.01 2.54 63.18 33.99 10.12 1.018
6.50 2.04 57.96 23.08 8.000 1.102
4.38 1.36 49 .00 22.44 10.54 1.008
2.72 0.83 36.55 14.73 10.54 1.020
0.52 0.16 11.16 3.64 11.68 1.007
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Author
Lecat (11)
Young (24)
Lebo (10)
Miller and Bliss (IS) 
Schumacher and Hunt (18) 
Authors

Point, W t. % Mol» % 
0  C. Alcohol Alcohol

80 .37  87 .85  68.54
8 0 .4  87 .90  68 .56
8 0 .4  87 .7  68 .13
80.1 8 7 .9  68.60
80 .3  87 .4  67 .8
80 .16  87 .7  68.13

The temperature-composition plot of the 
data are shown in Figure 7 and compared 
with the data of Doroshewski and Polian- 
ski (8) and Lebo. The vapor-liquid equilib
rium curve is plotted in Figure 8. The 
points of Miller and Bliss, Lebo, and Schu
macher and Hunt were added for com
parison.

Activity Coefficients

0

F ig u r e  7 .
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T e m p e r a t u r e -C o m p o s it io n  D ia g r a m  f o r  S y s t e m  I s o p r o p a n o l - 
W a t e r  a t  1 A t m o s p h e r e

are:

* DOROSHEW SKI 
è POLI A N S K I

rium still. The temperature remained con
stant a t 80.16° C. under 760 mm. absolute 
pressure. The equilibrium run gave a 
liquid and vapor a t the above tempera
ture and pressure, both having a compo
sition of 87.7 weight per cent alcohol. 
Various values reported in the literature

The activity coefficients, y,  were com
puted from the equation

actual distillation column performance at 
high acetone product compositions.

The System  Isopropanol-W ater

Equilibrium runs for this system were 
made in the same manner as for the 
ethanol-butanol system, starting with 
alcohol-rich mixtures. Gravities of the 
vapor and liquid samples were measured 
in pycnometers a t 20/15° C., and the per
centage composition interpolated from the 
isopropyl alcohol-water gravity tables pub
lished by the Standard Alcohol Com
pany (20). Small pieces of copper wire 
were introduced into the still during the 
runs to destroy any peroxides tha t might 
be formed from the presence of minute 
amounts of isopropyl ether. No tarnish
ing effects on the wires were noted during 
the entire series of runs. The data are 
tabulated in Table III.

Still residues were fractionated through 
a 100-plate Bragg column (3) a t nearly 
total reflux. The distillate was collected 
at a constant temperature of 80.3° C. 
under 760 mm. absolute pressure. This 
fraction was again run through the column 
at nearly total reflux, and the distillate 
collected until a sufficient sample was 
obtained to make a run in the equilib-

* L E B O
* MILLER 4 BLI55
* SCHUM ACHER

4 H U N T  
° A U T H O R S

0
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Figure 9. Activity Coefficients for Binary System 
Acetone-Water at 1 Atmosphere

where P  = total pressure on system
Po = vapor pressure of given component 
y = mole fraction of component in vapor 
x = mole fraction of component in liquid

for the acetone-water and the isopropanol-water systems, 
and are listed in Tables II  and III, respectively. The vapor 
pressures for the pure components were taken from Inter
national Critical Tables. Since the ethanol-butanol system
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Figure 10. Activity Coefficients for Binary System 
Isopropanol-Water at 1 Atmosphere

showed only a slight deviation from the theoretical equilib
rium, it was decided not to compute the activity coefficients. 
The activity coefficients for the acetone-water system are 
plotted against the mole fraction of acetone in the liquid in 
Figure 9. The activity coefficients for the system isopro
panol-water are plotted against mole fraction of alcohol in 
the liquid in Figure 10.

Conclusions

Carlson and Colburn (5 ), in their recent article on the 
application of theoretical methods to vapor-liquid equilibria 
in nonideal solutions, stated that the activity coefficient 
provides a sensitive method for checking the accuracy of 
vapor-liquid equilibria. The plots in Figures 9 and 10 for 
the acetone-water and isopropanol-water systems show that 
the activity coefficients he on a well defined line except for one 
point on each system which is a marked deviation.

The boiling point-composition and vapor-liquid equilibrium 
curves also show that the data are consistent within them
selves. The lowered enrichment for the more volatile com
ponent in the acetone-water and isopropanol-water systems 
relative to the original data may be considered a satisfactory 
explanation of the subspecification quality of the overhead 
product obtained from continuous stills designed according 
to the older data. Recently designed continuous stills have 
been operating in good agreement with the data presented 
in this paper.

The vapor-liquid equilibrium data determined for the sys
tem ethanol-n-butanol show that this system closely follows 
the ideal solution laws. The equilibrium data determined 
for the systems acetone-water and isopropanol-water are in 
good agreement with those of recent investigators and in
dicate that the original data on these two systems did not 
represent the true values.
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It Cant Be Done?
Step by step the forbidding sentence “It can’t be 

done”, is being erased from chemical thinking

For instance:
Chemistry textbooks for generations had taught 

that only a few limited fractions of petroleum  
could produce the 100-octa'ne gasoline needed in 
unlimited volume by our fighting flyers

T h a t b e lie f  d idn’t even  slow  up U n iversa l  
research men They w ent ahead, discovered prin
ciples and developed new processes that multiply  
production of the precious aviation motor fuel in 
the very w ays believed impossible

And that isn’t all They developed processes 
to make the components of synthetic rubber from 
petroleum, too— better rubber than trees ever grew

So we w ill be freed forever from dependence on 
rubber trees, 10,000 miles from home

It’s mighty lucky for our fighting men — for all 
0f u s— that Universal research men did not stop 
at the barrier marked —

“It can’t be done.”
O I L  IS A M M U N I T I O N  —  USE IT  W IS E L Y

Universal Oil P roducts Co 
Chicago, Illinois

Dubbs Cracking Process 
Owner and Licensor

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



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
V o l .  3 5 ,  N o .  2
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a l l h t., f o r  h a n d lin g  c o rro s iv e  d ig e s to r  v a p o rs  «  /  I \  »
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*  T
h o m e

TOUGH C O PPER  ALLOYS
a r e  s e r v i n g  d e p e n d a b ly ,  e c o n o m i c a l l y

At the front . . . and in  innum erable industrial 
applications . • . equ ipm ent m ade o f  Everdur* 
Metal and oth er A n acon d a  C opper A lloys is 
m easuring up to  the perform ance standards d e
manded by 24-hour-a-day sch ed u les. T o  g ive the 
best p o ss ib le  assistan ce to  th o se  en gaged  in  the 
war effort, w e  offer a three-fo ld  service:

1. Special E n g in eerin g  Counsel— Our m etal
lurgists and en g in eers are prepared to  cooperate  
in finding th e correct so lu tio n  to  sp ecia l m etal 
problem s in v o lv in g  cop p er, brass and Everdur.

2 . A L a b o ra to ry  You Can Call Your O w n —
The tech n ical in form ation  acquired through lo n g

years o f  m etallurgical ex p er ien ce—and the lab 
oratories resp o n sib le  for it—are at your service  
in fitting the right m etal to  your need.

3 . Publications From O u r Technical D e p a r t
m en t to  Yours— A vailable to  you  w ith ou t co st  
are a num ber o f  up-to-the-m inute p ub lication s  
o n  copper and cop p er alloys p ack ed  w ith  useful 
technical in form ation  w h ich  your en g in eers  w ill  
find extrem ely helpful at th is cr itica l tim e, mie
•Reg. U.S. Pat. Off.

TH E  A M E R I C A N  B R A S S  C O M P A N Y
G enera l O ffices: W aterbury , C o n n ec ticu t 

Subsidiary o f A naconda Copper M in in g  Company 
In  C anada: A N A C O N D A  AM ERICAN BRASS LTD ., N e w  T o ro n to ,  O n t .

Ross BCP b u n d le  w ith  she ll p ip e  (n o t show n) o f  A n a c o n d a  
S eam less C o p p e r  Tube . C o n s tru c tio n  in c lu d e s  tu b e s  a n d  
tu b e  sh e e ts  o f  c o p p e r-n ic k e l a l lo y ,  b a f f le  a n d  s u p p o rt  
p la te s  o f  b ra s s . M a d e  b y  Ross H e a te r  &  M fg .  C o ., Inc.

E ve rdu r cone  b le n d e r  fo r  m ix in g  tra c e r  b u lle t  p o w d e r 
—  m a d e  b y  the  H. K. P o rte r C o m p a n y , Inc. E verdur 
is a h ig h  s tre n g th , co rro s io n -re s is ta n t m e ta l— id e a lly  
su ite d  to  m a n y  p rocess  e q u ip m e n t a p p lic a tio n s .

M A D E  B Y  T H E  A M E R I C A N  B R A S S  C O M P A N Y



mean
IT  T A K E S M O R E  than  courage alone 

or soldiers to w in battles today.

I t  takes specialized fighting equipm ent 
. . as m uch as our vast industries can pro- 

luce, working every last hour on the clock, 
'o r  we are sending; millions of m en aarainstO O
t m echanized foe, and our m en m ust have 
ighting  tools to stand a fighting chance. 
Nowadays, a poorly  equipped soldier would 
tand  little m ore chance than  a m an with 
tare hands against bayonets.

A nd so tim e . . . p roduction  tim e . . . has 
tecome the most vital elem ent in the w ar 
ight now. W e simply cannot afford to sab- 
>tage w ar effort by allow ing a slow down 
vhere th a t slow dow n can be prevented.

T h ere  is one type of industrial slow down 
ha t can be prevented  . . . the in terrup tion

caused by failure of the valves th a t control 
v ital pow er and  production  fluids in your 
plan t. T he way to prevent this type of 
slow down is to avoid valve trouble before 
it starts!

K eep your valves operating  efficiently, 
continuously, by inspecting them  regularly. 
Renew  worn parts before they cause de
struction of the whole valve. A nd when 
valves m ust be replaced, have the new valves 
selected by experts, installed by experienced

men. /\Dove an , tram  new  workers to op e r
ate and m ain ta in  valves properly.

Jenkins Engineers are  ready to assist any 
m anagem ent in developing a practical p ro 
gram  of valve conservation.

A rm y -N a v y  “ E ”  P e n n a n t, 
aw ard ed  to  Jen k in s  Bros, fo r 
high ach ievem ent in the  p ro 
du c tio n  of w ar e q u ip m e n t .

Jenkins Bros., 80 W hite  S tre e t, N ew  Y ork , B rid g ep o rt, 
A tlan ta , Boston, P h ila d e lp h ia , C h icago . Jen k in s  Bros., 
L im ited , M o n trea l, C a n a d a ; L o ndon , E ngland.

R ep rin ts  of this advertisem en t a re  availab le  for use in m o ra le-b u ild in g  w ork.

JE N K IN S  VALVES
Fo r e v e r y  i n d u s t r i a l ,  e n g i n e e r i n g ,  m a r i n e  a n d  p o w e r  
p l a n t  s e r v i c e  . . . i n  B r o n z e ,  I r o n ,  C a s t  S t e e l  a n d  
C o r r o s i o n - R e s i s t i n g  A l l o y s  . . .  1 2 5  t o  6 0 0  lbs.  pr e s s u r e .
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M ore  L e b e n s r a u m  lo r  J o n e s  & Co., U. S. A.

M o r e  lebensraum . .  . th e  “ l i v i n g  s p a c e ”  
w h ic h  th e  G e rm a n s  s o u g h t  t o  ta k e  a w a y  
f r o m  th e  w o r l d  b y  b r u te  fo r c e  . . . w i l l  
be  a v a ila b le  f o r  y o u r  in d u s t r y  a f te r  th e  
w a r  is  w o n  —  th r o u g h  th e  in t e l l ig e n t  
a p p l ic a t io n  o f  c e n t r i f u g a l  fo r c e  to  e x 
t r a c t io n ,  f i l t r a t i o n ,  d e h y d r a t io n ,  p r e c ip i 
ta t io n ,  im p r e g n a t io n  o r  c o a t in g  p r o c 
esses.

I f  y o u  a re  n o w  u s in g  u n w ie ld ly  d r y in g  
e q u ip m e n t ,  s p a c e -c o n s u m in g  ta n k s ,  o r  
s lo w ,  c o s t ly  sq u e e ze  r o l l s ,  v a c u u m  b o x e s  
o r  o v e n s  . . . A T  &  M  m a y  b e  a b le  to  
h e lp  y o u  c u t  d o w n  th e  a m o u n t  o f  sp ace  
r e q u ir e d ,  l o w e r  y o u r  p r o d u c t io n  c o s ts , 
s p e e d  y o u r  p r o c e s s in g ,  in c re a s e  y o u r  
sa les , i n  th e  p e a c e t im e  fu tu re .

F o r  in s ta n c e ,  o n e  m a n u fa c tu r e r  c o n 
v e r t in g  f o r  w a r ,  fo u n d  th a t  l im i t e d  h e a d 
r o o m  p r e v e n te d  c e n t r i f u g a ls  la r g e r  th a n  
3 6 ” . T h e r e  w a s  n o  a d d i t io n a l  f l o o r  sp ace  
a v a i la b le ,  y e t e x p a n s io n  w a s  im p e r a t iv e .

A  T  &  M  e n g in e e rs ,  s tu d y in g  p la n t  la y 
o u t ,  in s t a l le d  fiv e  3 6 ”  m a c h in e s  w h ic h ,  
b y  q u ic k e r  a c c e le ra t io n  o f  m o to r  d r iv e ,  
doubled production!

O t h e r  f i r m s  h a v e  e v e n  fo u n d  th a t  n e w  
m a rk e ts  c a n  b e  ta p p e d  b y  r e p la c in g  a 
s lo w e r ,  m o r e  c o s t ly  m e th o d  w i t h  A T & M -  
e n g in e e r e d  c e n t r i f u g a l  fo r c e .

J u s t as y o u  c a n  c e n t r i f u g e  a n y th in g  
th a t  c a n  b e  e x tra c te d  b y  a f i l t e r  . . . a n d  
m a n y  s u b s ta n c e s  t o o  f in e  f o r  a f i l t e r  to  
h a n d le  . . .fa ster, in  less space b y  s ta n d a rd  
A  T  &  M  m a c h in e s  —  so  a ls o  in  s o lv in g  
e x c e p t io n a l  p ro c e s s  p r o b le m s ,  A  T  &  M  
e n g in e e rs  c a n  d e v is e  s p e c ia l m a c h in e s  
t o  s im p l i f y  y o u r  o p e r a t io n s ,  c o m b in e  
th e m , o f te n  e l im in a te  c e r ta in  o f  th e m  
a lt o g e th e r .

A  T  &  M  c e n t r i f u g a ls  a re  fu r n is h e d  in  
a l l  m a c h in a b le  m e ta ls  a n d  c o a t in g s ,  
l in k - s u s p e n d e d ,  s u s p e n d e d  o r  b ase - 
b e a r in g .  A n d  A  T  &  M  e n g in e e rs  s ta n d

re a d y  to d a y  to  h e lp  y o u  p la n  t o m o r r o w ’ s 
m o r e  p r o f i t a b le  o p e r a t io n s ,  as n a t io n a l  
n e e d s  p e r m i t .  W r i t e  u s . W e  k e e p  s t r i c t  
c o n f id e n c e .  A m e r ic a n  T o o l  a n d  M a c h in e  
C o m p a n y ,  1 4 2 1  H y d e  P a r k  A v e n u e ,  
B o s to n ,  —  o r  30C  C h u r c h  S tre e t,  N e w  
Y o r k ,  N .  Y .

ONLY EFFICIENT INDUSTRIES  

CAN “ WIN THE PEACE”

P la n  n o w  to  im p r o v e  y o u r  e x 
t r a c t io n ,  d e h y d r a t io n ,  f i l t r a 
t i o n ,  p r e c ip i t a t io n ,  im p r e g n a 
t i o n  o r  c o a t in g  p ro c e s s e s  . . . 
w i t h  A  T  &  M  e n g in e e r e d  
c e n t r i f u g a ls .

CENTRIFUGA



Slow downs may mean . .  /'“Bare Hands vs. Bayonets”
I T  T A K E S M O R E  th an  courage alone 
r  soldiers to w in battles today.

I t  takes specialized fighting equipm ent 
. as m uch as ou r vast industries can pro- 

tce, w orking every last h ou r on the clock, 
tr  we are  sending millions of m en against 
m echanized foe, and  our m en m ust have 
;hting tools to stand a fighting chance.
Dwadays, a poorly  equ ipped  soldier would 
m d little m ore chance th an  a m an w ith 
re hands against bayonets.

A nd so tim e . . . p roduction  tim e . . . has 
come the  m ost vital elem ent in the w ar 
h t now. W e sim ply canno t afford to sab- 
ige w ar effort by allow ing a slow down 
ere th a t slow dow n can be prevented.

rh e re  is one type of industria l slow down 
it can be p reven ted  . . .  th e  in te rrup tion

caused by failu re  of the  valves th a t control 
vital pow er and  production  fluids in your 
p lan t. T h e  way to prevent this type of 
slow dow n is to avoid valve trouble before 
it starts!

K eep your valves operating  efficiently, 
continuously, by inspecting them  regularly. 
R enew  worn parts before they cause de
struction of the whole valve. And when 
valves m ust be replaced, have the new valves 
selected by experts, installed by experienced

men. Above all, tram  new  w orkers to o p e r
ate  and  m ain ta in  valves properly.

Jenkins Engineers a re  ready to assist any 
m anagem ent in developing a practical p ro 
g ram  of valve conservation.

'-̂ T.ADĈ -fOENKINS';W MARK .
A rm y -N a v y  “ E ”  P e n n a n t, 
aw ard ed  to  Jen k in s  Bros, fo r 
high ach iev em en t in th e  p ro - 
d uc t ion of w ar e q u ip m e n t .

Jen k in s  B ros.. 80 W h ite  S tre e t, N ew  Y ork , B rid g ep o rt, 
A tlan ta , Boston, P h ila d e lp h ia , C h icago . Jen k in s  B ros., 
L im ited , M o n trea l, C a n a d a ; L on d o n , E ng land .

R ep rin ts  of this ad v e rtisem en t a re  availab le  for use in m o ra le-b u ild in g  w ork.

JE N K IN S  VALVES
F o r  e v e r y  i n d u s t r i a l ,  e n g i n e e r i n g ,  m a r i n e  a n d  p o w e r  
p l a n t  s e r v i c e  . . . i n  B r o n z e , I r o n ,  C a s t  S t e e l  a n d  
C o r r o s i o n - R e s i s t i n g  A l l o y s  . . . 1 2 5  t o  6 0 0  lbs.  p r e s s ur e .
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M ore  L e b e n s r a u m  for J o n e s  & Co., U. S. A.

M o r e  lebensraum . . . th e  “ l i v i n g  s p a c e ”  
w h ic h  th e  G e rm a n s  s o u g h t  to  ta k e  a w a y  
f r o m  th e  w o r l d  b y  b r u te  fo r c e  . . . w i l l  
b e  a v a i la b le  f o r  y o u r  in d u s t r y  a f te r  th e  
w a r  is  w o n  —  th r o u g h  th e  in t e l l ig e n t  
a p p l ic a t io n  o f  c e n t r i f u g a l  fo r c e  to  e x 
t r a c t io n ,  f i l t r a t i o n ,  d e h y d r a t io n ,  p r e c ip i 
ta t io n ,  im p r e g n a t io n  o r  c o a t in g  p r o c 
esses.

I f  y o u  a re  n o w  u s in g  u n w ie ld ly  d r y in g  
e q u ip m e n t ,  s p a c e -c o n s u m in g  ta n k s ,  o r  
s lo w ,  c o s t ly  s q ue e ze  r o l l s ,  v a c u u m  b o x e s  
o r  o v e n s  . . . A T  &  M  m a y  b e  a b le  to  
h e lp  y o u  c u t  d o w n  th e  a m o u n t  o f  sp ace  
r e q u i r e d ,  l o w e r  y o u r  p r o d u c t io n  c o s ts , 
s p e e d  y o u r  p r o c e s s in g ,  in c re a s e  y o u r  
sa le s , i n  th e  p e a c e t im e  fu tu re .

F o r  in s ta n c e ,  o n e  m a n u fa c tu r e r  c o n 
v e r t in g  f o r  w a r ,  fo u n d  th a t  l im i t e d  h e a d 
r o o m  p r e v e n te d  c e n t r i f u g a ls  la r g e r  th a n  
3 6 ” . T h e r e  w a s  n o  a d d i t io n a l  f l o o r  sp ace  
a v a i la b le ,  y e t e x p a n s io n  w a s  im p e r a t iv e .

A  T  &  M  e n g in e e rs ,  s tu d y in g  p la n t  la y 
o u t ,  in s ta l le d  fiv e  3 6 "  m a c h in e s  w h ic h ,  
b y  q u ic k e r  a c c e le ra t io n  o f  m o to r  d r iv e ,  
doubled production!

O t h e r  f i r m s  h a v e  e v e n  fo u n d  th a t  n e w  
m a rk e ts  c a n  b e  ta p p e d  b y  r e p la c in g  a 
s lo w e r ,  m o r e  c o s t ly  m e th o d  w i t h  A T & M -  
e n g in e e re d  c e n t r i f u g a l  fo r c e .

J u s t as y o u  c a n  c e n t r i f u g e  a n y th in g  
th a t  c a n  b e  e x tra c te d  b y  a f i l t e r  . . . a n d  
m a n y  s u b s ta n c e s  to o  f in e  f o r  a f i l t e r  to  
h a n d le  . . .fa ster, in  less space b y  s ta n d a rd  
A  T  &  M  m a c h in e s  —  s o  a ls o  i n  s o lv in g  
e x c e p t io n a l  p ro c e s s  p r o b le m s ,  A  T  &  M  
e n g in e e rs  c a n  d e v is e  s p e c ia l m a c h in e s  
to  s im p l i f y  y o u r  o p e r a t io n s ,  c o m b in e  
th e m , o f te n  e l im in a te  c e r ta in  o f  th e m  
a lto g e th e r .

