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Announcing IM PKUVEU UËS1GN,

FOR PFAUDLER " E "  SERIES 
Glass-Lined Steel REACTORS . . . 
Overall Construction Strengthened, 
Jacket Pressures Increased

SINCE 1927, Pfaudler's standard
clam ped-top, h ighly  acid-resisting, 
glass-lined steel reactors have been 
specified wherever contact with metal 
proved undesirable. Processes involv
ing hydrochloric acid at elevated 
temperatures and pressures are among 
the important applications as Pfaudler 
glass is resistant to all acids, except 
HF. Throughout this period, capaci
ties have been increased and design 
improvements made to do each job 
better.

In line with this policy, Pfaudler an
nounces further improvements, effec
tive immediately. All “ E" Series units 
will be built with straight rather than 
tapered side wall construction. This 
permits an increase in jacket pressure 
ratings from 75 to 90 psi, sufficient for 
the majority of "E " Series applica
tions. (Higher pressures obtainable 
with special designs.) See drawing 
for other highlights. All details will be 
covered in new catalog which will be 
available later. However, these changes 
apply on “ E" Series orders now out
standing, except where operating con
ditions require special construction.

Note “E S ” top head (not show n) in c lu d e  9 "  x  1 2 "  handhole, 3-4\ 
o p e n in g s  and  3 ! |M agitator open ing.

Series Rated Cap. Actual Cap. 
Old Design

Actual 0 
N ew  Del

 J
50 gals. 
75 gals. 

100 gals.

150 gals. 
200 gals.

200 gals. 
300 gals.

56 gals. 
81 gals. 

107 gals.
83 gal 

110 gai;4

165 gals. 
203 gals.

180 gal 
225 gal:

207 gals. 
304 gals.

236 gaa .; 
345 gal

“ ELL" 500 gals. 
750 gals.

514 gals. 
783 gals.

565 gaa
850 ga-

How Capacities Have Been Increased
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BETTER 
D IS P E R S IO N

C elite  F illers  g iv e  in s e ct ic id e s  
broader coverage and greater kill. 
They are also an aid in grinding.

IM P R O V E D

“ F L O W ”

As a caking pre
v e n t iv e ,  C e lite  
F illers im p ro v e  
the flow  charac
teristics o f  deli
quescent chem i
cals.

M O R E  D U R A B L E  F IN IS H

C e lite  F ille rs  im p a rt  a be tte r , 
longer-lasting, surface finish, im 
prove the electrical properties o f  
plastics.

A D D IT IO N A L  T O U G H N E S S

Asphalt products gain toughness, 
a higher m elting point and a low er 
brittle point from  Celite.

IN C R E A S E D  B U L K
Manufacturers o f  such products as 
pow dered  cleansers and detergents 
find that Celite Fillers add bulk, 
im prove absorption  and co lor .

G R E A T E R  A B S O R P T IO N

Celite Fillers are w idely used in 
fine polishes as an absorptive, n on 
scratching abrasive fo r  metals and 
other surfaces.

PROPERTIES O F  S O M E  STAN DARD  G RADES OF CELITE M IN ERAL  FILLERS

G rad *
Designation Color Fineness

Average  
Particle Size 

(Oden Method)

Free
Moisture
Content

Absorption* 
Linseed 

W ater Oil

Bulking 
V a lu e * *  

Loose Wet

Specific
G ravity

Celite FC Light bufF M axim um  3 %  On 150 mesh 4-6 microns Approx. 4 % 215 205 8 17 2.00

CeÜte SSC Light pink Maxim um  5 %  on 150 mesh 6-8 microns Max. 1 % 210 190 9 17 2.15

Celite HSC White Maxim um  7 %  on 150 mesh 7-9 microns Max. 1 % 220 180 10.5 17 2.30

Snow Floss Light bufF M axim um  0 .5 %  on 325 mesh 1-2 microns Approx. 4 % 210 185 8 24 2.00

Super Floss White Maxim um  0 .5 %  on 325 mesh 2*4 microns M ax. 1 % 150 120 9 28 2.30

• Gardner-Coleman Method— lbs. of liquid per 100 lbs, of Celite. ** lb s .  per cubic ft.

h r  Custom ers

fe a d il')  S ee

T o  the naked eye, a Celite* Filler looks 
like any ordinary pow der. Under the 
m icroscope, however, Celite is amazingly 
different. It is seen to be com posed  o f  
m illions o f  fossilized diatom skeletons. 
These minute particles account for the 
unique properties that have put profit 
into many products—and may help yours.

They give Celite its large surface area 
and low  refractive index. Their porous 
cellular structure makes Celite light in 
weight and highly absorbent (Celite 
Fillers absorb over tw ice their weight 
o f  liqu id ). O f pure am orphous silica, 
these particles also make Celite chem i
cally inert and fire-resistant.

Celite Fillers are available in many 
grades at low  cost for a w ide variety o f  ap
plications. W hy not discuss their possib il
ities with a Celite engineer? 
A ddressjohns-M anville, B ox 
290, N ew Y ork  16, N . Y .
♦Reír. U . S . P at. Off.

Johns-Manville Filter A id s  

and  Fillers



An interpretative monthly digest for chemists, chemical engineers, and 
executives in the chemical producing and chemical consuming industries

INDUSTRIAL and ENGINEERING CHEMISTRY....

K e p o r ts
ON THE CHEMICAL WORLD TODAY

N E W  W R I N K L E

Channel-Making Machine

Dipping frames carrying the pallets were sent into a con
tinuous tank 100 feet long, holding 175,000 pounds of sulfur, 
and impregnation took place at the rate of sixty frames per 
hour. The finished pallet was capable of supporting a dy
namic load of 3500 pounds and a static load three times as 
great. These figures may be further improved when better 
paper can be obtained for use in the construction.

The success of the pallets led to the manufacture of channel 
boxes, 6 X 6 inches and of any desired length, for the shipping 
of aluminum tubing and trimming. Branching out along an 
entirely different line, the company experimented with tree 
guards made from the laminated sheets. Wax-dipped to 
overcome the disadvantages of wet weather, these guards have 
excellent spring and snap characteristics.

The sulfur-impregnating process was, however, not without 
its difficulties. Finding a dye stable in molten sulfur at 145° 
C. was one; evaporation of water from the boxboard and re
sultant bubbling of steam through the sulfur bath was 
another. Most important was the fact that the finished 
product was not fireproof and, (Continued on page 8 A )

Impregnation of paper and paperboard is not a 
H new idea. A structural channel unit of corru-
ESftari gated boxboard is, and the idea materializes

into a potent reality when the material is im
pregnated with sulfur. It all started from a business of 
manufacturing advertising displays from paper, starch, wood 
flour, rosin, and water. Came the war and Old King Cole, 
Inc., of Canton, Ohio, turned to converting these materials 
into mandrels for use in manufacturing self-sealing, bulletproof 
gas tanks. From there the road led to corrugated board and 
the idea of a disposable pallet. The Institute of Paper 
Chemistry had experimented with boxboard impregnated 
with sulfur in building a small house. When Laminite Prod
ucts, Inc., a child of Old King Cole, developed a channel shape 
out of laminated single-face corrugated cardboard, it was 
found that the cardboard had surprising strength after being 
impregnated with sulfur. A  disposable pallet became a reality.

Starting with ordinary corrugated chipboard, a product 
used extensively in the packaging industry, they cut and 
laminated the sheets into three plies, used sodium silicate as 
an adhesive, and formed the laminated board into channels by 
the application of light pressure, with the grain of the corruga
tions running around the U. Alternate wide and narrow 
channels, 14 and 5 inches wide with 4-inch legs, were joined 
with sodium silicate, and a two-ply cover was added to make 
pallets ranging up to 68 X  30 or 54 X  54 inches.

Assembled Unit
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CASE FOR A 

SPECIALIST.. . .

O u r  broad experience and 

specialized know ledge in every 

phase of engineering and con

struction often are employed dur

ing the period of preliminary 

planning as well as for actual 

con struction  of in st itu t ion a l 

buildings.



BULK-FLO ELEVATOR

C O N V E Y O R

FEEDER

May furnish the simple, low-cost, efficient
"transportation" for the job

DUST TIGHT
D u st-tigh t casin g  preven ts leakage and p rotects  m aterial 
against exposu re  and contam ination . H ig h ly  su ccessfu l w ith  
food  and ch em ica l p rod u cts. T h e  L -sh aped  e lev a tor-con v ey or  
unit illustrated, is on e  o f  m any form s ava ila b le  fo r  vertica l, 
horizontal or  in clin ed  d irection s o f  flow .

SLOW SPEED
Slow  speed  can  b e  used  fo r  m ateria ls requ irin g  specia l care, 
to m in im ize  breakage and d egradation .

SPLIT DISCHARGE
S plit D isch a rge  helps red u ce  d egrad ation  b y  “ easing”  into 
chute any m ateria l carried  a b o v e  chu te  floor  b y  flights a fter 
norm al d ischarge.

COMPACT DRIVE
C om p a ct d rive  con sistin g  o f  m otor ized  redu cer and chain  
drive are sa fe ly  en closed . S p eed  changes read ily  m ade b y  
changing on e  sprocket.

Saves sp ace throughou t, as B U L K -F L O  casin g  is sm all and 
the m ov in g  m ateria l o ccu p ies  a lm ost the entire cross section  
o f  the casing.

• A  L ink-B elt B U L K -F L O  

elevator a n d /o r  con veyor and 

fe e d e r  in s ta lla t io n  is th e  

s im p le , s e n s ib le  an sw er to  

m a n y  p la n t  tra n s p o r ta t io n  

p ro b le m s  in v o lv in g  m ost 

lo o s e  m a te r ia ls  in  a w id e  

range o f  industries.

F o r  c l e a n l in e s s ,  s a f e t y ,  

c o n s e r v a t io n  o f  m a ter ia ls , 

econ om y  and sm oothness o f 

operation, as w ell as ability  

to take care o f  p ractica lly  

any  situation put up to L ink- 

B elt engineers, B U L K -F L O  

has a superior record  o f  suc

cess. Y o u ’ll find B ook let N o. 
2 0 7 5  fu ll  n f  in tp rp ct W h v
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L I N K - B E L T  C O M P A N Y
Chicago 8, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, 
Minneapolis 5, San Francisco 24, Los Angeles 33, Seattle 4 , 

Toronto 8. Offices in Principal Cities.

Do You Move Material that is
Free-Flowing, Crushed,

Granular, Ground, 3  
or Pulverized... •



PALMER THERMOMETERS, INC.

i 8 C re p o rts
if ignited, produced poisonous fumes of sulfur dioxide. This I 
became the major stumbling block in the way of the subse- ; 
quent idea of application in an integrated housing construc
tion system.

Considerable development work has been done in coopera- j 
tion with the H. K . Ferguson Company, which has been 
granted the rights to exploit this unit in the building and con- j 
struction fields; a machine for the continuous molding of 
panels built along the same lines as the pallet has been put 
into successful operation. It was found that dipping the 3 
impregnated panels in a fire-resistant paint increased the fire 1 
resistivity to a slow-burning category. Experiments «nth 
certain types of phenolic resins and the so-called unsaturated [ 
polyester-type resins have not only reduced the fire hazard \ 
but have also improved the structural characteristics and in
creased the water resistance. Although such impregnations 
are more costly than that with sulfur, it is believed that when | 
the proper type of paper is available, material can be produced j 
which will have many applications in the building field.

These panels offer promise in the field of reinforced concrete 
design and may have considerable use in flooring, walls, and 
roof decks. Laboratory tests indicate that the panels com
pare favorably in insulating properties with any structural 
board now in use. Panels may possibly be provided with a j 
variety of finishes, including plywood, metal foil, and plastic 
and paper sheet coating. Development work along these : 
lines is being carried out by a number of companies in coopera
tion with Ferguson. The popularity of the laminated product 
has been sufficiently substantial so that the principal headache 
now experienced by the manufacturers is no longer technical 
but consists in procurement of an adequate supply of the good 
quality kraft paper needed in the construction. W.H.S.

C O L O R F U L  T H O U G H T S
There are probably as many different defini- 

—j-^ -p  tions and descriptions of “ color”  as there are 
hues in a rainbow. The artist, dyer, physi
cist, chemist, psychologist, and salesperson 

each prefers to employ his own unique vocabulary to express 
his sensations or observations of that elusive quality. Joseph 
Addison’s remark made in 1712 that “ colors speak all lan
guages”  might aptly be twisted to “ color is spoken of in all ' 
languages” .

An interesting attempt to integrate all of these approaches ; 
to the subject was made by I. H. Godlove of the General Ani
line and Film Corporation in a paper “ Relation of Color Per- : 
ception to Chemical Structure” , presented before a recent 

meeting of his company at Shawnee-on-the-Delaware, Pa.
Unfortunately, Godlove pointed out, there are almost no 

complete works covering the entire field of color and chemical 
structure. The great mass of research on this subject by 
chemists and physicists has been concerned primarily with 
the relation of absorption spectra to chemical structure and 
only indirectly to color perception. This has been due in no j 
small part to the belief that absorption spectra measurements j 
are more precise than visual observations. People of antiq
uity, however, tended to believe what their eyes “ told”  them, ; 
and so color was defined in terms which today are used to do- . 
fine color perception or sensation. (Continued on page 10 A) j

2512 Norwood Ave. Cincinnati 12, Ohio
Canadian Plant: King and George Sts., Toronto 2

M ir«, of Industrial, Laboratory, Recording and Dial Therm ometers

PALMER Thermometers
a r e  u s e d  f o r

Accurate Research
• W ith  the Ethyl C orpora tion  it's a c c u 
ra cy  first in  their fam ed  R esearch  L abora 
tories. Palm er Therm om eters m eet h ighest 
standards for a ccu ra cy , durability  and  
dependability .

Palm er's Patented "R ed -R ead in g-M ercu ry" 
feature perm its qu ick , easy read in gs from  
any an gle  —  at greater d istance —  even  
through  sm oke and  steam .

W h eth er for resea rch  or m anufacturing
processes, you  get 
the sam e fine p re 
c is ion  in  all Palm er 
Therm om eters . . . 
Industrial, R ecord 
in g  an d  Dial Styles. 
A n d  w h erever you  
look , y ou  w ill al
w ays find  Palm er 
H igh  Q uality  is 
standard the n a 
tion  over!
W rite for C ata log

8 A
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Girdler construction crew sets up tower for  H y g i r t o l  
plant, which produces hydrogen o f higher purity  
m ore e c o n o m ic a lly  than  a n y  o th er  m eth od .

Girdler builds the g a s  processing plants  

Gird ler designs

B
e c a u s e  Girdler builds the gas 
processing plants Girdler de

signs, you  can be sure o f  several im 
portant things:

A com plete service, from  one re
sponsible source, that includes every
thing from  start to finish o f  the job . 
Plant design that is thoroughly prac
tical for construction. C onstruction 
w strict accordance w ith plant de
sign. P lant tests and initial oper

ation  upon com pletion  o f  construc
tion — Girdler follow s through until 
the plant is in full operation and you 
know  all about how  to  use it.

A nd you  benefit b y  G irdler’s ex
perience. Girdler-designed, Girdler- 
engineered , and G ird ler -b u ilt  gas 
processing plants serve m ost o f  the 
big names in industry.

This includes processes for gas 
m anufacture, purification, separa

tion, dehydration—processes in vo lv 
ing hydrogen sulphide, carbon m on
oxide, carbon dioxide, inert and con 
trolled atm ospheres, natural gas, re
finery gases, liquid hydrocarbons, 
hydrogen, nitrogen.

T H E  G IR D L E R  C O R P O R A T IO N ,  L O U IS V IL L E  1, KY.

G A S  PROCESSES D IV IS IO N
DISTRICT OFFICES 

150 Broadway, N. Y. 7  • 2612  Russ Btdg., San Francisco4 

311 Tuloma Bldg,, Tulsa 3

• G I R D L E R -

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



You  can avo id  hidden w eak

nesses in the processing equip

ment you purchase b y  selecting 

a  fabricator with specialized 

experience in w orking with this 

alloy. Stainless steel is a  tricky 

metal to work. W hen  you bend 

it, form it, weld it, your fab rica 
tor must use shop procedures 

tha t s a fe g u a rd  the o r ig in a l  

properties of the metal. A n d  he 

must have the p lant machinery, 

engineering skill, and  trained 

m anpow er to carry out these 

protective procedures.

A s  custom builders of process

ing equipment w ork ing exclu

sively with stainless steel a llo y —  
we offer this specialization tb 

our customers. It assures you 
processing equipment with no 

hidden w eaknesses— equipment 

that lasts longer, w orks more 

efficiently for your application.

C O N SU LT  W IT H  US.

S. B L I C K M A N  IN C .
1202 G R E G O R Y  AVE., W E E H A W K E N . N . Jj,

S IN D  FO R  T H IS
V A LU  A B  LE B O O K

For When You Specify Slolnlcii Steel foe Your Proceilinfl Equipment.**

r e p o r t s

A possible means of tying up the different approaches to the 
subject of color into a self-consistent philosophy was pre
sented by Godlove in the following schematic diagram:

m

(PSYCHO-)
CHEMICAL

CORRELATIONS

PSYCHO
PHYSICAL

CORRELATIONS

CHROMOPHORES 
AUXOCH ROMES 
NIETZKI RULE 
ETC.

CHEMICAL
STRUCTURE

CS?Pc:coO

PHYSICO-CHEMICAL CORRELATIONS
A. ELECTRONIC ANO RESONANCE THEORIES 

a  QUANTUM-MECHANICAL CALCULATIONS 

C. STERIC HINDRANCE OF RESONANCE ETC.

The colorant, a dye or pigment, is symbolized by the box in 
the center of the triangle. The effect an individual receives 
by observing this material results in color perception, the 
quality which, in the last analysis, is the most important from 
the point of view of the manufacturer of consumer items. 
The actual color of the colorant is determined by the molec
ular construction of the material; the construction is achieved 
by the controlled chemical reactions used in the dyestuff in
dustry, represented by the line connecting the colorant box to 
the “ chemical corner”  of the triangle. In like manner the 
use of physical methods to measure the absorption spectra 
and other characteristics of the colorant material is shown 
schematically as the line joining the color box to the “ physical 
corner”  of the triangle.

The perimeter of the triangle shows a possible correlation 
of many of the approaches to the theory of color. For in
stance, color perception can be integrated with chemical 
structure by traveling directly along the left leg of the tri
angle or indirectly by traversing the right leg and the base. 
The first journey would take one through predominantly 
static conceptions, such as theories of chromophores, auxo- 
chromes, salt-forming color-intensifying groups, Nietzki’s 
rule, Schutz’s series, etc., and also through the dynamic chemi
cal interpretations of color phenomena, such as tautomerism, 
oscillation of benzenoid and quinonoid linkages, isorropesis, 
etc.

The indirect route of correlating color perception with 
chemical structure starts with the Munsell notation system 
on the psychophysical leg. This system of color classification, 
which is almost entirely psychological in approach, is most 
commonly employed in the art fields and embraces some nine 
hundred different colors. (Continued on page 12 A)
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OR PARAFFIN WAX OR INDUSTRIAL STARCH

flj p  W h a t  v isco u s  m a te r ia l  can  y o u  

U 11 p roce ss  m ore  p r o f i t a b ly ?

A LM OST invariably the processing of 
viscous materials involves heating 

or cooling. Votator equipment provides 
a continuous, closed system embodying 
the cleanest, safest, most efficient heat 
transfer operation for this purpose. Does 
a dependable, more uniform job  in gen
erally less than half the floor space re
quired by batch methods. Makes possible 
corresponding savings in labor, heat or re
frigeration, and overall operating expense 
for a great cross-section o f industry.

The above were picked at random 
from more than a dozen tried and proved 
Votator applications. There are many 
potential Votator applications o f  which 
even we may not be aware— the proc
essing o f viscous materials covers such 
wide industrial territory.

I f  you process anything in viscous 
form, chances are Votator equipment 
can cut your costs, increase your profits. 
Write to The Girdler Corporation, V o
tator Division, Louisville 1, Kentucky.

OISTRICT OFFICES: 150 Broadway, New York City 7 • 2612 Russ Building, San Francisco 4 • 617 Johnston Building, Charlotte 2, N. C.

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

OR SHAVING CREAMLUBRICATING GREASE



I N D O N E X
P L A S T I C  I Z  E  R S

IN D O N E X  P L A S T IC IZ E R S  A R E  

A C C E P T E D  IN  R U B B E R  C O M P O U N D IN G

Also, their utility has been demonstrated in m any 

non-rubber compositions requiring low cost plasti- 

cizers, and  as saturants for fibrous products. 

IN D O N E X  plasticizers are dark colored, h ighly 

aromatic, of low volatility, and  good  odor.

G ra d e 633V4 6 3 4 'A 638V4 6 3 9 Vi

S p . G r. ( 6 0 ° F ) .......................... 0 .9 9 5 8 0 .9 9 7 9 1 .020 1.021

F la sh  ° F ............................... 4 5 0 4 6 0 5 1 0 5 2 0

P o u r  ° F .................................... 3 5 4 0 7 0 75

V is c o s it y  2 10 ° F , S a y b o lt  sec. 110 125 5 1 0 7 2 0

V is c o s it y  I n d e x .................... - 1 0 9 - 1 3 0 — 3 65 - 4 0 0

D ist. (1 m m ) °F

5 % .................................... 4 05 4 0 9 4 9 8 5 0 6

3 0 % .................................... 4 4 2 4 4 5 5 4 0 5 5 9

E v a p .  L o ss  m g / 1 0 g .

(1 hr. o v e n  1 0 0 ° C )  . . 5 5 3 2

Bulletins 13 and 13A describe the use of the 

above products in natural and synthetic rub

ber.

" IN D O N E X  V G "  FOR V IN Y L  C O M P O U N D IN G

A  medium-color aromatic hydrocarbon product—  

viscosity 103 seconds Saybo lt at 2 10°F.— volatil

ity at 1mm only 5 %  at 430°F. Results indicate 

satisfactory use as a partial replacement for 

dioctyl phthalate in vinyl resin com pounding.

A va ilab le  in commercial quantities— prices and  

technical circular on request.

S T A N D A R D  O IL  C O M P A N Y  ( IN D IA N A )
C H E M IC A L  P R O D U C T S  D E P A R T M E N T  

9 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  8 0 , I L L I N O I S

ESC reports
The Munsell notations define a color in terms of three dimen
sions—namely, hue, chroma, and value. Hue is the actual 
perceived quality of the color (blue, red, blue-green, etc.), 
chroma is the saturation measurement of the given hue, and 
value represents the actual “ grayness”  of the color under 
consideration. Thus, a pale yellow would be closer on a 
comparative value basis to a light gray or grayish white than 
it would be to a very dark red or brown.

Sooner or later in any attempt to integrate all of the 
different approaches, the philosopher is faced with the need 
for furnishing a step in which the instrumental measurements 
are made to overlap or coincide with an individual’s evalua
tion of the color. It was here that the work of McAdam and 
the subsequent conversions of his data by Nickerson were of 
inestimable value in filling the gap. McAdam used the 
faculties of a standard and (he hoped) normal observer to 
match successive spectrum lights of varying wave length with 
a mixture of three primary lights of the International Com
mission on Illumination. His data from these tristimulus 
specification studies, as they were called, were converted into 
Munsell terminology by the culminant work of Nickerson, 
and the troublesome gap was bridged.

This section of the right leg is connected with its junction 
to the base diagrammatically by the notation “ psychophysical 
data” , which is known today as the “ 1931 I.C.I. Standard 
Observer and Coordinate System for Colorimetry” .