A  T  &  M  c e n t r i f u g a ls  a re  fu r n is h e d  in  
a l l  m a c h in a b le  m e ta ls  a n d  c o a t in g s ,  
l in k - s u s p e n d e d ,  s u s p e n d e d  o r  b ase - 
b e a r in g .  A n d  A  T  &  M  e n g in e e rs  s ta n d

re a d y  to d a y  t o  h e lp  y o u  p la n  t o m o r r o w ’ s 
m o r e  p r o f i t a b le  o p e r a t io n s ,  as n a t io n a l  
n e e d s  p e r m i t .  W r i t e  u s . W e  k e e p  s t r i c t  
c o n f id e n c e .  A m e r ic a n  T o o l  a n d  M a c h in e  
C o m p a n y ,  1 4 2 1  H y d e  P a r k  A v e n u e ,  
B o s to n ,  —  o r  3 0 C  C h u r c h  S tre e t,  N e w  
Y o r k ,  N .  Y .

ONLY EFFICIENT INDUSTRIES  

CAN “ WIN THE PEACE”

P la n  n o w  t o  im p r o v e  y o u r  e x 
t r a c t io n ,  d e h y d r a t io n ,  f i l t r a 
t i o n ,  p r e c ip i t a t io n ,  im p r e g n a 
t i o n  o r  c o a t in g  p ro c e s s e s  . . . 
w i t h  A  T  &  M  e n g in e e r e d  
c e n t r i f u g a ls .

I FUG A,CEiNT



H o w  Calgon h e lp s  s p e e d  A m er ica ’s  w a r  e f f o r t :
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HARD w ater is the cause of pro
duction slow-downs in a variety 
of industries too numerous to men

tion. If you have a water problem, 
you m ay get a “hftable” idea from 
how Calgon-treated water speeds up 
processes in the woolen mills.

The necessity for clothing millions 
of fighting men has placed a trem en
dous burden on the woolen mills. For 
years they  have been troubled with 
lime salts, in the wool or in the water, 
causing insoluble, sticky soaps which 
resist good dyeing and finishing. This 
m eant rehandling of faulty  goods

and a general slow-up of production.
Today, woolen mills use Calgon to 

obtain water of zero hardness which 
stops the formation of lime-soap film. 
Raw wool and fabrics are washed 
free from soap deposits with the re
sult th a t dyeing and finishing are 
greatly  improved. Rejects are few.

Calgon has other advantages, too. 
Used in very small quantities in the 
carbonizing bath , it prevents the 
precipitation of calcium sulphate, 
perm itting great savings in sulphuric 
acid.

Calgon also reduces corrosion in

iron pipe lines to  such an ex ten t th a t 
iron stains from this cause are prac
tically  elim inated. W h a t’s more, 
colors come ou t b righ ter and less 
bleach chemicals are needed. Only 
2-10 ppm. of Calgon are needed for 
this job.

N o doubt you have a process 
where Calgon can im prove operations 
b y  im proving w ater. Tell us your 
problem and we’ll tell you in a 
straightforw ard m anner if Calgon* 
can be of service to  you.
*Ca1gon is the registered trade-mark of Calgon, 
Inc., for its glassy sodium phosphate products.

Calgon Softens W ater 
and Prevents Lime 

Soap Formation

Calgon Prevents Deposi
tion of Calcium Sulphate 

by Stabilizing Super
saturated Solutions

RAW W OOL SCOURING PIECE GOODS SCOURING

SULPHURIC ACID CARBO NIZING

TOP-YARN DYEING BACKW ASHING

calqon, inc.
DIARY OF m  H A G A N  BUIA SUBSIDIARY OF 

HAGAN CORPORATION
H A G A N  BUILDING 
PITTSBURGH PA.



R O T A R Y  C O O L E R S

for different requirements
•  O ne type o f B artlett-Snow  R otary  C ooler is used in 
lo w erin g  the tem perature  o f glass pellets, and o ther 
ho t m aterials, from  1800° F. to  200° F. T h e  m aterial 
is fed in  one end, and ro lled  gently in  the continuous 
tube p itched  slightly  to  the horizon tal. I t  w orks its way 
slowly from  one w ater jacketed  coo ling  section  to 
another, and is finally d ischarged , cooled, polished , 
and  unm arred  to  com m and h ighest m arket prices. These 
co o le rs—see illu stra tion  above—are m oderately priced, 
highly efficient and requ ire  little pow er.

T h e  o th e r type processes crystalline salts such as 
(N H 4) 2S O 4 ; — N H 4N 0 3; -  N H 4CL; -  N a N 0 3; -  
M g S 0 4—and o th e r m aterials that tend to  cake and lum p 
in c o o lin g —keeps them  free-flow ing, because they lose 
th e ir  tendency to  cake, w hen  they are cooled w hile

being  agitated. T hese coolers are fitted w ith  flights tha 
lift the m aterial up and  cascade it d ow nw ard  through 
a coo ling  a ir stream  in a m ost efficient m a n n e r—an- 
im parts extra d ry ing  too , since an app rec iab le  am our 
o f the heat loss is abso rbed  as la ten t heat o f  evapora tio r 

O ur recently  issued Bulletin N o. 89 describes Ban 
lett-Snow  coolers, and dryers, k ilns, calc iners, autc 
claves and o th e r heat en g in ee rin g  equ ipm ent in  deta: 
—discusses the fundam ental p rin c ip les  invo lved—an 
contains m uch technical data o f in te rest to  every er 
g ineer and o p era tin g  m an . . . Send for a copy toda)

THE C. O. BARTLETT & SNOW COMPAN
620 7  Harvard Avenue Cleveland, Ohi

E n g in e e rin g  a n d  Sa les R e p re s e n ta tiv e s  in  th e  P r in c ip a l C itie s

B A R T L E T T - S N O W
DRYERS CALCINERS COOLERS KILNS

Also complete m aterials handling facilities to meet any requirement 
One contract * One guarantee of satisfactory performance * Unit responsibilit

Screw Feeders I Rotary Crushers | Bucket Elevators | Belt Conveyors | Dust Collectors I Pressure \



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
V o l .

Giusrt

RUBBER TREE S  are growi ng in Ameri ca
T h is  is  a  l ig h t n in g  w a r — a  s t r u g g le  o f  
s p e e d in g  m a c h in e s  a n d  m e n . Y o u  c a n ’ t  

f i g h t  a n d  w o r k — f a s t — w it h o u t  r u b b e r .  

V i c t o r y  r o l l s  o n  i t !
W i t h  m o s t  o f  t h e  w o r ld ’ s n a t u r a l  r u b 

b e r  i n  th e  h a n d s  o f  t h e  t r e a c h e ro u s  J a p , 
A m e r ic a ’ s p e t r o -c h e m ic a l  in d u s t r ie s  m u s t  

a c h ie v e - a l m o s t  o v e r n i g h t - h u g e  s y n 

t h e t i c  r u b b e r  p r o d u c t io n .

B a d g e r  is  h e lp in g  t o  d o  t h i s  b ig ,  c o m 

p l i c a te d  jo b .  I t  is  c o - o p e r a t in g  d i r e c t l y  

W i t h  t h e  c h e m ic a l  a n d  p e t r o le u m  in d u s 

t r ie s  i n  th e  d e s ig n  a n d  c o n s t r u c t io n  o f  a  

la rg e  p e rc e n ta g e  o f  t h e  n e w  p la n ts  f o r  
th e  p r o d u c t io n  o f  B u ta d ie n e — a  p r im a r y  

m a te r ia l  i n  t h e  m a n u fa c tu r e  o f  B u n a -S ,  

o n e  o f  th e  p r in c ip a l  s y n th e t ic  ru b b e rs .

B e h in d  B a d g e r ’ s a b i l i t y  a n d  w h o le 

h e a r te d  e f f o r t  t o  h e lp  A m e r ic a  s o lv e  th e  
c r i t i c a l  r u b b e r  p r o b le m  a re  y e a rs  o f  e x 

p e r ie n c e  i n  c h e m ic a l p ro c e s s in g , d is t i l l a 

t io n ,  f r a c t io n a t io n  a n d  r e f in in g .

T h is  e x p e r ie n c e  a ls o  e n a b le s  B a d g e r  

t o  d o  o th e r  im p o r t a n t  w a r  jo b s — b u i ld in g

p la n ts  a n d  e q u ip m e n t  f o r  t h e  p r o d u c t io n  

o f  s m o k e le s s  p o w d e r ,  T . N . T . ,  a lc o h o l,  

a v ia t io n  g a s o l in e  a n d  m a n y  o th e r  s t r a 

te g ic  m a te r ia ls .

■■ » B adger
A N D  SO NS C O M P A N Y  
BO ST O N . . . .  E S T .  1841
N E W  Y O R K  • P H I L A D E L P H I A  
S A N  F R A N C I S C O  • L O N D O N

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  f o r  t h e  p e t r o - c h e m i c a l  i n d u s t r i e s
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L. - m _ - THE CHEMIST  
IS 

TODAY'S CRUSADER  
AGAINST DEFEAT

28015-S T

Supplying answers to problem after prob
lem of national life and of industrial and 
military effort, m odem  chemistry is re
moving us farther and farther from the 
threat of defeat.

K IM B LE LABO RATO RY GLASSWARE
fills requirements of scientific workers in 
many essential professions and industries. 
Consult leading laboratory' supply houses 
throughout the United States and Canada 
for Kimble products to serve your own 
needs.

f a

28015-ST  F la sk , V o lu m etric , 
B lue L ine  <“ “ >, R e te s te d , 
C a lib ra ted  to  c o n ta in , w ith  

1 g ro u n d  glass s to p p e r  
(flask le n g th ) .

Capacity
nL

$
Stopper Each

10 9 $0.68
25 9 .74
50 9 .78

100 13 .78
200 13 .88
250 16 .88
500 19 1.17

1000 19 1.36
2000 27 1.95

F o r  q u a n t i t y  p r ic e s ,  a n d  f o r  d e ta i ls  
a b o u t  K im b le  v o lu m e t r ic  f la s k s  
o f  a l l  ty p e s  a n d  f o r  a l l  p u rp o s e s , 
c o n s u lt  y o u r  d e a le r .



adage applies to  heat and pH 
control in industry as much as 

it does to w arfa re . For ACCURATE heat 
or pH control there is nothing to equal 
potentiometers.
Potentiometers are only as accurate as 
the standard  cells w ith in  them. That s 
why most o f these instruments, fo r  25 
years, have been equipped with EPLAB 
Standard Cells. The la tte r were the first 
co m m erc ia l ce lls  of th e ir  type  on the 
market and have made mass production 
compatible with uniformity in many fields. 
Practically all our production is devoted 
to this one product.

T H E  E P P L E Y  L A B O R A T O R Y ,  I N C .
S C I E N T I F I C  I N S T R U M E N T S  
N E W P O R T .  R H O D E  I S L A N D ,  U . S . A .

I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y
V o l .  1 ,< 0 - *

E P L A B  S t a n d a r d  C E L L S ^
f o r  p o t e n t i o m e t r i c  i n s t r u m e n t s

" A  S S T A N D A R D  A S  S T E R L I N G "
J



CLARK 6 -C y lin d e r  6 0 0  
H.P. " S u p e r-2 - C y c le "  

A ngle C o m p resso r

a . T & w e k  S fo o d e

The 2-cycle engine w as developed to eliminate what w as known 
as the "waste" stroke in 4-cycle operation. In the 2-cycle engine, 
instead of only half of the piston's down-strokes being power 
strokes, every down-stroke is a power stroke!

In the perfected CLARK Super-2-Cycle Engine this has resulted 
in power output also being actually doubled, as compared with 
the 4-cycle engine of equivalent size and displacement.

In addition to doubled power, the 2-cycle principle as per
fected in CLARK "Angle" Compressors, offers these basic 
advantages:
1. GREATER S IM P L IC IT Y  —  No in

take or exhaust valves.
2 . GREATER FUEL ECONOMY— due 

to Clark patented Fuel Injection.
3. LESS W EAR— as the power is pro

duced with half the number of 
power cylinders.

4 . SMOOTHER OPERATION.

5. FEW ER MAN HOURS —  due to
simple design, few parts, and ease 
of servicing vertical cylinders.

6. LOW ER O IL CONSUM PTION.

7. LOW ER IN STA LLA T IO N  COST—
due to shipment assembled, small 
foundations, small buildings.

These points, explaining the leadership of the CLARK 
"Angle", merit your thorough investigation. Our engineers are at 
your service.

CLARK BROS. CO., INC.................OLEAN, NEW YORK, U. S. A.
E xp o rt O ff ic e s : 30 R o c k e fe lle r  P laza, N ew  Y o rk . D o m e s tic  Sales O ff ic e s  and W arehouse s: 
T u lsa , O k la .; H o u s to n , T exa s; C h icago , III. (1 2 2  S. M ic h ig a n  A v e . j ;  B o s ton , Mass. (131 
C la rendon  S t.); H u n tin g to n  P a rk, C a lif .  (5 7 1 5  B ic k e t S t.) F o re ig n  O ff ic e s :  72 T u rn m il l 
S t., E. C. 1, Lo n d o n ; A vd a  Roque Saenz Pena 8 3 2 , Buenos A ire s .
A f f i l ia te d  C om pa n ies : Dresser M fg .  C o ., B ra d fo rd  Pa .; P a c if ic  P um o W o rk s , H u n tin g to n  
P a rk , C a lif . ;  B ry a n t H e a te r Co., C le ve la n d , O h io .

m s a s

NUMBER OF
P O W E R
5 T R O K E 5

A t a
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M A R I N E ?
or Snapping  Turtle?

D on ’t start borrowing trouble when it may 
be nothing more than a bubble . . . like, for 
instance, an unfamiliar valve problem that 
seems to mean a slow  and costly order for 
special equipment. First, check with Chapman, 
and like as n o t you’ll find your " troub le” 
sm oothed over without a ripple. For the spe
cial valves you think you need may w ell be 
right in Chapman’s Standard Line . . . which 
includes many types and sizes developed for 
special requirements in the past. So see if  you 
, . .  like scores o f  others . . .  can save time and 
trouble by getting, here, many types o f iron, 
bronze, chrome and molybdenum alloy valves 
that would be specials elsewhere.

CHAPMAN
VALVE

m a n u f a c t u r i n g  c o m p a n y

STEF r  K

f!t ' A¡fr /

I NDI AN ORCHARD,  MASS.
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"For Excellence
i n  ...

To Sharpies Chemicals Inc. . . .  to the men and 

women of this organization pledged as partners 

of our fighting forces in this great conflict for human 

freedom  — the A rm y-N avy Production A w ard  was 

presented on January 27th.

Now flying over our plant a t W yandotte, Michigan, 

the Army-Navy “E” is not only a source of pride to 

our entire personnel, but represents a constant 

challenge to our ability to surpass all previous 

records in production achievements.

SHARPLES CHEMICALS INC.
P H I L A D E L P H I A N E W  Y O R K



W ithout your help, w e could not have gained the high  
honor o f the Army-Navy "E” production award. Your 
co-operation permitted us to produce the valves it took.

More than 3,000 go  into every battleship. H ow  
many do you think are needed to build America’s two- 
ocean Navy? The ever-growing Liberty maritime fleet? 
H ow  many thousands more for barracks, cantonments, 
and plants turning out Army equipment?

Doubled and re-doubled were our facilities begin
ning even before the war. Yet, only because you helped, 
were w e able to meet the vast demands for Crane valves.

You made that possib le by conserving the valves in 
stalled in your lines—by giving them the best o f care— 
by ' 'making them do” in the face o f critical materials 
shortages. And m ost likely, as so many plants are do
ing, by utilizing the valuable tips in Crane "Piping  
Pointers” Bulletins on getting better and longer serv
ice from pip ing equipment.

As a result, on both industrial and fighting fronts, 
more and more Crane valves are today quickening the 
pace of America’s march to V ictory—assuring depend
able flow control o f every vital fluid.

And here at Crane, the Army-Navy "E” is  spurring us 
on in making even more valves—help ing us get our 
part and your part o f this wartime job done faster.

Crane Co., 836 South M ichigan A v e ., Chicago, Illino is

. . . Y O U  H E L P E D  U S  W I N  IT

Piping Pointers” Bulletins—one of Crane Co.’s wartime aids to industry 
fo r  getting better and longer service from  valves. Supplied free  on request.

\

C  R A N  E  V A L V E S
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J L / C r t t C CORROSION-
RESISTANT

VASTE MAN-HOURS
ND C R IT IC A L  M A TERIA L  
uilding Special Enclosures

These starters (Type 
8 ) are made in two 
forms— one for cor
rosive atmospheres 
and one for hazard
ous locations. A l l  
th e ir arc ing parts 
and terminals (for 
use in hazardous 
lo ca tio n s) are at 
least s ix  inches 
under oil.

DUST-TIGHT

GENERAL-
PURPOSE
The Type 1 enclo
sure is suitable for 
general-purpose, in
door ap p lica tio n s 
w here atm ospheric 
conditions are nor
mal.

The Type 5 enclosure is for use in 
steel m ills, cement m ills, and 
other locations where the dust 
content of the atmosphere is so 
heavy as to make a dust-tight case 
desirable. The cases are of heavy 
sheet metal, equipped with heavy 
gaskets, clamping bolts, and wing 
nuts.

FOR HAZARDOUS LOCATIONS
The Type 7 case for Class 1, 
Group D , locations is made of 
cast, high-strength a lloy . These 
starters can withstand internal 
explosions. The flanges, which 
are securely bolted on all sides, 
are ground to tolerances that w ill 
not permit the escape of hot 
gases.

Order STANDARDS  
to save time and material

WATERTIGHT
The Type A ease is 
suitable for outdoor 
use, and for installa
tions in damp places 
indoors, such as in 
dairies and brew
eries.

The Nov /  "E " ,  fo r  E xce llence, has  
been a w a rd e d  to  9 2 ,7 8 0  G e n e ra l 
E lectric  em p loyees in  six p la n ts  
m a n u fa c tu rin g  n a v a l e q u ip m e n t.

N EVER ENOUGH production time— scarce ma
terial urgently needed! Both far too valuable 

to be spent in building unnecessary control rooms 
and special enclosures.

But delivered-ready-to-install control isn’t all that 
the General Electric line of standard combination 
starters offers you.

These starters combine two devices— a fused 
motor-circuit switch and a magnetic starter—in one 
compact unit. This saves you one complete mounting 
job. They come to you completely wired and ready 
to install— saving all the time and material needed 
to wire up two individually mounted controls.

If you wish, our local sales engineers will help you 
select the proper starter for your job from this 
standard line of G-E combinations—for a-c motors 
up to 200 hp. General Electric, Schenectady, N. Y.



R e a d y  fo r  in s ta l l i n g  in  a n y  d e s ir e d  p o s i t i o n ,  G a r d n e r -D e n v e r  C lo s e -C o u p le d  
C e n t r i fu g a l  P u m p s  a r e  c o m p le t e ,  c o m p a c t  u n i t s .  P u m p  a n d  s p la s h - p r o o f  
m o to r  a r e  m o u n t e d  o n  t h e  s a m e  r u g g e d  s h a f t .  C a p a c i t ie s  r a n g e  f r o m  30 to  
1200 g a llo n s  p e r  m i n u t e  a t  h e a d s  u p  to  300 f e e t .  T h e s e  p u m p s  a r e  a ls o  a v a i la b le  
a s  s e l f - p r i m i n g  u n i t s .

T o  g iv e  y o u  t h i s  e x t r a  e f f ic ie n c y — G a r d n e r - D e n v e r  
c e n t r i f u g a l  p u m p s  w e re  d e s ig n e d  w i t h  p r o p e r l y  p r o 

p o r t io n e d  w a t e r  p ass a g e s — w i t h  im p e l le r s  a n d  c a s 
in g s  e m b o d y in g  e v e r y  m o d e m  h y d r a u l ic  a d v a n ta g e .  
G a r d n e r - D e n v e r  c e n t r i f u g a ls  a re  p r o v in g  t h e i r  a b i l i t y  
t o  lo w e r  t h e  c o s t  p e r  th o u s a n d  g a l lo n s  p u m p e d  in  

sco re s  o f  p la n ts  t h r o u g h o u t  t h e  c o u n t r y .

A  F E W  e x t r a  p e r  c e n t  c a n  m a k e  a l l  th e  d i f f e r 
ence s  w h e n  y o u ’ re  f ig u r in g  c e n t r i f u g a l  p u m p  

e f f ic ie n c y .  G a r d n e r - D e n v e r  c e n t r i f u g a l  p u m p s  w e re  
d e s ig n e d  t o  h a v e  t h a t  e x t r a  e f f ic ie n c y  b e tw e e n  
p r o f i t  a n d  lo s s  i n  c e n t r i f u g a l  p u m p  o p e r a t io n .  
G a r d n e r - D e n v e r  c e n t r i f u g a ls  o f te n  p a y  f o r  th e m 

s e lv e s  w i t h  in c re a s e d  o u t p u t  a n d  lo w e r  p o w e r  c o s ts  

w i t h i n  a  s h o r t  t im e  a f te r  in s t a l la t io n .

F or lo w  c o s t ,  g e n e r a l  u t i l i t y  s e r v ic e , G a r d n e r -D e n v e r  S id e  
S u c t io n  C e n t r i fu g a ls  a re  c o m p a c t  a n d  s im p le  i n  d e s ig n .  
T h e  s h a f t ,  im p e l l e r  a n d  b e a r in g s  a r e  t h e  o n l y  m o v in g  
p a r t s .  C a p a c i t ie s  u p  to  1600 g a llo n s  p e r  m i n u t e  a t  h e a d s  
u p  to  100 fe e t .