From this point on, the indirect method of correlating color 
perception with chemical structure consists entirely of in
strumental and theoretical considerations, to the exclusion of 
individual human evaluation. The junction of the right leg 
and the base is represented as the accumulation of physical 
data, restricted to the consideration of absorption, transmis
sion, and reflection spectra only.

The base of the triangle is shown schematically as the con
nection between the observed physical data and the chemical 
structure of the colorant. This correlation includes, as 
subsections, (A) electronic and resonance theories, (B) 
quantum-mechanical calculations of the absorption spectra, 
and (C) steric hindrance effects, concerned with the inhibition 
of complete resonance by the lack of coplanarity of two rings 
in the structure of any other geometrical effects. Godlove 
points out that A  is probably more truly typified as a con
sideration of the resonance between various electronic struc
tures, the “ true”  chemical structure being a hybrid of these.

R.L.D.

P O R E  P L A S T I C S
In spite of the fact that the age of plastics 
is now considered a fait accompli, there is 
occasionally a new application ingenious 
enough to cause our ears to prick up. Such 

is the fairly recent solution to the problem of sanding- 
up of producing wells, considered by  authorities in the 
work-over branch of the petroleum industry to be one 
of the most important developments o f the last five years.

Sanding-up is the movement of sand into a well bore or 
casing in sufficient volume to halt or seriously reduce the 
flow of oil, water, or gas, and occurs principally in un
consolidated sand formations. Plastics have been a 
panacea in a number of oil-field (Continued, on page 14 A)
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For Your
. „ „ „ „ C O .  H eat T ra n .f .r  O p e r a t i o n *

Thoroughly experienced in the problems of heat transfer 
throughout industry, Devine Engineers are prepared to 
design units specifically engineered for any particular heat- 
exchanging operation. Built in an up-to-date plant by expert 
workmen with every modern facility at their disposal, Devine 
Heat Exchangers achieve an unusually high degree of effi
ciency and mechanical simplicity. Low initial investment and 
minimum maintenance costs are characteristic of Devine 
Equipment. If you have a heat transfer problem, Devine En
gineers will help you solve it.

J .  P .  D E V I N E i  v i s i o n

H. K. PORTER COMPANY, Inc.



O IL  BURNER

completely atomizes 

and thoroughly bums . . .

the lowest and cheapest grades of fuel oil 
and tar; requires low oil pressure and tem
perature; operates continuously without 
cleaning or clogging. Internal atomizing 
feature uses steam or compressed air for 
atomization. Type "S A " Oil Burner is 
equally adaptable to all types of industrial 
heating, power or process furnaces. It is 
suitable for firing above stoker grade as 
alternate fuel.

FOR BURNING WASTE MATERIALS. . .

Type "S-A-D" Refuse Oil Burner operates 
with waste material pumped directly to the 
burner and blended with fuel oil in the ven
turi chamber; insures stability of ignition; 
reduces fumes and stack solids; uses steam 
or compressed air for atomization; functions 
entirely on fuel oil where supply of waste 
is intermittent; and assures continuous 
operation without cleaning or clogging.
Write for Bulletin 21, it gives complete data 
about these Oil Burners.

Mam Offie*i A Foclory: 1288 EAST SEDGIEY AVENUE, PHILADELPHIA 34, PA.
Texa s O ffice : 2nd  N ational Bank B ld g ..'H ou u on

V . .  m o U S T R i A i ■ O I L  J S U R  N E R 5 ,  G A S  B U R  H E R  5 , F U R N A C l  E Q m m l M T j j

ESC reports
plugging problems, but sand consolidation had a severe re
quirement for its solution: the plastic used could not form an 
impervious seal. It had to be capable of bonding the indi
vidual sand grains in place without materially reducing the 
effective permeability of the formation.

A t the recent Galveston meeting of the Petroleum 
Division, American Institute of Mining and Metallurgical 
Engineers, A. C. Polk, Jr., of Dowell, Inc., told of a thermo
setting plastic material which proved successful in 80%  of the 
cases tried. Introduced into the well in the liquid state, it 
penetrated the sand at low pressure, and solidified with ade
quate compressive and tensile strength and inherent perme
ability. Basically of the phenol-formaldehyde type, the 
plastic is so modified as to adapt setting rate to specific and 
varying bottom-hole temperatures. ‘ ‘Inherent”  permeability 
is brought about by shrinkage and by the presence of certain 
chemical compounds which permit the formation, on appli
cation of a differential pressure across the plastic (either as 
existing normally at the bottom hole or applied through 
portable surface pumps), of a porous and permeable set. 
The result is a formation in which the individual sand 
grains are bonded together, retaining 85 to 90%  of the 
original permeability of the formation. W.H.S.

M A T C H L E S S  E C O N O M Y
In these days when our solons are so out
spokenly preoccupied with trimming the 
national budget and saving the “ peepul”  from 
“ crippling taxation” , it has become quite the 

fashion to discuss governmental economy. However, even 
back during the days of the active conflict, there were some 
groups who did not lose sight of the fact that what “ we owed 
to ourselves”  would eventually be deducted from our pay 
checks. Within the first year of the United States’ participa
tion in the war, Chemical Warfare Service chemists made a 
discovery which undoubtedly saved the American taxpayer a 
sizable amount of money. They found out that barite at 
S10.00 per ton was as effective an accelerator in Thermit 
bombs as was the $195.00-a-ton barium nitrate conventionally 
.used. In fact it was a little better. Furthermore, it operated 
with secondary 92%  pure, granular aluminum instead of the 
more expensive 98% pure grained aluminum used with the 
nitrate, and did not require sulfur and castor oil binders. All 
in all, it was a considerable simplification.

The older standard incendiary mixture known as Therm- 
8 had the following composition: iron oxide scale, 69.2%; 
barium nitrate, 15.0%; granular aluminum (92% ), 20.8%; 
grained aluminum (98% ), 3.8% ; sulfur, 0.9%, and castor oil,
0.3%. The new barite mixture had only three components: 
iron oxide scale, 59.2%; granular aluminum (92% ), 25.3%; 
and barite, 15.5%.

The best results were obtained when sufficient aluminum 
was used to react with all of the barium sulfate present in the 
barite, assuming the impurities to be inert. Varying the 
ferrous oxide content in the iron scale from 22 to 7.1% had no 
apparent effect on the behavior of the bomb. It was found 
that bombs containing aluminum from different sources had 
different rates of combustion. This variation was attributed 
to differences in apparent density. (Continued on page 16 A)
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From Tennessee and Iowa 
TWO PLANTS NOW SUPPLYING
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H e r e  ’S good  news fo r  users and 
prospective users o f  furfural and its derivatives. 
On N ovem ber 1, 1946, T h e Quaker Oats C om 
pany purchased the furfural manufacturing 
plant at Memphis, Tenn., form erly owned by  
the government. This plant, operated fo r  the 
government during the war b y  T h e Q . O. 
Chemical Company, a w holly  owned subsidiary 
of T he Quaker Oats Company, supplied all the 
furfural requirements for  the government’s vast 
synthetic rubber program. N ow , this same per
sonnel continues under the new  ownership to 
run this plant, government needs being supplied 
from here as before.

TWO SOURCES FOR INDUSTRIAL USERS
Excess capacity from  the Memphis plant, the 
largest furfural producer in the world, as well as

the entire facilities at the Cedar Rapids plant, are 
n ow  available to industrial users o f  furfural and 
its derivatives. W ith  these tw o sources, w idely 
separated geographically, users o f  furfural are 
further assured o f  an uninterrupted flow  o f  fur
fural in ample volume to meet their needs.

FURFURAL’S VERSATILITY 
WARRANTS YOUR INVESTIGATION

This versatile aldehyde, the cheapest pure alde
hyde available today, is rapidly grow ing in im
portance in a wide variety o f  applications. I f you  
are not entirely familiar with its current uses 
and reactions, w e suggest you  write on your let
terhead fo r  literature w e have available.
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In the United Kingdom, Quaker Oats Ltd., Southall, Middlesex, England In Europe, Quaker Oats-Graanproducfen, N. V., Rotterdam, The Netherlands
In Australia, Swift & Company, Pty. Ltd., Sydney

FURFURAL • FURFURYL ALCOHOL . FUROIC ACID • TETRAHYDROFURFURYL ALCOHOL



RUGGLES-COLES CLASS XB

Indirect H eat Dryers

BUILT BY HARDINGE

. . . for m aterials w hich  m ay he heated to above 
212° F. bu t w hich  cannot he dried by direct 
heat because o f  contam ination , discoloration , 
or excessive dust loss.

In this type o f  H ardinge-built Ruggles-C oles  
Dryer , gases do 110I com e in  direct con tact 
with the m aterial at any stage o f  the drying 
operation. Only a sm all am ount o f  air is 
drawn through  the annular space in w hich  the 
m aterial is dried, m aking the Dryer virtually 
dustless to operate.

The illustration shows an installation  o f  a Class 
X B  Dryer, and in  it  you  sec the gas and vapor 
fans and therm o-couple at the discharge ends, 
providing autom atic control.

REQUEST CATALOG 16-C

YORK, PEN N SYLV A N IA  —  240 Arch St. • Main Office and W ork i 
NEW  YO R K  17— 122 E. 42nd St. • 205 W. W acker Drive— C H IC A G O  6
SA N  FR A N C ISC O  S— 94 Natoma St. • 200 Boy St.— T O RO N TO  1

r e p o r t s
Although the heat of reaction of the barite bomb (800 

calories per gram) is almost 20% less than that of the Therm-8 
type (960 calories per gram), military effectiveness tests indi
cate that the simpler type will do more damage. When 
placed on a white pine board, 12 X  20 X  2.5 inches, and 
ignited, the barite bomb penetrated the board more than 
twice as fast as did its older rival. It also took a 10% edge in 
igniting a slat placed 1 foot to the side of the bombs and 
another 3 feet above. Except for the filling, the bombs used 
in the test were identical.

The barite mixture came out on top in the storage and 
handling tests also. It had the advantage of being unaffected 
by moisture, whereas barium nitrate is strongly hygroscopic. 
An added advantage is an ignition temperature well above 
1000° C. compared to 700-760° C. for Therm-S. This 
makes it safer while in process.

Yes, all this and cheaper too. M.L.K.

P A I N T B R U S H  P L A S T I C S
An absorbing, example of wartime ingenuity 
in plastics application is reported by Chandra 
Kant in the September 7, 1946, issue of The 
Chemical Age, a British publication. Resin- 

impregnated-canvas jettison tanks for airplanes have been 
fabricated in the field through a method developed by India’s 
Council of Scientific and Industrial Research.

A sewed canvas bag, of 75-gallon capacity and the usual 
torpedo shape, is made from a single thickness of canvas com
plete with two internal perforated baffles that also serve as 
reinforcements. The bag is rolled up and sent to the point of 
use accompanied by 20 pounds of a resin powder of the follow
ing composition: dewaxed lemon shellac 44%, portland

sodium carbonate 4.4%, ureacement 44%, casein 4.5%,
2.2%, and borax 0.9%.

To make the tanks, the 
powder is mixed with 4.5 
gallons of water and placed 
in the bag, which is pumped 
up to an air pressure of 2 
pounds per square inch.
The inflated tank is rolled 
around to coat all inside 
portions thoroughly, and 
the resin that oozes through 
the cloth is spread on the 
outside. Some hours later 
the plastic has set enough 
to permit the tank to be 
used. A concentrated load 
of 80 pounds could be with
stood easily by a finished 
tank.

M ost processes for production of laminated plastics con
tainers require large presses. This adaptation was developed 
to avoid the requirement of heavy machinery and permit its 
use in India’s "cottage industry” . A  4-gallon gasoline “ blitz 
can”  was another product made by essentially the same 
method. It consisted of two resin-impregnated canvas 
layers which were stiffened with bamboo strips and to which 
the resin could be applied with a paintbrush. D.O.M.
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N A T IO N A L  C A R B O N  C O M P A N Y ,  IN C .
Unit o f  Union Carbide and Carbon Corporation 
The words "Karbate”  and "National”  are regis

tered trade-marks o f National Carbon Co., Inc.

30 East 42nd Street, N ew  York 17, N . Y . 
Division Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco

• .  "Karbate”  Heat Exchangers will help you end the expense and delay o f con
stantly replacing corroded heat exchangers!

"Karbate”  Heat Exchangers are chemically inert. They are free from corrosion 
scale formation. Thus, they will stay on the job indefinitely—saving substantial 
replacement costs over the years.

"Karbate”  Heat Exchangers have other stand-out features: A  remarkably high 
rate o f heat transfer • Extreme heat shock resistance • Light weight • Strong, sturdy 
— able to take rough treatment • Can be made in a variety of sizes and types from 
the simple plate to the large tube-bundle types.

For complete description of "Karbate”  Heat Exchangers, write Dept. IE.

“ K A R B A T E "  M A T E R IA L  U N A F F E C T E D  B Y

Hydrochloric. . .  su lphuric. . .  lactic . . .  acetic'...  hydrofluoric a c id s . . .  

and by special caustic vapors...and other corrosive liquids and gases.
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U.S.I. CHEMICAL NEWS
Sulfanilamide Activated 

By Urea and Urethan
Sulfanilamide in quantities insufficient to 

inhibit growth o f bacteria becom es bacterio
static when m ixed with urethan or urea, ac
cording to a paper published recently. In 
addition, the author states, urethan increases 
the solubility o f sulfanilam ide at least two 
times and o f sulfathiazole at least three times. 
The report also indicates that urethan im 
proves the action o f penicillin , particularly in 
the treatment o f m ixed infection o f wounds.

Increases Soap Lather
To im prove the lathering o f soap, a method 

has been devised which consists o f treating 
the soap with nitric oxide prior to the salting 
out process. T he soap afterward was said to 
give a thicker and finer lather than without 
this treatment.

THE MONTH IN TEXTILES
A  f la m e p ro o f,  m o th p ro o f,  a n d  n o n - s h r in k 

in g  w o o l is s a id  to h a v e  b e e n  d e v e lo p e d  

. . . L im ite d  c o m m e rc ia l p ro d u c t io n  o f  

n y lo n  s ta p le  f ib e r —  a  m a te r ia l c la im e d  to 

h a v e  o u t s t a n d in g  p ro p e rt ie s  o f  s tre n gth , 

a b r a s io n  re s ista n ce , a n d  d im e n s io n a l s ta 

b ility  —  is  a n n o u n c e d  . . .  A  m e th o d  fo r  

lu b r ic a t in g  f ib e rs  a t  a  s t a g e  p r io r  to s p in 

n in g  is  p a te n te d  . . . C o n g re s s  w il l  b e  

a sk e d  to enact  a  l a w  f o rb id d in g  in te rsta te  

t ra n sp o rt  o f  h ig h ly  f la m m a b le  te x tile s, a c 

c o rd in g  to a  re p u ta b le  so u rce  . . .  A  

w a te rp ro o f  a n d  s ta in le s s  fa b r ic  is  m a r 

ke ted  w h ic h  is s a id  to  n e e d  n o  sp e c ia l 

s t itch in g  . . .  A  re p o rt  o n  syn th e t ic  f ibe r 

d e v e lo p m e n t s  in  G e r m a n y  is  m a d e  a v a i l 

a b le  . . . T h e  B r it ish  a n n o u n c e  a  n e w  o r 

g a n iz a t io n  to u n d e r ta k e  re se a rch  in to  the 

g r o w in g  a n d  b re e d in g  o f  cotton  . . .  A  

d ev ice  is  p ro d u c e d  w h ic h  a c c u ra te ly  d e te r

m in e s  the  a m o u n t  o f  m o is tu re  in  w o o l . . . 

A  n e w  f in is h in g  a g e n t  fo r  cotton  a n d  

ra y o n  fab r ic ,  d e sc r ib e d  a s  a  w a te r - s o lu b le  

g u m  f in ish  o f  lo w  v is c o s it y  a n d  g o o d  s ta 

b ility , is  m a n u fa c tu re d  . . .  A  n e w  d ry -  

c le a n in g  f lu id  is p la c e d  o n  the  m arket.

New NF VIII Available
The new, com pletely revised and enlarged 

National Form ulary has just been issued. It is 
said to represent the culm ination of four years 
"I planning and work by the Committee on 
National Form ulary, the staff o f the Am erican 
Pharmaceutical Association Laboratory and 
hundreds o f collaborators.

Ups Starch Solubility
The solubility o f starch in aqueous solu

tions is said to be increased by a process 
patented recently. T he process consists prim 
arily in treating the starch with a soluble 
inorganic chlorite under prescribed cond i
tions o f heat and pressure.

New Shampoo Stabilizer
The turbidity tendency o f sham poo com po

sitions can he decreased notably by the use 
of^a-stabilizing agent, described as an anion- 
active salt o f a m onoalkyl sulfate, according
f A -   .   . . .  T . 1 • • • 1

February A  A  M onth ly  ^Series fo r  Chem ists and E xecutives o f  the Solvents and C hem ical C onsum ing Industries A  1947

1946 Advances in Drug Field 
Used Many U.S.I. Chemicals

Intermediates, Solvents, and Other Chemicals Supplied for Amino 
Acid Therapy, and Treatment of Leukemia, Malaria and Ophthalmia

The cascade o f “ wonder-drugs,”  fed by seven years o f intensive war-time 
research, swelled last year as new pharmaceuticals hit the market and as 
“ top-secret’ ’ labels were removed from  many war-time developments. During

New Scale Simplifies 
Solution Preparations

T o  sim plify the preparation o f solutions in 
w hich the weight o f water must be figured, a 
new scale has been developed which is claimed 
to save considerable time for pharmacists and 
chem ists because unit weights replace tedious 
mathematical calculations. T he new  scale is 
graduated into units, called “ yagles.”  Each 
“ yagle”  is equal to one per cent o f the weight 
o f a fluid dram of water (454.6 gram s).

Hormone Combats Ulcers
A  group o f Am erican scientists have an

nounced the isolation o f a new horm one which 
is claim ed to have brought relief to 40 o f 58 
patients suffering from  peptic ulcers. The 
horm one, known as enterogastrone, is said to 
he derived from  the m ucous lining of the 
upper intestinal tract of pigs.

Mildew Resistance Tests
A  summary o f the tests used to determine 

the m ildew  and rot resistance o f textiles and 
the effectiveness o f textile fungicides have 
recently been published. Com plete laboratory 
details o f the m ore important tests are given.

the year, U.S.I. continued to supply the 
pharm aceutical industry with many chem i
cals, intermediates, and solvents. A m ong its 
m ajor contributions was a new low-cost 
method for synthesizing the up-to-then rare 
and expensively-priced m ethionine, a vital 
amino acid for which wide use is foreseen in 
human foods, animal feeds, and the treatment 
o f various diseases.

A lso introduced last year were new thera
pies for periodic ophthalm ia and leukemia, the 
dreaded “ cancer o f the b lood ,”  in which ribo
flavin and urethan respectively played prom i
nent parts. Government scientists disclosed 
the developm ent o f a new synthetic drug, “ SN 
7618,”  which is said to he superior to both 
atebrin and quinine in the treatment o f ma
laria. Fam iliar pharm aceutical stand-bys, such 
as ethyl acetate, ethanol, acetone, and butanol, 
gained new stature by their applications in 
the m anufacture and processing o f  vitamins, 
horm ones, barbiturates, “ sulfa”  and other 
drugs.

L ow -C os i M e th io n in e
Practically unobtainable before 1946, m eth

ionine is now available to pharm aceutical 
m anufacturers for  m uch-needed applications, 
thanks to the new U.S.I. m anufacturing proc
ess which slashes costs about 97 per cent. 
A nticipated uses for this com pound, which 
is one o f the ten amino acids necessary for 
the growth and repair o f animal tissue, in
clude the treatment o f shock, burns, exposure, 
as w ell as poisoning from  a w ide range of 
com pounds. It is reported that protein hydro-

( C ontinued on n ex t page)

In  1 8 4 6 ,  W i l l ia m  M o r to n  m a d e  the  first p u b lic  d e m o n st ra t io n  o f  the  u se  o f  e the r a s  a n  ane sthe t ic .
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lysates fortified with m ethionine have been 
em ployed with outstanding success in the 
treatment o f peptic ulcers and starvation 
cases.

H op e  fo r  L eukem ia  V ictim s
T o  the many victim s o f leukem ia, for which 

no cure has yet been found, nerv hope came 
last year as British scientists announced a 
definite palliative effect in many cases when 
urethan treatments were used. T he results 
were reported to be  sim ilar to those obtained 
from  X-ray therapy w hich has been em ployed 
for some time to give temporary relief and to 
prolong life  in chronic form s o f the disease. 
Urethan therapy, it was noted, dropped the 
total white blood count to normal limits and 
raised the hem oglobin level.

New A ntim aiarial
A fter four years o f extensive research the 

U. S. Governm ent’s Board for  the Coordina
tion o f M alarial Studies finally cam e up with 
a new antimaiarial, “ SN 7618,”  which, it is 
claim ed, relieves malaria three times faster

than atebrin or quinine, and with fewer ill 
effects. An important intermediate in the man
ufacture o f this drug, is nova! ketone (5- 
diethylam ino-2-pentanone), a product of U.S.I.

W id er Use fo r  O ld  Stand-bys
Fam iliar chem icals continued to play im 

portant roles in the pharm aceutical industry 
in 19-16. A  stir was created when it was an
nounced that ethanol W’as found effective in 
the treatment o f rats’ cancer, but the greatest 
pharm aceutical m anufacturing use for  this 
com pound was still found in the processing 
of vitamins, horm ones, and plant extracts. 
Other solvents, such as amyl alcohol, amyl 
acetate, butanol, and acetone entered into the 
same type o f processing. Riboflavin extracts 
were suggested as a cure for periodic ophthal
mia, “ m oon blindness,”  a disease com m on to 
horses. Diethyl carbonate and diethyl oxalate 
were used in the preparation o f barbiturates; 
ethyl acetoacetate in the m anufacture o f anti- 
malarials, leucine, antipyrine, and Vitamin 
B i; and ethyl acetate in the processing of 
“ su lfa”  drugs, such as sulfadiazine.