For b u lle t in s  d e s c r ib in g  G a rd n e r-D e n v e r  C e n tr ifu g a l P u m ps, w r ite  

G a rd n e r-D e n v e r  C o m p a n y , Q u in c y ,  I l l in o is

G DARDNER-JL/ENVER S i n c e  1 8 5 9
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B r i s t o l ' s  B u l l e t i n s  —  C l e a r ,  C o n c i s e ,  

C o m p l e t e  — S u m  U p  L a t e s t  A d v a n c e s  

o f  W a r t i m e  I n s t r u m e n t - E n g i n e e r i n g

For instance, the Free-Vane system  of control, 
originally developed by the Bristol Company in 
1932, is now available in a convertible design, 
enabling you to adapt your instruments to changing 
processes by following simple instructions in your 
own plant. This feature is added to  the exceptionally 
prompt undistorted response of Free-Vane Con
trollers, arising from the patented, free-floating 
action of the control mechanism.

Bulletin A 112 describes in 8 concise pages the 
new convenience and flexibility of Free-Vane Con
trollers. Write for it, together with other bulletins 
for your industry, addressing the Bristol Company, 
110 Bristol Road, Waterbury, Connecticut.

AUTOMATIC CONTROLLING 

AND RECORDING INSTRUMENTS

T H E  B R I S T O L  C O M P A N Y ,  W a t e r b u r y ,  C o n n e c t i c u t

. . . ... L td .  B r is to , ' s In s t r u m e n t  Co. L td .

Acid Plant Meets Problem of 
Continuous Checking—Uses Bristol! 
Metavane Transmission of Remote 

Data, Plus Free-Vane Control
C h eck in g  te m p e ra tu re , liq u id  level a n d  flow i 
v a rio u s  p a r ts  o f th e  p la n t  is m ad e  easy  b  
M e ta v a n e  tra n s m itte r s ,  w h ich  p n e u m a tic a ll | 
reco rd  th e  fac ts  a t  c e n tra l c o n tro l p an el. Ther< 
th e  F ree  V ane  C o n tro lle rs  m a in ta in  r ig id  u n  
fo rm ity . R e m o te , u n v a ry in g  c o n tro l o f heaters 
azeo tro p ic  co lum ns a n d  refin ing  co lu m n s h i 
so lved a d ifficult m an p o w er p ro b lem  fo r th  
w a rtim e  p la n t.

FREE Bulletins From Bristol’s 
Library of Engineering Data for 
Every Executive Responsible for 

Wartime Production

THE BRISTOL COMPANY
109 B ris to l R o ad , W a te rb u ry , C onn . 
P lease  send  m e B u lle tin  A 112.

□
B u l le t in  512 —  A n  in t r o d u c t io n  to  B r is to l  
S y s te m  o f  C o o rd in a te d  P ro c e s s  C o n t r  
d e s c r ib in g  th e  ty p e  o f  p ro b le m  s o lv e d  1 
a u to m a t ic  c o n t r o l,  th e  t y p e  o f  o p e ra t io  
c o n t ro lle d ,  a n d  s e v e ra l in s ta l la t io n s  in  m o d e  
p ro c e s s in g  p la n ts .

□
B u l le t in  1 0 3 — A u to m a t ic  c o n t r o l  o f  s y  
t h e t ic  r u b b e r  p rocesses w i t h  B r is to l  in s t r  
m e n ts  d es c rib e s  w o r k  d o n e  f r o m  p i l o t  p la n  
t o  c o m p le te d  in s ta l la t io n s ,  c o m p le te  w i 
d ia g ra m s  s h o w in g  c o n t ro ls  a p p lie d  t o  v a r io  
p rocesses.

□
B u l le t in  513 —  B r i s t o l ’ s M e ta v a n e  S yste  
o f  t r a n s m it t in g  re m o te  d a ta  b y  p n e u m a ' 
te le m e te r in g  is  d e s c r ib e d  in  t h is  fo ld e r .  F  
e v e ry  e x e c u t iv e  in te re s te d  in  d is t a n t  m e a su i 
m e n t  o f  te m p e ra tu re ,  f lo w ,  p re s s u re  a: 
l iq u id  le v e l.

N A M E ..........

COM PANY

A D D RESS
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Look twice. You think you see a 
negative of two soldiers clashing in 
bayonet practice. Actually you are 
looking at sunlight and silver bromide.

The mysterious action of light on 
certain silver salts is just as much a 
miracle today as it was a hundred 
years ago when the first photographs 
were made.

Hardly less amazing is the remark
able sensitivity of present-day photo
graphic emulsions.

These new films and papers could

a m i / f a r  ^
not be manufactured without exact
ing control of temperature, control 
of humidity and protection against 
dust. A ir  conditioning makes them 
possible.

Air conditioning and refrigeration 
play a part in many photographic 
processes. They are being used to 
speed up military photography . . . 
improve all photography.

Today, air conditioning equipment 
. . .  developed by General Electric . .. 
has been made more compact, more

flexible to meet unusual wartime 
requirements.

After the war, these improvements 
will result in better air conditioning 
for offices, stores, theatres, hotels and 
many other civilian purposes. When 
the war is won, General Electric will 
provide this better air conditioning—
f o r  l i p t f p r  w o r lr lfor a better world.

A ir  C onditioning and Com m ercial 
Refrigeration Departm ent, D ivision  
i3 2 ,  General Electric Co., Bloom field, 
N ew  Jersey .

/te n  @o*tcUtùHU<tÿ ê(f G E N E R A L  | | |  E L E C T R IC



W h a t  e v e r y  p l a n t  o p e r a t o r  s h o u l d  

k n o w  a b o u t  G L A S S  P I P I N G !

Q :  I s  G L A S S  P I P I N G  a v a i l a b l e  n o w ?  

A :  Y e s !

G la ss-m ak in g  m a te r ia ls  a re  s t i l l  fa i r ly  p le n t ifu l.  A n d  m a n y  p la n t 
ope ra to rs  are d isc o v e rin g  th a t  P y r e x  B ra n d  P ip in g  n o t o n ly  solves 
p ip in g  shortage  p ro b le m s  b u t  a lso, in  m a n y  cases, does a b e tte r  jo b  
th a n  th e  p ip in g  th e y  fo rm e r ly  used.

W e  do  need p r io r i t y  ra t in g s  th a t  enab le  us to  g e t accessories (flanges, 
gaskets), to  assign  necessary la b o r, a n d  to  e s ta b lish  th e  p o s it io n  o f  
y o u r  o rd e r in  o u r  p ro d u c tio n  lin e . W ith  such  p r io r it ie s  we have  been 
m a k in g  6 to  8 -w eek de live rie s .

Available sizes and lengths: 1 " , 1 H  " , 2 " , 3 " , and  4 "  d ia m e te rs  and  
a ny  le n g th  fro m  6 inches to  10 fe e t ( lon g e r le n g th s  o n  specia l re qu e s t). 
T h e re  are co rre sp o n d in g  e lls, tees, re tu rn  bends, a nd  reducers.

Accessories: J o in ts  are com press ion  ty p e — w ith  co n ica l p ip e  ends 
com pressed to  a s e lf-c e n te r in g  g aske t b y  m e ta l flanges a nd  c la m p in g  
bo lts . W e  s u p p ly  gaske ts o f  m a te r ia ls  s u ite d  to  th e  l iq u id  o r gas y o u  
w a n t to  convey .

WHERE DOES IT GIVE BEST SERVICE?
W h e reve r h o t  o r  c o rro s iv e  l iq u id s  o r  gases m u s t be co nve ye d  . . . 
w he reve r p ro d u c ts  m u s t be p ro te c te d  fro m  c o n ta m in a tio n  . . . w h e re ve r 
i t  is im p o r ta n t  to  k n o w  w h a t is h a p p e n in g  inside a l in e  . . . th e re  
P y r e x  P ip in g  g ives y o u  its  m o s t p ro f ita b le  se rv ice .

C h e m ica l p la n ts  use i t  to  e lim in a te  th e ir  c o rro s io n  p rob le m s , because 
i t  resists a ll  h o t  o r  co ld  ac ids  (e xcep t H F ) .  F o o d  a nd  beverage m a n u 
fa c tu re rs  l ik e  i t  because i t ’s easy to  keep clean, e ith e r  b y  s im p le  flu s h 
in g  o r  w ith  s te a m  o r  s tro n g  h o t  c le a n in g  s o lu tio n s . I t  he lps  to  p rod u ce  

a p u re r p ro d u c t.

WATCH FOR CORNING ADVERTISEMENTS!
W a tc h  th is  m agaz ine  fo r  m o re  in fo rm a t io n  in  C o rn in g  s a d v e rt is e 
m e n ts  headed “ W h a t e v e ry  p la n t  o p e ra to r  sh ou ld  k n o w  a b o u t G lass 
P ip in g .”  A n d  w r ite  fo r  P y r e x  P ip in g  B u lle t in  N o . 814. In d u s tr ia l  
D iv is io n , C o rn in g  G lass W o rk s , C o rn in g , N . Y .  B ra n c h  O ffices: 
N e w  Y o rk , 718 F i f t h  A v e .;  C h ica g o , M e rc h a n d is e  M a r t .

IS IT EASY TO INSTALL?
P la n t w o rk m e n  h ave  fo u n d  i t  easy to  m a ke  in s ta lla t io n s  them se lves . 
I n  fa c t, g reen p la n t  m echan ics  h ave  re c e n t ly  done  f ir s t - ra te  in s ta lla t io n s  
w ith  P y r e x  P ip in g .

Y o u  m a y  in s ta l l  f ro m  one p iece  to  a  w h o le  sys te m — fo r  P y r e x  
P ip in g  m a y  be jo in e d  to  e x is t in g  m e ta l lines  a nd  e q u ip m e n t. A n d  i t  is  
h u n g  and  s u p p o rte d  m u c h  l ik e  o th e r  typ e s  o f  p ip in g . (See p h o to  a t 
to p  o f  page.) W e  do re com m e n d  th a t  hangers a nd  su p p o rts  be p a d d e d , 
to  m in im iz e  sc ra tch in g .

n

WILL IT STAND UP MECHANICALLY?
Y es. P y r e x  P ip in g  is  re com m e n d ed  fo r  w o rk in g  pressures u p  to  
100 p .s .i. B u t  glass in  th is  fo rm  is  not as s tro n g  as m e ta l. So, ca re  m u s t 
be ta k e n  to  a v o id  in s ta l la t io n  s tra in s  o r  sh a rp  im p a c t.  N e a r ly  20 
years  o f  se rv ice  u n d e r a ll  k in d s  o f  p la n t  c o n d it io n s  h ave  p ro v e d  th a t  
o n ly  s im p le  co m m o n  sense a nd  reasonable  care a re  re q u ire d  to  h a n d le  
P y r e x  P ip in g  w ith o u t  tro u b le . T h e  glass its e lf ,  in c id e n ta l ly ,  is  v e ry  
h a rd — a b o u t tw ic e  as re s is ta n t to  a b ra s io n  as o rd in a ry  p la te  glass. 
T h u s , th e  p ip in g  is  p a r t ic u la r ly  s u ita b le  fo r  a b ra s ive , c o rro s iv e  s lu r r ie s . 
Y o u  can  in s ta l l  and  use P y r e x  P ip in g  w ith  confidence.

WHAT DOES IT COST?
T h e  in i t ia l  co s t o f  P y r e x  P ip in g  (accessories in c lu d e d ) is  a b o u t th e  
sam e o r  less th a n  th e  co s t o f  fu l l-w e ig h t  co pp e r o r  b rass p ip in g , in  co m 
p a ra b le  sizes, a n d  is  c o n s id e ra b ly  less th a n  th e  cos t o f  s ta in less  stee l.

A n d  because P y r e x  P ip in g  does n o t  w ea r o u t  u n d e r a c id  a tta c k , i t  
g ives  lo n g  tro u b le - fre e  se rv ice , w it h  re s u lta n t lo w  lo n g - t im e  cost.

T h e  le f t-h a n d  p h o to g ra p h  a t  th e  to p  o f  th e  page is  a n  exam p le . 
T h a t  P y r e x  P ip in g  has c a rr ie d  a s lu r r y  o f  c rushed  q u a r tz  a n d  s u l
p h u r ic  a c id  fo r  o v e r e ig h t years— w ith o u t  one c e n t o f  m a in te n a nce .

11P Y B E X ” is a registered trade-mark and indicates manufacture by Corning Glass Works, Coming, N. Y.
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. . Ad<Mî4tci*Uf GLOBAL-WAR AcJu&u&menti.
F O R  THE P R O C E S S I N G  I N D U S T R I E S ! . . . .

CONTROL OF QUALITY is not an "emer
gency” measure for GLOBE STAINLESS STEEL 
TUBES. . .  nor is it a "conversion” policy for the 
duration. Control o f  quality at GLOBE is a 
basic rule that has guided the developm ent and 
production o f  steel tubes for more than 30 years. 
-fe  It is a company "habit,” backed by the m od
ern 37-acre GLOBE mills, scientific laboratories 
and finest o f  facilities, which has advanced results 
for the processing industries throughout peace
time and wartime by assuring tubes o f  superior 
resistance to corrosion . . .  accuracy in size and 
ga u g e . . .  diameter and concentricity. . .  ductility

*  Consult Q LO BE engineers regarding new ap
plications a n d  selection o f  the right character
istics o f  stainless tubes fo r  your specific needs.

. . . greater tensile strength and bursting-resist
ance . . .  faster fabrication, easier bending, cutting, 
welding, expanding or flanging. ^  GLOBE 
control o f  QUALITY has helped the processing  
industries, and manufacturers o f  equipm ent for 
these industries, to meet many "miracle” sched
ules in war-production demands, at low  costs!

★  STAINLESS TUBES
★  BOILER TUBES
*  G LOBEIRO N TU BING

*  G IO W E ID  TUBES

A  CONDENSER A N D  
H EAT EX C H A N G E R  
TUBES

★  M E C H A N IC A L  T U B IN G

GLOBE S T E E L

A m  Chemical and physical laboratories 
manned by graduate metallurgists, 
are basic to the exact control of pro
duction of G lobe Stainless Tubes.

IC l flR r
\[]L UD J J  STEEL TUBES CO., A fc/utau/zee, W ¿ioo*t¿ut, U . S .  /J.



D O W  I N D U S T R I A L

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

T O  IN D U S T R Y  A N D  V I C T O R Y

C H E M I C A L S

S E R V IN G  A M E R IC A N  IN D U S T R Y  F O R  H A LF  A  C E N T U R Y

Dow .

Numbered am ong more than 500 Dow chem ical products 
is a n  important group of industrial or heavy chem icals. 
Bromine and  bromides were Dow's first contribution to the 
advancem ent of domestic chem ical production. The bromine 
processes were soon adapted to the m anufacture of chlo
rine. Shortly after 1889, a  new  field, that of producing 
chlorinated products such as sulphur chloride, carbon  
tetrachloride, etc., w as added. In turn, the m anufacture of 
C austic Soda led to new processes for producing aniline, 
phenol, indigo and other organic compounds.

Thus from a  m eager beginning, has com e a  tremendous 
production cap acity  for chem ical products of quality and  
dependability.
T H E  D O W  C H E M I C A L  C O M P A N Y ,  M I D L A N D ,  M I C H I G A N
New York • Chicago • St. Louis • Houston • San Francisco • Los Angeles • Seattle
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t j n i T S T R I A L  A N D  E  N  G
C HUM l û “ ' 1

H e r s e y  r e v ie w s  its  f i r s t  i r a r  y e a r
*  -r-r +kot WphilVfi ta l

T N  step with the rest of American to  suggest

t e S t t  S r S j S t f  dehydration.

During the past year we have built i - y > e  “ Dryers for = a„«l
products — products whose d r y m g  teraperature ^  Counter-Current, Cross- 
to 1500° F. These Dryers operate with Con-Current oou  
Current and Intermediate Flow of both gases and material.

In 1943, a growing expansion in the p ro c e ssm g ^ a r ^  exact-

* r a n d
ready to attack each new problem with assurance and competence.

T h e  H ersey  P ilo t  
P la n t  o p e ra te s  a s  a 
service to customers. 
Send fo r  information  
sheets on which to out
line the requirements of 
your product.

HERSEY MANUFACTURING COMPANY 
DRYI NG MACHI NE RY  DI V I S I ON
E A N D  SECOND STREETS, SOUTH BOSTON, MASS.

A  P R O V IV G -G K O li.V «  F O R  0 E H Y D R A T IO J V  t
a r e s u l t  o f  t e s t s  c o n d u c t e d  i n  t h i *  

P ilo t  V r y e r  d u r in g  1 942 ,  h i g h lu  in o o e i is f H l 
d r y e r s  w e r e  d e s i g n e d  a n d  b u i l t  f o r .  i

B a g a sse
S w e e t  P o ta t o  M e a l  ^

S ta r c h  ^
C r a n b e r r y  W a s te  

S i l i e a  C e l
S l ic e d  P o ta to e s

a n d  s e v e r a l  o th e r  m a t e r i a l s  w M eh ,  t o r  th e  
L d u r a t i o n ,  m u s t  r e m a in  a  m i l i t a r y  s e c r e t .  A

V o l .  3 5 ,  N o .  2
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In the Chemical Industry, Powell 

Valves are famous for Dependability
It’s not by accident that Powell Valves have an out
standing reputation for dependable performance in every 
operation in the Chemical Industry.

There’s a lot of truth in the trite old saying that “prac
tice makes perfect.” For nearly a century Powell has 
concentrated on making valves— a n d  n o th in g  b u t  
valves. And through the years Powell Engineering has 
always been on the job— m eeting and satisfying every 
new demand for valve design and construction.

F i g .  3 0 0 3 — C la ss  3 00  p o u n d  C a s t S te e l G a te  V a lv e .  H a s  
o u ts id e  sc re w  r is in g  s te m  a n d  tw o -p ie c e  b o lte d  f la n g e d  
y o k e . A v a ila b le  in  sizes f r o m  1 3 4 "  to  2 4 "  in c lu s iv e ,  w i t h  
e ith e r  f la n g e d  o r  w e ld in g  ends.

T he  W m . P o w e l l  C o m p a n y
D e p e n d a b le  V a lv e s  S in c e  1846

C incinnati, Ohio

T h e  c o m p le te  P o w e ll L in e  o f  C a s t S te e l V a lv e s  in c lu d e s  
G lo b e s , A n g le s , C h e c k s , G a te s , N o n - r e tu r n s ,  e tc . ,  f o r  150, 
3 00 , 4 00 , 600 , 900 , 1500 a n d  2 500  p o u n d s  W .  P .— to  m e e t 
th e  d e m a n d s  o f  A m e r ic a n  I n d u s t r y  fo r  d e p e n d a b le  f lo w  
c o n t r o l  e q u ip m e n t to  h a n d le  e v e r  in c re a s in g  p re ssu re s  a n d  
te m p e ra tu re s .



Nash Air Compressors furnish clean compressed air, free from dust, heat or oil. 
Nash Compressors perfectly meet the need for clean compressed air in transferring 
beer or wort by pressure displacement, for maintaining pressure displacement, and 
for supplying clean compressed air to bottling machines.

Nash Compressors furnish clean air without supplementary filters or air washers. 
They are simple, efficient and economical. One moving part, rotating on ball bear
ings. No internal wearing parts in metallic contact, and no internal lubrication. Ask 

for Bulletin D-236.

N A S H  E N G I N E E R I N G  C O M P A N Y
S O U T H  N O R W A L K ,  C O N N E C T I C U T ,  U .  S.  A .
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T his little Aluminum “can” serv es as our tradi

tional laboratory “ guinea pig.” It determines 

w hat m aterials and w hat A lum inum  Alloys 

will get along best together in full-size containers 

such as tank cars, shipping drums, process and 

storage equipment.
Suppose, for example, your company has the 

problem of storing or transporting some com

pound. Case histories in Alcoa s files m a\ tell 

where to start. Samples of your material are 

placed in several of these cans, each constructed 

of different Aluminum Alloys, and in proportions

that simulate full-size containers. Service con

d itions also are duplicated; tem peratures, 
agitation, contamination.

You assure yourself from such tests that prod

ucts wdll not be altered or contaminated, and, if 

color and taste are factors, that these properties 

will not be adversely affected.
Test periods may rim into months. Therefore, if 

you are contemplating the use of Aluminum equip

ment after the war, tests should be started now. 

Tell us your problems today. Aluminum Company 

of America, 2154 Gulf Bldg., Pittsburgh, Penna.

ALCOA V A L U M I N U M
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'̂When fliers take 

to boats they use a 

deep-drawn cylinder

T his cylinder is only one of many an d  va ried  Hackney 

deep draw n  shapes now in active w ar service. N ot only 

does deep d ra w in g  assure an im proved product, but i t  

also effects considerable savings in m aterial, man-hours 

an d  equipment.

Fliers forced down at sea use a deep 
drawn cylinder to inflate rubberized 
boats which keep them afloat un- 
til rescued. The inflation is accom- 
plished by compressed carbon d i
oxide stored in the deep drawn light 
weight cylinders.

Hackney Cylinders, Drums and Barrels

The above description is o f a Hackney 
product now being used extensively 
in the war effort. Products such as 
these are demanding more and more 
of Pressed Steel Tank Company’s 
facilities. Hackney Cylinders, Drums 
and Barrels are now serving in hun

dreds of war plants. By helping to 
solve the transportation problems 
for vital chemicals, Hackney Con
tainers are hastening the day when  
their advantages can be made avail
able to all businesses.

And when we can again return to 
the pursuits of peace, the experience 
gained by Hackney in the war w ill 
be reflected to your advantage. A ll 
the knowledge gained in producing 
new products—all the research insti
tuted in the search for new solutions 
—w ill be put to work producing  
better, high-quality cylinders, drums 
and barrels for you.

Pressed Steel Tank Company
G E N E R A L  O F F I C E S  A N D  F A C T O R Y  • 1451 S O U T H  6 6 th  S T R E E T  

M ilwaukee, Wisconsin

CONTAINERS FOR GASES, LIQUIDS A N D  SOLIDS



I LLI NOI S
PORCELAIN

GET YOUR COPY OF
THIS BOOK TODAY

Ever have trouble or expense in your plant 
with chemical reactions on metal valves 
and piping? Want to get rid of t h i s  heavy 
replacement cost — PERMANENTLY? 
Then get this data book today showing how  
to substitute porcelain pipe and valves 
that are impervious to all chemical action 
except hydrofluoric acid. There's no cost 
or obligation. Copies will be sent while 
our limited supply of these books last. 
Don't be too late. Write for your copy of 
data book C. P. today — now.