T EC H N IC A L  D EV ELO P M EN T S

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

A  m odified carnauba w a x , having an alleged 
m elting point of 178-180 degrees F, is recom
m ended by  the m anufacturer for use in self
polishing floor w axes, and  in the production of 
carbon paper and  carbon  inks. (No. 159)

USI
An ea sy  m ethod for testing tension in a  strand of 
thread, yarn, or cord is said  to be supplied by 
a  new  tensomoter w h ich  m easures tension di* 
rectly in pounds. C lipped on a  m oving continuous 
cord, the instrument is reported to record fluctua
tions with a  minimum of error. (No. 160)

USI
Quantitative test papers for determ ining concen
trations of quaternary ammonium com pounds are 
n ow  on the market. Strength in parts per million 
is rapidly m easured m erely b y  dipping the 
papers in the solution, accord in g  to the manu
facturer. (No. 161)

USI
A  "foo l-p roo f"  liquid adhesive, stated to require 
no catalyst or specia l preparation for use, is 
described  as a  tough, flexib le cement having a 
six-months’ minimum p a ck a ge  stability. The 
m anufacturer states that the adhesive can be 
applied  without thinning b y  brushing, roller 
coating, or d ipping. (No. 162)

USI
An odorless lanolin, said  to be  ap p licab le  to the 
manufacture of cosm etics, is reported to have a 
new  non-darkening pa le  color. (No. 163)

USI
A  lighter-than-cork insulating m aterial is de
scribed as a  cellu lar rubber that w ill not absorb 
moisture and is fire-resistant, rot-resistant, and 
unaffected by  acids, oil, verm in, and termites. 
Said to be  a  more efficient insulator than cork, 
it is specia lly  recom m ended for refrigerator 
trucks. (No. 164)

USI
Four types of phenolic cem ents, designed  prim
arily  for acid -proof brick or tile in the construc
tion o f acid  tanks, pulp digesters, a cid  towers, 
and floors, have b een  d eveloped . Supplied as 
pow ders, the cem ents are reported to set in 4 to 
6 hours at room temperature and  to retain their 
physica l properties over a  w ide temperature 
range. (No. 165)

USI
A  n ew  rubber accelerator, w h ich  is alleged  to 
make tires more resistant to thread cracking 
and  p ly  separation, has b een  announced. It Is 
said  to be  especia lly  beneficia l in the process
ing of synthetic rubber. (No. 166)

USI
A  new  fungicide and spray adjuvant that will 
not w ash  off in rain or dew , according to the 
m anufacturer, is described  as an  air-drying ad
hesive w hich  can  be used as a  carrier for insec
ticides and other fungicides. The com pound is 
mixed w ith w ater and  can  be used in all stand
ard equipm ent, it is stated. (No. 167)

2 5 ,0 0 0  ATTEND FIRST A U T O M O T IV E  
IN D U ST R IE S  S H O W  S IN C E  PEARL H A R B O R

M o r e  th a n  4 5 0  e x h ib it o r s  d i s p la y e d  p ro d u c ts  r a n g in g  fro m  se a t  co ve rs  to h y d ra u l ic  s p r in g s  a t  the  

A u t o m o t iv e  Se rv ice  In d u s t r ie s  s h o w  h e ld  re ce n tly  at A t la n t ic  C ity  u n d e r  the  jo in t s p o n so r s h ip  

o f  the  M E M A  a n d  the  M E W A .  The  s h o w  a ttra c ted  a b o u t  2 5 , 0 0 0  v is ito rs.  S h o w n  he re  at the  U .S.I. 

b o o th , left to r ig h t  a re : J. F. C re a m e r,  H o rto n , G a llo ,  C re a m e r  Co., W .  J. Fried, U .S .I., J. T. 

F le m in g ,  H o rton , G a llo ,  C re a m e r  Co., W . W .  N e w e ll ,  U .S .I., A .  E. T o n g u e ,  U .S .I., H . L. S n yd e r, 

Jr., U .S .I., T. M .  Bennett, U .S .I., J. B le s s in g ,  H a r r i s b u rg  A u t o  P a rts  Co., a n d  E. B. M o w e r ,  G e o rg e  
W . M y e r s  Co.
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ALCOHOLS
Amyl Alcohol
Butanol (Norm al Butyl Alcohol) 
Fusel O il— Refined

ACETIC ESTERS
Am yl Acetate 
Butyl Acetate 
Ethyl Acetate

Ethanol (Ethyl Alcohol)
Specially Denatured— all regular 

and anhydrous formulas 
Completely Denotured—all regular 

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

Absolute 
•Super Pyro Anti-freeze 
*So!ox proprietary Solvent

+ANSOLS
Ansol M  
Ansol PR

•Registered Trade Mark

OXALIC ESTERS
Dibutyl Oxalate 
Diethyl Oxalate

PHTHALIC ESTERS
Diamyl Phthalate 
Dibutyl Phthalate 
Diethyl Phthalote

OTHER ESTERS
•Diatol
Diethyl Carbonate 
Ethyl Chloroformate 
Ethyl Formate

INTERMEDIATES
Acetoacetonilide 
Acetoacet-ortho-anisidide 
Acetoacet-ortho-chloranilide 
Acetoacet-ortho-toluidide 
Acetoacet-para-chloranilide 
Alpha-acetylbutyrolactone 
5-Chloro-2-pentanone 
5-Diethylamino-2-pentanone 
Ethyl Acetoacetate 
Ethyl Benzoylacetate 
Ethyl Alpha-Oxalprop ionate 
Ethyl Sodium Oxolacetate 
Methyl Cydop ropyl Ketone 

ETHERS 
Ethyl Ether
Ethyl Ether Abso lute-A .C.S.

FEED CONCENTRATES
Riboflavin Concentrates 

•Vacatone 40
•Curboy B-G ‘ Curbay Special Liquid 

ACETONE
Chemically Pure 

RESINS 
Ester Gum s—all types 
Congo  G um s-raw , fused & esterified 

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

OTHER PRODUCTS 
Collodions Ethylene
Ethylene G lycol Urethan
Nitrocellulose Solutions d/*Methionine

P r i n U r i  in  l i  5  A



The S a rco C o n tro l v a lv e s  a re  
m o u n te d  o v e rh e a d . The therm o
sta ts  a re  in s id e  th e  k e t t le s .

SARCO COMPANY, INC.
Representad in Principal Cities

475 FIFTH AVE., NEW YORK 17, N. Y.
SARCO CANADA, LTD., TORONTO 1, O N TAR IO

The Sa rco  Cor

TARBONIS CREAM
Y lUNDER PERFECT CONTROL

It’s a perilous step from a  perfect pharmaceutical formula 
in the laboratory to quantity production with nothing 
added and nothing lost. The Tarbonis Com pany of Cleve
land did just that— with Sarco Temperature Controls.

From the hot water supply through to the kettles and stor
age tanks every temperature is held within a degree or 
two regardless of conditions. It's another case where too 
much heat would spoil an entire batch and too little would 
result in clogged  lines and gummed surfaces everywhere.

Sarco Controls are not expensive— they pay for them
selves in the amount of fuel saved. There's a complete line 
for every purpose and steam traps of every type. W h y  not 
get the advantage of the Sarco Representative's experi
ence in process operations now?

¡ B B M



Buy Ulheelco

T he COILS carry an oscillating  cur 
rent generated by an electronic tube.
This is the TE M PE RA TU RE  SET
T IN G  P O IN T E R  on  which the 
coils are mounted. /
W hen the M ETAL FLAG m ounted /  
on  the Indicating Pointer m oves /  1 
in between the tw o coils, con trol /  j j  
action takes place at the speed /  I  j  
o fl ig h t ...b y m e a n s  o f  a change j  I  j  
in frequency that energizes a j  I I I  
relay to operate a fuel valve, /  II jk  
electric element, etc. /  H///im

A ll W h ee lco  con tro l
l e r s  i n c o r p o r a t e  

A ln i c o  N o .  5  

P e rm a n e n t  M a g n e t s  

to  p rov id e  increased 
r u g g e d n e s s  a n d  
d ep end ability .

W H E E L C O
IN S T R U M E N T S

C O M P A N Y
851 W . H a r r iso n  St. 

C h ic a g o  7 ,  III.
472



ALORCOLo r c <

1 A  i r n  a  I  
A  I C O A  18
A L C O A  I

A L C O A

■vííifvii ÄW-U/;

The same top quality Aluminas 
and Fluorides— produced by the 
Aluminum Ore Company, and for 
years sold under the "Alorco”  brand 
name and trade-mark— now carry 
the ALCOA trade-mark. They will he 
marketed exclusively by the Chem
icals Division o f Aluminum Com
pany o f America.

Just as the ALCOA shield has 
long been the symbol for the best in

aluminum— so now look to it for the 
best in aluminas and fluorides.
A L C O A  A L U M IN A S  are versatile 
chemicals. They are used as hard- 
biting abrasives . . .  as high temper
ature refractories . . .  as catalyst 
carriers . . . for drying gases and 
liquids . . . and employed in dozens 
of other ways. More likely than 
not, the spark plug ''porcelains”  in 
your car are made o f  Alcoa Alumina.

A L C O A  F L U O R ID ES  are used in 
many ways . . . for laundry com
pounds . . . for preserving wood . . .  
and as Alcoa Cryolite Insecticide to 
protect both farm and orchard crops. 
Let us tell you how these Alcoa 
products can serve you. Call your 
nearest Alcoa sales office, or write 
A l u m in u m  C o m p a n y  o f  A m e r i c a , 
C h e m i c a l s  D i v i s i o n ,  1911 Gulf 
Bldg., Pittsburgh 19, Pennsylvania.

A L C O A

A L U M IN U M

February 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  2 3 Ä



F O R  Y O U R  I N F O r I  '  A T I O N
1  K á

Present Price

NO P R I C E  
I N C R E A S E Prewar Price

*1.45
(in  1 0 0 -p o u n d  lots)

S A C C H A R I N ; . Although production costs 

have advanced considerably during the war period, no increase 

in the price of Saccharin has been scheduled. In fact, Monsanto's 

present pound price, in 100-pound lots, is lower than its prewar 

price— $1.40 compared to $1.45. Price of single 5-pound cans 

remains $1.65 a pound, unchanged since before the war.

While capacity was materially increased during the pre

ceding 5 years, unsettled labor conditions curtailed production 

during the past 6 months. However, with production now re

sumed, it is expected that Monsanto will be able to meet all 

normal requirements on a current basis in the early part of 

1947. Also, it is anticipated that appreciable gains will be 

made on the present backlog of demand.

M O N S A N T O  C H EM IC A L  C O M P A N Y , O rg an ic  Chemicals 

Division, 1700 South Second Street, St. Louis 4, Missouri.

ROLL CALL!

Although the war is over, the shortage 

of drums isn't— due of course to a bask 

shortage of steel. In many cases this 

poses an acute packaging and ship

ping problem at Monsanto which cm 

be considerably relieved by the return 

of empties as soon as they are avail

able. So, if you have any empties may 

we ask that you send them back to 

Monsanto for credit. This will greatly 

expedite future deliveries— we may 

have the products you need, but not 

the containers in which to ship them.

N e w  Literature on W ood  
Preservation w ith Santophen 20

(M o n sa n to 's  P e n fach lo rop h en o l, Technical)

Recently published, this 16-page book

let forms a valuable text on wood

preservation with Santophen 20* in

oil solutions by pressure process. It is 

liberally illustrated and contains nu

merous tables and reference data con

cerning the characteristics of this rec

ognized wood preservative. Send for 

your copy.

Expanded Production of 
Synthetic Detergents

M onsanto  recently announced o 

$3,000,000 plant expansion program 

for the manufacture of synthetic deter

gents. Construction is already undei 

way and it is anticipated that the new 

plant will be ready for operation u 

the latter part of 1947.
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HEATS OF 
D ILUTION

ELECTRICAL
CO NDUCT IV ITY

IONIZATION
CONSTANTS

REFRACTIVE
INDEX

RELATIVE
SO URNESS

In 12 H andy  Tables —  A ll A va ilab le  

Physical Data on PH O SPH O R IC  A C ID

Through m any yea rs  o f research M onsanto 's  Phosphate Division has 

attempted to cata log  and  correlate all a va ila b le  physical and 

chemical data  on phosphoric a c id — and here the results have  been 

distilled into twelve h andy  reference tab les and four p a g e s  of 

explanatory notes.

From the tabulations in this fact-packed  bulletin, g rap h s o f the 

desired size and range  can be  p repared . D ata  a re  included on 

acids o f a  w ide  range  o f strength up to the strong phosphoric acids 

wherever ava ilab le.

Write on your business letterhead fo r your copy  o f this helpful 

Technical Bulletin No. P -26  on Phosphoric A c id — a product recog

nized as one o f fhe most versatile and  w ide ly  useful fools o f the 

chemical industry.

Address M O N S A N T O  C H E M IC A L  C O M P A N Y ,  Phosphate Division, 

1 70 0  South Second Street, St. Louis 4, M issouri

District Offices: N ew  York, Ch icago, Boston, Detroit, C leveland, 

Cincinnati, Charlotte, Birmingham, Los Ange les, San  Francisco, Seattle. 

In Canada, M onsanto Ltd., Montreal, Toronto, Vancouver.

DENSITY

VAPOR
PRESSURE

KINEMATIC
VISCOSITY

FREEZING
POINTS

HEATS OF 
FORMATION 
AND FUSION

Does this m ean anyth ing to yo u ?

N o , this isn’t an o th e r p icture o f  the m oon! 
The " r u g g e d  te rra in ” y o u  se e  is s im p ly  a  
h e a d -o n  v ie w  o f  o x y g e n  co rro s ion— fo e  o f  
the b o ile r  room , th ie f o f  p o w e r -  a n d  steam - 
g e n e ra t in g  efficiency. Fortunate ly  this form  
o f  co rro s ion  ca n  b e  checked, s im p ly  b y  a d d 
in g  S a n to s ite *  (M o n sa n to  Sod ium  Su lfite  
A n h yd ro u s) to b o ile r  fe e d  w a te r  a n d  m a in 
ta in ing  a  ra tio  o f  3 0  p a rts  to 1 ,0 0 0 ,0 0 0 .  

A ll re sid u a l d isso lve d  o x y g e n  in fe e d  w a te r 
com b ines w ith San to s ite  to  fo rm  sod ium  su l
fate , the  reaction  p roduc t w ith o x y g e n .  
Result: no  trace  o f  o x y g e n  re m a in s— o x y 
g e n  co rro sion  c a n ’t start!

G oodbye, Mr. Rat!

A fte r  h u n d re d s  o f  y e a r s  a s  a  w o r ld  scou rge , 
the ra t  is n e a r in g  the en d  o f  his tra il o f  
te rro r a n d  filth. W ith  the com ing  o f  C o m 

poun d  1 0 8 0 ,  h is  d o o m  is n e a re r  a t  hand , 
a s  w ell a s  th a t  o f  h is a rm y  o f  1 ,3 0 0  ro d e n t  
re la tive s— house  mice, f ie ld  m ice, squ irre ls, 
go p h e rs  a n d  w oodchucks, |ust to  m ention a  
few . O u t s id e  e xp e rim e n ts  a r e  a ls o  b e in g  
conducted  to test the  e ffec tiveness o f  C o m 
poun d  1 0 8 0  in e x te rm ina t in g  w o lve s, fo xe s, 
co yo te s  a n d  o th e r p re d a t o ry  an im als. (B e 
cau se  o f  its h ig h  tox ic ity, C o m p o u n d  1 0 8 0  
is so ld  o n ly  to  licensed  o p e ra to r s  a n d  to 

G o ve rn m e n t  Exp e rim e n ta l Stations.)

M O N S A N T O  C H E M IC A L  C O M P A N Y ,  1 7 0 0  South 
Second St., St. Loui* 4 , M isso u r i. .  .District OfFicesz 
N e w  York, C h ica go ,  Boston, Detroit, C le ve lan d , 
Cincinnati, Charlotte, Birmingham, Los Angeles, Sa n  
Francisco, Seattle. In C a n a d a ,  M onsanto  Ltd., 
Montreal, Toronto, Vancouver. *R eg .U .S .P a t.O ff,
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with C e n t e r  Stainless Tubing
•  The uniform walls o f this Stainless Tubing allowyou 
to use gauges that give you faster heating and cooling.
And this same uniformity helps to speed fabrication.

On your jobs where you need full corrosion and heat 
resistance, specify 100% hydrostatically tested Car
penter Stainless Tubing. You ’ll find it pays—from 
first cost to less "dow n time” for tube repairs and re
placements. Drop us a line and make use o f Carpenter’s 
long experience with Stainless Tubing problems.

THE CARPENTER STEEL CO M PAN Y  • Welded Alloy Tube Division • Kenilworth, N.J.

O n  y o u r  jo b s  w h e r e  san itary  re 
qu irem en ts  are  r ig id  y o u ’ ll  find this 
tu b in g  easy t o  c le a n  an d  k e e p  clean .

4 Easy fa b r ica t io n  is  o n e  ad v a n ta g e  y o u  g e t  b e ca u se  o f  th is  t u b in g ’ s u n ifo rm  
w a lls . C o i l  m ad e  fr o m  1" IP S  C a rp en ter  S ta in less T u b in g — T y p e  3 1 6 .

P O L I S H E D  I N S I D E  ( C a r p e n t e r  S t a i n l e s s  T u b i n g
T o guard against carry-overs from one process to another, and 
protect against product contamination, Polished Inside 
Carpenter Stainless Tubing is often used in food, dairy and 
ch em ica l p ro d u ct io n . A v a ila b le  in a w id e  variety 
o f sizes and analyses.
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For Compounds Containing CtHsCE— 
Cse Hooker Benzyl Chloride

T h e  list o f  chem icals that can be m ade 
w ith Benzyl C hloride includes alm ost 
every  c o m p o u n d  th a t  co n ta in s  th e  
C 6H 5C H 2—group.

Benzyl C hloride is so reactive that it 
w ill give u p  its benzyl grou p  in  m any 
different types o f  reactions. Friedel Crafts 
reactions arc readily carried out, a typical 
one being  the preparation o f  diphenyl 
m ethane by reacting benzyl ch loride and 
benzene in the presence o f  alum inum  
chloride.

It may be reacted w ith  alcohols to p ro 
duce m ixed  ethers.

A n  exam ple o f  the in troduction  o f  the 
benzyl grou p  into an am ino com pou n d  
is its reaction w ith  aniline to form  benzyl 
aniline.

T h e  benzyl grou p  replaces sodium  in  
reactions o f  benzyl ch loride w ith  sodium  
cyanide or sodium  sulfhydrate.

Esters are readily prepared by reacting 
the sodium  salt o f  the acid  w ith benzyl 
chloride.

For un iform  results w ithout operating 
difficulties be sure to use H ook er Benzyl 
C hloride. H ooker m aintains careful con 
trol o f  m anufacture and strict adherence 
to h igh  standard specifications to make 
sure that all shipm ents are up to the same 
un iform  high purity.

T Y P I C A L  D A T A
B E N Z Y L  C H L O R ID E

(om ega ch lortolu ene) C gH oC H oC l 
D E S C R I P T I O N :

Clear, colorless to light yellow  liq u id  having a 
pungen t od or. Infin itely  m iscib le w ith  a lcohol 
and ether; im m iscible w ith  water.

P n Y S I C A L  DATA:
MI. W t............................................. 126.5
F. P ...................................................................... —43°C
B. R ......................................5° or  less inch 179.4°C

USES:
In  m anufacture o f  chem ica l interm ediates, dye- 
stuffs, p erfum e bases, plasticizers, resins, w etting 
agents, ru bb er  accelerators, gasoline, gum  in 
h ib itors, pharm aceuticals.

For further in form ation  on  H ook er Ben
zyl C hloride and other I-Iookcr inter
mediates ask for B ulletin  320 on  
your com pany letterhead.

gZ 'torn  / A c A a / t Á V ic yeert/ A

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

C O M P A N Y

hooKER
c h e m i c a l s

9 F O R T Y -S E V E N T H  S T ., N IA G A R A  F A L L S, N . Y .
N ew  Y o rk , N .Y . W ilm in g to n , C a lif . T a c o m a , W ash .

Caustic Soda P a ra d ich lo rb e n ze n e  M u r ia t ic  A c id  C h lo r in e  S o d iu m  S u lfid e  S o d iu m  S u lfh y d ra te

Samples o f  benzyl ch lorid e are drawn off during distillation, fo r  inspection  
and test, to assure con form ity  w ith  H o o k er  high p u rity  specifications.
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e answer

may b

^ © o a c

b l e m

Badger’s reservoir o f  engineering 
knowledge represents an accumula
tion o f know-how acquired through 

decades o f association with important 
processes o f the petroleum, petro
chemical and chemical industries.

It is experience gained from hundreds 
of actual process-engineering, plant- 
designing and construction assign

ments, as well as from independent

research and endless study in methods 
improvement.

This source o f engineering infor
mation may save invaluable time in 
getting y o u r  new project under way. 
. . . It may already hold a plan or 
problem solution—unused or perhaps 
developed for an unrelated field— 
the adaptation o f which may prove 
just the answer to y o u r  problem.

&  S O N S  C O . • E st. 1841 • B O S T O N  14
N E W  Y O R K  • 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 L E U M , P E T R O - C H E M IC A L  A N D  C H E M IC A L  IN D U S T R IE S



1 88  STAINLESS 
STEEL TAPE'

ALUMINUM /  
TAPE SHEAVE-  
MOUNTED ON 

STAINLESS STEEL 
BALL BEARINGS

GASTIGHT ELBOWS 
CAST STEEL

GRAVITY
COMPEN'
SATOR18-8 S.S . TAPE

SQUARE ROD AND 
HOLE TO FACILITATE 
SPRING ADJUSTMENT

HOLE IN 
TANK ROOF

SWIVEL TYPE 
TAPE 

CONNECTION„ W  PIPE 
(HORIZONTAL) TANK HEIGHT j ®  DIMENSION

ANGLE CLIP 
FOR PIPE 
BRACKET

GRAVITY '  
COMPENSATOR PRESSURE 

TYPE. 
REINFORCEO 
ALUMINUM 

FLOAT 
(PAT. PENO.)

CHOLES IN
Lo o k  bo x
SUPPORT

‘W  DIA 1 8 8 S .S . 
GUIDE WIRES

.SUPPORT

BOTTOM GUIDE 
WIRE ANCHOR

îs o p p r o v e d  b y

tJłaoe you a G&pAf, 
o j  Ö u / i N eu *  G cU & h ą  

S V o. ß - 7 ?

D E P E N D A B L E  A U T O M A T IC

TANK GAUGE  
A C C  U K A C Y

< M  jt& e ,
&

HI JHli tlJ
EEIEIÍEIB1I

PLUMB UNE i  i 
1»/2“PIPE »
(VERTICAL) E l

15/16 — I | ~

LAYOUT FOR PIPE BRACKET 
AND. SUPPORT

POINTER-  
ADJUSTABLE 

FROM LOOK BOX OETAIl

GASTIGHT 
LOOK BOX 
CAST STEEL

M

BMI»!
22225]

n e e  w ith compliments o f " v a r e c
Use "V A R E C ”  S lid e  to  ob ta in  U .S . Standard d im en 
sion* fo r  coarse  and fine thread ser ies , U .S , Standard 
(and oth er com m ercia l s izes ) W oodruff K eys, and 
Am erican Standard P ipe T hreads, p lus decim al e q u iv 
alen ts , m illim eters  in to  in ch es, and oth er  pertinent 
en g in eerin g  data.

The Pace Setter Since 1928

Dependable Accuracy characterizes the extensive line of 
“ V A R E C " A pproved A utom atic Tank Gauges designed to 
operate from  0 to 300 P. S. I. on any type tank. Out
standing basic features are the L ook Box which m ay be 
read from near ground level or from top o f tank, aluminum 
tape sheaves m ounted on stainless steel ball bearings, floats 
o f various materials designed for specific pressures, and 
sim plicity o f installation and operation. Tape, guide 
wires, and counterweight cable are 18-8 stainless steel as 
standard. L ook Boxes are equipped with adjustable indi
cator, window wiper and gravity compensator, enabling 
the gauger to  compensate at the Look Box for any differ
ence in buoyancy o f the float due to changes o f liquid con
tents. This exclusive p'atcnted "V A R E C ”  feature permits 
immediate, accurate reading o f liquid level directly from  
the tape.

T H E  VAPOR RECO V ERY SYSTEM S COM PANY
CO M PTO N  • C ALIFO RN IA, U .S .A .