Illinois Electric Porcelain
M a c o m b  I l l in o is

k i %__  ii
1 M ( S i m JpKR
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W* en fliers take

Kressed Steel Tank Company
G E N E R A L  O F F I C E S  A N D  F A C T O R Y  • 1451 S O U T H  6 6 th  S T R E E T  

M ilwaukee, Wisconsin

CONTAINERS FOR GASES, LIQUIDS A N D  SOLIDS

to boats they use a 

deep-drawn cylinder

T/?z's cylinder is only one of many a n d  va r ied  Hackney 

deep  d ra w n  shapes now in active w a r  service. N ot only 

does deep dra w in g  assure an im proved product, hut i t  

also effects considerable savings in m aterial, man-hours 

a n d  equipment.

Fliers forced down at sea use a deep 
drawn cylinder to inflate rubberized 
boats which keep them afloat un
til rescued. The inflation is accom
plished by compressed carbon d i
oxide stored in the deep drawn light 
w eight cylinders.

Hackney Cylinders, Drums and Barrels

The above description is o f a Hackney 
product now  being used extensively 
in the war effort. Products such as 
these are demanding more and more 
of Pressed Steel Tank Company’s 
facilities. Hackney Cylinders, Drums 
and Barrels are now serving in hun

dreds o f war plants. By helping to 
solve the transportation problems 
for vital chemicals, Hackney Con
tainers are hastening the day when  
their advantages can be made avail
able to all businesses.

And when w e can again return to 
the pursuits o f peace, the experience 
gained by Hackney in the war w ill 
be reflected to your advantage. A ll 
the know ledge gained in producing 
new products—all the research insti
tuted in the search for new solutions 
—w ill be put to work producing  
better, high-quality cylinders, drums 
and barrels for you.



PORCELAIN

Ever have trouble or expense in your plant 
with chemical reactions on metal valves 
and piping? Want to get rid of this heavy 
replacement cost — PERMANENTLY? 
Then get this data book today showing how 
to substitute porcelain pipe and valves 
that are impervious to all chemical action 
except hydrofluoric acid. There's no cost 
or obligation. Copies will be sent while 
our limited supply of these books last. 
Don't be too late. Write for your copy of 
data book C. P. today —  now.

Illinois Electric Porcelain
Macomb Illinois



V o l .  3 5 ,  N o .  2

T A Y L O R  F O R G E  &  P I P E  W O R K S ,  General Offices & Works: Chicago, P. O. Box 48 5

N o  o th e r  f i t t in g s  f o r  pipe 
w e ld in g  co m b in e  th e  fea tu res  
fo u n d  in  W e ld E L L S  w h ic h ,  
in  a d d it io n  to  q u a r te r -m a rk -  
in g s , in c lu d e :
•  S e a m l e s s  —  G r e a t e r  
s tre n g th  and  u n i fo r m it y .
•  T a n g e n t s  —  Keep w e ld  
aw ay f r o m  zone o f  h ig h e s t 
stress— s im p l if y  l in in g  u p .
•  S e le c t iv e  r e i n f o r c e 
m e n t  —  p ro v id e s  u n ifo rm  
s tre n g th .
•  P e r m a n e n t  a n d  c o m 
p l e t e  i d e n t i f i c a t i o n  m a r k 
in g — saves t im e  an d  e l im i
nates e rro rs  in  shop a n d  f ie ld .
•  W a l l  t h ic k n e s s  n e v e r  
le s s  t h a n  s p e c i f i c a t io n  
m i n i m u m  —  assures f u l l  
s tre n g th  and lo n g  li fe .
•  M a c h in e  t o o l  b e v e le d  
e n d s — p ro v id e  best w e ld in g  
su rfa ce  and  a c cu ra te  beve l 
and la n d .
•  T h e  m o s t  c o m p le t e  
l i n e  o f  W e ld in g  F i t t i n g s  
a n d  F o r g e d  S t e e l  F la n g e s  
in  t h e  W o r ld  —  insures 
co m p le te  se rv ice  and  u n d i
v id e d  re s p o n s ib il ity .

One of the things that speeds 
the job and makes it better

Products v ita l to m odern w arfare
T h e  l is t  o f  T a y lo r  F o rge ’s c o n tr ib u t io n s  to  th e  w a r  e f fo r t  o n ly  begins w ith  
W e ld E L L S . E v e ry  T a y lo r  F orge p ro d u c t  is p la y in g  a v i t a l  p a r t .  O ne o f  
m a n y  exam ples is F orged  Steel W e ld in g  N o zz le s , essential to  hun d re d s  o f  

tra n s p o rts  and f ig h t in g  ships.

•  N aturally any welder will 
work both faster and better 
when he works w ith  fittings 
that are designed to help him 
do his part right. And you’ll 
find welders pretty well agreed 
that WeldELLS offer more to the 
man on the job than any other.

A good example of this— a 
feature that is found only in 
W eld E L L S — is i l lu s t r a t e d  
above. These precision quarter- 
markings at each end of every 
WeldELL make it easy to es
tablish center lines and follow

planes. It’s typical of the many 
features, listed opposite, that 
give the welder a real incentive 
to do a better job.

The features of WeldELLS 
that contribute to sound engi
neering design is still another 
story— told briefly in the list
ing, and eloquently by the pre
ference of engineers. But do 
not forget that the things 
which mean so much to the 
welder, mean just as much to 
the man who designs piping . . . 
or pays for it.

N E W  Y O R K  O F F IC E :  50  C H U R C H  S T R E E T  •  P H I L A D E L P H I A  O F F IC E :  B R O A D  S T R E E T  S T A T I O N  B L D G .



Raschig Rings of Lapp Porcelain

ty c w iiifa ile

Gas Absorption Processes

KdPHB'PTGF'KP" R aschig R ings 01 L.app u nem ical Porcelain are standard  

tower packing in  m any American p lants today because, at low cost, they  

offer long life and a h igh  purity standard. These are properties o f Lapp 

C hem ical Porcelain as a m aterial. A thoroughly vitrified ceram ic, com 

pletely iron-free, it  offers h igh  m echanical strength . Its absolute n on 

porosity guards against contam ination  of subsequent batches, m eans  

exposure to corrosion is lim ited  to th e surface, avoids crum bling.

R easonable q uantities o f Lapp rings in  m ost sizes are avail

able for sh ip m en t from  stock. Large orders can be accom m odated on a 

delivery schedule satisfactory to you. For specifications and trial sam ples, 

write Lapp Insulator Co., In c., C hem ical Porcelain D ivision, LeRoy, N. A .

•  P ip e  a n d  v a lv e s  o f  L 
C h e m ic a l  P o rc e la in  a re  
a v a ila b le  f o r  in d u s tr ia l  
s ta l la t io n .  F o r th e  h a n d  
o f  c o rro s iv e  l iq u id s  t h e y  < 
h ig h e s t  p u r i t y ,  m e c h a r  
ru g g e d n e s s , a n d  lo n g  lif t
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OF POTTERY
C e r a m i c  m a n u f a c t u r i n g

today is fundamentally the same as 
it was in 3000 B.C. — craftsm anship, 
material, molding and baking, but the 
increased demands of an advanced civi
lization have brought modern methods 
of mass production into play.

W ith the advent of the great industrial 
revolution, following the dark ages, cera
mics branched out from a purely domes
tic luxury to find vast uses in industry.

Today, in the handling of large quan
tities of strong chemicals and corrosive 
liquids, chemical stoneware equipment 
plays an ever increasing role. Chemical

stoneware, as produced by General Cera
mics, is built, with the closest supervision 
and care, to withstand the ravages of 
time and hard use. It is acid proof through 
and through to last indefinitely and 
assure safety from hazardous leaking. Its 
glazed surface is easy to keep clean, thus 
eliminating product contamination.

Included in General Ceramics Chemi
cal Stoneware for industrial use are acid- 
proof pipe, valves, fittings, kettles, jars, 
pots, pumps, exhausters, coolers, con
densers, acid elevators, towers, filtering 
equipment, and tourills.

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

V A C U U M  F I L T E R

T h ree-P iece  
w ith  R em o v ab le  P la te

C H E M I C A L  S T O N E W A R E  D IV .
KEASBEY N E W  JERSEY
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H E R E ’ S WHAT  T H E Y  R E P O R T  ON C A T A L Y T I C

P R O C E S S E S  U S I N G

^ ^ ° EeneadUof ch ro m iu m  oxide 
» p a t e n t  r e l a t < ® t a i v s t  com p osed  of i b i t  c on -  ^

c a r b o n s ,  u s i n g  a lu m in a  i s  s a i  ^  i n a c t i v e  form - ^  Qf

an d  C o T t -  c h r o m iu m o x id e  i  --------_ _ _ de hy-
v e r s i o n  01------------------------------------„—  ~  f  r  c a t a  r. +0 c o n t a c t  w in u m

" *  P r ^ s  b y  B“b5 e c t i n .  ; . hse "  £  e S s e n t i a l l y  ^ i d e s
hydrocarbons by s c o m p n s ^  weight o f

of the e l e a e n t s ^ 6_ ----

" P a t e n t  r e l a t e s  d e a i M l a t i o n  m  »  a r e

p r o c e s s  o f  P» “ 1 arid an a l h y l a t e d  P c."
m ix tu r e  o f  c a t a l y s t ^ -------- ^  ^  o o p p e r -

p a s s e d  o v e  ^  r e l a t e s  t o  t b  . j r 0 p e n a t io n  o f
 " p a t e n t  r + a lv s t  i n  b y dr £  , co m p o u n d s.

Technical and patent literature contains dozens of 
references to  the use of Aluminas in catalytic proc
esses; as catalysts, carriers and auxiliary catalysts. 
The few typical excerpts shown above give you an 
idea of how* other chemists include Aluminas in their 
how-to-do-it thinking.

These A lum inas are suitable fo r  catalytic purposes:

ACTIVATED  ALUM IN A
This is a catalytically active material when used 

alone or as a catalyst support. The pores of this 
granular A lum ina occupy 50%  of the particle  
volume.
HYDRATED A LUM IN A  C-730

This powder Alumina is active after an original 
heating to 500°F. It has finer particles and greater 
surface area than are obtainable with ground 
natural materials.

TABU LAR ALUM IN A
This high-strength Alumina is a porous form of 

granular corundum produced from pure aluminum  
oxide. It  is a substantially inactive catalyst carrier. 
Close mesh sizes are obtainable.
M ONOHYDRATED ALUM IN A D-50

This is a substantially inactive powder Alumina 
having crystal structure different from the usual 
A l u m i n u m  Trihydrate. The average particles are 
1 micron in diameter.

Aluminas enter into the production of such 
materials as high octane gasoline, synthetic rubber, 
plastics, and explosives. They may give your catalytic 
reactions a boost. You may have samples for trial 
in your processes, if  vou are making war materials. 
A LU M IN U M  COM PANY OF AM ERICA (Sales 
Agent fo r  A l u m i n u m  O r e  C o m p a n y )  1911 Gulf 
Building, Pittsburgh, Pennsylvania.

A L U M I N U M  O R E  C O M P A N Y
a l u m i n u m  a n d  f l u o r i n e  c o m p o u n d s
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The M ateria ls  

that w ill o v e r c o m e  th e

RUBBER 
SHORTAGE

a r e  b e in g  d e v e lo p e d  

in lab ora tor ies  w h e r e

ALBERENE 
STONE

is stan d ard  eq u ip m en t  

fo r  t a b l e  t o p s ,  fu m e  
h o o d s ,  s in k s ,  t a n k s ,  

a n d  s h e lv in g .  

Prompt deliveries  
can  still b e  m a d e .

ALBERENE STONE CORPORATION 
OF VIRGINIA

419 FOURTH AVENUE, NEW YORK

jjOSR—
 .............

Address...................

Attention o f...........

BUFFALO W IR E ” W IN DO W  GUARDS
T h e  R e c o g n i z e d  S t a n d a r d  

o f  H i g h e s t  Q u a l i t y  

. . . .  T h e  W i d e l y  A c c e p t e d  L e a d e r  

f o r  7 3  Y e a r s

Regardless of your window sizes, shapes or types--a ll 
can be fitted with "Buffalo W ire ” window guards. Superior 

and economical square diamond 
mesh fabric , square mesh wire 
cloth or conventional diamond 
mesh on rod, angle iron or chan
nel fram es. Built for stationary  
or swing-open installations. Also, 
fabrics in rolls for manufacture  
of guards.

C o m p le te  In fo rm ation  in N e w  W in d o w  
G u a rd  F o ld e r N o. 5 9 2 -A G . W r ite  fo r  
y o u r F R E E  C O P Y .

4 8 9  T E R R A C E B U F F A L O ,  N . Y .

E D G E  M O O R S I N C E  
7 8 6  8

W e ld in g  E n g in e e rs , in  th e  s e rv ic e  o f th e  P ro cess  In d u s tr ie s , 
w e  w o rk  a ll  c o m m e rc ia l m e ta ls , m e e t a l l  co d e s : X -R ay, 

S tress-R e lieve , P u ll-T e s t a n d  A n n e a l.

PRESSU RE
TA NK S

KE TTLES

STILLS

T O W E R S

C O L U M N S

H EAT
E X C H A N G E R S

MIXERS

BLEND ERS

D IG E S T O R S

P R O C E S S
U N ITS

f  A Typical Edge Moor Fabricated 
w Class 1 Pressure Vessel

W e  b u i ld  to  y o u r  s p e c if ic a tio n s . O u r  e x tra  m a rg in  o f 
ru g g e d n e s s  pays. M a y  w e  se n d  y o u  c o m p le te  in fo rm a t io n  
c o v e r in g  o u r  la rg e  sh o p  fa c i l i t ie s .

W rite fo r B u lle tin  1 1 6 C

E D G E  M O O R  I R O N  W O R K S ,  I N C .
E DGE M O O R ,  D E L A W A R E  

3 0  ROCKE FE LLE R P L A Z A ,  N E W  Y O R K ,  N . Y .
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switch Incorporated, specialists 
in photoelectric and electronic 
controls for industry.

an the industrial front . . .  as on the 

battle front . . . the electron tube, miracle of 

modern science, is today accom plishing the im 

possible —  with precision, speed, efficiency. It has 

elim inated from the field of level control the need 

for com plicated m echanical devices. I t  has m ade 

available to industry P H O T O S\M T C H  . . . 

the modern floatless level control.

THESE ARE THE AM AZIN G  FINGERS OF PHOTOSWITCH
—  electronic fingers that actually “feel” liquids or pow
ders—  operate Photoswitch Level Controls. Today, in 
hundreds of industrial and chemical plants, modern 
Photoswitch installations . • •

•  C o n tro l p u m p s  to  m a in ta in  c o n s ta n t  liq u id  level.
•  Provide h ig h  an d  low level sa feg u ard s .
•  M a in ta in  in te rfa c e  b e tw een  tw o  liq u id s .
•  C o n tro l liq u id s  in  m ix tu re , fo r desired  c o n c e n tra tio n  o r specific 

g rav ity .
•  G overn  p u m p  p ro g ram m in g o p e ra tio n s .
•  D e tec t w a te r  a c c u m u la tio n  in  gaso line  s to rag e  ta n k s  a n d  m  

tra n s fo rm e rs .
•  Provide co m p le te  bo iler fe ed w ate r c o n tro l.

■ * P

a

L

T h e re  is  a P h o to s w itc h  L e v e l C o n tro l to  m e e t every  n e e d . . .  fo r  use 
w ith  all typ e s  o f  l iq u id s  and pow de rs . W rite fo r  com plete cata
logue inform ation.

PHOTOSWITCH INCORPORATED
PHOTO-ELECTRIC I  ELECTRONIC CONTROLS FOR EYERY INDUSTRIAL PURPOSE

CAMBRIDGE.JMASS. • D istrict Office* IX ALL PRINCIPAL CITIES
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A NAME  E V E R Y  E N G I N E E R  S H O U L D ]  K N O W

p r o t e c t s  v i t a l  
c h e m i c a l s  in 

s h i p m e n t  a n d  s t o r a g e
A M ERCO A T ... the cold-applied plastic coating

X l .. .solves the problem o f handling chemicals 
in available tanks and equipment which, other
wise, would not be suitable for this purpose.
Amercoat protects tanks and equipment from 
corrosion and the contents from contamination 
by providing an inert plastic surface which is 
odorless, tasteless and dielectric to a high degree. 
Amercoat may be applied to any metal or con
crete surface^,

P R O V E D  I N  M A N Y  
I N D U S T R I E S . . .
Am ercoat has successfully 
solved problem s o f cor
rosion o r contam ination 
in  the Chem ical, P e tro 
leum , Food, M aritim e 
and o ther industries. 
T y p ic a l  e x a m p le s  

o f  the effectiveness 
o f  A m e rc o a t are 
s h o w n  i n  t h e  
chart on the left.

A ll Amercoat products are compounded and 
pigmented to best meet stipulated problems. 
Tell us your problem and w e’ll answer it with 
Amercoat to meet your specific needs.. .  or w e’ll 
tell you Amercoat is not the answer.
A m erco a t is fu lly  d escrib ed  and  so m e  o f  its  m an y u ses are 
illu stra ted  in  an in terestin g , in fo rm a tiv e  b o o k le t .
W r ite  fo r  y o u r  co p y  iy tod ay . Ê

( ¡5 Ü A
V v  A M C D I

D I V I S I O N

AMERICAN PIPE 
AND CONSTRUCTION CO.

P.  0 .  B O X  3 4 2 8 ,  T E R M I N A L  A N N E X  • L OS A N G E L E S  • C A L I F O R N I A

KEEP THE POWDER DRY”
O n e  o f  F e l - P r o 's  n e w  
s e a l i n g  m a t e r i a l s  is  
m e e t in g  m il i ta ry  n e e d s  
fo r  a n  a m m u n i t io n  b o x  
s e a l in g  m a te r ia l  w i th  
r u b b e r - l i k e  c h a r a c te r 
is t ic s ,  b u t  w h ic h ,  in  a d 
d i t io n .  is  r e s i s ta n t  to  
p o is o n  g a s  s e e p a g e .

Put I t  Up to  FEL-PRO
for so lu tio n s  to  p r o b 
l e m s  i n v o l v i n g  G A S 
K E T S ,  M O U L D I N G ,  
S T R IP P IN G , M E C H A N 
IC A L  P A C K IN G  a n d  
o th e r  ty p e s  of S e a l in g  

M a te r ia l s .

'MCI"*
SEALING PROBLEMS

UP TO

F E L - P R O
Industries of every type are call
ing on Fel-Pro for help in solving  
w a r - in t e n s if ie d  p r o b le m s  on  
Gaskets, Mechanical Packing and 
Stripping.
Most insistent has been the demand 
for a material to replace rubber 
and other critical materials. After 
thorough research and testing, Fel- 
Pro engineers developed entirely 
new gasket materials — such as 
Syntoflex and Lignoflex. More than 
substitutes, for certain req u ire
m ents, these are actually better 
gasket materials, with superior 
characteristics — more resistant to 
strong chemicals — not affected by 
petrofeum products — better able 
to withstand increased pressures.

SEND FOR FREE 
MATERIAL SAMPLE FOLDER

Contains actual samples o f 36 Fel- 
Pro materials, each designed for 
specific types o f sealing require
ments. Full descriptions, data, 
many application suggestions. If 
none o f these materials solve your 
sealing problems, Fel-Pro’s Spe
cial Development Staff is  at your

tL

FELT PRODUCTS MFG. CO.
1519 CARROLL AVE., CHICAGO, ILL.

L U M E T R O N
Continuous-Flow 

Colorimeter

M o d . 400-S

A colorimeter for immedi
ate and direct indication 
of the light transmission of 
a liquid flowing continu
ously through the instru
ment.

Suited for continuous registration of concentra
tion, color or turbidity of solutions in chemical 
processes.

W rite for L iterature.

P H O T O V O L T  C O R P .
95 Madison A v e . N ew York C ity
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G-E PROUIDES IIEUI HIGH-SPEED 
K-RHV DIFFRnCTIOn EQUIPmEHT

H IGH-SPEED x-ray diffraction analy
sis—an important contribution to 

war industry—is now available. The 
development o f  the G-E Model CA-6 
beryllium window x-ray tube for use in 
the G-E Models XRD-1 and XRD-2 
Units permits registration o f patterns 
with exposure times which are from 
three to twenty times faster than was 
possible previously.

Today, with G-E X-Ray Diffraction 
Units, 15 to 30 minute exposures have 
replaced the four to eight hour tests 
which were formerly routine in diffrac

tion studies o f steel. Corresponding 
reductions in exposure times have 
materially speeded up the control o f  
aluminum and magnesium refinement. 
Modem, progressive analytical labora
tories have found in the G-E X-Ray 
Diffraction Units an exceedingly satis
factory method of quantitative and qual
itative analysis. The diffraction method 
is ideal for the analysis o f solid com
pounds, for example, because it pro
vides information not obtainable by 
conventional analysis which generally 
identifies elements present rather than 
compounds.

An interesting new booklet which de
scribes and illustrates G-E Equipment 
for X-Ray Diffraction will soon be 
available. To make sure that you receive 
your copy, address your request to D e
partment N42.

GENERAL @  ELECTRIC 
X-RAY CORPORATION
2012 JACKSON BLVD. CHICAGO. ILL.. U. S. A.

“fctâiy'4  T J& if " Ä c T  M a  (2&tu£$



7 2

C H E M i s i f l i
I N D U S T R I A L  A N D  E N G I N

V O l .  O U ,  n w .

H t t H & r t #  

ß a c h m e  

C U i a c k

OF ACIDS

'jç T he corrosive a tta ck  of acids can  soon  
sab otage any p um p  — u n less  i t  is specifi
ca lly  designed  to  h an d le  th e  liq u id  in  
q u estio n . T h at is  w hy Buffalo C h em i
cal Service P u m p s are so carefu lly  d e
signed  and b u ilt  for each  specia l ap p li
ca tion  — and w hy th ey  resist d estru c
tive wear, d elivering  extra years of service  

w ith o u t sh u t-d o w n s or freq uent  
rep lacem en ts . . . In  today s 
ch em ica l p lan ts, eq u ip m en t like  
th e  “ B uffa lo” F u ll B all B earing  

Lead Acid P u m p  sh ow n  above, is a d e
pendab le a lly  in  th ea ll-o u tw a rp ro g ra m .

BUFFALO PUMPS, INC.
153 Mortimer St. Buffalo, N. Y.

Branch Engineering Offices in Principal Cities 
C a n a d a  P u m p s , L t d .,  K i t c h e n e r ,  O n t.

PUMPS

n b a sic , P r®c ', 
th e  ProVe j'ae *
von C j r t r d f ^ l  I S ; " " “ '
all ołh nre derived-
switches ^  on a

le t ” > T lh e r n '» 5«'’ ’ !
f̂its the nee*

Ó° '"  t0'  r ,00 to 600-f-
Ratings- 25 amperes,
10 amperes se n s it» v tty

115 Volts A- C-
±.T°F-

20 3  M AIN STREET 
ASH LAN [^MASSACHUSETTS

p  A
9  ft— Ł

Chosen for S om e of the  
T o u g h e s t  S i f t i n g  J o b s

f o r  c h e m i c a l  s e r v i c e

B A R - N U N
H o t a s u j ,

S I F T E R

O perating  on continuous 24-hour duty, Bar-Nun Rotary Sifters 
have proved their ability to p roduce  uniform  com plete separations 
month after month with minimum attention, pow er an d  m ainte
nance costs. First installations in  m any p lan ts have  resu lted  in 
orders lor additional units. M ade in 9 sizes, 4 to 60 sq u are  feet of 
cloth surface. W rite today for com plete inform ation.

B.F.GumpCo.
f  N  G I N E E  R S A N D  M A N U F A C T U R E R S  S I N C E  1 8 7 2
415 S O U T H  C L IN T O N  S T R E E T ,  C H IC A G O , I L L I N O I S
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EAGLE-PICHER
Industrial Pigments

R e d  h e a d

Special grades o f Eagle Red Lead are 
available fo r  the paint, storage bat
tery, ceramic and varnish industries. 
PbaO^ content accurate ly maintained 
to meet exact requirements o f each 
industry.

W h i t e  L e a d  C a r b o n a t e  L e a d e d  Z i n c  O x i d e s

L i t h a r g e

Eagle M illed Litharges are exception
ally high standard lead oxides. They 
are finely ground, low  in impurities 
and light b row n in color. Available 
in special grades to suit each industry.

Three types o f Eagle Dry W hite Lead 
C a rb o n a te  a re  p roduced . Unite 
chemically with linseed oil to form 
an elastic, deep-anchoring, long- 
wearing paint film.

S u b l i m e d  W h i t e  L e a d

For years, the standard basic sul
phate o f white lead. For the paint or 
rubber industries. Exceptionally white 
and bright. Conforms with ASTM and 
government specifications.

S u b l i m e d  L i t h a r g e  Z i n c  O x i d e

A fumed, amorphous, light canary ye l
low monoxide o f lead (P bO ) o f low  
apparent density. Purest and smallest 
particle size type o f Lead O xide on 
the market.

O r a n g e  M i n e r a l

Eagle O range M ineral has a definite 
orange tone  and is noted fo r  its 
strength, fineness, and uniform color. 
O u ts ta n d in g  fo r  paints, colors, inks.

Eagle Z inc O xide AAA is especially 
designed fo r  use wherever a lead- 
free, American process zinc oxide is 
required. E xcep tiona lly  white and 
bright pigment, having excellent tin t
ing strength and opacity. Produced 
in a series o f varying paint viscosity 
ranges.

E A G L E

A com plete line o f a ll types and 
grades, notably Eagle A A  5% Leaded 
Zinc O xide; Eagle A  35% Leaded Zinc 
Oxide; Eagle 50% Leaded Zinc O xide.

L i t h o p o n e

A p re c ip ita te d  w h ite  p ig m e n t o f  
normal o r regular type. Three general 
grades— A, AA , A A A , signifying low , 
medium and high oil absorption re 
spectively. Has a clean, white color.

T i t a n a t e d  L i t h o p o n e

Eagle Titanated Lithopone is a pre
cipitated white pigment b lended with 
15% Titanium D ioxide. A v a ila b le  in 
grades to suit individual requirements.

L e a d  S i l i c a t e

Eagle Lead Silicate is especially de
signed fo r the ceramic industry and 
is ou tstanding fo r  un iform ity , high 
pu rity  and advan tageous physica l 
properties. Free from uncom bined 
lead oxide and silica. G ranu la r pa r
tic le size; remarkably dustless.

Above products are included in the com prehensive line age battery, rubber, ceramic and other process industries, 
of zinc and lead pigments manufactured by The Eagle- Eagle-Picher research facilities are ava ilab le  to manufac- 
P ic h e r  L e a d  C o m p a n y  f o r  the paint, chem ical, varn ish , stor- turers on request. Write for free sam ples and literature.

THE EAGLE-PICHER LEAD COMPANY
G e n e r a l  O f f i c e s  • C i n c i n n a t i ,  O h i o
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U sed  in:

P ro c e ss  P la n ts

L a b o ra to r ie s

H o sp ita ls

R e s e a rc h
In s t itu t io n s

P h a rm a ce u t ica l
F irm s

I N D U S T R I A L  A N D  E N G  I N E E B I X  G  C H E M . »  .  .  .
V O l .  O J ,  1 1 W .

„SATf » C  v n i l  WANiY O U  W A N T

Thermometer wells, pipe lines and other vital process
ing equipment withstands corrosion and high heat, and 

has a longer service life—thanks to Carpenter Welded 
Stainless Tubing.

The uniform wall thickness of this tubing means that 
there are no thin spots to "burn out’ first. And it is 
ductile, easy to fabricate —  thus helping to speed the 
production of vital wartime equipment that must win 
battles against excessive heat. Then too, tubes are 
natural design units. Parts can often be finish-formed 
by merely swaging, tapering, expanding, etc. If you 
have a wartime heat resistance problem that must be 
solved right now, take advantage of Carpenter’s diver
sified experience in many plants where similar problems 
have been met and solved.

FOR HELP in applying W elded 
Stainless Tubing, ask for our ser
ies of "Quick Facts” bulletins. 
They contain practical working 
information to help  you w ith  
new design or fabricating prob
lems. A  note on your company 
le tterhead  w ill  start a set of 
" Quick Facts" bu lle tin s on the  
way to your desk.

K O L D H O L D

Industrial Sub-Zero 
Machines . . . for 
control led tempera
ture storage and 
processing

Preserve and store chemicals, 
serum, blood, mother’s milk, 
etc., over long periods of time 
at required sub-zero tempera
tures with KOLD-HOLD.

Standard 2 cu. ft. machine is 
shown . . . other capacities up 
to 11 cu. ft. available. Close, 
accurate temperature control is 
provided. Send now for com
plete details.
N E W  T O E K  —  254 W . 31st S t. —

P e n n s y lv a n ia  6-1161 
CHICAGO — 201 N . W ells  —

R an d o lp h  3986 
EOS A N G E E E S —  1015 W . Second —  

M ich ig an  4989

KOLD-HOLD MANUFACTURING CO.
4 4 7  N .  G r a n d  A v e . ,  L A N S I N G ,  M I C H . ,  U .  S. A .

L a M o t t e  Phosphate C ompar at or  
F o r  Boiler Feed Wat er

The method for determining phosphates in treated feed water, 
developed in our research laboratory, affords accuracy arid sim
plicity in procedure that was previously impossible. I t  is based 
upon the development of color in the water sample, and this 
color development is directly proportional to the amount of 
phosphates present. One important factor to be noted is that 
the LaMotte method is not affected by the presence of silicates 
up to concentrations of 800 p.p.m. The results are read off di
rectly from prepared color standards of known phosphate values. 
For phosphate concentrations up to 100 p.p.m., this method is 
accurate to ±5 p.p.m. The time required for the test is about 
five minutes.

Price, complete with instruction booklet,
$22.50, f.o.b., Towson, Baltimore, Md.

A R P E N T E R  W E L D E D  S T A I N L E S S  T U B I N G
lists corrosion, heat and wear; is 100% hydrostatic ally tested.

THE CARPENTER STEEL COMPANY
W e ld e d  A llo y  Tube Division •  Kenilw orth, N . J .

(jarpenter
W E L D E D

S T A I N L E S S  T U B I N G

L aM O TTE  U NIV ERSA L pH  O U T FIT
This compact LaMotte outfit is readily portable, yet it covers 
a wide pH range. Can be supplied with any 3, 4, 5, 6, 7 or 8 
sets of LaMotte Permanent Color Standards and will therefore 
cover any desired part of pH range 0.2-13.6. Applicable to 
all types of research and industrial pH work. Accurate to 0.1 
pH. Excellent for use with highly colored or turbid solutions.

Price $35.00 to $60.00 f.o.b. Baltimore, M d.

L aM otte  Chemical P ro d u c t s  Company
Dept. F. Towson, Baltimore, M d.
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Industry steadies its “nerves

J / a c e d  with production schedules that have no 
precedent in history, American industry finds the 
fluctuating voltages o f its over-loaded power lines 
wholly inadequate to  meet the "deadly” precision 
demanded for total war.

Vital "nerve centers” o f production lines are 
geared for precise performance when operated at 
specific line voltages. Any variation from these 
rated values, and there are many these days, may 
well mean lagging production schedules and a 
noticeable lack o f uniformity in products.

Fluctuating line voltages are no problem in 
plants where Sola "CV’s” have taken over. Even  
though the peaks and valleys o f power consump
tion m ay cause a voltage variation o f as much as 

30%—the vital "nerve centers” of their pro

duction lines continue to operate smoothly and 
with unerring precision.

D ay and night, without care or supervision, 
Sola Constant A oltage transformers maintain posi
tive control over electrically operated instruments 
and machines that are indispensable to  the na
tion’s war effort. These transformers are available 
in standard units with capacities ranging from 
15 KVA, which might be used for an entire com
munications system for instance, to  the small 
10 VA units for vacuum tubes. Special units can 
he built to  specifications.

N o te  to  In d u stria l E x e c u tiv e s : The problems solved 
by Sola ”C V ” transformers in other plants m ay have an exact 
counterpart in yours. F ind out. A sk  fo r  bulletin SC V -74

Transformers fo r: C onstant V o lta g e  • C o ld  C a t h o d e  Lighting  • M e rcu ry  Lamps •  Series L ighting  •  Fluorescent L igh ting  •  X - ra y  Equ ipm ent • Luminous Tube Signs 
Oil Burner Ign ition  • R ad io  •  P ow er • Controls •  S igna l Systems •  D o o r Bells and  Chimes • etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago, III.



S P E C T R O G R A P H I Ç E Q U I P M E N T

COMPARATOR DENSITOMETER
A C  ARC 

UNIT
GRATING

SPECTROGRAPH
DC ARC 

UNIT

T h e  co m p le te  m a te d  lin e  o£- A R L - D I E T E R T  
sp e ctro g ra p h ic  e q u ip m e n t in cre a se s a c c u r a c y , 
sp e ed  a n d  scop e o£ s p e c tro -c h e m ic a l a n a ly sis . 
•The C o m p a ra to r -D e n s ito m e te r  as illu s tr a te d  
serves as a  d u a l u n it  fo r q u a lita tiv e  a n d  
q u a n tit a t iv e  a n a ly s is  of film s o r p lates .

E A ST

Harry W. Dietert Co.
9330B R oselaw n A v e . 

D etroit, M ich igan

fo r th e  a n a ly sis  of a ll m a te ria ls. . D C  A r c  A C  A r c .
T h e  A R L - D I E T E R T  sp e ctro g ra p h ic  a cce sso ries, s u c h  as, • C a i_ u ia _
A C  S p a r k . C o n tro lle d  M u ltis o u rc e  U n it , D evelo p in g  M a c h in e , y  . t
t in g  B o a rd , an d  sa m p le  p re p a ra tio n  acce sso ries, are  e ss e n tia l to  a ll s p e c tro  
c h e m ic a l lab o rato ries.

W rite to W E ST

A P P L IE D  R E SE A R C H  L A B O R A T O R IE S  

4336 San F ern an d o  Rd. 

G len d a le , C aliforn ia

S r o w n h o / s tP M " " " ' ' ” '

Y ou'd  w an t to  se e  in  e v e r y  d ir e c tio n , too , i l  y o u  o p e r a te d  
y o u r  co m p a n y 's  c r a n e s  !

W hen you 're  sw ing ing  up  to 40 tons oi h e a v y  
m ateria l on the end  of a  fifty-foot crane-boom  you  
w an t to see  w h a t y o u 're  doing. T hat's  w h y  the 
Monitor-type cab  on I.B. C ran es is such  a n  im 
portan t factor in speed in g  up m ate ria l h an d lin g . 
For the operato r can  see  c lea rly  in  ev ery  d irec
tion. No b lind  spots cut off ev en  a  segm en t of 
his 360° ran g e  of vision. B esides v isibility , the 
I.3. M onitor-type cab  p rov ides bette r ventila tion , 
less noise, a n d  le ss  h ea t. Controls a re  conven
iently  p laced  for h a n d y  operation .

From u n d ercarriag e  to boom-tip Industria l Brown- 
hoist C ranes a re  d es ig n ed  a n d  built to in c rease  
production in m ateria l h an d lin g  w h e th e r w ith  
m agnet, hook or bucket. —  Industria l B row nhoist 
Corp., Bay City, Mich. District Offices: N ew  York. 
P h iladelph ia , P ittsburgh, C lev e la n d  a n d  C hicago.
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S M A L L  S I Z E  M A C H I N E S  
W I T H  FULL S I Z E  FEATURES

Sturtevant Laboratory Machines are large machines in miniature — capable of 
running 24 hours a day with the strength of full size equipment and with an even wider 
range of adjustment.

T h e s e  g rea t l i t t le  m a c h in e s  a re  su p e r io r  in  d e s ig n , c o n s t ru c t io n  a n d  a c c e s s ib i l i t y .  
T h e y  h a v e  an  e x c e l le n t  re p u ta t io n  fo r th e  s iz e  a n d  q u a l i t y  o f th e ir  o u tp u t .

B e s id e s  th o se  i l lu s tra te d  b e lo w , th e  l in e  a lso  in c lu d e s : S c re e n s , A i r  S e p a ra to rs , 
V ib r a t in g  T e s t  S ie v e s  a n d  C o a l C ru sh e rs  a n d  S a m p le r . W r it e  fo r  fu l l  d e ta i ls .
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STURTEVANT MILL CO.
2 H A RRISO N  

SQUARE BOSTON, MASS.



THE LlftUlPOMETER CORP.

38-13 SKILLMAN A V E ., LONG ISLAND CITY, N.Y.

|  T w o  o f six A .S .M .E . w elded ja c k e te d  ta n k s ,  3' 6" d ia m e te r  X 7' 3"; 
s h e ll o f c a rb o n  s tee l. F a b r ic a te d , a n d  fu rn is h e d  w ith  sp ec ia l fa b 
r ic a te d  m a n h o le , by D o w n in g to w n .

# In  our Heat 
Transfer Division, 
shops are tooled  
especially fo r  the  
effic ien t fabrica 
tio n  o f high q u a l
i ty  hea t exchang
ers. A sk fo r  a 
D ow ningtow n rec- 
o m m e  n d a  t io n  
fo r  your jo b  !

DOWNINGTOWN IRON WORKS
D O W N IN G TO W N , PA . 

WELDED and RIVETED PRODUCTS

Since 1913, Fabricators ot High Quality Steel and Alloy Pressure Vessels ■ miLTOn̂ oy PUIUPS
1365 E. M ERM A ID  AVE., C H E S T N U T  H IL L , PH I LA.

______________    r u P I U f l R T N f i  C H E M -----------

•  O n e  of fo u r  3 6 -to n  p la te  p ic k lin g  ta n k s ,  4' 8" w ide, a t  b o t to m  X 5 7J£ 
w ide , a t  to p  X 41' 7"  lo n g  X 11' 9 H "  deep — fa b r ic a te d  by D ow ningtow n.

. . .  that Pumps Liquid Latex , Salt Slurries, 
Acid Sludge, O ther ''Difficult” M aterials
Try Milton Roy Pumps for those “ impossible” jobs . . . you’ll 
be amazed at the way the patented Step-Valve handles them, 
without clogging or air-binding. Use M ilton Roy Pumps for ac
curate volume control, from one quart to  2600 gals, per hour; 
for pumping against high pressures, up to 20,000 lbs. per sq. in.; 
for pumping light solvents as well as heavy, viscous materials: 
for practically all chemical services.

These pumps are simple, rugged, with few moving parts, built-in 
integral-gear motors and adjustable stroke from zero to  maximum 
capacity (while operating if desired) for precise volume control. 
For description of Simplex,Duplex and Special T  ypes, specifications 
of entire line and complete information, write for Catalog 941.

We a re  still m aking prom pt deliveries o f  most standard  
units. I f  w e can help in your xvar effort ’phone or w ire .

#  A ja c k e te d  c h ro m e  k e tt le ,  
54" O. D. X 97" h ig h  fa b ric a te d  
by D o w n in g to w n  fro m  carb o n  
s te e l  a n d  c h ro m e  n ick e l.

★

No Matter 
what kind 

of
S T E E L  P L A T E  
FABRI CATI ON
yours may be 

—a 
similar job 

has been 
produced by

DOWNINGTOWN

ing  accu ra te  m easurem ents 
sto red  liquids a v a ila b le  a t a ll tim es.
LIQUIDOMETER Tank G a u g e s  in su re  
true, convenient, h a z a rd -fre e , 100% 
autom atic read ings. No pum ps, v a lv es , 
or aux ilia ry  units req u ired  to  re a d  
them . M odels a re  a v a ila b le  so  th a t 
read in g s c an  b e  tak en  rem otely  from 
or d irectly  a t the tank . Rem ote re a d in g  ty p e s  utilize b a la n c e d  
h ydrau lic  transm ission  system  w hich  com pletely  co m p en sa tes  for 

tem p era tu re  v a ria tio n s  on com m unicating  tub
ing. A ccuracy  unaffected  b y  specific g rav ity  
of tank  liquid.
A pproved  for g a u g in g  h a z a rd o u s  liqu ids by  
U nderw riters ' L abora to ries a n d  sim ilar groups. 
M o d e ls  a v a i l a b l e  to  a u to m a t ic a l ly  c o n tro l 
pum ps, m otors, s ig n a ls  or o ther d ev ices for 
m ain ta in ing  m inim um  or m axim um  liqu id  levels. 

W r ite  f o r  c o m p le t e  d e t a i l s

This is the Step-Valve
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KEEP 'EM "METERING'!

with this 
Quick-Check S ys tem !

Meters are but one of m any industrial instru
ments that are essentia l in the war-production of 
most plants. They're too important n ow ad ays to 
permit any risk of interruptions or inaccuracies in 
their operation. Yet, all it takes to get proof-positive 
assurance against n eed less instrument shut-downs 
is a sim ple m aintenance routine.

To help you  set this up, Foxboro now  offers a  
com plete Quick-Check System  of convenient cards 
containing A-B-C instructions for every major in
strument in your plant. There are individual 9 x 1 1  
cards for m eters, thermometers, gau ges, pyrom
eters and controllers of various types. Attached to 
your installations or handily filed, they enable even  
new-trained instrument m en to keep your instru
ments operating at top efficiency for the duration!

Foxboro Quick-Check Cards are ava ilab le  with
out charge, to an y  user of industrial instruments. 
Although d esign ed  specifica lly  for Foxboro Instru-

RECORDING • CONTROLLING * INDICATING

ments, they serve equally  w ell for other standard  
instruments. They cover major servicing points 
important to all m akes.

W rite for Foxboro Q u ick -C h eck  M aintenance  
Cards for your plant, specifying all the different 
ty p e s  of in stru m en ts y o u  u se . The F o x b o ro  
Company, 40 N eponset A venue, Foxboro, Mass., 
U. S. A. Branches in principal cities of the United 
States and Canada.

T
F o x b o r o

/ REC. U. S. PAT OFF.

n s t r u m e n l s
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"and we have confidence in you!”
Yes, we have great faith in the ability and daring 
of our paratroops. They have already proven them
selves in North Africa . . . and they may soon be 
dropping in on Berlin!

Our fighting men have confidence that the 
“soldiers of production” will do 
their part back home. Let’s justify 
the confidence they are placing in 
u s . . .  every day, every hour. . .  till 

t"''' j T  the war is won!

T h e  G a r l o c k  P a c k in g  C o m p a n y , P a l m y r a , N e w  Y o r k

Manufacturers of Garlock Packings,
Gaskets and K LO ZU RE Oil Seals

In  Canada: The Garlock Packing Company of Canada Limited, 
M ontreal, Que.

G A R L O C K

in the chemical process mdustries 
Proctor & Schwartz has designed 
and built drying machines of super 
efficiency for literally every product

Now, during this emergency, it's a 

Proctor Dryer for correct drying of 
your products . . .  dryers from small 
tray units to great continuous systems. 

PROCTOR & SCHWARTZ > INC • PHILA.

PROCTOR 
D R Y E R S

m e  a t  t m c

CONSERVE FLOOR SPACE 

TO AVOID OR REDUCE NEW 

PLANT CONSTRUCTION.

THE MIKRO-PULVERIZER 

REQUIRES LESS FLOOR 

SPACE THAN PULVERIZERS 

OF EQUAL CAPACI T Y .

FREE C A T A L O G .F R E E  GRIND TEST
A 32-page catalogue sent on request. 
And to back up the proof o f the cata
logue we’ll make a sample grind of your 
materials — free.