NEW  Y O R K  C IT Y  .  C H IC A G O , ILL. • CLEVELAND, OHIO 
HOUSTON, T E X . .  TU LSA. O K LA. .  AGENCIES EVERYW H ERE 

CABLE ADDRESS V AR E C-C O M PTO N  (ALL CODES)

V" V A R E C "  Eq u ip m e n

U n d e rw r ite r s ’ L ab o ra to r ie s ,  

A sso c ia te d  Facto ry  M u t u a ls ’ 

L ab o ra to r ie s  

U . S. T re a su ry  D e p a rtm e n t 

U. S. C o a s t  G u a rd  

A m e r ic a n  B u re a u  o f  S h ip p in g  

L lo y d 's  R e g iste r  U . S. N a v y  

U. S. A rm y  E n g in e e rs

Depending upon which I* 
the governing authority.

Vol. 39, No. 2
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A  n ew  12 -p age  book let on  "P rocto r  
C on tin u ou s D rying lo r  the C h e m ica l 
P rocess  Industries" is a v a ila b le  u p on  
request. It con ta in s m an y  c a s e  studies 
sh ow in g  the a p p lica t io n  lo r  Proctor 
in d iv id u a lly  d es ig n ed  systems. W rite 
lo r  y ou r  c o p y  o l this in form ative  
b ook le t  tod a y .

PROCTOR & SCHWARTZ, INC. Philadelphia 20, Pa.

in PROCTOR CONTINUOUS CONVEYOR SYSTEM

Magnesium carbonate dried from 

moisture content of 565%* (B.D.W.B.) 

to 1.0% in 29 minutes

This means 5.65 lbs of water per 1.0 lb. dry material

This is a case history taken from this new Proctor booklet

In one typical installation of a Proctor indi
vidually  designed continuous conveyor 
system, for use in drying magnesiurmcar- 
bonate, here is what takes place: 
Material with moisture content of 565% 
(B.D.W.B.*) is delivered to pre-forming feed 
of dryer, from a continuous filter. Com
ing to the hopper of the fin drum feed in this 
highly moist state, the material is pressed 
into the grooved surface of an internally 
heated, revolving fin drum. On this drum, the 
material is dried sufficiently to be discharged 
to the conveyor of the continuous dryer, in 
the form of small sticks of uniform thickness.

Q  Loaded to uniform depth on the mov
ing conveyor, the material is conveyed 
through the drying chambers where heated 
air at 290°F. is circulated through  the bed 
of magnesium carbonate. By forming the

material into small, uniform shapes, more 
rapid diffusion is possible, which accounts 
for rapid drying and uniformity. After
only 29 minutes of drying time, magnesium 
carbonate, uniformly dried to a moisture 
content of 1.0% (B.D.W B.), is discharged 
from the dryer at the rate of 500 pounds 
(C.D.W .f) per hour

This particular application for one type of 
Proctor pre-forming feed, combined with a 
continuous conveyor dryer, illustrates just 
one installation. These systems are literally 
tailor-made to meet individual plant and 
product requirements . . after careful re
search and study into the specific problem. 
If the drying of wet-solids is part of your 
operation, it will pay you to have Proctor 
engineers consider your problem. Write today.
■ fC o n n ie r c io l  d r y  w e ig h t .
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I f  Alexander Graham Bell could look 
at the microwave antenna in the illus
tration, how quickly his mind would 

. go back to his own experiments, 67 
years ago!

For in 1880 the inventor o f the tele
phone had another new idea. Speech 
could be carried by electric wires, as 
Bell had demonstrated to the world. 
Could it be carried also by a light beam?

H e got together apparatus—a tele
phone transmitter, a parabolic reflec
tor, a selenium cell connected to hand
phones—and “ threw”  a voice across

i

several hundred yards by waves of vis
ible light, electromagnetic waves of 
high frequency.

Bell’s early experiment with the par
abolic antenna and the use of light 
beams as carriers was for many years 
only a scientific novelty. His idea was 
far ahead of its time.

Sixty years later communication by 
means o f a beam o f radiation was 
achieved in a new form  — beam ed

microwave radio. It was developed by 
Bell Telephone Laboratories for mili
tary communication and found impor
tant use in the European theater. In 
the Bell System it is giving service be
tween places on the mainland and 
nearby islands and soon such beams 
will he put to work in the radio relay.

In retrospect, Bell’s experiment illus
trates once again the inquiring spirit 
o f the Bell System.

W ords that rode 

on a beam of light

EX P LO R IN G  A N D  IN V E N T IN G , D E V IS IN G  A N D  P ER FEC T IN G  FO R  C O N T IN U ED  IM P R O V EM EN T S  A N D  E C O N O M IE S  IN  TELEP H O N E S E R V IC E



A. Choose the right type valve 
for the service. 

B. Place valves correctly in the line.

C. Choose Jenkins Valves for 
lifetime economy.
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It’s Simple to avoid a Big Bill 

for valve upkeep!

L O O K  FO R T H IS  D IA M O N D  M A R K
_________________ .irKkiv̂  ......

S IN C E  f .  1864

JENKINS VALVES
T ypes, Sizes, Pressures, M etals fo r  Every N eed  

S o ld  T h r o u g h  R e l ia b le  I n d u s tr ia l  D is t r ib u t o r s  E v e ry w h e re

J E N K IN S  Fig. 92  

R e g r in d in g  

B R O N Z E  S W IN G  CH ECK  V A LV E

r p i i E S E  three, sim ple, basic 
■*- rules, plus intelligent treat

ment and care of valves, are pay
ing extra dividends in valve 
economy to more and more valve 
users in every industry.

By choosing Jenkins Valves, 
you get not only valves made 
with extra endurance that means 
extra economy, hut also expert

advice of top-rated valve special
ists, Jenkins engineers, on any 
question of valve selection or 
placement for any service.

Base your valve buying on this 
ABC formula for lowest cost in 
the long run.

Jenkins B ros., 80 W h ite  Street, N ew  
Y o rk  13 ; B rid g ep ort ; Atlanta ; B o sto n ; 
P h ilad elp h ia  ; C hicago ; San F rancisco . 
Jenkins B ros., L td ., M ontrea l.

D esigned  fo r  serv ice  on  non-return 
con tro l system s; esp ecia lly  w ith  
Gate V alves, w h ere a com p arab le  
fu ll, free  flow  o f steam , o il, water, 
or  gas is requ ired . It is also w id e ly  
used fo r  condensate and return lines. 
T h e  h igh  tensile b ron ze  disc is care
fu lly  m ach ined  to a sm ooth , tight- 
fitting finish, can b e  reground easily 
w ithout rem ov in g  valve from  lin e .

O N E  O F  O V E R  6 0 0  EX TR A  V A LU E  V A LV E S  
M A D E  B Y  J E N K IN S  V A LV E  S P EC IA L IST S

125 lbs. Steam 250 lbs. O.W.G.
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A s we start on  our 101st year o f  m aking va lves for industry, we feel 
that the past record o f  P ow ell V alves throughout 100 years o f  m eeting 
e v e r y  industrial flow  con trol requirem ent as it has arisen constitutes 
a definite assurance o f  future perform ance.

So, w henever you  need va lves— for replacem ents o r  for new installa
tions— consult Pow ell. I f  you  have an y  flow  control problem s, Powell 
engineers will be  glad to  help you  solve them .

Th e  Wm.  Powel l  Co., C inc inna t i  2 2 ,  Ohio
DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES

Cata logs on  request. K in d ly  state 
w hether you  are ch ie fly  interested 
in Bronze, Iron , C a st  Steel, or 
C o rro s io n -R e s is ta n t  Valves.

nrtSta'n' esS
„09—150-POUi-ank VaWe,

1 5 0 -P ° un(*

S5U ound S U ^ % * 9eed

. 9 6 9 -1 50-POUHdaffTanfled
F l 9 ' i  G a io  V a w e .  H ?  i o 9 s t o r i ,

rtfiS U 'n' eSS 

sl00' i C d s .  sct° ^ a b '° di5C-
a n d  r ® 9 ^ i n d a b ' 0 ’ r 6
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Strategically located in various parts of the country, all of the four 
M idw est plants are of definite benefit to every M idw est customer.

Undoubtedly the most important advan tage  is the better p ip ing that 
results from the continuous exchange  of information and  experience 

between the four plants. For example, if Passaic develops a new and 
va luab le  technique or method, the information is m ade ava ilab le  at 

once to St. Louis, Los Angeles, and  South Boston. W hen  Los Ange le s 
finds a better w ay  to control gra in  size in forged  lap  joints, the other 

plants are immediately informed. Regardless of which plant fabricates 
your piping, you get the benefit of the combined experience of all 

four plants.

O ther advan tage s are greater flexibility in meeting delivery require
ments . . .  a  better understanding of regional conditions . . . source 

o f supp ly  close to the job.

M idw est is logica lly your first source of p ip ing— whether you want a 
simple bend, a w elded header, or a  complete and  complex p ip ing 

job fof- a large  plant fabricated and  erected with undivided re
sponsibility.

MIDWEST P IP IN G  &  SUPPLY COMPANY, INC.
M ain  Office: 14 5 0  South Second Street, St. Louis 4, M o.

P lants: St. Lou is, P a s sa ic  (N . J.) a n d  L o s  A n g e le s  • S u b s id ia ry :  L u m sd e n  & V a n  S tone  Co.,
South  B o sto n  27, M a s s .  • S a le s  O ff ic e s:  N e w  Y o rk  7— 30 C hu rch  St. • C h ic a g o  3 —  643 

M arq u ette  B Id g .  • L o s  A n g e le s  33— 520 A n d e r so n  St. • H o u sto n  2 — 229 Sh e ll B ld g . • T u lsa  
3 — 533 M a y o  B ld g . • A t la n ta  3 —  Red  R o c k  B ld g .  • So u th  B o sto n  27— 426 First St.

P I P I N G  F A B R I C A T O R S  A N D  C O N T R A C T O R S

S S jB S
WSlM 

*«U «i "

4 PLANTS ARE  
SETTER THAN 1

,Y ' "r " . ^

m m i m i u m  m m  cu sto m  , / i k h  mo wist m m  

BENEFITS FROM THE FACT
m n m

h
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Rob i n s  C o n v e y o r s  I nco r por a ted ,  Pas sa i c ,  N ew Jer sey  —  Di v i s i on  of He wi t t - R o b i n s  I ncorporated

"Job-Engineered" to solve your problem  

CHEAPER . . . FASTER . . . BETTER

IT M A Y  NOT SEEM TO B E — Buf every time you  use a 
sledge ham m er or an y  m anua l tool to un load  hopper 
cars . . .  it costs you  m oney! It costs you  time! It costs 
you production ! Yes . . .  a  sledge ham m er is a luxury!

B U T  W H E N  R O B IN S  C A R  S H A K E O U T S  A R E  P U T  TO W O R K -

They do your job  cheaper. For exam ple, tw o m en 
can do the w ork  o f six  or m ore men. A n d  no 
expensive installations are needed.
They do your job  faster. P acked  hopper cars can 
be unloaded in m inutes— not hours. This means 
cars and locom otives are released sooner.
They do your job  better. R obins car shakeouts 
em pty cars “ broom  clean .”  A nd  they do so w ith 
out in ju ry  to cars or loads.
So, solve y ou r unloading problem s . . . cut you r 
unloading expenses w ith  a R obins car shake
out. W rite  today fo r  com plete inform ation.
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S I M P L I F I E D  .
& *  f t IVEC U inU  TCMDEDATIIDC ( i fGIVES HIGH TEMPERATURE (700°) 

AT LOW PRESSURE (88 lbs.)

Evaluate in terms of your present 
processing method what uniform 
temperature, high rate of heat 
transfer, and close control of tem
perature mean. Add to this the 
factors of simplified design, per
mitting you to heat and cool in the 
same cycle; safety and simplicity 
in operation; and low maintenance 
of equipment.

A Foster Wheeler Dowtherm heat
ing system will give you all these 
advantages, and in addition im
prove the quality of your product.

If you are looking for greater op
erating economy, find out what this 
modern high-temperature low- 
pressure method can do for you. 
Address

FOSTER WHEELER CORPORATION
165 B R O A D W A Y , N E W  Y O R K  6, N. Y.

TEMPERATURE-PRESSURE 
Dowtherm

COMPARISON  
Steam unai

This chart g ive s a direct com parison  between pressures 

in FW  Dow therm  heating  system s and  those  encountered  

in steam  systems fo r the sam e w ork in g  tem peratures.
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^ ^ G E N E R A L ^ ^  
CERAMICS COMPANY

C H E M I C A L  S T O N E W A R E
@  1819

B U F F A L O :  6 1 0  J a c k t o n  B ld g .  C H IC A G O :  2 0  N . W a c k e r  D r iv e

L O S  A N G E L E S :  4 1 5  So . C e n t ra l A v e .  P O R T L A N D  5 ,  O R E . :  4 1 0  N e w  F lie d n e r B ld g .

N E W  Y O R K :  3 0  B r o a d  Stree t • S E A T T L E :  1 411  Fou rth  A v e .  • S A N  F R A N C IS C O :  5 9 8  M o n a d n o c k  B ld g .

T A C O M A :  4 1 7  T a c o m a  B ld g .

M O N T R E A L :  C a n a d a  C e m e n t  B ld g .  • T O R O N T O :  R ic h a rd so n  A g e n c ie s ,  Ltd., 4 5 4  K in g  St., W e st  

V A N C O U V E R ,  B .C .: W i l la r d  E q u ip m e n t  Ltd., 8 6 0  B e a c h  A v e .

In  a d d it io n  to  the  m a n u fa c tu r in g  fac ilit ie s o f  the  C h e m ica l E q u ip m e n t D iv is io n  those  o f  the In su la to r  

D iv is io n  a re  a lso  a v a i la b le  fo r  h a n d l in g  ce ram ic  p ro b le m s  in  a ll b ra n ch e s  o f  ind u stry . G e n e ra l 

C e ram ic s  &  S teatite  C o rp o ra t io n  is th e re fo re  a b le  to o ffe r service  c o ve r in g  a ll  in d u str ia l a p p l i

ca t ion s  o f  ce ram ic p roducts.

CHEMICAL EQUIPMENT 
DIVISION

KEASBEY,  N E W J E R S E Y  ^

Corrosion-resistant storage problem in your plant 
layout? N o problem at all with General Ceramics ves
sels, tanks and jars! Made of stone-hard chemical stone
ware, they are not only corrosion-resistant, but—against 
all acids except hydrofluoric—actually corrosion-proof. 
They are designed for chemical plant service by chemi
cal engineers—men who know the requirements of the 
chemical process industries.

In standard apparatus—or in equipment built to spe
cial requirements o f size, applications and resistance to 
thermal shock — General Ceramics chemical stoneware 
will beat corrosion best.

W O N 'T  CO R R O D E  — Chemical stoneware is inherently 
corrosion-proof.
IN T E R C H A N G E A B L E  -  Materials stored in General 
Ceramics storage equipment can be changed with no 
danger of residual contamination.
EASY TO CLEAN — Materials will not cling to smooth 
chemical stoneware surfaces.
LO N G  LASTING  —With normal care, chemical stone
ware lasts indefinitely.

Send for bulletin 111 which describes standard storage 
equipment. On special design problems, send full 
particulars.
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FOR  C O M P L E T E  R E S E A R C H  Y O U  N E E D  B O T H !

D I S T I L L A T I O N  P R O D U C T S ,  I N C .
7 4  5 R I D G E  R O A D  W E S T ,  R O C H E S T E R  1 3 ,  N E W  Y O R K

¿n - /?go&CM(iczsi, rOcrrfc&zZiOTt ¿/aaccccm  A & a& t/icA '

F I G .  1 C O N V E N T I O N A L  

S T I L L

The ordinary still (fig. 1) is a handy laboratory tool. 

It does m any jobs well. But as you know, it has 

definite limits.

D P I’s Falling Film M olecular Still (fig. 2) takes 

over at the point where ordinary distillation m eth

ods stop. M olecular distillation—short-path distil

lation in exceptionally high vacuum — makes it 

possible for you  to fractionate m any substances 

“ undistillable”  by earlier methods. In general, these 

substances include natural and synthetic materials 

which are in a liquid state above 80° G, have low 

vapor pressures, and whose m olecular weights are

over 300.

A ny laboratory concerned with investigative and 

preparative work in chemistry today should find 

the Falling Film M olecular Still— or other D PI 

laboratory -sca le  m olecu lar stills—an indispens

able aid.

For detailed inform ation on how  m olecular dis

tillation might aid in your research, we invite 

your letter telling us your needs or problems.

D PI men who have pioneered in high- 

vacuum  techniques will give careful 

consideration to your request.
o
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B O R R C O  D O I N G S  I N  1 9 4 6

1 the first full year o f nominal peace, has been 
one of readjustment. It started with high hopes o f that 
great peace production the world so badly needed. The 
pressure groups brought set-back after set-back until 
production was shot; and the Nation rebelled and gave 
what many feel is a mandate for a free Democracy again.

If the termination of the coal strike, as this is written, 
proves another sign that the pendulum is starting a 
long swing back from the rule o f special privilege, it 
may be worth what it has cost the public this year in 
man-days lost by labor troubles.

Internationally much progress has been made; and 
those listening to the United Nations debate have felt 
a world education in Human Relations was taking 
place, which was not so apparent from the headlines.

*  *  *

G O LD — A broad resurgance in the gold industry has been noted. 
The most notable instance is a Canadian mill which is doubling 
capacity to more than 4000 tons per day, thus becoming runner- 
up to the great Hollinger for top, gold-producing honors in 
Canada. Our contribution to this expansion— 18 tray thick
eners, 20 agitators, 3 classifiers and 18 sludge pumps.

In the Philippines, a large order from Benguet Consolidated 
highlights renewed activity there. In Mexico and Central 
America, increased silver prices have acted as a spur to gold as well.

PULP A N D  PA PER — This year we supplied eight new continu
ous recausticizing systems for pulp mills with an aggregate daily 
capacity of 2500 tons and are modernizing old systems at four 
other plants. A number of installations have been made, too, 
for producing satisfactory process water from impure sources.

Two rather unusual installations have been made for black 
ash treatment. In one, black ash is to be leached and washed 
continuously for soda recovery prior to recausticizing. In the 
other, the carbon residue is to be washed, after acid treatment, 
preparatory to activation.

S A N D — Many new classifiers indicate the trend towards well- 
washed, high-specification sand. Three 250 ft. dia. thickeners, in 
a single long basin, will recover wash water for re-use in West 
Virginia and will be the largest thickener installation in the East.

CEM ENT— Renewed activity everywhere is evident. Four new 
American plants have adopted our closed-circuit grinding system 
on the raw end with at least two more to follow. Additional 
systems are being supplied to cement makers in China, Colom
bia, Chile and Panama.

C H EM IC A LS  A N D  PLANT EN G IN EER IN G — The large num
ber of brine purification jobs reflects the continued heavy demand 
for chlorine and caustic soda. Largest clariflocculator to date is 
a 125 ft. unit in Texas, to treat upwards of 2000 gals, per min.

Testing and plant engineering hit an all-time peak. Three types 
of projects predominated: the treatment of nickel ores by the 
Caron process for South America and the East Indies; alumina 
projects for the United States, Russia and Australia; and chem
ical fertilizer plants for this country and England.

S U G A R — Enforced lack of maintenance during the war has made 
modernization a keynote this year. Cane sugar has shown an 
unprecedented demand for continuous juice clarifiers and vac
uum mud filters. New cane varieties have created new clarifica
tion problems. This year we built the largest clarifier in our history

Most of the tonnage of beet sugar in the United States is made 
by our Continuous Carbonation System, several new units of

which went in this year. Our Rapid-Cooling, Rotary, Lafeuille 
Crystallizer is giving many times the capacity of conventional 
batch units.

D E -IO N IZ A T IO N  A N D  FLU O SO LID S— Our D-I System, in 
addition to its use for complete de-ionization of water and 
edible syrups, is being used for the removal of impurities from 
sugar-bearing solutions and for recovering a valuable syrup from 
a fruit processing waste.

FluoSolids investigations continue with gratifying results. 
We are now working on its application to limestone, precipitated 
lime sludges and various metallurgical operations.

S A N IT A T IO N — The Sanitary District of Chicago has reaffirmed 
its faith in our clarifiers by contracting for 24 additional 126 ft. 
units for the West-Southwest Plant which will bring the nom
inal capacity to 700 million gallons per day—by far the largest 
in the world. The City of Baltimore is converting 18 of its 30 
acres of trickling filters to high-rate units by the addition of 30 
of our distributors— the largest such installation in this country. 
The Cities of Savannah, Georgia; Dallas, Texas; and Long Beach, 
California are typical of other large cities which we have served 
this year.

In Puerto Rico we are supplying equipment and erection 
supervision for 10 new sewage plants and for the new water 
treatment plant of the City of San Juan. At Jackson, Michigan, 
extensive field tests are demonstrating conclusively the economy 
and efficiency of the shallow-bed, trickling filters, which we have 
advocated, as compared with deep-bed types.

A B R O A D — Our associated companies, especially in England, 
are going strong and the Continent is coming back fast. With the 
necessary equipment or services supplied either from Europe or 
America, we have been active in Europe, Asia, South America 
and Africa—largely in petroleum, sewage, potash, paper, cement, 
coal, copper and gold.

*  *  *

The industrial unrest and unbalanced production have 
given us great problems to meet. Like many others in 
both consumer and durable goods industries, we shall end 
this year with greatly enlarged unfilled orders due to the 
lack of labor, material and shipping facilities for export.

A month in Germany last Summer emphasized the 
problems faced there, and attendance at a quadripartite 
session brought home, as no words could, the difficul
ties o f international relations and the great efforts 
being made by all to solve them. The almost infinite 
patience needed, I believe, is there.

Members o f our staff, who have been scattered in 
Europe, Asia and South America this year, are united 
in feeling much progress is being made. To our friends 
and to the Dorr staff everywhere, we send New Year’s 
greetings with the belief that the year 1947 will see a 
crystallization o f the efforts that have been made and a 
clearer course charted for a United World.
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edge moor f a b r i c a t o r s  o f  p r o c e s s  e q u ip m e n t

l*his Edge  M o o r  horizontal autoclave with quick-opening doo r is another Edge  

M o o r achievement in process equipment fabrication . . .  a direct result of Edge  

M o o r experience, facilities and proficiency.

Edge  M o o r is equ ipped  to furnish any type o f heavy-w all w elded  fabrication to 

your individual designs, specifications o r requirements. M ateria ls include:

N IC K E L  ST EELS  H IG H  C H R O M E  IN C O N E L

M O N E L  1 8 - 8  A L L O Y S  N IC H R O M E

H E R C U L O Y  N IC K E L  E V E R D U R

Edge  M o o r  Shops have complete facilities for stress-relieving, annealing and 

X -ra y  . . . and are app roved  b y  leading insurance companies for fusion welding 

to meet all codes and tests. W e  shall be p leased to place our experience and 

facilities at your d isposal when you are considering additional plant equipment. 

W rite  for literature today.

Ed g e  M o o r  I r o n  W o r k s , I n c . • M a in  O ffice  a n d  W o rk s :  E d g e  M o o r ,  D e la w a re  

B ranch  O ff ic e s  a n d  Agen ts:

A t la n ta  • Boston  • C h ic a g o  • D etro it  • H o b o k e n  • St. Pau l • S a n  A n to n io  • S a n  Franc isco

C A R B O N  STEELS 

S T A IN L E S S  STEELS 

C L A D  STEELS

m o o r a c h ie v e m e n t

in p ro c e ss  e q u ip m e n t  f a b r ic a t io n
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SETS THE PACE IN  

COMPRESSOR PROGRESS
O N E  OF THE D R E S S E R  IN D U S T R IE S

Q  This is the king o f  the heavy-duty compressor field, 
the new Clark BA-17 Right Angle Compressor.

The BA-17 represents the highest development o f the 
long line o f Clark 2-Cycle gas-engine-driven com 
pressors. It was designed to fill the need for greater 
economy in high pressure pipe line pumping and large 
scale pressure maintenance.

It doubles the horsepower per cylinder previously 
available in gas-engine-driven compressors— 200 BHP 
instead o f 100 BHP— the most compact, heavy-duty 
compressor ever built.

This results in much lower foundation and building 
costs and lower maintenance costs.

CLA RK  B R O S. CO ., IN C .
O L E A N ,  N E W  Y O R K

N e w  Y o rk  • T u lsa  • H ouston  • C h ica go  • Boston  • W a sh ing ton  

Los A n g e le s  • London  • Buenos A ire s  • C aracas, V e n ezue la

(A b o ve )  C la r k  1 2 0 0 -B H P  “ B ig  
A n g l e "  C o m p r e s s o r s  in  th e  
T e n n e s se e  G a s  a n d  T r a n sm is s io n  
P ip e  L ine  C o m p a n y 's  s ta t io n  at 
W in ch e ste r,  K e n tu c k y .

•
F o r  com p le te  s p e c if ic a t io n s  a n d  
d a ta  o n  the  B A - 1 7 ,  in c lu d in g  
t y p ic a l  in s ta l la t io n  d e s ig n  fo r  
m o d e rn  p ip e  lin e  sta t ion , a s k  for 
C a ta lo g  B A - 1 7 .
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Westco 
Turbine Pumps

Fairbanks-M orse  
Centrifugal 
Pum ps

■

"-iii ■ ■ ' 

/
r - W ,
4~

H o w  m uch  d oes  it cost 

to m a k e  a P u m p ?

It costs a  lot of m oney to m ake an y  

pum p — especia lly  if you  w ant to be a 

leader, not a follow er, and  to build a 

pum p so efficient, so dependab le  that it 
w ill be second to none.

You  p a y  the expense of m aintain ing  

w ell-staffed laboratories for product 

investigation  and research— for contin

uous search for high efficiencies, better 

ap p lica tion s— and for the thorough  

testing of your finished product.

You  p a y  the expense of p rovid ing  

production facilities and techniques; 

you p ay  for new  m aterials, new  meth

ods w hich, with the cost-reducing  

benefits of m ass production, assure  

your custom ers of greatest satisfaction.

Finallyr y o u ’ve the problem  of m ak ing  

it e a sy  for your custom ers to reach you  

for sa les, service and  consultation; you  

must network the country with distri

bution centers m anned by experts.

Yes, a ll this costs a lot of m oney. 

N o  w onder, then, that there are so few  

pum p m anufacturers with this valued  

background. A m o n g  them, Fairbanks- 

M orse  is an  unquestioned leader in all 

phases of liq u id -m o v in g  service . . . 

For a ll pum ping problem s, first see your  

Fairbanks-M orse  dealer or call at the 

nearest Fairbapks-M orse  branch office, /

Fairbanks-M orse  
Propeller Pum ps

Fairbanks-M orse  and  
Pom ona Deepw e ll 
Turbine Pum ps

Fa i r b a n k s - M o r s e

A name worth remembering
DIESEL LOCOM OTIVES • DIESEL ENGINES • M AGNETOS • G EN ERATORS • MOTORS *" PUMPS 

SCALES • STO KERS • R A ILR O AD  MOTOR CARS and STANDPIPES .  FARM  EQUIPMENT
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H,e STACEY BROS. G A S  CONSTRUCTION CO.
Qfc£ or na owssf«? iNOusmts

5535 VINE STREET CINCINNATI 16. OHIO. U  S A .

FABRICATORS OF STEEL AND ITS AUOYS FOR ALL INDUSTRIES

tuurrm N» w.«

W ET SEAL
GAS HOLDERS

you  can get

COMPLETE INFORMATION
in this one 5 2 -p age  book

If you need additional gas-holder capacity— or 
if you now operate a wet seal holder— you 
can't afford to be without this book.

In it, you’ll find detailed construction infor
mation, plus operation and maintenance hints 
— and a wealth of important engineering data.

One complete section is devoted to the 
famous patented Stacey Brothers All-Welded 
Panel Design Gas Holder— the most important

single construction advance in more than a 
generation. You’ll get all the facts—based on 
our experience in building over 60,000,000 cu. 
ft. of all-welded capacity.

Your copy of this valuable book will he 
mailed to you without obligation. Simply write 
us on your company letterhead, stating the 
tvpes and capacities of holders you now operate 
— or plan to install.

S T A C E Y  B R O T H E R S  G A S  C O N S T R U C T IO N  C O .
One o f  the Dresser Industries 

5535 VINE STREET • CINCINNATI 16, OHIO

ALL-W ELDED GAS HOLDERS
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A R M O U R i

COPPER AND BRASS INCORPORATED

G e n e r a l  M i l l s ,  I n c
S a l T O

GENERAŁ ELECTRIC

o u s e

THE T R A M P  I R O N  M E N A C E  IS E L I M I N A T E D  
BY ERIEZ TioK -Stecfo ic 'Pen*ncute*tt M  A G  NETS!

JJ  G A I N  E r i e z  N o n - E l e c t r i c  P e r m a n e n t  M a g n e t s  p r o v e  t h e i r  
'*'*■ w o r t h  a m o n g  t h e  l e a d e r s  i n  t h e  p r o c e s s i n g  i n d u s t r i e s  . . . 
T h e  w e l l - k n o w n  m a r k s  o f  q u a l i t y  i n  c h e m i c a l  p r o c e s s i n g  
s h o w n  a b o v e ,  r e p r e s e n t  b u t  a  f e w  o f  t h e  h u n d r e d s  o f  i n d u s t r i a l  
p r o c e s s o r s  w h o  h a v e  l i c k e d  t h e  p r o b l e m  o f  t r a m p  i r o n  r e m o v a l  
f r o m  t h e i r  p r o c e s s i n g  l i n e s  b y  i n s t a l l i n g  t h e  t y p e  a n d  s i z e  
E r i e z  M a g n e t s  b e s t  s u i t e d  t o  t h e i r  p r o d u c t i o n  r e q u i r e m e n t s .  
T h e s e  E r i e z  i n s t a l l a t i o n s  a r e  w r i t i n g  o f f  t h e i r  c o s t  a n d  s h o w i n g  
a  p r o f i t .  T h e y  e l i m i n a t e  f i r e  h a z a r d s  f r o m  t r a m p  i r o n  s p a r k s ,  

p r o t e c t  p r o d u c t s  f r o m  c o n t a m i n a t i o n ,  a n d  p r e v e n t  c o s t l y  
m a c h i n e r y  d a m a g e  a n d  p r o d u c t i o n  s h u t d o w n s .  L e t  u s  

h e l p  y o u  s o l v e  y o u r  t r a m p  i r o n  t r o u b l e s .  C l i p  a n d  
5 m a i l  t h e  c o u p o n  b e l o w ,  t o d a y .

C L IP  A N D  M A I L  T O D A Y  : I

W e are in terested  in  rem ov in g  tra m p  iro n  o r  ferrou s  p a rtic le s

fro m  th e  fo llo w in g  m a t e r ia l s :____ ______  __________ _____________
W e w o u ld  lik e  to  k n ow  m o re  a b o u t  in s ta lla t io n  o f  E R I E Z  o n :  TEC-2 i

[~1 G ra v ity  C on v ey ors  Q  M ech a n ica l C on veyors  [2J P n e u m a tic  C on v ey ors  
□  L iq u id  P ip e lin es  M a g n e tic  T ra p  Q  E q u ip m e n t o r  P rocess in g  M a ch in e s  j

N a m e ______________          |
A d d re s s ___________________________   C i t y . . S ta te _______  I

•  'Jt'e 'Tffaqttetcc 'PwtectccM. . . .S ee S 'ttej pO vit |

P A T  P E N D IN G

ERIEZ M A N U F A C T U R IN G  CO.
EAST 12th  ST. ERIE, P E N N A .

industria l c o m p a n ie s  w h o  

h a v e  E r i e *  M a g n e t i c

Protection.
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Plant alterations go forward 
more quickly when your men 
use this new Gardncr-Denver 
Paving Breaker. The B87 is 
easier to handle than conven
tional types— and has a spe
cial safety latch which pre
vents air throttle from being 
opened when it is moved from 
place to place. Easily conver
tible to a sheeting driver.

The air cylinders in this Gardner-Dcnver "H A ”  H ori
zontal Compressor are especially designed for highest 
volumetric efficiency and lowest horsepower require
ments. Its duoplate valves are cushioned for high de
livery capacity, high compression efficiency and lowest 
power consumption. The class " H A ”  compressors are 
available in capacities from 316 to 2012 cubic feet dis
placement per minute.

Is dust a problem in your plant? This Gardner-Denver 
Class "R X ”  Horizontal Compressor is dustproof. And 
its special design permits complete water jacketing o f  
all valves, air passages and cylinder heads to remove the 
heat o f  compression— increasing efficiency and cutting 
horsepower. The Class "R X ”  Horizontal Compressors 
are furnished in sizes from 89 to 1292 cubic feet dis
placement per minute.

In this Class "W B ”  
2-stage Vertical Com
pressor, Gardner-Den
ver engineers departed 
from conventional air 
compressor design to 
give you more volu
metric efficiency with 
greater capacity. "W B ”  
C o m p r e s s o r s  —  f u r 
n ish ed  in  c a p a c it ie s  
from 142 to 445 cubic 
feet displacement per 
minute— have efficien
c ie s  c o m p a r a b le  to  
those o f  large horizon
tal compressors.

Here’s a m odem  port
able air com p ressor  
that’s mighty handy to 
have around the plant! 
Complete water jacket
in g  o f  its  cy lin d e rs  
means dependable op
eration under constant 
load— cooler air— lubri
ca tin g  o i l  e co n o m y . 
Gardner-Denver "P ort
ables”  are furnished in 
sizes to suit every need.

. . .  worth in “ “ 'P '“ ’
■0  g e t  , 0 » .  " * * *  D S  o c  c o t t e r . «  b r e a h e r s ,

« « r i f u g a '  pu P help yoU Jo

^  f o r  t h e  * « « <  E v e t y  G . « d n e « -

.  b e t t e r  j o b  a t  M  ^  f e a -

D e n v e r  p r o d u c t  o n  y o U  c o m p e t e

t „ es_ . nd « e ’ " ^ ? ogr i e o f t b e „ . ' » n t «

G a r d n e r - U e n v  ______

G A R D N E R D E N V E R

P. 1 8 5 9

In this Gardner-Denver Close- Coupled Centrifugal, 
see how pump and motor are com bined to form  a com 
plete, com pact unit. These pumps can be installed in 
any position and are designed for capacities up to 250 
gallons per minute, and heads up to 250 feet.



B ALAN CIN G  CAPACITOR ROTOR*v-
BALAN CIN G CAPA CITO R 

DRIVE CROSSARM

C O U N TER W EIG H T

A D JU S T A B L E  
ORIVE L EV ER "

SO LEN O IO  MOTOR1 ■SOLENOIO MOTOR

P IG T A IL  CONNECTION- 
TO  ROTOR

SO LE NO! 0  MOTOR COIL

CONNECTION
T O  a m p l i f i e r ' •SOLEN O ID MOTOR CORE

P E N  A RM  D R IV E  L IN K '

D Y N A P O I S E  D R I V E

■February 1947

BALANCING C AFA C ITO R  
STA TO R

( %  STEPLESS BALANCING 
CAPACITOR

. . . AND H ER E ’S THE M E A S U R IN G

A -S T E P L E S S  B A L A N C IN G  CAPAC ITO R
. . .  a  sim ple, rotating variab le  air ca 
pacitor provides friction-free, com pletely 
continuous ba lancing. N o slidew ire — no 
m oving or intermittent contacts.

High Sensitivity . . . perm anent positive 
ba lancing  action on brid ge  im balan ces 
of less than 15 micro-volts.

B -  D Y N A P O IS E  D R IVE  . . .  a  pow erfu l, 
poised, double-solenoid  type d ev ice , d i
rectly cou p led  to ba lancing  capacitor, 
m oving only  w h en  instrument is reba l

ancing. No rotating motor with reducing 
gears. No brushes or bearin gs.

The D ynapoise drive with its short stroke 
elim inates m echanical reduction and per
mits instantaneous response to chan ges 
in m easured variable. No fast-m oving 
parts to stop and  start. O n ly  six m oving 
parts including all linkage and pen arm. 
Each solenoid  core has 3 ba ll bearings at 
the bottom to minimize friction w ith sides.

H IG H  B A L A N C IN G  SPEED . . .  3 seconds 
for full travel o f pen or pointer.

ELECTRONIC
IN STRU M EN TA T IO N

UN IT TH AT P R O D U C ES  IT
O f  all the unique improvements 

featured in the new Foxboro Dynalog Controller, 
the Dynapoise Balancing Unit is by far the most 
revolutionary. It is the heart of the Dynalog prin
ciple . . .  providing electrical movement and step
less balancing in their simplest possible forms. 
Only motions of small magnitude are involved. 
There are no complicated, or delicate mechan
isms to wear or get out of order. The unit is 
ruggedly constructed and thoroughly protected.

The new Foxboro Dynalog Controller offers 
the proven advantages of both the Foxboro

Dynalog Recorder and the new M-40 Controller. 
It has the absolutely continuous sensitivity and 
instantaneous response of the Dynalog principle 
plus the dependably-accurate control feature of 
Permaligned Construction found in the M-40 
Controller.

Investigate the advantages of this Dynalog 
Electronic Controller for processes in your plant. 
Resistance bulb controllers are available now 
. .  . thermocouple type, soon. Write for Bulletin 
397. The Foxboro Company, 40 Neponset Ave., 
Foxboro, Mass., U. S. A.
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ligh t w e igh t and  strength

Strength and light weight should be balanced. One should not 
be sacrificed for the other. In Hackney Cylinders you are assured 

o f a lightweight cylinder, yet one o f adequate strength. This is made possible 
by the Hackney Deep Drawing Process, which assures uniform sidewall thick
ness and eliminates all excess material. Then, too, the physical qualities o f 
Hackney Cylinders are improved by special heat-treating after complete 
fabrication.

appearance

W h a t  to  l o o k  f o r  

in c h o o s i n g  c y l i n d e r s

Cylinders should be designed with the shippers’ requirements in 
mind. In Hackney Anhydrous Ammonia Cylinders, for instance, 
there is a balanced relationship between diameter and over-all 
height. They can be easily, quickly and safely handled. And they 
save floor space as they can be safely stored in a vertical position. 
Hackney liquid chlorine, sulphur dioxide, as well as ammonia 
and other cylinders, are designed to assure lower shipping costs 
as well as faster, safer and easier handling.

Main Office and Plant: 1451 South 66th Street, M ilw au k e e  14 

1313 Vanderbilt Concourse Bldg., N e w  York  1 /  208 S. La Sa lle  St., R oom  2075, C h icago  4

558 Roosevelt Bldg., Los A n g e le s  14 213 H an n a  Bldg., C leve land  15

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

Pressed Steel Tank Company
Manufacturers of Hackney Products

w rite for fu ll details

7 Ip r f o r v  071 Hackney 
Be sure U S 0 t f ‘  ^  and
Seamkss C y l i n d e r s . tracosts,
c o n s t r u c t e d « ^ ' * ^  ^  e f hM d l„,S

^ l^ Z s Z lc c  to  *

handling abuse.

W hile this feature may seem a factor o f  less im
portance in industrial selling, a wise shipper sees 
that his container reflects the high quality o f  his 
product. The Hackney Seamless Cylinder is 
handsome in appearance, for the cold drawing 
process results in a smooth, eye-appealing finish.
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Now available for 
Refineries of ̂  /~ A\s

O N E  C A R / D A Y

C A P A C IT Y - •  ■

DE LAVAL

DE L A V A L  engineered systems for re
fining vegetable oil are now available 

for plants of one carload per day capacity. 
This is in addition to the refineries of from 
2 to 24 carloads per day— or even more—  
announced previously.

De Laval systems are laid out in such a 
way that time-saving details, and exacting 
engineering standards, make possible higher 
yields of vegetable oil. They are, moreover, 
unusually free from trouble in operation.

The practical touch of the De Laval oil 
refining experts is exemplified in the way 
the systems are designed to occupy a mini
mum of floor space.

• Details will be sent on request.

d e 'rea se  o f  COD ,ncre«se 0 
Point. A  s ;nT C,t,es frof"  on, flow. A  Slng le  sw ifch  s f° £

^  man w h o " hos° ^ a,ed one 

f°r other duties *° Spare

S  Results are  a /w

THE DE LA V A L  SEPARATOR COMPANY
165 Broadway, New York 6 427 Randolph St,Chicago 6

D E  L A V A L  P AC IF IC  CO., 61 Beale St., San Francisco 19  

THE DE L A V A L  C O M P A N Y ,  Limited

Q U E B E C

P E T E R B O R O U G H  

M O N T R E A L  W IN N IP E G  V A N C O U V E R

LY ENGINEERED 

TO O P E R A T E -
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More Precise Control... 
Less Panel Space With

N E W  T A Y L O R

"TRANSET
T

TRANSET”  is a new Pneumatic Transmission 
System particularly adapted to applications in

volving long lead lines between transmitter and con
trol panel and where compactness o f control panel is a 
consideration for the control o f temperature, pressure, 
rate o f flow, and liquid level.
The "Transet”  Controller is really a Fuiscope Pneu
matic-Set Recording Controller-Transmitter. Left hand 
control mechanism regulates control valve while 
other side transmits air pressure, proportional to pen 
movement, to indicating receiver remotely located on 
panel board.
Left gauge o f receiver unit is calibrated in same units 
o f measurement as controller chart and thus provides 
indication o f controlled variable. Right gauge, con
nected in pneumatic-set line and calibrated in same 
units as controller chart, indicates set pointer posi
tion. Thus, when both pointers o f the receiver unit 
coincide, the pen and set pointer o f Transet will be 
together and process will be at desired control point. 
Here is what Transet gives you:

FRACTIONATING 
COLUMN ------

P ® = T \

tigaO==aQt

1. M ore Precise Control: Eliminates or greatly re
duces time lag in the control circuit because Transet 
Controller can be at or near the point o f measurement.
2. Pneumatic Control at Its Best: The simplicity and 
dependability o f Taylor Fuiscope air-operated con
trollers extended to remote pneumatic transmission.
3. Field Tested and Time Proven: N o experiment; 
simply new combinations o f standard control features.
4. Standard Case Construction: Contains controller, 
transmitter and pneumatic-set mechanisms. Also al
lows space for spring or explosion-proof electric 
chart drive.
5. Less Expensive Panels and Control Room s: You
can put seven Transet receiver units in same space 
required by two conventional recording receiver-con- 
trollers. (See sketch below .)
6. Easy-To-Read Dials on compact panels enable 
process engineer to check all related process variables 
easily and quickly.
Call your Taylor Field Engineer, or write Taylor In
strument Companies, Rochester, N. Y., or Toronto, 
Canada.

GAUGE INDICATES 
S E T  POINTER 

POSITION

DIAPHRAGM VALVC

GAUGE INDICATES 
CONTROL PEN 

POSITION

ingct?

S E T  POINTER 
AD JU STIN G  

KNOB

(QQ Ö)
Q Q O )

O '

ss \ 
V

- A IR

J  AUTOMATIC TO MANUAL 
CON TRO L UN IT

(QQO)

B  iO  
(QQO) j 0  J

i-( Q Q  O )  0 ,

REMOTELY LOCATED  
in s t r u m e n t  PANEL

T A Y L O R  I N S T R U M E N T S  M E A N  A C C U R A C Y  F I R S T
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q u i c k l y
S | t J  o i l

•ECONO M ICAL

Uses only 8 5 0  w a its and  n e g 

lig ib le  amounts o f  helium and  

liqu id  a ir . No w ater is needed .

enteC 7?i<uiu£A ctu ien4 o£ s4 n a (y tica .i "7fC ea.4uie*tte*ti 

6 2 0  N O R T H  L A K E  A V E N U E  • P A S A D E N A  4, C A L I F O R N I A

•SIMPLE TO M A IN T A IN

A ll e le ctr ica l and vacuum com- 

ponenfs are stan dard  and very  

rea d ily  a ccessib le .

Prevent Long and Expensive Shutdowns
W hereve r there is a vacuum or pressure system operating ineffi

ciently due to leakage, o r w herever production equipment is being 

tested for leakage, a Consolidated Leak Detector should be on the 

job. Simple to operate, it is extremely accurate and fast in detecting 

and measuring leaks. It is a new tool that will save  you much time 

and m any dollars lost due to costly leaks.

The operation  o f  the Consolidated  Leak Detector is based  on the 

M a ss  Spectrom eter principle. Essentially, it consists o f an ionization 

cham ber set up to measure helium a s  it passes through the system. 

By introducing non-contam inating helium into suspected a reas o f 

leakage, the smallest leak will be indicated on the Leak Rate M ete r 

and set the Aud io  A larm  into operation. O ne  man can operate  this 

instrument.

M a n y  adaptations fo r specific le a kag e  tests can be m ade by  your 

engineers o r ours. W rite  Dept. 1 0 4  tod ay  fo r add itiona l information.

• PORTABLE

2 2 "  x  2 5 "  x  4 3 " ,  wt. 3 0 0  

lb s . , mounted on rubber-tired  

ba ll-bearin g  casters.

• SENSIT IVE

Selection  o f  s ix  ranges o f  Leak- 

Rate M e te r  read in gs.

• ACCURATE

M e a s u r e s  l e a k a g e  r a t e  to  

.0 0 0 0 0 0 0 1  cc . p e r  secon d .

• SIM PLE TO OPERATE

A ud ib le  and v isib le  alarm  fo r  

one-man opera tion .

•STA N D A R D  PO W ER

115 V . 6 0  cyc les A . C . ,  o p e r

ates w herever o rd inary  ligh ting  

circu it is a va ila b le .





C A R  B  0  M  T W E  IL1/I2 ■ ■ ■ A carbon available 
in carload lots which approaches the quality of a fine C. P. chemical. It is carbon 
in its purest form, and it is available now, in carload lots. Carbon Twelve 
is ready for new consumers and new applications, and at a much lower 
cost than most industrial carbons.

These are some of the many qualities of Carbon Twelve:

Its ability to prevent caking recommends it to those industries using hygroscopic materials.
Its chemical purity recommends it as a reagent to the carbon disulphide and electrode industries.
Its fine particle size and large surface area recommend it as a catalyst carrier in both liquid and 
gaseous systems.
Its low  thermal conductivity, lower than that o f the most widely used insulators, including ground 
cork, recommends it as a low  temperature insulating material.
Conversely, it can be used in inert atmosphere at high temperatures which would melt other 
insulators.
Its fluidity provides easy application, especially in closed, cylindrical forms.

Carbon Twelve is 99% pure carbon. It is available now, at a great economy, in carload 
or L.C.L. lots. Unequaled production facilities assure a constant supply. The Research and 
Development Department of Godfrey L. Cabot, Inc., is ready to explore with you the many 
possibilities of Carbon Twelve.

c a b o t  G O D F R E Y  L. C A B O T ,  INC.
77 F R A N K L I N  S TRE ET ,  B O S T O N  10, M A S S .