P U L V E R IZ IN G  M A C H IN E R Y  C OM PANY
40 C h a th a m  R o a d  • S u m m it,  N . J.

m m m *
REG. U. S. PAT. OFF.
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A  U N IV E R SA L 
H EA T EX CH A N G ER
FOR ALL HEAT TRANSFER SERVICES

THE TWIN G-FIN SECTION . . .
can be used on a greater variety of heat 
transfer services than any other design . . . 
can be easily  handled without heavy rigging 
. . . can be applied to changes in service 
without changing design . . . can be supplied 
for pressures up to 2000 lb. in shells and 
5000 lb in elements, for temperatures up to 
900 deg., for dirty liquids and fluids of low  
heat conductivity . . • can be furnished with 
elements of standard non-ferrous or ferrous 
materials . . . has no packed or rolled joints.

Ten years of Twin G-Fin Section perform
ance and  the service records of more 
th a n  30,000 se c tio n s  in s ta l le d  h a v e  
PROVED the adaptability . . . depend
ability . . . durability . . .  of this design. 
These standard, interchangeable units 
are built in a  range of types and  sizes for 
any  heat transfer requirements, and  our 
expanded m anufacturing facilities permit 
speedy shipments.

Write for descriptive Bulletin No. 1613.

THE GRISCOM-RUSSELL CO. * 285 MADISON AVENUE, NEW YORK

GRISCOM-RUSSELL
T W I N  G - F I N  S E C T I p N
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W H I T L O C K  S T A N D A R D  l l - T U B E  C O N S T R U C T I O N
for Heat Exchangers and Extraction Feed Water Heaters Has Practical War-Time Value Saves Material, 

I Machining, and Assembly Time!

For years W h itlock  H eat Exchangers, Feed 
W ater, Fuel O il, Instantaneous, and Service 
W ater H eaters have featured U -T ube heating  
sections (thou gh  all types specified by cus
tom ers have been and are m ade).

T h e U -T ube section  has the obvious ad
vantage o f expanding and contracting inde
pendent o f  the shell. Its resulting advan
tages, always im portant, are even m ore prac
tical in  war tim e. M aterials used in alternate 
constructions are saved — such as floating  
tube sheet, floating head and rear head o f

shell. V aluable tim e used in  m ach in in g  th ese  
parts and in assem bly is saved as m ak ing  
U -bends and w e ld in g  sh ell ends takes sub
stantially less time.

A ll th is helps to  get vital w ar units at w ork  
quicker; the on e aim o f  the w h o le  W h itlo ck
organization.
fully.

Can w e h elp  you? W rite

T H E  W H I T L O C K  M A N U F A C T U R I N G  C O .
84 South St., Elmwood Hartford, Conn.

D is tr ic t  offices in  N ew  Y o rk , B o sto n , C h ica g o , 
P h ila d e lp h ia , D e tro it ,  R ic h m o n d

m o w

Electric Cranes
THE MAINTENANCE MAN'S CREED—"An ounce of 
prevention is worth a pound of cure.” —was never 
more significant than it is under today's grueling 
production schedules.
IN THE MANUAL illustrated here, for use with 
Shepard Niles' Cranes and Hoists, maintenance men 
will find the answer to many problems of crane and 
hoist care and operation. This manual has been  
planned expressly to do two things:

FIRST, to assist the w ar effort, by help ing to prevent costly shut
downs, through tim ely suggestions on cran e a n d  hoist operation. 

SECOND, to help  the m ain ten an ce m an m ake repairs on the 
spot, quickly a n d  efficiently, through furnishing him with detailed  
information, am ply illustrated and  ea sily  found, concern ing the  
construction of Shepard  Niles' C ranes an d  Hoists.

Shepard Niles
C R A N E  & H O I S T  C O R P O R A T I O N
4 5 4  S C H U Y L E R  A V E N U E  • M O N T O U R  F A L L S ,  N E W  Y O R K

& Hoists
¿ y ¿ f f ¿ ¿ s r / f f o

O M  7 7 / ¿ J O f f

WRITE FOR YOUR COPY TODAY 
YOU MAY NEED IT TOMORROW
•  104 pages—amply illustrated with sec
tional views and line drawings. Covers the 
complete line of Shepard Niles* Electric 
Cranes and Hoists. Sturdy, flexible cover. 
Special binding for easy opening. Con
venient OH"  x 10%") size.
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r  J U S T  A  M IN U T E  M R .  S M IT H  !
IF YOU'RE INTERESTED IN TEMPERATURE 
MEASUREMENT, THERE ARE TWO VERY 

IMPORTANT TAYLOR INVENTIONS YOU 
i OUGHT NOT t O  LOSE SIGHT OF I

We know you’re busy. But before you plan any equip
ment requiring m easurem ent or control of tem pera
tures within limits of —100 and +1000° F., you ought 
to know about these two Taylor developments:

1. M e rc u ry  tu b in g  th a t  c a n ’t  tell a  lie ! Im agine 
being able to  have all the advantages o f a m ercury- 
actuated rec o rd in g  th e rm o m ete r—on an app lication  
requiring lo n g  leng ths o f connec ting  tub ing . It s 
long been an estab lished  fact w ith  T ay lo r A ccuratus 
Tubing. T h is  p rec is io n -b o re  tub ing , a T ay lo r inven
tion, has a special alloy w ire  inside, w ith  a coefficient 
of expansion so re la ted  to  the  tub in g  and the m ercury 
that any varia tions in  am bien t tem pera tu res a long  the 
way are coun terac ted  on  the spot. T h e  resu lt is accurate 
tem perature reco rd in g s .

2. A c c u r a te  t e m p e r a tu r e s  s e v e ra l  tim e s  f a s te r  !
W here a separab le  w ell is req u ired  to  p ro tec t the  tem 
perature-sensitive bulb  from  ero sio n  o r co rro s io n  (or 
to perm it rem oval o f the bu lb  w ithou t d is tu rb in g  the 
contents o f the eq u ip m en t) there  always used to  be a 
considerable tim e lag  in  tran sm ittin g  tem perature  
changes to  the bulb . But tha t was before T ay lo r T h er 
m ospeed” cam e a long . W ith  T a y l o r  T h erm o sp eed  
Separable W ell construc tion , resp o n se  is several tim es 
faster than  the average separab le  w ell tube system, 
w ith m inim um  bu lb  conduction  e rro r.

CALL YOUR TAYLOR FIELD ENGINEER. T hese  are only 
tw o of the m any "plus-values w hich  have given

T aylor its repu ta tion  for leadersh ip  in  the tem pera tu re  
field. If you need ind ica ting , reco rd in g  o r co n tro llin g  
tem perature  instrum ents, your T ay lo r Field E ng ineer 
w ill determ ine w hether a m ercury, vapor o r  gas- 
actuated system is best for your particu la r req u ire 
m ents. A nd from  a w ide variety o f bu lb  and  w ell co n 
structions and connecting  tub ings at his com m and, 
he w ill specify the o th e r details w hich  assure the ac
curacy, responsiveness, and  lo n g  life ch arac teris tic  o f 
T ay lo r Instrum ents. T ay lo r In s tru m en t C om panies, 
R ochester, N . Y., and  T o ro n to , C anada. Instruments 
for indicating, recording, and controlling temperature, 
pressure, flow, humidity, and liquid level.

H x iu lc r  I t u ł r u m e n t ó

-------------------- M E A N ----------------------

A C C U R A C Y  F I R S T

I N  H O M E  A N  H  I N D U S T R Y

KEEP o n  b u y i n g  u. s . wa r  s a v i n g s  b o n d s  a n d  s t a m p s
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PREMIER MILLS 
CORPORATION

r f t t K o u t t c e à

. . . that greatly increased produc

tion facilities are now available  

for immediate service to proces

ses working to win the war . . . 

that we can produce all sizes and 

models of Premier Colloid Mills 

and M ixers  fo r fa ir ly  prom pt 

delivery, and that we are pre

pared to test your materials quick

ly in our expanded laboratories.

P R E M I E R
COLLOID MILLS

For continuous operation without 
breakdown * Simplest rotor and 
stator in the world * Adjustments 
of clearance from .001" to .025" 
• Economical . . . large output 
with low power consumption, 
lower labor cost , .  . easy to clean.

Shown above is a large ch em ica l lea d  co il and stee l tank 
enclosure used in a pharm aceutical plant.

Of special im portance is the m ethod of lap p ing  lea d  p ip e  
ends over steel flanges to avoid  any contam ination.

Let us figure with you. Prompt d eliveries.

R E M P E  C O .
342 No. Sacram ento Blvd., Chicago

PREM IER M ILL CO RP.
2 1 8  G e n e s e e  S tre e t •  G e n e v a , N e w  Y o r k
New York Soles Office: 110 East 42nd Street, New York

C REMPE ^
Coils ,  B en d s  and A s s e m b l i e s

4Zo* GUe+niccU Pnoc&U Ôp&iaiûHiA.

FOR EXPENSIVE EQUIPMENT
Clean liquids never clogged a pipe line, 
or caused delicate control and valve 
mechanisms to slow up. SARCO

Put a Sarco strainer in your lines STRAIN 
ahead of every trap, valve, pump, burner or lubricator. This 
insurance costs nothing once installed.

Sizes range from Vi” up to 8" for all commercial pres
sures with screens for steam, water, oil, brine, ammonia 
and other fluids.

Order an assortment and put them in the line at the points 
where dirt, scale or other impurities cause shutdowns. They 
cost little, are easy to install and cleaned in a ¡iffy by blow
ing through. Ask for Catalog No. 1200.

   HI

SARCO SARCO COMPANY. IN C .
_ o TC Avenue. New York, N. Y.

S a rc o  C a ñ a d a  L td ., F e d e r a l  B ld g . ,  T o ro n to , O n t .

---------  <--------  ■- e--«- * "i ■ ^rnnlo. Q ~



Controlled H eating a t High 
Tem peratures w ith DOWTHERM

An exceptional method for securing high heating 
efficiency with precise temperature regulation be
tween 500° and 700° F. — is provided by a system 
in which heat is furnished from condensation of 
Dowtherm Vapor. The temperature of the Vapor 
depends upon its pressure and the rapid release of 
latent heat provides heating without reduction in 
temperature. The combination gives that precision 
control so necessary in many of the new petroleum 
and synthetic processes.

In a typical commercial application of this type, 
two phases of heating are employed: Dowtherm
Vapor is generated in one cycle, while in another the

incoming charge, flowing counter-current to the 
furnace gases, is preheated on its way to the "final 
heater.” Completion of heating is effected in this 
"final heater” wherein the charge is raised to proc
essing temperature — flow of Vapor is closely con
trolled both as to pressure and quantity to insure a 
constant final temperature of the product. Such a 
unit affords the most efficient and economic means of 
effecting the heating functions required.

Dowtherm units built by Foster W heeler, having a 
total capacity of 480,000,000 Btu per hour, have been  
contracted for during the past eighteen months. 
This fact is conclusive of performance satisfaction.

FOSTER WHEELER CORPORATION • 165 BROADWAY, NEW YORK, N. Y.

F o  s  t  e  r  I f  W h e e l e r
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|OME e n g in e  p is to n s  have 
h o llo w  cas tin g s  o f  in tr i

cate in te rio r construction. Even 
after the m ost careful flushing, particles o f sand 
from  the  casting core som etim es rem ain to  make 
trouble. A nd serious trouble  it is, for w hen the 
sand is w ashed o u t by the en g in e ’s lubricant, it 
is very likely to  score cylinder walls and produce 
a serious breakdow n.

W hen  this p rob lem  was presented  to  Perkin- 
E lm er e n g in e e rs , it  to o k  ju s t  tw e lv e  days to 
design and produce a device w hich, according 
to  the  engine m anufacturer, has com pletely o v e r
co m e  th is  d a n g e r . I t  is a re la tiv e ly  sim p le  
op tical instrum ent, sim ilar to  a physician’s b ro n 
choscope, enabling  inspectors to  explore every 
piston  w eb and pocket. Stray particles o f sand 
are quickly located and rem oved.

T he ways in  w hich the Science o f  O ptics can 
serve Industry are innum erable. W hen  you have 
a p r o d u c t io n  prob lem  in w hich o p tic s  m ight 
supply a so lution, we should be pleased to  have 
you w rite  us. T oday our engineering  and m an u 
facturing fa c ilitie s  are d ev o ted  entirely to  the 
w ar effort, bu t i f  we co u ld  h e lp  you now , o r 
la te r on, we should w elcom e the opportun ity .

THE PE R K IN -E LM ER  CORPORATION
GLENBROOK, CONNECTICUT

M AN UFACTURERS OF PRECISION LENSES .  PRISMS and MIRRORS
OPTICAL BCSICN AND CONSULTATION

T h e  o p e r a t in g  s o le n o id  in  th is  a s
sem b ly  o f  an  R -S  B utterfly  V a lve  
c o n n e c ts  to  th e  va lv e  van e  th r o u g h  a 
c o u n te r -w e ig h te d  le v e r  an d  la tch . 
T h e  so le n o id  can  b e  a rra n g ed  w ith  

th e  m e c h a n ism  to  o p e n  o r  
c lo s e  th e  va lve  an d  h o ld  it 
th ere  in  o n e  p o s it io n  o r  the  
o th e r . F a ilu re in  th e  cur
ren t to  th e  s o le n o id  fo r  any 
r e a so n  r e su lts  in  tr ip p in g  
the  la tch  an d  p erm its  the  
c o u n te r  w e ig h t  to  c lo s e  or  
o p e n  th e  va lve  by gravity . 
T h e  a ssem b ly  i s  su ited  for  
e m e r g e n c y  u se  to  sh u t-o ff  
f lo w  w e d g e -t ig h t  o r  to  o p en

PAT. APPLIED FOR a VeDt' U s e d  OD sp r in k ler
and  fo a m  sy stem s, ta n k  d is 
ch a r g e , g a s  l in e s  an d  fo r  
e le c tr ic a lly  d r iv en  b lo w e r  

p r o te c t io n .

V a lv e  can  b e  co n stru c ted  
o f  any a llo y  a n d  in  vario u s  
s iz e s  fo r  a ir , g a s e s , steam , 
o i l ,  h y d ra u lic  a n d  o th e r  
se r v ic e s . R e s e t t in g  i s  ac
c o m p lis h e d  by h a n d .

A  s im ila r  tv p e  tr ip  valve  
can  o e  c o n tr o lle d  by p r e s
su re as il lu s tr a te d .

b u t t e r f l y  v a l v e  d i v i s i o n

R-S PRODUCTS CORPORATION
Germantown A ve. & B erk ley  St. . P h ila d elp h ia , Pa.

D ep en d  o n  R-S B utterfly  V alves fo r  lo w -co s t, m a n u a l o r  
au tom atic  c o n tro l a n d  w e d g e - tig h t sh u t-o ff  o f  v o lum e 
an d  p ressu re . Sizes ra n g e  fro m  2 to  8 4  in c h es .

Wafer (narrow face to face) 
valves are suitable fo r  pres
sures up to fifteen bounds. They
are light in weight yet high in 
regulating efficiency.
Write fo r  Catalog No. 10-B.
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How Industry W ill Save 
$5 0 ,0 0 0 , 0 0 0  Worth of Solvents Annually

THOUSANDS of pounds of vaporized solvents 
are lost daily  because adequate  solvent re 

cover},' systems are not used. A solvent recover} 
system using “ C olum bia” A ctivated Carbon can 
not only prevent th is  solvent waste, bu t can speed 
m anufacturing  operations and decrease fire and

h ea lth  hazards.
P lan ts recovering solvents w ith  Colum bia 

A ctivated C arbon . . . those now b u ilt and those to 
be com pleted shortly  . . . have the  capacity  to re 
cover m ore th a n  S50,000,000 w orth  of solvents 

annually.
Solvent vapor in  concentrations as low as 0.25 

pounds p er thousand  cubic feet of air is being 
recovered, often w ith  efficiencies of 99 per cent or 
better* . Recovery expense is often less th an  0.2 
cents a pound  and alm ost never exceeds one cent 
a pound. O perations can be en tire ly  autom atic. 
Solvent vapor concentrations are autom atically  
kep t far below  th e  explosive ra n g e -a n  im portan t 
safety feature. Solvent recovery p lan ts  b u ilt sixteen 
years ago are still operating  efficiently and eco

nom ically.
T he solvent recovery system em-ploying “Col

um bia” A ctivated  C arbon benefits from  th e  re 
search done in  A m erica s leading 
labo ra to ry  devoted exclusively to 
carbon  products, and from th e  ex
perience accum ulated  by C arbide 
and C arbon Chem icals C orpora
tion  in  the  m anufacture  and use 
of in d u stria l solvents.

FOR VICTORY

Ä B U YUNITEDSTATES
WARBONDS
'STAMPS

»Less th an  one p e r  een t of th e  co llected  »olvenl . a p o r  is lo s t. O v e r- .ll  
recoveries of a l l 's o lv e n t  used vary  w ith  the
type of v apor-co llec ling  system , b u t have  exceeded 95 p e r cent.

Seven A dvan tages of 

T h e  S o lven t R ecovery  System  

U sing  “ C o lu m b ia ”  A c tiv a ted  C a rb o n

1. Recovers all types of volatile  solvents

2. Recovers solvent vapors in  alm ost 
any concentration

3. Recovers solvents efficiently in  pres
ence of w ater vapor

4 . Recovers solvent vapors w ith  high 
overall efficiency

5. Recovery p lan t may be com pletely 
autom atic in  opera tion

6. Recovery p lan t investm ent m oderate

7 . Recovery expense low

S e n d  F o r  T h i s  B o o k !

T h is 32-page book  te lls  m ore about 
the so lvent recovery system  using  
“C olum bia” activated carbon and 
its profitab le applications. W hen  
you  w rite for a copy, te ll us the 
nam es and quantities of solvents 
you  vaporize and bow  you  co llect  
the vapors, so that w e can help  
you  determ ine w hat you  can save. 
No ob ligation , of course.

• c Vor '^ bicb 
native Supplied

DeSirB e c o v e ry P ^ T10' te Solvent »ec L, c.
¡layoff’ Rotogravure
.oatings, * u poU)deT, Plasttcs,

gmokeles 
'^ s p a r e r *  W ra p P « *  ■

T h e  word “ C olum bia”  is a reg is te red  tra d e -m a rk  of C arb ide  aud  C arbon C hem icals C o rp o ra tio n .

For information concerning the uses o f "Columbia Activated Carbon, address.

CARBIDE AND CARBON CHEMICALS CORPORATION

Unii o f Union Carbide and Carbon Corporation

30  East 4 2nd Street, New York, N . Y. 

P R O D U C E R S  O F  S Y N T H E T I C  O R G A N I C  C H E M I C A L S
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AW AY FR O M  IT S  S E A T  B Y  T H E  
OPENING LUG (2) BEFORE IT  STARTS

ti
TH E  D ISC (1) IS PULLED D IR EC TLY

Reed Valves are designed and constructed to provide posi
tive shut-off and ease of operation under the most severe 
service conditions with the greatest factor of safety. Materials 
used are of the highest grade obtainable and rigid inspec
tion and testing schedules assure complete dependability 
under all conditions of service, pressure and temperatures.

Reed Valves will withstand fatigue strains and overloads -  
resist shock at low temperatures and retain their easy open
ing and positive closure characteristics through varying 
temperatures.

IV» IIIUVL IU in t .  UrcN Kl

For that extra dependability where the service is toughest 
Reed Valves have given noteworthy service, especially on 
hazardous chemical lines where positive closure and the 
ability to hold pressure is of paramount importance.

SEND FOR REED VALVE CATALOG 471 NOW!

BENTONIT
t i  t e a J U j, ¡¡( V i ¿ jf u n e J U a ie  

b a tt iu f .  .  .

Schundler Bentonite, known as the “ clay of 
1,000 uses” is ready for im m ediate shipm ent 
without priority rating. I t  is plentiful and is not 
on the list of critical m aterials. P rom pt ship
ments are being made w ithout “ red tap e .”

AN IDEAL “ SUBSTITUTE”
As a “substitute” or a lternate  for o ther m a
terials—which may be scarce now—Schundler 
Bentonite is an ideal m aterial used either alone 
or in combination. Investigate its application 
to your problem today.

“  ..............  1,000 USES”
A few typical uses of Schundler Bentonite are: 
Purification of water supplies . . . Insulation 
blocks, plasters and cements . . .  In Ceramic 
bodies to improve the green strength  of lean 
clays and the quality of fired products . . .  In 
Rubber latex adhesives . . . Em ulsions and 
aqueous suspensions of bitum ens . . . Com 
pounds for machining and drawing m etals . . . 
Polishes and cleaners . . . Adhesives and sizings 
m combination with starches . . . Pharm aceu
ticals and cosmetics . . . Paper m anufacture to 
inhibit gumming of screens . . . Fluxing com 
pounds for arc welding . . . Coating walls of 
asphalt containers.

Schundler technicai service goes with every order 
for Schundler Bentonite . . .  a service backed by

¡ nrS K Cie" llfic .StatI working in the best 
equipped laboratory in the B entonite industry  
Your inquiries are invited.
F. E.
524 RAILROAD ST. 
JO LIET , ILLINOIS

SCHUNDLER & CO., IN C .

R E E D  V A L V E  D I V I S I O N
o f  t h e  R E E D  R O L L E R  B I T  C O M P A N Y
P. O. BOX 2119 HOUSTON,  TEXAS
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T e l e p h o n e  w i r e  

c o m i n g  u p

H ere’s a bom ber-gunner h u rry in g  
to  load  h is 50-calibre gun. . . .

In  peace, a lo t o f tha t co p p er 
w ould  have gone in to  new tele
p h o n e  lines. Now it’s needed  fo r 
shooting  and  w inning the  war.

T h a t’s why we can’t b u ild  new lines 
righ t now. T h a t’s w hy we’re  saying 
— “ Please don’t place Long Dis
tance calls to  w ar-busy cen ters  u n 
less it’s absolutely  necessary .”

T hanks fo r  all yo u r h e lp  and  we 
h o p e  you  will k eep  rem em bering .

■ E ll  TELEPHONE system

U  l «  C A L L S  

C  O M E  E l / t s  T  \  ̂



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

CUTTERS 
CRUSHERS 
CRINDERS 

PULVERIZERS 
HAMMER MILLS 

ATTRITION MILLS 
•

RUBBER
RECLAIMING
EQUIPMENT

Famous for over forty years, Rob
inson “ Unique” machines today 
incorporate the most advanced en
gineering design and construction. 
Illustrated manuals and expert 
counsel are yours for the asking!

nomiiiiii
MANUFACTURING COMPANY
30 C H U R C H  STREET,  NEW Y O R K

W eAt; MUNCY, PENNA.

:d
9

si

I

W .C K W .R *  S P E N C E R
S U P P L E S

101 WDUSIW9S
w ,t h  w ir e  c lO T H

wire Spencer ^  re 5.16" gauge,

„  ,0 0 « .« * . V it a l-
•m  a  d o z e n  d i f f e r  y o u  c o n

e v e r  y o u r  w i r e  f i< J e n c e  o n  t h e i r

rely with a b s o  0  , r e  Spencer t o

b e in g  f i " e d  b y  . ts  V / i c W w i r e
y o u r  e x a c t  r e q u ir e m e n ts .  ^  ^

S p e n c e r  S te e l  o m  ^  ^  B u f f a l o ,  

A v e n u e ,  N e w  1 f r a n c is c o .
W o r c e s t e r ,  C h ic a g o ,  S a n

WICKWIRE SPENCER
W I R E  C L O T H

ATTRITION MILLS
B osom -bod ied , b u rr - ty p e  g rin d in g  
p la te s  produce m a x im u m  cap a c ity . 
S im p le  a d ju s tm e n t p ro v id es  u n i
fo rm  e x tr e m e ly  fin e  o r  
coarse prod uct. M a n y  sizes  
a v a i la b le . Thousands in 
serv ice!

Z \ l l  PROCESSING EPPMËÎ

I t ’s w orth m oney to  know th a t  y o u  
are gettin g  proper spray perform ance. 
W hen for exam ple y o u  w an t a n o zzle  
to  deliver 2 .8  G P M  a t  2 0  lb s. p res
sure, a t  a 75° spray angle— th ere’s a 
Spraying S ystem s nozzle  to  perform  
to  th ese  exact specifications.

A n y  industrial or ch em ical process  
benefits from  th e  accuracy engineered  
in to  these nozzles. W e m ake th e m  to  
fit th e  job  and perform ance is ex a c tly  
as specified.

T o  solve your spraying problem s, w e  
offer m any ty p es and a great v a r ie ty  
o f standard sizes, p lu s our 18 years 
o f  specialization in  nozzle m anu fac
ture. Our engineers know  sprayin g—  
le t them  m ake cost-free su ggestion s. 
W rite tod ay  to

SPRAYING SYSTEMS CO.
Engineers and Manufacturers 

4027 W . Lake Street C h icago , I l l in o is

HAMMER MILLS
M a n y  sizes. E x tra  h e a v y  construction. 
A cc u ra te ly  b a la n c e d . For coarse, m e
d iu m  a n d  f in e  g r in d in g .  E le c tro 

m ag netic  s e p a ra to r  and  
dust co llec tor o p tio n a l.
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S e Ä A h n n , h a iio n , o n  iß u z  J n d u & t S u a J l ^ / a m i

CLAUDE B. SCHNEIBLE CO.

3953 Lawrence A v e ., Chicago, III.

O f f i c e s  in  P r in c ip a l C ities

5 C H N E I B L E

Send for details— do it now.

LL battles are not fought 
at sea, in the air or on the 
field. M any battles— im
p o rta n t o n e s , to o — are 

fought on the industrial front.
The battles against hazardous, 
p ro f it-s a p p in g  D ust and 
Fumes, for example. Dust, 
fume or odor creating opera
tions, where properly ven
tilated, mean salvage of valu
able products, protection of 
workers’ health, elimination 
of community nuisanceand re
duction of explosion hazards.

Schneible Multi-wash dust collectors 
are ideal equipm ent for winning this 
industrial battle. Low in cost, high in 
efficiency, completely maintenance-free, 
they effect positive dust, fume and odor 

control.

In the plant pictured— a 10,000 c.f.m. 
Multi-wash collector removes lime dust 
from air exhausted from hydrator, baggers 
and other operations in the lime plant. 
Other Schneible’s in the process indus
tries are used for suppressing or salvaging 
hydrogen sulphide, ammonia, gluten 
feeds, sugars, oils, rare metals, etc.

O nly Schneible Multi-wash collectors 
have no parts to break, burn, clog or 
rapidly wear. Used indoors and out, they 
can be readily installed without disrupt

ing processes.
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D U T C H  P L A IN  W E A V E

W '
D U T C H  T W IL LE D  W E A V E

. . .  a n d  w h e r e v e r  w ir e  

s c r e e n  h a s  a  w a r - jo b  to  d o !
O U R  T A N K S  are o u t  there today  
fig h tin g  p len ty  o f  sand as w e ll  as Fas
c ists . . . and d r in k in g  gas and o il  that 
m ust b e  p u rged  o f  th ese  en g in e-destroy
in g  im purities.

I t ’s a job  for R o e b lin g  W ire  Screens 
(in  the  form  o f  w ire  filter c lo th ) all the  
w ay from  the refinery to  th e  tank s’ ow n  
liq u id  lin es. A n d  it ’s just o n e  o f  h u n 
dreds o f  w ays that w o v e n  w ire is figh t
in g  and f ig h tin g  hard for  V ictory.

H o w  d o es  you r  p ro d u ct fit in to  th is  
p icture?  Can its p erform ance b e  im 
p ro v ed  by carrying a filter c lo th  in to  
battle  . . .  or  w o u ld  its raw  m aterials be  
co n serv ed  by b etter  grad in g  and s ift in g  P L A IN  W E A V E

and  w ash in g ?
W h a te v e r  th e  p r o b le m , t h e r e ’s a 

R o e b lin g  W ir e  Screen for every job  in  
th e  n a tio n ’s w ar p ro d u ct and p ro d u c
tio n  program s. Screens from  1 " rod  
s to c k  to  .0 0 1 " w ir e . . .  stee l, brass, c o p 
p er, p h o sp h o r  b ron ze, sta in less stee l, 
a lu m in u m , m o n e l or w h atever  m etal
y o u  requ ire. R o e b lin g  m akes them  all JERSEY S T R A N D E D  

p ro m p tly  ava ilab le to  m anufacturers o f  FILTER CLOTH

essen tia l p rod u cts .

J O H N  A. ROEBLING'S SO N S C O M PA N Y
T R E N T O N , N E W  JE R S E Y  

B ra n c h e s  a n d  W a re h o u s e s  in  P r in c ip a l C it ie s

ROEBLING
W O V E N  IV / R E  S C R E E N S

These 3 "Extras”
in STURDY Taber
VERTICAL CHEMICAL PUMPS
mean BETTER SERVICE

T aber’s accu m u lated  e x p er ien ce  o f  m any years, w ith  
som e o f  the largest ch em ica l p la n ts , has e v o lv e d  a 
series o f  sturd ily  d e sig n e d  p u m p s for m o st any p r o 
cessin g  system . T h ese  p u m p s have three extra  fea
tures o f  d esig n  w h ich  g iv e  y o u  b etter  service.

■W Extra large bearin gs o n  T a b er V ertica l P um ps  
I f  com p en sate  for circu m stan ces w h ich  d o  n o t  p er

m it grease or  o il  lu b rica tion .

A  Extra large shaft p reven ts d a m a g in g  v ib ra tio n , 
T  adds to  longer life and b etter  p u m p  p erform ance.

A  Extra d eep  stuffing b o x  p ro v es its ad van tage in  
• f  better sealing.

W h en  su b m erged  vertica l p u m p s are req u ired  for  
C oncentrated  H 2 SO 4  or  H 2 S2 O 7  or  N a 2 S a heavy, 
sturdy d esign  is n eed ed . O rd in ary  su m p  p u m p  c o n 
struction  standards d o  n o t  apply . For d e ta iled , h e lp 
ful in form ation  on  T ab er V ertical C h em ica l P um p s, 
w rite for B u lletin  V -837 .

TABER PUMP CO.
(EST. 1 8 5 9 )  

293 ELM STREET 5406 BUFFALO, N . Y.

W A N T E D !
Back Journals of th e  

A m erican  C h em ica l Society

CHEMICAL ABSTRACTS
Vol. 1, Nos. 1-24 & Index @ 75(6 each  

2, Nos. 1-24 & Index @ 75(6 each
3, Nos. 1-24 & Index @  50(6 each
4, Nos. 1-24 @ 35)6 each

INDUSTRIAL & ENGINEERING 
CHEMISTRY 

Industrial Edition
Vol. 1, Nos. 1-12 @ 50(6 each  

2, No. 1 @ 35(6 each
Analytical Edition

Vol. 6, Nos. 1, 2, 3, 6 @ 25*6 each  
NEWS EDITION

Vol. 18, Nos. 12, 13, 21 @ 15(6 each

A d d rt^  all packages to the A m e r ic a n  C h e m ic a l  S o c ie t y ,  
2 0 t h  a n d  N o r th a m p to n  S tr e e t s ,  E a s to n , P a .,  and pay
transportation charges. Express collect packages will be refused, 
he certain that your name and address appear thereon. Also 
send memorandum to Charles L. Parsons, Business Manager, 

155 16th St., N . W ., W ashington, D . C. Journals must 
e received in good condition. This offer supersedes all previous 

ones and is subject to withdrawal w ithout notice.

_______  January / ,  1943
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TWO SUPER REFRACTORIES 
THAT OPERATE SAFELY AT

3 2 0 0 ° A»» 4 0 0 0 ° F
TAM  Zircon (Zirconium Silicate) re

fractories operate  safely at tem per

atures over 3 2 0 0 ' F. w hile  TAM  

Zirconium  O x id e  re fractories  are  

used in applications over 4 0 0 0 ' F.

These two TAM  super refractories  

resist acids and o x id iz in g  atm os

pheres. They are being successfully 

used in the m anufacture  of phos

phates, fused silica, aluminum m elt

ing and platinum smelting. They are  

also w idely used as crucible back

ing and for various high tem p era 

ture applications.

An experienced staff of field engi

neers located  in various parts of 

the country are ava ilab le  for con

sultations without obligation. W rite :

TITANIUM
ALLOY MANUFACTURING COMPANY
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C A P A C IT Y
RATE

A D A P T A B I L I T Y
CONSTRUCTION

S h r iv e r  F i l t e r  
Press w ith  rub
ber covered filter 
plates and frames 
for p r o d u c i n g  
4 5  0 0  l b s .  o f  
w a s h e d  m a g 
nesium  hydroxide  
per d ay to  con
form  w ith  U . S. P. 
requirem ents.

Large 40 cham ber, w ashing typ e F ilter Press w ith  
wood plates and fram es and closing device a t b oth  
ends for cake recovery in m etal refining.

Call it the all-purpose filtration 
tool — without limit in capacity, 
nature of material handled, the 
quality of filtrate or solids to be 
recovered, resistance of working 
parts, temperature or pressure of 
operation. That’s to-day’s war
time Shriver Filter Press — built 
to serve your needs better and 
faster. This Shriver Filtration 
Book tells how — get a copy.

T. SHRIVER & COMPANY

S h riv e r

F I L T E R  P R E S S E S

862 H a m ilto n  S t . H a r r is o n , N . J .

LTR ATIONW  0  FOR B€TT€R  F1LTR

\ I i j r i T s a *

K FILTER PRESSES

cJ litfU  V a c tu n n  P usw pA .
Stokes High Vacuum Pumps draw and maintain 
vacuum, within a fraction of a millimeter of absolute, 
continuously and economically. They require little 
power, only a minimum of maintenance. They are 
simple, rotary, oil-sealed, with only three internal 
moving parts. They have practically no clearance. 
Volumetric efficiencies are high . . .  at 28-inches 
vacuum a Stokes Pump will do more than twice the 
work of a typical reciprocating pump of the same 
rated capacity.
These pumps are widely used . . .  for many processing 
operations. They provide the higher vacuum needed
for greater efficiency in

•  processing h ea t-se n s it iv e  ch em ic a ls  
or foods a t lower tem p era tu res

•  reducing ox idation  in c h em ic a ls  and  
m etals

•  m ore rapid drying w ith  low er ste a m  
or h o t w ater te m p era tu res

•  th e  co m p lete  d es icca tio n  o f c h e m i
cal, e lectrica l or b io logica l m a ter ia ls

•  com p lete  ev a cu a tio n  prior to  im 
pregnating or fu m ig a tin g

•  low ering p rocessing  co s ts  and  im 
proving product q u a lity

Stokes Pumps are built in capacities from 10 cu. ft. 
to 225 cu. ft. and most sizes are available from stock 
Write or wire.

If you do not have a copy on file, write 
forcombined Handbook on High Vacuum  
Practice and Pump Catalog. Contains 
graphs, tables, facts, figures, how to  
detect and remedy leaks in vacuum  
systems, much other valuable informa
tion.

F. J. STOKES MACHINE COMPANY
S922 Tabor Road Olney P. O. P hiladelphia, Pa.

Representatives in New York, Chicaio, Cincinnati, St, Louis 
Cleveland, Detroit 

Pacific Coast Representative: L. H. Butcher Company, Inc.
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72lene& «  B R O I N  N  "pitttu& c 
H E A T  E X C H A N G E R . . .

T y p e  B F T  —  H a i r p i n  E x c h a n g e r  S e c tio n

•  Brown Fintube H eat Exchangers— built as a service to users 
who can not get needed equipment from their usual sources 
of supply— are available in different types, and a wide variety 
of sizes to meet practically any heating and cooling require
ment. Brown Fintube Heat Exchangers employ Brown resis
tance-welded integrally-bonded fintubes as the heat transfer 
tube, in all cases, which instantly assures their high thermal 
efficiency and trouble-free operation. A ll heat transfer calcula- 
tions are made by engineers with long, successful and special
ized experience in this work— having the advantage of our 
thoroughly equipped heat transfer laboratory for test runs, 
etc. W e so lic it  your inquiries, which w ill have our careful 
and prompt attention— Write

B R O W N  F IN T U B E S -w ith  t h e ir  e x c lu s iv e  w e ld e d  
con stru ction  that p rov id es an  in t e g r a l  b o n d  o f  
m etal b etw een  th e  fins and centra l m em ber, resu lt
in g  in  h ig h  th e r m a l efficiency and trou b le-free  
op era tio n  — are used in  a ll B r o w n  F in tu b e  H e a t  
E x c h a n g e r s . T h ey  are a lso  ava ilab le  as o r ig in a l 
e q u ip m e n t  in  H e a t  E x c h a n g e r s  b u i l t  b y  m o st  
oth er  m anufacturers.
In ad d itio n , B row n  F in tubes can be substitu ted  for  
p la in  bare tub es in  ex is tin g  heat exch an ger shells  
by m akin g  a few  sim p le  ch an ges in  tube sheets, etc. 
—thereb y  m uch in creasin g  th e  capacity o f  these  
u n its  . . . and are a va ilab le  in  an a lm ost in fin ite  
variety  o f  len gths, and num ber and  depth  o f  fins— 
and in  m ild  carbon or sp ecia l s t e e ls - to  m eet p r a a i-  

I  ta lly  any h ea tin g  or c o o lin g  requ irem ent. W r ite  
®  for  our d escrip tive  cata log .

TYPE B F T -  2  O l t  T A N K  S U C T IO N  HE A TER

TYPE B F T - 3 F IX E D  TUBE SHEET H E A T E X C H A N G E R

TYPE B F T -  4  RETU R N  B E N D  H E A T  E X C H A N G E R

TYPE B F T -  5  F L O A T IN G  H E A D  H E A T  E X C H A N G E R

TYPE B FT -  6  G A S  C O O LE R  OR HEATER

T H E  B R O W N  F I N T U B E  CO
1 2 0  F I L B E R T  S T R E E T E L Y R I A ,  O H I O
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CHEMICO D O E SN 'T  GUESS
CHEMICO recom m endations . . . d e 
signs . . . processes . . . for th e  recovery 
or p roduction  of su lphu ric  or o th er acid 
. . . are  based upon  a solid foundation .

T h is fo u n d atio n  includes 28 years of 
specialized experience . . . th e  resu lts  
o b ta ined  from  in s ta lla tio n s  in  
every in d u s tr ia l c o u n try  in  th e  
w orld . . . u n equalled  resources 
and  fac ilities . . . and  th e  com 
b ined  sk ill of a staff of acid te c h 
no log ists of w orld-w ide re p u ta 
tio n .

Therefore, w hen you b rin g  y o u r acid 
recovery or p ro d u c tio n  p ro b lem s to  
CHEMICO, you know  CHEM ICO w o n ’t  
guess. T heir advice is a u th o r ita tiv e  
and  is backed by overall g u a ra n te e s  of 
perform ance of a ll CHEM ICO processes 
and  equ ipm en t.

The e n tire  CHEM ICO o rg an iza 
tio n  is now engaged  in  fu r th e r in g  
th e  n a tio n a l w ar effort a n d  is a t 
th e  service of an y  co m p an y  re 
q u irin g  acid  p ro d u c tio n  or re 
covery for w ar purposes.

C H E M I C A L  C O N S T R U C T I O N  C O R P O R A T I O N
30 ROCKEFELLER PLAZA . NEW YORK

Cables, Chèmiconst, New York • European Rmrpwntotivo. r> • , ^uropean Representatives, Cyanamid Products, Berkhamsted, Herts., England

CHEMICO PLANTS are PROFITABLE INVESTMENTS



M IS C O  C A S T IN G S
f o r  t h e  P r o c e s s  I n d u s t r i e s

j y j i s c o  specializes in the manufacture of stainless 
steel castings for industrial uses. Misco stainless 

steel castings represent the peak of alloy casting devel
opment. They offer high resistance to the destruc
tive action of many corrosive materials and can be 
depended upon for maximum performance.
In hundreds of war plants, in numerous and varied 
process industries, manufacturers are availing them
selves of Misco’s facilities. These facilities include the 
most modern foundry equipment and represent more 
than 25 years experience in production, fabrication 
and use of stainless steel castings. Our complete en
gineering, metallurgical and production resources are 
at your command, whenever problems arise which 
involve the use of stainless steel castings.

Conserve Scarce M a te r ia ls

BUY U. S. WAR BONDS and STAMPS

Michigan Steel Casting Company
1 9 9 9  G u o in  S tre e t

DETROIT, MICHIGANM m O n e  o f th e  W o rld ’s P io neer  

P roducers o f C hrom ium -N icke l 
A llo y  Castings
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S u b sc rip tio n  Rates
E ffe c tiv e  J a n u a r y  1, 1943

American Chemical Society Publications

1. Journal American Chemical Society ....................................  & 8.50
2. Chemical A bstrac ts ...................................................................  12.00
3. Industrial and Engineering Chem istry

Industria l Edition and Analytical E dition. . . . 4.00
4. Chemical and Engineering N ew s..........................................  2.00

10% discount on 1 and 2 when sent to  the same 
address and ordered together. No discount on 
3 a n d /o r 4. Foreign postage to  countries ou t
side the P an  American Postal Union additional 
charge as follows: 1, $1.50; 2, $2.40; 3, $2.25; 
4, $0.60. C anadian postage one-third these 
rates.
Single copies of curren t issues $0.75 each, 
except Analytical Edition ($0.50) and Chemi
cal and  Engineering News ($0.15).

T h e S ociety  w ill not be responsible for loss due to  
change of address unless notification is received  ten  
days in advance of issue. C laim s for non-receipt m ust

be m ade w ithin  60 d ays o f d ate of issue. "M issing  
from files” is not sufficient reason for cla im . If  change  
of address m eans a change of position , p lease in d icate  
its  nature.

Subscribers w ishing to  have their journals forwarded  
should n otify  the  P ostm aster and furnish  necessary  
postage.

T he nam es of m em bers and subscribers w hose  
journals cannot be delivered b y  the  P o st Office D ep a rt
m ent w ill be rem oved from  th e  m ailing lis t  a t  once, 
and will not be restored u n til correct addresses h ave  
been supplied.

In  the absence of other inform ation, a  n o tice  of 
change of address received from  th e  P o st  Office D e 
partm ent w ill be considered as correct, and  th e  m ailing  
list changed accordingly.

B A C K  N U M B E R S  A N D  V O L U M E S

Jour. Am . Chem . Soc., V ols. 15-64 , if available, ea ch ...................................  $  9 .00
Index to  V ols. 1 -2 0 ...............................................................................................  1.00
Single copies, V ols. 1 -64 , ea ch * ....................................................................... 0 .80

Chem ical A bstracts, V ols. 1 -36 , including 1st and 2nd D ecennial
In d ex es............................................................................................................... 705.00

Vols. 15 -36 , if availab le, ea ch ..........................................................................  15.00
Single copies, except Index N o s., Vols. 1-36, ea ch * ..............................  0 .80
A nnual Index, each y e a r ..................................................................................... 2 .50
2nd D ecenn ial Index, 5  V olu m es....................................................................  50.00

Ordered for rep lacem ent............................................................................ 25.00
3rd D ecenn ial Index, 5  V o lu m es..................................................................... 100.00

C ontingent d iscount of 50%  to  individual m embers, contributing firms, 
educational in stitu tion s, and public libraries in th e  U n ited  S tates.