C A R B O N  T W E L V E  as it ap p ears 
^  u n d er  an e le c tr o n  m ic r o s c o p e , 

m ag n ified  1 0 0 ,0 0 0  d iam eters.
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G IV IS  THE P ITCH  
IN  A  T U N IN G  FORK
ale in fluid lines

In Canada: The H o ld e n  Co., Ltd., M o n t re a l,  C a n a d a . 'M O V E  IN EVERY D IR E C T IO N ”

V ibration serves a useful purpose 
sometimes, but in a fluid-conveying 
system it is a destructive force. 
Barco Flexible Joints, for  thirty 
years past, have provided protection 
for fluid lines in an ever-expanding 
range o f  industrial and transporta
tion services. These expertly engi
neered joints allow responsive

movement in any direction, absorb
ing shock and strain, compensat
ing for  expansion and contraction, 
insuring full fluid-carrying capac
ity. W rite for complete engineering 
data on this famous line. Barco 
Manufacturing Co., N ot Inc., 1823 
W innem ac Avenue, C hicago 40, 
Illinois.

BA RC O ntx'*l£
FREE EN T ER PR ISE  — THE C O RN ERSTO N E OF A M E R IC A N  P R O SP E R IT Y

JOINTS N ot ju st a swivel join t 
. . .  but a combination of 
a swivel and ball joint 
with rotary motion and 
r e sp o n s iv e  m ovem ent 
through every angle.
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W M SSSsñ.

STRUTHERS WELLS

TRIPLE EFFECT

RATOR
F O R  MAKE U P  B O IL E R  FEED

@  Designed to operate on either fresh water or sea water feed, with provision 

for thermal descaling of tubes, and arranged to permit continued operation 

with one or more effects cut out, this installation has a normal rated capacity 

in excess of 100,000 gallons per day of pure distilled water.

In the modem power plant, STRUTHERS WELLS make-up evaporators 

provide sound basic design together with tried and proven improvements 

which assure a maximum of performance and a minimum of maintenance, 

making them fitting companions for STRUTHERS WELLS Feedwater Heaters.

STRUTHERS WELLS CORPORATION
P R O C E S S  E Q U IP M E N T  D IV I S I O N  .  W A R R E N ,  P E N N A .

P L A N T S  A T  W A R R E N ,  P E N N A .  a n d  T I T U S V I L L E , '  P E N N A .
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FOR A LL  INDUSTRY

Fittings an d  F lan ge s— V i"  to  2 4 /y in size. 

Pressure  ra t in g s  from  150 lbs. p.s.i. to  6 0 0 0  lbs. p.s.i.

Principal inventories are located in:

Cincinnati 

Los A n g e lo s  

N e w  O rlean s 

N e w  York

Portland 

R ichm ond  

San  Francisco 

Seattle

All Flanges and Fittings are sold under existing prior
ity  regulations. V E T E R A N S  O F W O R L D  W A R  II 
are invited to be certified at the W ar Assets Adminis
tration Certifying Office serving their area, and then 
to purchase the materials offered herein.

E X P O R T E R S :  Your business is solicited. I f  sales are con
ducted- at various lévela, you  will be considered as a 
wholesaler. A ny inquiries regarding export control 
should be referred to  Office o f  International Trade, 
Departm ent o f  Commerce, W ashington, D . C.

has a huge inventory of Steel Pipe Fittings and 
Flanges which must be sold. This material must be sold 
quickly—it is priced low—considerably under current 
market prices. Don’t let these distress prices lead you 
into believing this is distress merchandise. Actually, these 
Fittings and Flanges (and Valves, too) were made to 
strict specifications and are characteristic of the high 
standards common to American industry. WAA has 
made it easy to buy—deliveries are quick—your costs are 
at a minimum. Visit, phone or write your nearest WAA 
Regional Office today to secure pertinent information 
concerning your requirements.

W ar A ssetsA dministr ation
O ffice s located  at: A t la n ta  • Bir
m in g h a m  • B oston  • Charlotte 
C h ic a g o  • C in c in na ti • C le ve la n d  
D a lla s  • D e n ve r  • Detroit • Fort 
W orth  • H e lena  • H o u sto n  • J a c k so n 
v il le  • K a n s a s  C ity, M o .  • Little Rock

/:/Los A n g e le s  • L ou is v il le  • M in n e -  
y a p o lis  • N a s h v i lle  • N e w  O r le a n s  

N e w Y o r k  • O m a h a  • P h ila d e lp h ia  
Portland, Ore . • R ich m o n d  • St. Lou is 
Sa lt  L ake  C ity  • S a n  A n to n io  • San  
Fra n c isco  «Seattle  « S p o k a n e  «T u lsa  

827-2



February 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 57 A

IS llla.PRODUCTS FOR THE 

PETROLEUM IN DU STRY 1

Calcium Chloride 

. Caustic Potash 

Caustic Soda 

Chlorine 

Soda Ash 

Sodium Bicarbonate 

Sodium Nitrite

SOLVAT SALES CORPORATION Alkalies and Chemical Products Manufactured by T he Solvay Process Company 4 0  Rector Streit, MtW Ylfk 6, N. V,
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TJLhe answer is, let Porocel Corporation put your 
catalyst on activated bauxite.

Our carrier— Porocel— with a price range o f  214 to 
414 cents per pound, costs much less than other 
supports (frequently high-priced synthetic mate
rials). Its rugged, granular character eliminates the 
need for costly form ing steps— permits direct 
impregnation by simple, inexpensive techniques. 
The result is savings o f  20-5096 in initial cost o f  
the ready-to-use catalyst.

Porocel is inert in the great majority o f  cases. 
The degree o f  purity in low-iron, low-silica 
Porocel means almost complete freedom from 
unwanted side reactions. Hence, Porocel catalysts 
exhibit clean-cut reactions and long life. Result? 
Low unit operating costs.

With a surface area o f  about 225 square meters 
per gram and porosity averaging 5594 o f  its total

volume, Porocel is capable o f  adsorbing large 
quantities o f  many inorganic salts or other com 
pounds. Impregnation o f  the active ingredient is 
uniform and widely dispersed over areas easily 
reached by gaseous and liquid reactants— most 
important in surface catalysis.

Catalysts are made in mesh sizes ranging from 
2 /4  to 20 /60  or in special grades when desired. 
And these tough, uniform particles withstand wide 
ranges o f  temperature, pressure and flow —stand 
up under severe handling.

As pioneer developers o f  bauxite-supported cata
lysts, we have produced efficient materials for 
others. N ow , let us show you how economically 
it can be done for you. Outline the details to: 
Attapulgus Clay Company (Exclusive Sales Agent), 
Dept. C, 260 South Broad Street, Philadelphia I , Pa.

A C T I V A  T E D  B A U X I T E S  -  S U P P O R T E D  C A T A L Y S T S  • C A T A L Y S T  C A R R I E R S  • A D S O R B E N T S  .  D E S I C C A N T S
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CELANESE
H ' C '  . •

OFFERS -is 
n-PROPYL ALCOHOL 
IN VOLUME

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

The Celanese chemical plant at Bishop, Texas, is now offering 
n-propyl alcohol in drum or tank car lots for early  delivery. If you 
are looking for processing advan tage s in your m anufacturing; for 
improvements in your products; or for shortcuts in your production, 
the advantages of this straight chain hydrocarbon  are worth 
investigation.

P H Y S IC A L  PROPERTIES

M O L E C U L A R  W E IG H T
COLOR
ODOR
SPEC IF IC  G R A V IT Y  2 0 ° / 4 °  C  
D IS T IL L A T IO N  R A N G E  A S T M  
W E IG H T  PER  G A L L O N  20°  C  
SO LU B IL IT Y

FLASH P O IN T  op e n  cup

B O IL IN G  P O IN T  1 atm.
FR E E Z IN G  P O IN T
V A P O R  P R E S S U R E  100°  F o r  3 7 .8°  C

6 0 .0 6
w a te r  w hite

characte ristic  a lcoh o l- lik e  o d o r  
0 .8 04
2°  in c lu d in g  true  b o ilin g  .po int 

6 .7  lbs.

so lu b le  in  w ater, a lcoh o l, e the r a n d  
p ra c t ic a lly  a ll o the r o r g a n ic  so lvents 
3 2 .2°  C  
97 .2°  C  

- 1 2 7 °  C
0 .9  lbs. p e r sq. in.

n-propyl alcohol possesses excellent solvent pow er and  miscibility 
— can a lso  be used as a  replacement for other a lcohols now in 
critical supply. Call or write for additional information.
Celanese Chem ical Corporation, division of Ce lanese  Corporation  
of America, 180 M ad ison  Avenue, N ew  York 16, N. Y.

PROPIONALDEHYDE
A Celanese Chemical 

with Possibilities for You

Here is a  Celanese chemical w ith great 
industrial possibilities. P rop ionaldéhyde—  
hitherto obta inable  only in laboratory  
a m o u n ts  — is  n o w  b e in g  p ro d u ce d  by  
Celanese, and  can be supplied in quanti
ties la rge  enough for pilot p lant operation.

F u r t h e r m o r e ,  y o u  c a n  d e p e n d  on  
Celanese for a steady supply of this a lde 
hyde, w hen you are ready for full-scale 
production. Write for further inform ation.
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A N E W  D E S IG N  IN  

FILTER PRESS  C O N S T R U C T IO N /

Cleaning and removal of the cakes is accom

plished quickly and easily simply by starting 

with the top member and latching it in an 

elevated position. This permits the filter paper 

and cake to be pulled forward out of the 

press. Succeeding members are similarly 

handled until the entire press is clean.

O f  cast iron construction, the Y M  Filter 

Press is suitable for the filtration of many 

liquids, only a few of which are alkid 

resins, solvents, paint, varnish, molasses, 

honey, fruit syrups, soaps, liquid sham

poos, shav ing lotions; fish, linseed, 

castor and essential oils; cutting oils 

and coolants.

Filtering area— 31 sq.ft. 

Available cake space 2 cu. ft.

THE Y O U N G S T O W N  M ILLER  VERT ICAL STA CK  

FILTER PRESS represents a radically new design  

in filter press construction, wherein the plate and  

frame are combined in one casting and placed 

in a  vertical stack.

THE Y O U N G S T O W N  MILLER CO.
SUBSIDIARY OF WALTER KIDDE & COMPANY, INC. 

Belleville, New Jersey
product



STEAM JET 
Engineered

AIR EJECTORS 
to Your Needs

O u r complete line o f Tubejet Steam  Jet A ir Ejectors is illus

trated to demonstrate that the selection o f the correct unit 

fo ran ind iv idua l job requiresm ore than some people  m ay 

think.lt requires y e a rso f  experience in successful installa

tions to correctly solve the "neve r before  encountered” 

prob lem sof to d ay 'sn e w  methods and industries. Rado- 

jet now Tubejet are  the oldest names in steam jet a ir 

ejectors,known to the most people  in the world today; 

we have  the most experience becausew ebe lieve  we 

have m ade the most installations. If there is any  va c 

uum problem  within the scope o f ejectors which we 

have  not a lre a d y  met and solved, we don 't know 

of it. You can sa fe ly  rely on our advice, whether 

your problem s are new to you or to the world. 

Bulletin on request, cata log  in preparation; 

write to us now.

C. H. W H E E L E R  M F G .  C O M P A N Y
1 8 0 6  S E D G L E Y  A V E N U E ,  PH  I LA.  3 2 ,  PA .

R E P R E S E N T A T IV E S  IN  M O S T  P R IN C IP A L  C IT IE S
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C E N T R I F U G E  M E C H A N I C A L  E Q U I P M E N T ,  Inc., N. J.
Pioneers and specialists in centrifugal separation 95 River Street, Hoboken, N. J.

The same engineers who developed and built the first commercially 

successful continuous centrifuge are available for consultation about 
your filtration problems. Send for bulletin giving details of this 
modern, efficient, low cost filtration equipment.

A P P L IC A T IO N S
For separating granular, amorphous, and crystalline mate- For separating fines or mixed sizes fractionated to particle
rials that will surface on a screen, such as caustic recover- size or specific gravity, for refining or degritting clays ro
ies, salts from brine solutions, sugars, coal, scrap rub- non-metallics, and for treating slimes, crystalline and fi
ber, ground cork, cut sponge, and pulps, screen type brous matter, metal salts, fish reductions, and fine chemicals,
units having an output of 1 to 11 tons per hour are solid bowl type units are available with V2 to 6 tons per hour
available. capacity.

C M E  Continuous Centrifuges offer you fast, continuous filtration at 
lower cost than with any other type equipment. These self-con
tained, compact units extract solids from liquids and separate im
miscible liquids of unequal specific gravity automatically. There 
are no filter elements to renew or service. Uninterrupted operation 
results in high output.



February 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 63 A

"PITTSBURGH”
Coke and Chemical Products

A R O M A T IC  H Y D R O C A R B O N S :
B E N Z O L , T O LU O L , X Y L O L , N A PH TH A LEN E

TAR A C ID S :  P H E N O L , CRESO LS

SULPHURIC  A C ID :  A LL  G RAD ES

TAR, PITCH and CREOSOTE

SULPHATE OF A M M O N IA

TAR BA SES :  P Y R ID IN E , P IC O LIN E5

S O D IU M  CYA N IDE  • S O D IU M  TH IOCYANATE

ACTIVATED C A R B O N S

OTHER PRODUCTS:
NEVILLE C O K E — EMERALD C O A L — P IG  I R O N -  
GREEN BA G  CEMENTS — CONCRETE P IPE— LIME

STONE PRODUCTS— IR O N  ORE

INQUIRIES INVITED

"Pittsburgh"
SPECIALISTS IN CHEMICALS 

DERIVED FROM COAL, TAR 
AND BY-PRODUCT GAS

U n lock in g  the chem ica l treasure house o f  
coa l, and extracting and recoverin g  its m ultifold  
com pon en ts fo r  the uses o f  science , industry 
and com m erce , is the business o f  P ittsburgh 
C ok e  & C hem ical Com pany.

H ere m odern  plant facilities, earnest and fo re 
sighted research, favorable sh ipp in g  lo ca tion  
and advantageous sources o f  supply com b in e  to 
assure you  o f  dependable, un iform , quality 
chem icals.

E xpanding volum e and range o f  products and 
increasing  capacities m ake Pittsburgh better 
able to  serve you  than ever. O ur technicians 
w ill w e lcom e  an opportun ity  to discuss your 
needs.
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T h e  i u h r i e o f e d  v a l v e  
with 14 distinctive features

«

A perlecf application  
for ihem ieai services

Regulsr Pattern Venturi Pattern Short Pattern Multiport Hypreseal Round O pen ing

L U B R I C A T E D  V A L V E S

1. T A P E R E D  P L U G  

Provides intimate lapped fit.

2. S IM P L E  R O T A R Y  A C T IO N

N o  seat separation; no deposits can 

intrude.

3. R E S IL IE N T  P L U G  S E A T IN G  

Prevents binding; permits lubricant 

distribution.

4. P R E SSU R E  L U B R IC A T IO N  

Positive injection of lubricant to seating 

surfaces.

8. IN J E C T IO N  TYPE  P A C K IN G  
Renewable without disturbing valve 
position or line pressure.

9. C O R R O S IO N - R E S IS T A N T  
Lubricant film protects vital seating 
surfaces.

10. S T R A IG H T - T H R O U G H  F L O W  
N o  changes in direction or turbulence- 

producing cavities.

11. R U G G E D  D E S IG N
Compact construction, heavy sections, 

simplicity, insure durability.

5. " S E A L D P O R T "  P R IN C IP L E

Full lubricant seal around each port.

6. H Y D R A U L IC  L U B R IC A N T  J A C K IN G  

Insures operation; permits effective 

lubrication.

7. S E P A R A T E  T H R E A D E D  S T E M  

Carries pressure-thrust without binding.

12. Q U A R T E R  T U R N  

Q u ick  and positive action.

13. E R O S IO N -R E S IS T A N T

N o  vital parts exposed to line flow.

14. R O T A R Y  O P E R A T IO N

Shearing action makes seats self

cleaning.

N O R D S T R O M  V A L V E  D IV IS IO N  —  R O C K W E L L  M A N U F A C T U R IN G  C O . 

M a in  Office: 4 00  N . Lexington A ve ., Pittsburgh 8, Pa.

Atlanta, Boston, 
Chicago, N ew  York, 

Pittsburgh, 
Houston

Kansas City, 

Lo s  Ange les, 
San Francisco, 
Seattle, Tulsa

Export: Rockwell International Corp. 7701 Empire State Building, New^York

The Nordstrom H y 
preseal V a lve  is 
available for wrench 
or gear operation. 
The cross'sectioned 

view shows system 
of pressure lubrica
tion.

N ew  Bulletin N o .  V -2 0 0  describing the various types of 
Nordstrom Lubricated Valves, with specifications and prices, 
will be sent upon request.



As We See It
Cont rol l ing I n f l a t i o n .  Lightbown, Verde, and Brown 
give service test data on Butyl inner tubes starting on page 141. 
Butyl’s superior air-retaining properties resulted in improved tire 
life, and, on aging, the original physical properties of Butyl 
tubes were retained better than in tubes made from natural 
rubber. The paper has an easy style; you will probably enjoy 
reading it even if your interest in the subject is no greater than 
that of an automobile owner.

Optic T o p i c .  With no disrespectful intent we “ give you the 
bird” in another of this issue’s papers—and what is more, in full 
color. Beetles, buttons, and old automobiles are displayed also 
in full spectral glory. These objects are part of the color page 
insert illustrating an article on page 147 by Buc, Kionle, Mel- 
sheimer, and Stearns.' The subject is the phenomenon of bronz
ing in surface coatings, and the illustrations on the insert show 
some of the color effects that are discussed in the accompanying 
text. Interface and interference bronze are described and dif
ferentiated. Equations are presented that predict adequately 
the spectrophotometric curve of interface bronze. The authors’ 
theoretical analysis explains the phenomenon as a function of such 
elements as the angles of incidence and refraction, the elastic con
stant of various components, the fraction of energy reflected, and 
various refractive indices and extinction coefficients. The authors 
state that these principles offer a sound basis for achieving some 
control of bronzing in coatings through formulation adjustments. 
They do not, however, extend their paper to include comparative 
data on any such actual work.

On the same general subject an I&EC report titled “ Colorful 
Thoughts” , appearing on page 8 A (advertising section), will be 
of interest to many who read the bronzing article. The report 
goes back to a philosophical discussion of color. Through an in
genious triangular diagram, man’s definition and understanding 
of color through chemical composition, optical measurement, and 
psychological reaction are integrated into a system that has a 
logical place for all 'well known methods of expressing color.

Basic A n s w e r .  Steel mills probably began singing the Lime- 
house Blues when wartime demands for high calcium limestone 
took away much of their supply of this material, which they 
had been using for neutralization of waste pickle liquor. The acid 
wastes still had to be neutralized, however, so readily available 
dolomitic lime was investigated in order to find how satisfactory 
a substitute it provided. Hoak, Lewis, Sindlinger, and Klein 
report the results of this work starting on page 131. Their final 
balance sheet rates the pros and cons of dolomitic lime as being 
about equal to those of high calcium lime; the former is 14 to 
24% cheaper per unit of basicity but requires a longer reaction 
time, an excess of lime, or a higher reaction temperature for equiva
lent neutralization per unit time, and yields a bulkier sludge. 
In view of the limited supply capacity of high calcium limestone, 
it is possible that the magnesia-containing substitute may become 
a permanent choice for the waste disposal job.

Fat  of t he L a n d .  R. L. Demmerle, one of our own staff, 
has contributed to this month's collection the article starting on 
page 126. The subject is the Emersol process, a method for the 
industrial separation of fatty acid fractions from natural fats 
through crystallization from a solvent. The article is inten
tionally written from a broad perspective that compares the 
newer method w'ith the century-old pressing technique. It should 
provide an interesting and authoritative survey of an industrial 
chemical field. It is designed to be read by those who like to keep 
up with all fields of chemical technology. We hope to present 
similar staff articles written with the same purpose in future 
issues of 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 is t r y .

Al co ho l  R u b b e r .  One who is in a position to know com
mented in a prepublication review of our lead-off paper on buta
diene from alcohol, authored by Toussaint, Dunn, and Jackson, 
“ It is the only really quantitative and authoritative information 
on the basic reaction involved in the alcohol-butadiene program.” 
Our reviewer, a chemical engineer of national eminence, un
doubtedly gained this favorable impression of the article in part be
cause it searches out the heart of the process development. The 
paper covers those experiments in which were determined the actual 
yields, efficiencies, and critical process relations in industrial 
types of equipment. It is this crucial stage of investigation that 
shows how many slips and lost drops can be expected in transfer
ring a process from the cup of laboratory chemistry to the lip of 
engineering feasibility.

Many more articles containing, as does this one, data on chemi
cal engineering process fundamentals should be incorporated in 
the industrial chemical literature. Without them the scientific 
record of applied chemistry developments will be as unsatisfying 
as a detective novel with the last chapter missing.

P l a n t  a u x i l i a r y  e q u i p m e n t  is the subject under discus
sion in Brown’s column on equipment and design. Corrosion- 
resistant filters made through powder metallurgy methods, a 
semisensitive balance for rapid production methods, motor speed 
controls, and electrical rectifiers are the specific items discussed. 
Most of them are new and may have substantial applications in 
chemical plants.

A t e mpe r at u r e  c o n t r o l l e r  that is essentially a Wheatstone
bridge circuit is suggested by Munch where expenditures must 
be kept low. The design advantages of the instrument are 
enumerated.

E c o n o m i c s  as well  as co r r o si o n  rates determine the
proper choice of chemical plant construction material. Fontana 
cites illustrative examples to point out the wise choice and 
emphasizes the necessity for the process development engi
neer’s being aware of the corrosion problem and making suitable 
tests during developmental phases of the work. Units for ex
pression of corrosion rates are also discussed.

Suggest i on syst ems come in for their share of attention in 
von Pechmann’s column. Some danger points are cited and 
policies are suggested to ensure that pitfalls are avoided in the 
operation of the plant suggestion system.
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ropylene Mchloride
E X C E L L E N T  S O L V E N T  

F O R

C a r b id e  a n d  C a r b o n  C h e m ic a l s  C o r p o r a t io n
Unit o f  Union Carbide and Carbon Corporation

QDB
30  East 42nd Street, New York 17, N. Y . Offices in Principal Cities 

Distributed in Canada by Carbide and Carbon Chemicals, Limited, Toronto

Few In d u str ia l A p p lica tio n s  o f 
P ro p y le n e  D ich lo ride

Plastics and Resins
. . . low-cost, stable solvent for resinous 
materials.

Pharmaceuticals
. . .  for the residue-free extraction and puri
fication of drugs, vitamins, hormones, and 
alkaloids.

Metal C leaning
. . . for the economical cleaning of metal 
articles.

Textiles
. . .  grease solvent and penetrating assistant 
in spot removers, dry-cleaning soaps, and 
scouring compounds.

Industrial O ils
. . . low-cost, efficient extractant for petro
leum, vegetable, animal and fish oils.

Propylene D ichloride — which can be supplied in drum 
and tank-car quantities— is an ideal solvent for m any 
industries. Propylene D ichloride resembles ethylene dichlo
ride in its solvent properties and in general its applications 
arc similar. Propylene Dichloride is a clear, colorless liquid 
that boils at 96.3°C. As this com pound is resistant to 
oxidation by  air, and hydrolysis by  water, it  can be 
handled in com m on construction metals.

Propylene D ichloride should also be considered as an 
intermediate in the synthesis o f  rubber anti-oxidants, 
plastics, elastomers, and pharmaceuticals. Call or write our 
nearest office for samples and prices.



INDUSTRIAL and ENGINEERING

ß h e m is tn j

Declassification and the
T )  ROBABLY no other commission or agency of the 

Government in the long history of this country has 
had so many prayers offered for its success by so many 
people as has the Atomic Energy Commission. No one 
would" accuse The New York Times of an overstatement 
when, in an editorial commenting on the assumption of 
atomic energy control by civilians, it remarked that the 
commission has as important a job  as has been entrusted 
to any group of men in our history.

The commission has inherited grave responsibilities— 
it also has acquired a number of headaches.

When wre are inclined to criticize, and may our criti
cism always be constructive, let us remember both the 
responsibilities and the headaches that were passed on 
to the commission on the final day of 1946. It has been 
asked to pioneer in uncharted fields. The existence of 
the commission will have a momentous effect inter
nationally— at least until such time as an all-inclusive 
world atomic energy agency is created.

The commission must consider first things first. Un
questionably it is aware of criticism concerning the 
slowness in declassifying certain scientific information 
and data on nucleonics accumulated in the war years 
and since Y-J Day. Much of this criticism comes from 
scientists who participated directly in the Manhattan 
Project.

Part of the criticism that has been voiced concerning 
the slowness of declassification may be unwarranted, 
while some may be entirely justified. We must re
member that even if security were not the factor that it 
very definitely is in the field o f nucleonics, the huge 
amount of material accumulated would alone make the 
task o f dissemination a most difficult assignment.

Our experiences with the military and civilian authori
ties responsible for releasing such information have, in 
the main, been quite satisfactory. We know at first 
hand about many o f the very elaborate plans for de
tailed publication now being carried out. We think we 
know, certainly we should know, some of the mechanical 
and editorial problems inherent in the declassification 
and publication of scientific material on a scale greater 
than anything previously visualized in scientific circles. 
We are experiencing at first hand some of these difficul
ties in making ready for publication in the March issue 
of I n d u s t r i a l  a n d  E n g i n e e r i n g  C h e m i s t r y  the

W A L T E R  J. M U R P H Y ,  Editor

AEC
Fluorine Symposium presented at the September meet
ing of the S o c i e t y  in Chicago last year.

Scientific workers in other countries are offering for 
publication manuscripts on a variety of subjects in the 
nucleonics field. These workers are under no obligation 
to withhold their manuscripts until American scientists 
are permitted to disclose and record work performed 
under secrecy orders during the past several years. As 
a consequence, American scientists are in a most dis
advantageous position as regards possible priority of 
scientific publication. To the scientist this is important 
— more important than monetary reward.

Many of the scientists who pioneered the work on 
nucleonics are extremely young. To them especially the 
matter of publication is of the utmost importance. 
Most have no backlog of publications in other fields and 
feel that others who were not under extreme secrecy 
regulations during the war years in many ways are re
ceiving preferential treatment. Such thoughts, whether 
justified or not, do not make for good morale.

The make-up o f the new Atomic Energy Com
mission and the General Advisory Committee, ap
pointed on December 12 to assist the commission, is a 
guarantee that the publication problem will be ap
proached in a highly sympathetic manner. The mem
bers of both bodies are fully aware of the legitimate 
aspirations o f the scientists who made the atom bomb 
possible and who now are understandably impatient 
with regulations that hamper the fastest development 
of peacetime applications of nuclear energy. These, and 
indeed all scientists, properly believe that scientific 
advances are achieved most readily and with greatest 
rapidity when no artificial barriers are erected to pre
vent the widest possible dissemination of scientific data.

The problem has many sides. Let us look at it 
calmly and objectively. Above all, let us as scientists 
try to see that credit is given where it rightly belongs.

The lot of editors of scientific journals will not be an 
enviable one for the next few years. We, like the 
Atomic Energy Commission, will face some headaches 
in our attempts to reach just decisions on priority of 
publication. Assistance in making these decisions will 
be appreciated. In the final analysis, however, the 
innate honesty of the scientists involved will assure cor
rect decisions in the overwhelming majority of cases.



Production of 
Butadiene 

from Alcohol
W . J. TOUSSAINT, J. T . DUNN, 

AND D. R . JACKSON1

Carbide and Carbon Chemicals Corporation, 

South Charleston, W. Va.

c h 3— c h 2o h  +  c h 3—c h = c h — c h o  — >-
c h 2= c h — C H =C H 2 +  CH3—CHO +  H20  (1)

The Ostromislensky process depended upon the conversion of 
acetaldehyde to crotonaldehyde (Equation 2) and the Lebedev 
process further required the formation of acetaldehyde from 
ethanol (Equation 3):

2CH3— CHO — >  CH3—C H =CH —CHO +  H20  (2)

CH3—CH20H — 9- CH3— CHO +  H2 (3)

After this theory was presented, attention was concentrated on 
a study of Equation 1, and silica gel was eventually found to be 
a good catalyst for that reaction. In an attempt to improve the 
characteristics of this catalyst, it was found that certain metal 
oxides not only produced butadiene from the crotonaldehyde but 
also converted acetaldehyde and ethanol to butadiene wii/i con
siderable improvement over other known catalysts. It w ¡s found 
further that the addition of copper gave good results in the Lebe
dev type of process, if sufficient acetaldehyde were maintained in

U NTIL the necessity arose of replacing our supply of natural 
rubber, investigation of the production of butadiene for 

synthetic rubber was of relatively minor importance in this 
country. In Russia where this eventuality was more apparent, 
the Lebedev process (#) for producing butadiene from ethanol 
was developed, and many details of the operations were pub
lished, exclusive of the specific nature of the catalyst. Much 
earlier Ostromislensky had obtained butadiene, in small but in
teresting amounts, from ethanol and acetaldehyde over catalysts 
which might be broadly described as having dehydrating proper
ties. Moreover, much information of more or less pertinence 
had accumulated in both the academic and patent literature on 
the reaction of alcohols and carbonyl compounds over various 
catalysts; but little progress was indicated in the preparation 
of diolefins by these reactions.

Intermittently over a long period the authors and others in 
this laboratory worked on the project of making butadiene. A 
significant advance was made when Quattlebaum (1) found that 
crotonaldehyde and ethanol gave butadiene more readily than 
did ethanol and acetaldehyde, and concluded that Ostromislen- 
sky’s process, and Lebedev’s also, had as the key step the reac
tion of ethanol and crotonaldehyde according to the following 
scheme:

1 Present address, W yandotte Chemicals Corporation, W yandotte, M ich.
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During the war emergency a substantial part o f the 
butadiene for manufaeturing synthetic rubber was pro
duced from  ethanol. The development o f  this process 
was facilitated by the recognition that crotonaldehyde is 
the intermediate in the Ostromislensky reaction, in which 
ethanol and acetaldehyde arc converted to butadiene. 
Initially a process was developed for converting croton- 
aldeliyde and ethanol to butadiene with a catalyst o f  silica 
gel, but suitable modification o f th e ‘ catalyst afforded 
equally efficient production o f butadiene from  acétaldé
hyde and ethanol. Further, by incorporating dchydro- 
genating com ponents in the catalyst, the Lebedev type o f 
process was effected for converting ethanol more directly 
to butadiene. The preferred catalyst for the acctaldehyde- 
ethanol reaction consisted o f silica gel impregnated with

tantalum oxide. With this catalyst efficiencies o f about 
67% from  ethanol as the ultimate raw material were ob
tained in the laboratory, and the results were substantially 
reproduced in plant operation. Zirconia supported on 
silica gel was considered as a possible replacement catalyst, 
since zirconia was m ore readily available and the yield o f 
butadiene was only somewhat less than that obtained 
with the tantalum catalyst. The by-products from  the 
process comprise a m ultiplicity o f hydrocarbons, alde
hydes, ketones, esters, ethers, alcohols, etc. The more 
im portant o f these— namely, ethylene, butcncs, ethyl 
ether, and butanol— were recovered on a plant scale in a 
quality suitable for u tiliza tion .~ ~ T h e  photograph on the 
opposite page shows a still used for the recovery o f  buta
diene and o f  reactants.

the feed to inhibit, hydrogenation of the butadiene. Most atten
tion, however, was given to the development of the Ostromislcn- 
sky process, since it seemed to offer greater certainty of success
ful large-scale operation within the limited time which then re
mained available for study.

BUTADIEN E F R O M  E T IIA N O L  AND C R O T O N A L D E H Y D E

At one time during these investigations the most promising 
method for the commercial production of butadiene seemed to 
be the reaction of ethanol and crotonaldehyde over a catalyst of 
purified silica gel. In laboratory scale experiments the results 
bad been improved to the point where butadiene was obtained 
from crotonaldehyde with an efficiency of 63%. In order to 
confirm these results in commercial types of equipment and to 
gain further information on the process, the study was continued 
in a large laboratory scale converter and still. The converter was 
a 3-inch by 24-foot stainless steel tube heated by boiling Dow- 
therm; it contained 18 feet of silica gel purified by treatment 
with nitric acid. The still consisted 
of a 6-inch, 22-tray bubble cap column 

, on a 17-gallon kettle.
From these studies data are pre

sented in Table I from two series of ex
periments: one (experiments 17-21) in 
which the molar ratio of ethanol to cro
tonaldehyde in the feed material was 3 
to 1, and the other (experiments 22-28) 
in which the ratio was 6 to 1. The 
effect of the larger excess of ethanol was 
to conserve the more valuable reactant, 
crotonaldehyde, although with some 
sacrifice in the efficiency from ethanol.
The calculations of efficiency and single
pass yield were made on the assumption 
that the butadiene was derived solely 
from the crotonaldehyde introduced, 
and the acetaldehyde solely from the 
ethanol, according to Equation 1.
( Single-pass yield” is used to denote 
the per cent yield of product based on 
a specific reactant or reactants fed; 
efficiency”  refers to the per cent yield 

based on the reactant consumed.) This 
gave an efficiency from ethanol to acet
aldehyde in one scries in excess of 
100%, which is accounted for by hy
drolysis of the crotonaldehyde. The 
other items in the efficiency were calcu-

lated approximately; the gas consisted largely of propylene and 
ethylene, and the high boiling oils and tar were considered to be 
condensation products of crotonaldehyde; the percentage un
accounted for includes by-products of intermediate boiling point 
as well as loss.

In experiments 17 to 21, inclusive, with a 3 to 1 molar ratio of 
ethanol to crotonaldehyde, the approximate composition of the 
feed in mole per cent was: ethanol, 36-39; crotonaldehyde, 12- 
13; water, 52-48. The feed rate varied between 3.84 and 4.04 
gallons per hour per cubic foot of catalyst. At 360-370° C. the 
average single-pass yield of butadiene from crotonaldehyde was 
27.6%, and of acetaldehyde from ethanol, 12.4%. The molar 
ratio of acetaldehyde to butadiene in the products varied be
tween 1.24 and 1.53. For the five runs the material balance on a 
carbon basis was 97.6%.

For experiments 22 to 28 ethanol and crotonaldehyde were 
employed in a molar ratio of 6 to 1 in a feed of the following ap
proximate composition, in mole per cent: ethanol, 42; croton-

A p p a ra tu s  fo r  M a k in g  B u ta d ien e  in th e L a b o ra to ry
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T a b l e  I. B u t a d i e n e  p r o m E t h a n o l  a n d C r o t o n a l d e h y d

Expt. 17-21 Expt. 22-28
L b ./h r ./ L b ./h r ./
cu. ft. of %  by cu. ft. of %  by
catalyst wt. catalyst wt.

Converter feed, av.°
Ethanol 14.30 50.0 15.62 58.1
Crotonaldehyde 7 .3 5  25 .8 3 .9 8  14.8
Acetaldehyde 0 .0 4  0 .2 0 .0 3  0.1
W ater, etc. 6 .8 5  24 .0 7 .3 0  27.0

Total 2 8 .5  100.0 26 .9  100.0
Converter make, av.°

Ethanol 12.55 44 .0 14.13 52.6
Crotonaldehyde 4 .3 9  15.4 1.97 7 .3
Acetaldehyde 1.75 6 .1 1 .29 4 .S
Butadiene 1.57 5 .5 1.25 4 .6
Gaseous 0 .1  0 .4 0 .1  0 .4
Oil and tar 0 .2 5  0 .9 0 .1  0 .4
Water, etc., loss (by difference) 7 .9  27 .7 8 .1  29.9

Total 28 .5  100.0 26.9  100.0

Duration, hours 112 199
Temperature, ° C. 360-370 350-365
Pressure, lb ./sq . in. gage 8-16 8-13
Single-pass yield

%  from  ethanol to acetaldehyde 12.4 8 .5
%  from  crotonaldehyde to buta

diene 27.6 40.6
Efficiency, %  crotonaldehyde to

Butadiene 68.6 80.8
Gas (> 9 0 %  olefins) 4 .1 5 .9
Oil and tar 11.5 5 .3
Oxidizable in tails 1 .6 1 .3
Unaccounted for 14.2 6 .7

T otal 100.0 100.0
Efficiency, %  ethanol to

Acetaldehyde 102 8 8.8
Unaccounted for 11.2

Total 100.0

n Average for each series.

aldehyde, 7; water, 51. The feed rate was substantially the same 
for all experiments, 3.60 to 3.72 gallons per hour per cubic foot 
of catalyst. Based on crotonaldehyde fed, the single-pass yield 
of butadiene varied from 34.0-37.9% at 350-355° C. to 47.2- 
48.5% at 363-370° C. The average single-pass yield of acetal- 
dehyde from ethanol was calculated to be about 9.5% at 363- 
370° C., and about 7% at 350-355° C. The average ratio of 
acetaldehyde to butadiene was 1.28. For these runs the material 
balance on a carbon basis was 98.2%.

In all of these experiments the ratio of acetaldehyde to buta
diene in the products was greater than unity, largely because of 
hydrolysis of crotonaldehyde rather than dehydrogenation of 
ethanol. The addition of acetaldehyde to the feed mixture was 
therefore investigated as a means of overcoming this. The ex
tent of hydrolysis was diminished, but the principal effects were 
a lowering of the yield and efficiency to butadiene and an in
creased yield of by-product oils and tars, which apparently re
sulted from aldehyde con
densations.

The gaseous by-products 
were rather simple, largely 
ethylene with some propyl
ene; but considerable diffi
culty was experienced in de
termining the nature of the 
other by-products. Accurate 
analyses for ethanol and 
croton a ldeh yde were not 
feasible for each experiment, 
and for this reason a wide 
fraction contain ing these 
materials was recycled with 
make-up reactants in succes
sive runs in each series of ex
periments. Ethyl acetate and 
hydrocarbons were compo
nents of the intermediate 
boiling fractions, and small

amounts of butanol and crot.yl alcohol were also identified. 
Components of the higher boiling materials were not separable, 
either as obtained or after hydrogenation, although isomeric 
dihydrotolualdehydes were indicated as present.

Most of our studies were made at approximately atmospheric 
pressure, the pressure drop through the catalyst and distillation 
system being about 8 to 16 pounds gage. However, a few experi
ments were made with a converter pressure of 50 pounds gage. 
The feed mixture contained ethanol and crotonaldehyde in a molar 
ratio of 6 to 1. Thd product ion ratio was increased about 55% 
over that obtained at atmospheric pressure, other conditions 
being the same, but the ultimate efficiency from ethanol to buta
diene was decreased appreciably. There was an excessive increase 
in oil formation as well as an indication of greater hydrolysis of 
crotonaldehyde to acetaldehyde.

Butadiene from the large sca.le experiments was refined in the 
still system modified to provide cooling of the condenser by 
methanol, which circulated through a carbon dioxide-acetone 
mixture. The make was passed through a scrubber supplied with 
10% aqueous caustic soda to remove acetaldehyde. The follow
ing fractions were taken off in sequence: fraction 1, 4.7 pounds; 
fraction 2, 7.9 pounds; and fraction 3, 9.S pounds. Fraction 1 
contained 94% of butadiene by determination as the tetrabro- 
mide, and fractions 2 and 3 had a purity of 98.5% as indicated by 
freezing point, if the impurity is assumed to be butene. The 
chief impurity of the first fraction was probably propylene. A 
test for monoalkylacetylenes was negative.

B U TA D IE N E  F R O M  ETII.VNOL AND A C E T A L D E H Y D E

In an attempt to improve the performance of the silica gel 
catalyst with ethanol and crotonaldehyde, it was found that by 
incorporating certain metal oxides, notably those of tantalum, 
zirconium, and columbium, much smaller amounts of acctalde- 
hydc and correspondingly larger amounts of butadiene resulted. 
With a catalyst of 2.4% tantalum oxide on silica gel at 325° C., 
a space velocity of 0.7 liter of liquid feed per hour per liter of cata
lyst, and a molar ratio of 6 moles of ethanol to 1 mole of croton
aldehyde in the feed, all but 7% of the crotonaldehyde was re
acted. The product contained only 0.3 mole of acetaldehyde for 
each mole of butadiene produced and 1.25 moles of butadiene 
for each mole of crotonaldehyde fed, and the production ratio was 
5.5 pounds of butadiene per hour per cubic foot of catalyst.

Such results indicated that these catalysts were capable not 
only of producing butadiene from ethanol and crotonaldehyde, 
but also of converting acetaldehyde to crotonaldehyde. It 
therefore seemed likely that acetaldehyde could be used in the 
feed mixture instead of crotonaldehyde, and this was found to be 
t he case. The use of such catalysts with ethanol and acetalde-

T a b l e  I I . P r e p a r a t i o n  o f B u t a d i e n e  f r o m  E t h a n o l a n d  A c e t a l d e h y d e

Experiment No. TCS-1 TCS-2 TCS-3 TCS-4 TC S-5
Temperature, ° C. 310 320 320 320 320
M olar ratio, E tO H /A cH 3 .0 3 .0 3 .0 3 .0 3 .0
L .h .s.v.0 0 .5 6 0 .5 8 0 .5 8 0 .5 5 0 .5 8
Single-pass yield from EtOH

and A cH , % 25.5 25.2 24.7 2S.1 24.2
Production ratio, g . /h r ./l .  of

catalyst 68 62 64 66 59
Materials, moles In Out In Out In Out In Out In Out

Ethanol 24.00  17.70 23.93 17.76 23.87 17.00 23.75  17.56 23.69  17.22
Acetaldehyde 7 .9 8  2 .37 7 .9 8  2 .82 8 .0 8  2 .95 7 .9 7  2 .93 8.01 2 .9 5
Butadiene 4 .0 8 4 .01 3 .94 4 .4 5 3.84
Unidentified (b .p. 9 -95°

C ., aq.) 1 .79 1.76 2 .26 2 .2 4  4 .30 3 .3 9  3 .89 3 .8 4  5.31
W ater 6 .0  16.1 7 .2 7  19.7 6 .2 4  17.3 5 .9 6  16.7 5 .54

Efficiency from  EtOH  to
butadiene, % 64.7 65 .0 57.3 71 .8 59.4

Efficiency from A cII to
butadiene, % 72 .7 77.7 7 6 .8 8S.2 75.9

A v. ultimate efficiency from
E tO H , % 65 67 65 68 67

°  Liquid hourly space velocity, cc. of liquid feed per hour per cc. of catalyst.
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hyde demonstrated an increasing efficiency in the order colum- 
bium, zirconium, and tantalum; a minimum expectancy of 
61% efficiency from ethanol was established for the over-all 

■ process, in which acetaldehyde would be produced from ethanol 
by the conventional copper catalyst, and the butadiene sepa
rately from ethanol and acetaldehyde over a tantalum oxide- 
silica gel catalyst. Because of extensive plant experience in pro
ducing acetaldehyde, the investigation could fortunately be 
limited, to a large extent, to the step of producing butadiene.

Much of this work was in laboratory scale equipment, which 
enabled more rapid progress in attacking many of the questions 
to be answered. Here again the analytical problems in determin
ing the efficiency were complex; while confidence was gradually 
acquired in the data of single experiments, more satisfying as
surance could be placed in a series of experiments in which the 
recovered reactants were repassed several times over the catalyst 
with make-up feed materials.

Data from a series of such experiments with a catalyst of 2.5% 
tantalum oxide on silica gel are given in Table II. The butadiene 
fraction, after refining by distillation and treatment with aqueous 
hydroxylamine to remove acetaldehyde, contained the following: 
propylene, 1.8%; butene, 2.2%; • vinylacetylene, 0.011%; 
butadiene, 96%. Based on four-carbon materials only, the buta
diene purity was about 98%. The efficiencies from ethanol and 
acetaldehyde to butadiene are calculated for the individual ex
periments of the series on the basis of the following equation:

CII3—GHiOH +  CII3—CHO — >
CH2= C H —C H =C H 2 +  211,0 (4)

The average ultimate efficiencies from ethanol are calculated 
from the amounts of ethanol consumed as such, and of acetalde
hyde referred to ethanol; acetaldehyde is obtainable at 92% 
efficiency from ethanol.

Experiments of this nature established the possibility of ob
taining an efficiency of 65-70% without credit for the by
products. They formed a basis for the conditions which were 
recommended for the operation of the butadiene plants. These 
conditions were intentionally mild with regard to presumed or 
known deteriorating effects on the catalyst, while sufficient pro
ductivity was maintained.

A difficult problem involved the amount of tantalum oxide to 
use in the catalyst. The supply of ore was limited, and careful 
conservation was further necessitated because of other impor
tant wartime uses. Fortunately only a low percentage on the 
silica gel was required to give catalysts of good activity; how
ever, the activity varied with concentration as did the decline of 
activity with use. Variation of promoter concentration did not 
cause large effects in the efficiency of utilizing ethanol (Table 
III); but in view of the tremendous quantities of alcohol in
volved, it was necessary to be as economical as possible in the 
use of this raw material. It was decided that all of these factors 
were best satisfied by a catalyst of about 2% tantalum oxide, 
and this was generally installed in the plants.

The molar ratio of ethanol to acetaldehyde and the tempera
ture were highly significant and were, to some extent, compen
sating factors affecting the efficiency, the operating cycle, and 
the nature of the by-products. As shown in Table IV, the ef
ficiency was better at 325° C. with a feed mixture of 3 moles of 
ethanol to 1 of acetaldehyde than it was at 300° or 350° C.; 
with a mixture of 2 moles of ethanol to 1 of acetaldehyde it was 
better at 350° than at 325° C. With the latter proportion of re
actants and the same space velocity the efficiency was inferior at 
375° C.

The effect of molar ratio and temperature on decline in activity 
with use—a factor of much importance in determining the oper
ating cycle—was even more striking, as shown by Figure 1.

Sample o f Catalyst after Reaction Period (left) and Sample after Reac
tivation by Oxidation o f the Carbonaceous Deposit with Air (right)
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0.0

1, 275  °C.
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2 ,  3 5 0 °C . 1 0 %  ADDED WATER IN FEED
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Figure 1. Production Ratio (Pounds o f B utadiene/IIour/Cubic Foot 
o f Catalyst) vs. T im e o f Operation (Hours) at a Space Velocity o f 0.33

Feed m ola r  ra tio , e th a n o l to  acetu ld eh yd e : A y 3 to 1; ß ,  2.5 to  1; C, 2 to  1

With a mixture containing 3 moles of ethanol to 1 of aeetalde- 
hyde, the decline in production ratio with time was very slow at 
a temperature of 325° C. (curve 3, Figure 1 A) but was consider
ably accelerated at 300° C. Correlation with pilot plant produc
tion is shown by curve 4. Good agreement was reached, al
though recovered feed, containing diluents, was used in part of 
the pilot plant run. With a molar ratio of 2.5 to 1, similar ef
fects were noted, except that somewhat higher temperatures were 
required for best results (Figure IB).