Industrial and E ngineering C hem istry
Industrial E d ition , V ols. 1 -3 4 .......................................................................... 306 .00

V ols. 1 -34 , if availab le, ea ch ...................................................................  9 .00
S ingle cop ies, V ols. 1-34 , ea ch * .............................................................  0 .80

A nalytical E dition , Vols. 1 -1 4 .........................................................................  56.00
V ols. 1 -14 , if availab le, ea ch ...................................................................  4 .00
Single copies, V ols. 1 -4 , each * ...............................................................  1.00
Single copies, V ols. 5 -8 , each * ...............................................................  0 .70
Single copies, V ols. 9 -1 4 , ea ch * .............................................................  0 .50

Chem ical and Engineering N ew s (N ew s Edition through V ol. 19), V ols.
1 - 2 0   40 .00

Vols. 1 -20 , if availab le, ea ch ............................................................................  2 .00
Single copies, V ols. 1 -17 , ea ch * ....................................................................... 0 .10
Single copies, V ols. 18-20 , e a c h * ...................................................................  0 .15
* M an y num bers no longer available.

Volum es not priced singly, availab le on ly  in com - to  countries in the  Pan Am erican P osta l U n ion  m ade b y
p lete sets. . . m ail; all volum es now  sh ipped  a t purchaser’s risk;

A few  bound volum es of certain journals are available. postage charged on large orders. P ostage on C anadian
M em bers, for personal use, 20%  discount from above shipm ents one-third of foreign ; large orders b v  insured

prices, except com plete sets, D ecennial Indexes, and registered mail.
single copies and volum es of Chem ical and E ngineering P ostage charged on all foreign sh ip m en ts; the

* • • a • , . Society  assum es no responsib ility  for d elivery . I f  de-
A dvance paym ent is  required in all ca ses  and m ust sired, journals sent b y  registered m ail a t  p o stage cost

b e  m ade by postal order or check  payable in U. S. plus 5%  of invoice
c^ n c y o n a b a n k i n , the  U nited  S a tes. charge 75 cents. Large sh ip m en ts delivered  free, if

S H IP M E N T . Single issu eso r  volum es m ailed post- desired, to  responsible forw arding a gen ts in N ew  Y ork,
age free, to  an y  address in the  U n ited  S tates; larger further charges to  be paid  b v  th e  purchaser and methoH
sh ipm ents sent express collect. A uthorized delivery of handling to  be arranged b y  W

Address com m unications relating to  the  foregoing to

C H A R L E S L. P A R SO N S, B usiness M anager  
1155— 16th S t., N .W ., W ashington, D . C.
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I N D U S T R Y  isn ’t  crysta l gazing in  look 
ing in to  th e  future— th e  post-w ar  

period. Industry  has no t im e for m y stic ism  
and is not cla irvoyan t— b u t— it is p lanning  
for an unprecedented  future, tak in g  full 
advantage o f  th e  lessons learned in  w ar
time production.
For instance, it  is  p red icted  th a t m agne
sium is destined  to  b ecom e one o f  p eace
time in d ustry’s m ost usefu l m aterials.
In the fam ed D o w  process, “M on ofrax” 
one of th e  h igh ly  usefu l super refractories 
made b y  C arborundum , is extrem ely  v a lu 
able in preventing th e  h igh ly  corrosive  
action o f the  charge a long th e  m eta l lines 
of the cells.
Future developm ents in  th e  production  of 
this m etal w ill no d ou b t bring forth  further  
applications o f  C arborundum  B rand  Super 
Refractories.
N ow used ch iefly  in  incend iary  bom bs, 
flares and airplane construction , m agne

sium  u n d oub ted ly  w ill be m ore exten sively  
used  in th e  production  o f ligh t w eigh t, y e t  
am azin g ly  strong, structural alloys.

S yn th etic  rubber is another developm ent 
on th e  threshold  o f  h istory  m aking produc
tion . A n d  it  h as been  found th a t in  certa in  
processes, special “ C arbofrax” t ile  have  
helped to  m ake possible faster and  
greater production.
T h e success o f  “ C arbofrax” t ile  in  th is  
field is due ch iefly  to  its  h igh refractoriness 
and  h igh  h eat con d u ctiv ity  and em iss iv ity .

E xten d ed  uses for such  strateg ic m aterials  
as zinc, van ad ium  and  m olybdenum  are 
defin itely  in  the  plans for post-w ar de
v elop m en ts.

^ifraAetoa
C A R B O R U N  p u M

- PRODUCTS^

In  th e  production  o f  all o f  th ese  h igh ly  
essentia l m aterials, super refractory prod
u cts b y  Carborundum  are a lread y  p laying  
an all im portant part.

In  so far as to d a y ’s p lanning for tom orrow  
is  concerned, th e  com plete con su ltin g , re
search and engineering service o f  th e  R e 
fractory D iv isio n  o f  T h e  C arborundum  
C om pany is a t your disposal.

N o  m atter  w h at your process m a y  be, 
present or p lanned , i f  i t  ca lls for th e  
application  o f  super refractories, one or 
m ore o f  our m an y  varieties w ill m eet your  
specific condition .

I f  your requ irem ents call for h igh  refrac
toriness or h igh  heat co n d u ctiv ity — if  re
sistan ce  to  spalling and  so ften ing  and if  
great stren gth  a t e lev a ted  tem peratures  
are essen tia l— there is a Carborundum  
B rand R efractory th a t w ill fill th e  b ill.

THE C A R B O R U N D U M  C O M P A N Y  • p e r t h  a m b o y , n . j .
R efractory D ivisionREG. U. s. PAT. OFF.

tv . n . u . l . n , ]  B o s to n  P i tt s b u rg h .  D is tr ib u to r s :  M c C o n n e ll  S a les  a n d  E n g in e e r in g  C o rp o ra t io n , B irm in g h a m , A la .;
D is tr ic t Sales B ra n c h es : C h ic a g o , P h i la d e lp h ia , D e tro  , ’ g  i ,  L a k e  C ity  U ta h ;  P ac if ic  A b ra s iv e  S u p p ly  C o m p a n y , L o s A n g e les, S an  F ra n c isc o , C a lif .;  D e n v e r
C h risty  F ire b r ic k  C o m p a n y , S t .  L o u is , C o m p a n y , M in n e a p o lis ,  M in n .

(C a rb o ru n d u m , C a rb o fra x  a n d  M o n o fra x  a re  re g is te re d  tra d e -m a rk s  o f  a n d  in d ic a te  m a n u fa c tu re  b y  T h e  C a rb o ru n d u m  C o m p a n y )
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One inch P R O F E S S I O N A L  D I R E C T O R Y  “
$4-40 $96.00 a Year 

$48.00 a Year Personal Services Only

THE
COMMONWEALTH ENGINEERING 

COMPANY OF OHIO
Dayton, Ohio London, England

Research and Development 

Offers
KOMEL CORPORATION'S

New Approved Mold and Mildewproof 
Agent for Fabrics and Other Materials

LA WALL & HARRISSON
B io log ica l Assays —  C lin ica l Tests 

Chemical —  Bacterio logical —  Problems 
O rgan ic  Synthesis 

Pharmaceutical and Food Problems 
Research

214 So. 12th St. Philadelphia, Pa.

HERBERT WATERMAN, Ch.E., Ph.D. 
Consulting Engineer

P ro du c tion  Problems 
Equipm ent and P lant Design 

Research and Process D evelopm ent

2 1 0 0  Roselin  P lace, Los  A n g e le s , C a lif. 
Te lephone  O ly m p ia  3 7 8 0

LOUIS E. LOVETT
Consulting Engineer

Rayon and C e llo ph a ne  Process, Plant Design, Reports. 
Commercial A p p lic a tio n s  o f Osmosis
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TRUMAN B. WAYNE
Consulting Chemical Engineer
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O rg a n ic  Polymers & Resins.
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Bankers M o rtg ag e  B ldg. H o u s to n , Texas 
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Beverly H il ls ,  C a lifo rn ia
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C. L. M A N T E L L
Consulting Engineer

Electrochem ical Processes and 
Plant Design

601 W. 26th St., New York, N. Y.

THE WESTPORT M ILL
Westport, Conn.

Laboratories and Testing Plant of 
The DORR COMPANY, INC.

Chem ical, Industria l, M e ta llu rg ic a l and Sanitary 
Engineers

C onsulta tion —  Testing —  Research —  P lant Design

Descrip tive  b ro chu re , “ Testing tha t Pays D iv ide nd s”  
upon  request

This space 

available 
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Professional 
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$4.40 
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Personal Services Only

GUSTAVUS J. ESSELEN, INC.

Chemical Research 
and Development

857 Boylston Street Boston, Mass.

"T o d a y ’s Research Is Tom orrow ’s Industry ’ ’

F. B. P orte r R- H . Fash 
B.S. C h.E ., Pres. B.S. V ice-P res.

I THE FORT WORTH LABORATORIES
Consulting, Analytical Chemists and 

Chemical Engineers
W hen you have p ro po s itio ns  in the Southw est 
cons ider using o u r staff and equ ipm ent to  save 
time and money.
Fort W o rth , Dallas, H ouston  and San A n to n io

METC A LF & EDDY
Engineers

Investigations Reports Design 
Supervis ion o f Construction  and O p e ra tio n  
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Chemical Engineers
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O rs a n ic , Ino rgan ic  —  Q ua n tita tive , Q u a lita tive  
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Majestic Bldg. Denver, Colorado

FOSTOR D. SNELL, INC.
Our staff of chemists, engineers and 
bacteriologists with laboratories for 
analysis, research, physical testing and 
bacteriology are prepared to render you 

Every Form of Chemical Service
305 W ashington Street B ro o k ly n , N . Y.

Patent L aw  O ffices

LANCASTER, ALLWINE & ROMMEL
B oo k le t — “ G en e ra l Inform ation C oncern ing  

Inven tions & Patents”  and "Fee Schedule ”  
sent w ith o u t o b lig a tio n .

Established 1915  

Patents — Copyrights — Trade-Marks 
Suite 4 4 6 ,  8 1 5 — 15th N . W ., W ash ing ton , D . C.

EDWARD THOMAS
A tto rn e y -A t-L a w  

Registered Patent A tto rn e y

Chemical Patent Problems
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A N D  K N O W  WHOSE MECHANICAL DRAFT  
EQUIPMENT WILL SAVE YOU MOST . . .
Why Pritchard Towers SaveYou Money
1. Low Pumping Head. C losed  p ip e  w a te r  
d istrib u tion  th r o u g h  g r a v ity  sp r in k lers  
cu ts  d ow n  fr ic t io n a l r e s is ta n c e ;  sa v e s  
pum p p o w e r  fo r  l i f t in g ;  so m e tim e s  
even  p e r m its  b u ild in g  h ig h e r  to w e r s  
w ith o u t w a s te .
2. Liberal Size and Rating. A n y  “ sk im p 
in g ”  on  c a p a c ity  m u s t  b e  m a d e  up  by  
an e x tr a  load  on fa n s  or to w e r  effic i- 
ciency w ill  su ffer . P r itch a rd  to w e r s  
are s iz e d  an d  r a te d  to  p e r m it  lo w  a ir  
v e lo c it ie s  and  c o n se q u e n t  lig h te r  fa n  
loads.
3. High Efficiency, Light Weight. Non-Cor
rosive Monel Fans. P r itc h a r d  fa n s  a re  th e  
h eart o f  P r itch a rd  to w e r  e ffic ien cy  and  
econom y. T h e ir  su p er io r  d e s ig n  and  
c o n s t r u c t i o n  s a v e s  t r e m e n d o u s  
am oun ts o f  h o r se  p o w e r  o v e r  a  period
o f y ea rs . B lad es  h av e  a  s p ec ia l tw is t  a n d  ta p e r  
th a t  g ives a  s te a d y , u n ifo rm  a i r  n o w  th ro u g h
th e  en tire  f a n  o p en in g . . . .  , ___   „

T he u se  o f  n o n -co rro s iv e  s h e e t  m one l o v er a  
lig h t, s tro n g  f ra m e w o rk  c u ts  w e ig h t to  h a l f  th a t  
of c a s t  a lloy—e n d s  co rro sio n  a n d  p i t t in g  r 
bles. L a rg e r  b lades, an d  o f te n  f e w e r  o f  th e m , 
move th e  re q u ire d  v o lum e o f  a i r  w itlhles®  ^ 
speed an d  le ss  f a n  p o w er. P r i tc h a rd  fa n  
design  a n d  f a n  h o u s in g  d e s ig n , p a r t ic u la r ly  in  
induced d r a f t  to w ers , c o n tr ib u te  f u r th e r  to  t a n
efficiency a n d  h o rsep o w er econom y.______ __

F u r th e r  d e ta ils  on re q u e s t .  W rite  f o r  th e m .

On the basis of 1 /  per kilowat hour, 24 hours per day, 
250 days per year, the cost of operating a mechanical 
draft tower for 5 years is $300 per horsepower. Add to 
this the cost of your tower and you have your total 
5-year cost, exclusive of upkeep.

Pritchard welcomes and urges this method of pur
chase because almost invariably Pritchard towers cap
italize out at lower cost.

There are several reasons why—the most important 
of which are described in the column to the left. Read 
these reasons carefully. File them for future reference it 
you will And be sure to get definite cost capitalization 
figures from Pritchard—and from any others you may 
choose—on the next mechanical draft tower you buy.

J .  F . P R I T C H A R D  and C O M P A N Y
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 O .

Branch Offices in Tulsa, O kla .; Houston, Texas; Atlanta, Ga.
Chicago, III .; Pittsburgh, Pa.; New York City

P R I T C H A R D
A t m o s p h e r i c  a n d  M e c h a n i c a l  D r a f t

WATER COOLING TOWERS
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B a r re t t  D iv is io n ......................................................  104
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B law -K nox  C o ..........................................................  18
B lickm an , In c ., S ..................................................... 10
B o rg -W arn e r C o rp o ra t io n ................................... 17
B ris to l C o m p a n y ..................................................... 53
B row n F in tu b e  C o .................................................. 95
B uffalo F d ry . & M ach . C o .................................. 33
Buffalo P u m p s , In c ................................................  72
B uffalo W ire  W orks Co., I n c ...........................  68

C algon, In c ................................................................. 42
C arb id e  & C arb o n  C hem ica ls  C o rp ................ 36 :87
C arb o ru n d u m  C o..................................................... 99
C a rp e n te r  S tee l C o.................................................  74
C h ap m an  V alve M fg. C o ....................................  48
C hem ica l C o n s tru c tio n  C o rp .............................  96
C h icago  B ridge  & I ro n  C o ..................................  27
C la rk  B ros., C o., In c .............................................  47
C om m onw ealth  E ng ineering  Co. of O h io . . .  100
C orn ing  G lass W o rk s ............................................  55
C ran e  C o .....................................................................  50

D ie te r t  Co., H a rry  W ...........................................  76
D ow  C hem ica l C o................................................... 57
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D u riro n  Co., In c ...................................................... 23

E ag le -P iche r Sales C o ...........................................  73
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E h rlic h , J ....................................................................  100
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E sselen , In c ., G u s ta v u s  J ....................................  100
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F enw al In c .................................................................. 72
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F ox b o ro  C o .................................................................  79
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The vast scope of Acme processing experience and  knowl
edge is a t your com m and in atta in ing  m aximum efficiency 
from your p lant. W hether you need a special piece of 
equipm ent or a com plete p lant, Acme engineers will study 
your problem  and  m ake recom m endations prom ptly.
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AMERICA'S N E W  VICTORY H IG H W A Y  R U N S ENTIRELY UNDERGROUND!

T h ro u g h  co rn fie ld s  a n d  w o o d s, cro ssin g  ra ilroad s, r ivers, 

h ig h w a y s  an d  h ills , g o e s  o n e  o f  th e  w o r ld ’s  g r e a te s t  h ig h 

sp e e d , n o n -s to p  tr a n sp o r ta tio n  a r te r ie s  — u n d erg ro u n d  a ll 

th e  w a y . I t ’s  A m e r ic a ’s  b ran d  n e w  o il ex p r e ss  h ig h w a y  — th e  

la r g e s t  c a p a c ity  o il  p ip e lin e  e v e r  b u ilt . I t  is  e x p e c te d  to  

r e l ie v e  o u r n a tio n a l o il  sh o r ta g e  w ith  th e  d e liv e r y  o f  

9 ,0 0 0 , 0 0 0  b a rre ls  a  m o n th .

W h e n  it  is  c o m p le te d , th e  n e w  lin e  w ill  b e  a 1 5 0 0 -m ile  

u n d erg ro u n d  tu n n e l o f  s t e e l  p ip e  rea ch in g  a ll th e  w a y  from  

T e x a s  to  th e  e a s te r n  se a b o a r d . In  th e  co n stru c tio n  o f  th e  

first 5 3 0 -m ile  leg , w h ic h  s tr e tc h e s  fro m  T e x a s  to  I llin o is , 

W a r E m e r g e n c y  P ip e l in e s , Inc., sm a sh e d  a ll reco rd s for

sp e e d  . . .  an d  e v e r y  m ile  o f  th a t  p ip e  h a s  b e e n  c o a te d  w ith  

B a r re tt  E n a m e l.
★ ★ ★ ★

B a r r e tt  E n a m e l is  o n ly  o n e  o f  h u n d r e d s  o f  b a s ic  p ro d u cts  

m a n u fa c tu red  b y  B a r re tt . In  th e  c h e m ic a l in d u s tr y  a s  in  th e  

p ip e lin e  in d u stry , B a r r e tt  p r o d u c ts  a re  b e in g  su p p lie d  in  in 

c rea s in g  q u a n tit ie s  to  m e e t  e s s e n t ia l  w a r t im e  r e q u ir e m e n ts .

If  d e liv e r ie s  o f  B a r r e tt  C h e m ic a ls  fo r  c iv il ia n  u s e  are  

d e la y e d  or c u r ta ile d , it  is  b e c a u se  s o  m a n y  B a r r e tt  b a s ic  

p ro d u cts  are  h e lp in g  to  s p e e d  A m e r ic a ’s w e a p o n s  o f  w ar. 

B a r r e tt’s v a s t  fa c i l it ie s  a n d  8 9  y e a r s  o f  m a n u fa c tu r in g  e x 

p e r ie n c e  are b e in g  u t i l iz e d  to  k e e p  p r o d u c tio n  a t  to p  lim its .

T H E  B A R R E T T  DIVISION
A L L IE D  C H E M IC A L  &  D Y E  C O R P O R A T IO N

4 0  R E C T O R  S T R E E T .  N E W  Y O R K

BARRETT COAL-TAR CHEMICALS: Tar A cids: Phenols, Cresols, C resylic Acids • NaphthaU 
*C u m a r(P a raco u m a ro ne -ln d en e  Resin) * Rubber Com pounding  M a te r ia ls  * B ardo l* * Barre

  -  a lene  « P h tha lic  A n h yd rid e
*Cum ar (P aracoum arone -lndene  R esin ). Rubber Com pounding  M a te r ia ls  * B ardo l* * B arre tan* • P ickling  Inh ib ito rs  
Benzol • T o lu o l • X y lo l ■ S o lven t N a ph tha  • Hi-Flash S olven t , Hydrogenated  C oal-Tar Chem icals • F lo ta tion  Agents 

T a r D is tilla tes  > A nh yd rou s  A m m on ia  • Su lphate  o f  A m m on ia  ■ A rca d ia n *, the American N itra te  o f Soda

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 I N E S S E S

•REG. U. S. PAT. OFF.
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W h en  Y o u C an ’t  Buy
em  B IG -B u y  ’em  

G

E f at.t.y , it’s no  hard sh ip  w hen you have to  buy sm aller m otors. 
i_ You save money. But rem em ber, w hen  you can t buy em 

b ig —buy ’em good.
N ow  that you cannot depend  on  oversize to  take your m otors 

th ro u g h  tough  service—you m ust depend  on  quality.
T h at is why you should  investigate F airbanks-M orse M otors 

w ith  Copperspun R otors.
T h e  w in d in g  o f the Copperspun R o to r is centrifugally  cast o f 

C O PPE R  in  one piece. I t  p rovides electrical and  therm al charac
teristics tha t give this m o to r the stam ina to  stand  up  u n d er the 
m ost severe service w ithou t m echanical failure. \ o u  can operate  
a Fairbanks-M orse M oto r w ith  Copperspun R o to r at its full ra ted  
capacity continuously and  indefinitely w ithou t fear o f dam age 
from  overloading.

Fairbanks, M orse & Co., 600 S. M ichigan  Ave., C hicago, 111.

FAIRBAIMKS-MORSE
DIESEL ENGINES WATER SYSTEMS
PUMPS FARM EQUIPMENT
ELECTRICAL MACHINERY STOKERS

S,UWl mm,   HR CONDITIONERS
ILROAD EQUIPMENT

wruvvrm«on i n cn> ®  M o t o r s
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LIC H TN IN - AGITATORS
P L A Y  A N  I M P O R T A N T  P AR T  IN T H E S E  W A R  I N D U S T R I E

Heat Treating (Shells and Armor Plate) Gas Absorption and Dispersion A lcohol Conversion
Synthetic Rubber Detinning Chemical Plant Expansion
Aviation G asoline M agnesium  Explosives

Moulding Plastic Impregnated P lyw ood Parts

“L 1 G H T N I N ”  Mixers are constantly being improved and redesigned to 
m eet your specific requirements under present war production conditions. 
T hey proved in actual service th a t they cut power consumption, conserve 
v ital m aterials, increase product uniform ity and speed up production.

Each product here illustrated is a new development. You can rest assured 
th a t 1943 will reveal the same consistent effort to  help you solve your 
m ixing problems.

NIXING EQUIPMENT CO., Inc.

M IX IN G  EQ UIPM ENT C O M P A N Y , INC.

1062 G arson A v e ., Rochester, N .Y .

Please send me:
 Cata log B -68— Top E ntering  M ixers
 Cata log B-69— A ir  D riven  M ixers

Cata log B-65— Portable (C lamp-on) M
 Cata log B-66— Side E ntering  Mixers
 Catalog B-67— La bo ra to ry  M ixers
 M i-1 1— M IX IN G  O P E R A T IO N S  I

S H E E T : The basis fo r a tinie-s 
recommendation

 Complete Cata log B inder fo r Executive
Engineers in A u th o rity

NTnmf»

1062 GARSON AVENUE, ROCHESTER, N.Y.