With a molar ratio of 2 to 1 a considerable increase was noted 
in initial productivity due to the higher aldehyde concentration. 
This also resulted in a rather rapid loss of activity through foul
ing, even at 350° C. (curve 3, Figure 1C). The addition of 10% 
of water to the feed lowered the rate of decrease and the initial 
production ratio, so that the average produc
tivity was hardly affected. The addition of ------------
water did not prevent rapid fouling at 325° C.
High temperatures (375° and 400° C.) were even 
less satisfactory at the space velocity used.

In securing the maximum over-all produc
tivity, the time spent in burning off carbonaceous 
deposits must also be taken into consideration.
Further, the larger the amount of this deposit 
the longer would be the time required for its 
removal, since this step is highly exothermic and 
the catalyst is very sensitive to temperatures in 
excess of 500° C. In practice it was considered 
undesirable to exceed a temperature of 400° C.
By using steam as a diluent during much of 
the burn-off period and by operating with

ethylene,

feed mixtures containing ethanol and acetalde- 
hyde in a minimum molar ratio of about 2.5 
to 1, excessive thermal deterioration of the 
catalyst was avoided.

The possibility was investigated of employ
ing pressure as a means of increasing produc
tion. At 80 pounds gage in experiments of 
about 30-hour duration, the average produc
tion ratios for the period were about equal to 
those from similar experiments at atmospheric 
pressure, but the subsequent carbon, burn- 
off was about ten times as large. At the 
elevated pressure the amount of carbonaceous 
deposit was reduced by increasing the ratio 
of ethanol to acetaldehyde in the feed, al
though it remained greater relative to the 
butadiene production than at atmospheric 
pressure. Similar effects were noted for a 
smaller increase in pressure (15 pounds 
gage).

Because of the large number of by-products, 
only the more significant and readily isolable 
ones were determined in the laboratory experi
ments. Knowledge of the other components 
progressed with the larger scale operations, 
which provided increased facilities, man
power, and quantities of material for such in
vestigations. The data of Table V represent 
an evaluation made on a plant unit during one 
month of operation in which the conditions 
were as follows: temperature, 343° C.; space 
velocity, 0.37 (2.8 gallons per hour per cubic 
foot of catalyst); and molar ratio of ethanol 
to acetaldehyde, 2.75 to 1. Significant 
amounts of butyraldéhyde, methyl ethyl 
ketone, ethyl acetate, and acetic acid, which 
are made in the formation of acetaldehyde, 
arc included in the values in Table V.

The major by-products comprise ethyl ether, 
hexenes and hexadienes, ethyl acetate, pentenes and

T a b l e  III. E f f e c t  o f  C o n c e n t r a t i o n  o f  T a n t a l u m  O x id e

(Tem perature, 320° C .; feed ratio E tO H /A cH , 3 /1 )
Experiment No.
Tantalum oxide, %
L.h.s.v.
Production ratio, g . /h r ./l .

of catalyst 
Single-pass yield to buta

diene from  EtO H  and 
A cH , %

%  efficiency to butadiene fron 
Ethanol 
Acetaldehyde 
Ethanol, ultimate

° Temperature, 365° C.

T a b l e  IV. E f f e c t  o f  M o l a r  R a t i o  a n d  T e m p e r a t u r e

1°
0 .0
0 .5 8

2
oTo
0 .5 8

3
2 .0
0 .58

4
5 .5
0 .5 8

5
5 .5
1 .0

6
2.0
0.33

6 37 66 96 160 47

2 .3 15.0 27.3 35.0 27.9 31.0

6 0.9
6 8.8
62

61.2
80.4
67

52.1
80.0
61

5 0.3
79.3  
60

Experiment N o. 1° 2 3 46 56 6 7 8°
Feed ratio, E tO H /A cH 3 :1 3 :1 3 :1  . 2 .5 :1 2 .5 :1 2 :1 2 :1 2:1
Temperature, ° C. 300 325 350 325 350 325 350 375
Catalyst, TaîO j, % 2 .0 1.3 1 .3 2 .0 2 .0 0 .8 1 .3 2 .0
L.h.s.v. 0 .3 3 0 .5 8 0 .5 8 0 .33 0 .33 0 .5 0 0 .5 8 0.33
Single-pass yield to buta

diene from EtO H  and 
A cH . % 28 21 23 22.1 28.8 23 32 31

Production ratio, g ./h r ./I .
of catalyst 42 58 64 34 47 53 91 49

%  efficiency to butadiene 
from :

Ethanol 58 .9 5 7 .8 5 0 .8 58.4 54.8 58.6 5 7.4 43.5
Acetaldehyde 69 .5 78 .5 78.0 72.6 80.2 6 7.6 78.2 72.8
Ethanol (ultimate) 61 64 59 62 63 60 64 53

° Efficiency determined after 60 hours o f operation at these conditions. 
6 Efficiency determined after 168 hours o f operation at these conditions.
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T a b l e  V. P r o d u c t s  f r o m  E t h a n o l  a n d  A c e t a l d e h y d e

%  of %  of
Ethanol Etnanol

Product Consumed Product . Consumed
Methane 0 .14 Butyraldéhyde and
Carbon monoxide 0 .0 8 m ethyl ethyl ketone 0 .3 0
Carbon dioxide 0 .03 Hexenes-hexadienes 3 .97
Ethylene 3 .91 Ethyl acetate 1.17
Ethane 0 .09 E thyl acetal 1 .25
Propylene 1.69 Crotonaldehyde 0 .1
Propane 0 .12 B utan ol-crotyl alcohol 1 .25
Butadiene 63.9 Butyl acetate 0.11
Butene 1.41 Vinylcyclohexene 0 .1 5
Butane 0 .01 Hexanol 0 .16
Methyl ethyl ether 0 .3 0 Hexaldehyde 0 .5 4
Pentenes 0 .44 A cetic acid 1.36
Pentadienes 0 .46 Unidentified products 3 .8
Ethyl ether 8 .0 Loss 5 .1
Ethyl vinyl ether 0 .1 5 T otal 100

T a b l e  VI. Z i r c o n i a  C a t a l y s t

Experiment No. 1 2 3
Catalyst, ZrOs, %
Feed ratio, E tO H /A cH

2
3:1

1.4
3 :1

1 .6
3 :1

Temperature, ° C. 325 305 325
L.h.s.v. 0 .5 8 0 .33 0 .33
Production ratio, g . /h r ./l .  o f catalyst 
Single-pass yield to butadiene from

55 37 45

EtOH  and A cH , %
% efficiency to butadiene from :

20 24 29

Ethanol 50 53 50
Acetaldehyde 77 68 77
Ethanol (ultimate) 59 57 59

T a b l e  VII. B u t a d i e n e  f r o m  E t h a n o l

Feed mixture, moles
Ethanol 15.8
Acetaldehyde 5 .3

L.h.s.v. 0 .32
Production ratio, g . /h r ./l .  of catalyst 51
Temperature, ° C. 325
Products, moles

Butadiene 3 .4
Butenes (estd.) 0 .2
Hydrogen 1 .8
Acetaldehyde 1 .9
Ethanol 9 .0

Efficiency®, % 64

® W ith debit for acetaldehyde at 92%  efficiency from  ethanol.

pentadienes, acetic acid, and butanol. The hoxadienes consist 
mainly of 1,3-cyclohexadiene, 2,4-hexadiene, and 3-methyl-l,3- 
pentadiene with small amounts of 1,3-hexadiene. The hexenes 
were not identified but are believed to be both branched and 
straight-chain isomers. The pentadienes comprise bothpiperylene 
and isoprene in a ratio of about 6 to 1. The pentenes isolated and 
identified thus far consist of 2-pentene, 2-methyl-2-butene, and 2- 
methyl-l-butene, and the presence of 1-pentene and 3-methyl-l- 
butene is indicated. The butene mixture contained about 35% 
of 1-butene, 44% of ¿rans-2-butene, 21% of as-2-butcne, and 0 
to 3% of isobutene. Equilibrium apparently does not exist 
among the straight-chain butenes, since these values do not cor
respond with those of Voge and May (3). The presence of an 
excess of 1-butene indicates that this isomer is formed preferen
tially on the catalyst.

Several of the by-products were utilized. These included 
ethylene, butene, ethyl ether, and butanol (and crotyl alcohol); 
they correspond to about 15% of the alcohol consumed. The de
tails of the operations were worked out through the cooperation 
of many individuals connected with the project. Isolation of the 
other components in a practical manner was more difficult ; the 
high boiling oils, in particular, seemed of importance only as fuel, 
but fortunately they were relatively small in amount.

Other oxides supported on silica gel which are capable of pro
moting the formation of butadiene from ethanol and acetaldehyde 
are those of zirconium, columbium, thorium, uranium, and

titanium, in order of decreasing activity. Zirconia on silica gel, 
the second most favorable catalyst, gave results of intermediate 
character between those of columbium and tantalum oxides. 
It was considered as a replacement catalyst for the butadiene 
plants in case the supply of tantalum became inadequate. The 
maximum efficiency obtained was 59% from ethanol to butadiene. 
A few selected experiments are given in Table VI. Butene forma
tion was somewhat greater than with catalysts of tantalum oxide, 
and the purity of the butadiene in the Ci fraction ranged from 91 
to 95%. A favorable synergistic action was sought from combina
tions of the oxides of tantalum, columbium, and zirconium, but 
such effect was not definitely established.

B U TA D IE N E  F R O M  E TH AN O L

There is considerable fascination in the idea of passing ethanol 
alone into a converter and obtaining butadiene as the major 
product without the use of supplementary equipment for pro
viding acetaldehyde. This is apparently what was originally in
tended in the Lebedev process, in which improved results were 
subsequently obtained by recycling acetaldehyde.

Attempts to produce satisfactory results were generally un
successful with our preparations of the Lebedev catalysts. How
ever, the addition of cadmium oxide (I) to the silica base catalysts 
gave butadiene with an efficiency of 45 to 50% at temperatures 
of 300° to 350° C. Somewhat better results were obtained when 
copper was employed, but the amount of recycle acetaldehyde 
was critical, since otherwise appreciable hydrogenation of the 
butadiene occurred. Table VII shows the results of one experi
ment in which one fourth volume of supported copper catalyst 
(4) was employed with a silica gel-supported tantalum oxide 
catalyst; the butadiene, after removal of acetaldehyde, was 
about 95% pure. An increase of the copper catalyst to half the 
mixture resulted in a purity somewhat below 90%.

CO N CLU SIO N S

The ethanol-apetaldehyde process was adopted since it seemed 
to offer the greatest and the most certain advantages under the 
rapid development imposed by the wrar emergency. The ethanol- 
crotonaldehyde process did not provide a higher production of 
butadiene per gallon of alcohol consumed, and it would have re
quired a larger amount of equipment and a greater number of 
operating personnel. The present studies in the development of 
this process probably had their greatest value in indicating the 
right path to the successful development of the ethnnol-acetalde- 
hyde process. The Lebedev type of operation might have ma
tured into a slightly superior process in some respects, but it 
presented, a priori, the disadvantage of compromise in the choice 
of conditions for two distinct reactions: dehydrogenation of
ethanol and conversion of ethanol and acetaldehyde to buta
diene; also the complications of a larger and more variable 
amount of by-product butene seem certain in plant operation. 
The ethanol-acetaldehyde process fulfilled its mission in providing 
a large supply of butadiene in the shortest possible time from 
what was a surplus material at that time.
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UNTIL recently the fatty acid field has been more of an art 
than a science; therefore, tradition and custom have 
played an important part in determining the nomenclature em

ployed in the discussion and specifications of the products them
selves. The natural fatty acids are, with few exceptions, mono
basic aliphatic compounds consisting of an even-numbered 
hydrocarbon chain and terminating in a carboxyl group (5). 
Their principal occurrence is in the form of mixed glyceryl esters, 
the major portion of natural fats, from which the free acids are 
obtained by the following hydrolysis known as splitting:

H

H— OOCR,

H— OOCRj +  3HOH 

H—¿ —OC
I

H

)O CRj

H

H—  ¿ — O H  HOOC— Ri 

I I — ¿ — OH +  HOOC— R 2 

H - i - -OH HOOC— Rj

Although the reaction is reversible, it is kept going forward by 
the presence of a large excess of water, and is accelerated by 
mineral acids, soaps, and sulfonic acids, the most famous of which 
is the Twitchell reagent (S, 6). Since the esters are usually of the 
mixed type containing more than one fatty acid group, the reac
tion produces a mixture of several fatty acids which, with some 
purification, is used directly in soap manufacture.

A substantial market exists, however, for the separate solid 
and liquid fractions of this mixture, often referred to as commer
cial stearic acid and red oil. Interest in this separation was 
first evinced over a century ago by candle manufacturers who 
endeavored to make a superior nonwilting product by using only 
the hard stearic acid instead of the whole tallow or hog grease. 
Uses for red oil or oleic acid had not been developed at that time;

therefore, after the fat was split and the solid fraction removed, 
the liquid fraction was discarded. The picture is vastly different 
today, however; oleic acid actually exceeds its companion acid 
in the many industries they enter, such as the manufacture of 
fine soaps, cosmetics, textiles, lubricants, plastics, and pharma
ceuticals. The 1945 production figures (11) were 54,206,000 
pounds of commercial stearic acid and 74,140,000 pounds of com
mercial oleic acid.

This article discusses the preparation of commercial stearic and 
oleic acids by the two principal methods of separation now em
ployed—the continuous Emersol process, based on fractionation 
of the acids from a polar solvent, and the conventional batch 
method of mechanical pressing. The latter, which has remained 
approximately at its initial level of development for the past 
hundred years, makes use of the fact that saturated acids with 
a chain of Cio or longer exist in the solid phase at room tempera
ture whereas the unsaturated acids remain in the liquid state. 
By this process the palmitic and stearic acids, saturated com
pounds of Cie and Ci8 lengths, are separated from oleic and lino- 
leic acids (both CJ8), containing one and two double bonds, 
respectively. Actually, the commercial stearic acid produced by 
this method is a mixture of stearic and palmitic acids, for many 
years considered to be pure stearic acid and used as such 
by the industry. Although the composition of this product 
may vary somewhat, best engineering practice is achieved when 
the ratio is approximately 45 parts of stearic to 55 parts of palmitic 
acid (Figure 1). Because the trade has become accustomed to 
this 45-55 mixture, the Emersol plants in existence have confined 
themselves principally to making this traditional product,' al
though they are capable of producing fractions high in either 
stearic or palmitic acid content.

As would be expected, the purity of a fatty acid sample is re-

Preinstallation View (right) o f  Rotary 
Vacuum Filter Used in the Fatty Acid 
Separation Step o f the Emersol Process. 
The Unit as Installed (above) Is Enclosed 
in  a Ilood  to Prevent the Escape o f 
M ethanol Vapors into the Atmosphere. 
The filter Was Specially Designed for 
this process by Filtration Engineers, Inc.

126



February 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 127

fleeted by the temperature at which it crystallizes; use is made 
of this relation in the universally employed titer test of the Ameri
can Oil Chemists Society and the A m e r i c a n  C h e m i c a l  S o c i e t y . 
In reality, the titer is the maximum temperature reached during 
the transformation to the solid phase due to the heat of crystalli
zation at the solidification point. In the case of commercial 
stearic acid, this measurement is expressed as degrees Fahrenheit, 
and for the better grades containing only 3% oleic acid, it ranges 
between 131° and 132° F. With products containing as mych 
as 17% oleic acid, this reading may drop to 127° F. or lower. 
The titer of the oleic acid fraction, on the other hand, is expressed 
in degrees centigrade by convention, varying from 0° for the 
purer samples to 18° C. for those high in saturated acid.

In addition to titer, acid number and color and iodine values 
are used as valuable means of determining the purities of the 
various fatty acid products.

SEPA R ATIO N  B Y  M E C H A N IC A L  P R E S S IN G

This method consists briefly of chilling the mixture of the fatt}' 
acid products of the fat splitting reaction and subjecting the re
sulting cakes to mechanical pressure to express the liquid acids. 
Successful operation depends on keeping the composition of the 
solid acid constituents at a level of approximately 45% stearic 
and 55% palmitic acid. Although this so-called eutectic mixture 
is the one usually found in nature, some basic stocks vary in 
composition and have to be blended. This ratio should be main
tained because it is conducive to the formation of a crystal struc
ture which, upon chilling, affords the most complete separation 
of the liquid and solid fractions when pressure is applied. Be
cause of this consideration the mechanical method has been 
limited in the main to the production of the 45-55 mixture com
monly known as commercial stearic acid.

The cakes for the mechanical pressing operation are formed 
by cascading the melted mixed acids from the splitting reaction, 
after purification by distillation, into a series of flat aluminum 
pans about 2 feet X 1 foot 
X 2 inches in size, and chill
ing them slowly to 36° F.
The solidified fatty acid 
cakes are then removed 
from the pans, wrapped in 
burlap, and stacked in hy
draulic presses where the 
initial pressing takes place.
Although this step removes 
a substantial portion of the 
liquid acids, a considerable 
amount remains behind be
cause of mechanical entrain- 
ment and the collapse of the 
cake during this cold press
ing. To remove these re
sidual liquid fatty acids, the 
cakes are remelted, recast, 
and repressed in successive 
hot pressing operations at 
temperatures around 100 °
F. The total number of 
pressings to which a given 
lot is subjected is used to 
indicate the purity of the 
solid product; hence the 
trade refers to single
pressed, double-pressed, and 
triple-pressed commercial 
stearic acids (3).

The liquid acids separated 
during the cold pressing

operation constitute the red oil of industry but must be purified if 
a better grade of oleic acid is desired. The expressed fraction of the 
subsequent hot pressings, however, contains large quantities of the 
solid acids in solution and for the sake of economy must be 
blended with the original feed for reprocessing. This recycling 
amounts to about 40% of the weight of the total acids in process 
and as such contributes considerably to the cost.

Some other disadvantages of the older process are also apparent. 
Being a batch method, its labor requirements are considerably 
larger than those of an Emersol plant of equivalent capacity; the 
actual figures are twelve or fourteen operators to two. Its de
pendency upon the maintenance of a fixed ratio of palmitic to 
stearic acids greatly limits the pressing method with respect to 
the utilizable raw materials and the products obtainable from 
them. In addition, the several disjointed manual operations in
herent in this process give rise to excessive product losses and, 
consequently, an untidy plant.

For many years fatty acid processors had been aware of these 
faults of their method and in some instances had started investi
gations to find an improved, less wasteful process to separate 
mixed fatty acids. Fractional distillation (1), an apparent 
answer to the problem, had been used to produce several satu
rated acids commercially but was not feasible to separate com
pounds of equal chain lengths (Ci8) from one another because of 
their almost identical boiling points.

T H E O R E T IC A L  CO N SID ER A TIO N S

Before initiating work on the Emersol process, Emery Indus
tries had investigated the possibility of developing any one of 
a number of laboratory methods of separation into a production 
scale. The Twitchell lead soap procedure was studied and, al
though useful for analytical purposes, was shown to have no com
mercial value. Attempts to remove the liquid fraction from par
tially crystallized mixed acids by means of w'ater and an emulsi
fying agent also proved fruitless. Likewise, the use of a selective

solvent for the same pur
pose was unsuccessful be
cause it did not overcome 
the disadvantage of the 
mutual solubility of the 
acids in one another.

It became apparent that 
what was needed was a 
means to cause the solid 
acids to separate from a 
polar solvent solution of the 
mixed acids in an insoluble 
form that could be removed 
by filtration. Further in
vestigations indicated that 
this could best be accom
plished by lowering the 
temperature of the solution 
to the point at which practi
cally all of the solid acids 
were crystallized (#).

SELECTION  O F  SO L V E N T

The major problem in the 
development of the Emersol 
process was the selection of 
the most efficient solvent, 
from both a technical and 
economic viewpoint, and 
the determination of the 
optimum concentration at 
which it should be used. 
The actual choice of the

100 90 80 70 60 50 40 30 20 10 0
PER CENT STEARIC ACID
0 10 20 30 40 50 60 70 80 90 100

PER CENT PALMITIC ACID 
Figure 1. Typical M elting Point Curve for Commercial 

Stearic Acid
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<] J2 solvent depended upon many factors; not the 
least of them was the type of crystal structure 
it imparted to the solid acids during chilling. 
Petroleum ether and chlorinated hydrocarbons, for 
instance, gave flat, pearly, plate-type crystals, 
which because of their structure had bad filtering 
and solvent washing characteristics. More de
sirable were the granular needlelike crystals which 

-rQ could be formed in acetone, methanol, and ethanol
solutions.

It developed subsequently that water-miscible 
solvents containing not more than 15% water were 

y  the best media from which to crystallize the solid
< acids, provided the total acid concentration was

not greater than 30%. When this figure was ex
ceeded, the precipitate tended to form a slimy 
mass, and it was observed that a water content of 
more than 15% did not afford complete separation 
of the acids.

Another consideration was the temperature to 
which the solvent solution of the mixed acids had 
to be cooled to effect complete crystallization of 
the solid components. This was especially impor
tant from an economic point because refrigeration 
is one of the major costs in a solvent crystallization 
process. Study again showed that, as far as this 
matter was concerned, ethanol, methanol, and 

§ acetone were preferable to the other solvents tested.
Stability and ease of removal were the final 

criteria that the chosen solvent had to meet. Low 
boiling solvents, while satisfactory for laboratory 

°  testing, introduced serious toxicity hazards and
S large solvent losses in plant operations. On the

Jj other hand, the complexity of the removal of high
3 boiling solvents, because of the vacuum evaporation

2  necessary to prevent the subjection of the products
s to high temperatures, precluded their usage.

Á  Final evaluation of all these factors dictated
the selection of 90% methanol as the solvent with 
the most desirable qualities. Its low cost, avail
ability, and relative ease of recover}' contributed 
greatly toward this decision (7).

D ESIG N  P R O B L E M S

The translation of these developments into a 
24-hour-a-day continuous process capable of 95% 
separation of the liquid and solid acids was a time- 
consuming task with many difficulties in design 
and operation to be overcome. The solvent re
moval problem of the Emersol process presented 
some trouble at first because of the possibility of 

. estérification reactions between the methanol and 
the fatty acids during the course of distillation. 
Since the degree of product formation in this type 
of reaction is directly dependent upon time, tem
perature, and concentration, it became necessary 
to devise a means of removing the bulk of the sol
vent in the shortest time and at the lowest tem
perature possible. This was accomplished by a 
specially designed countercurrent stripping column 
which will be described later in the article.

Before the foregoing developments could be 
applied to a continuous, uniformly operating com
mercial unit, it was necessary to design a multi- 
tubular crystallizer (Figure 2) that would ensure 
efficient heat transfer. The rate of cooling and 
therefore the rate of crystal formation was im
portant economically as well as practically be
cause it determined the size of the unit, the amount
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T a b l e  I. T y p ic a l  R a w  M a t e r i a l s  a n d  E m e r s o l  P r o d u c t  
P r o c e s s e d  f r o m  T h e m

Raw Titer, Iodine Acid Yield, Iodine
Material ° C. Value Product % Titer Value

No. 1 tallow 42.4 52.2 Com. stearic 51 ‘ 129.5° F. 6 .0
Oleic 49 2 .0 °  C.

White 38.7 62.5 Com. stearic 38 128.7° F. 6 .0
grease Oleic 62 2 .0 °  C.

Yellow 45.2 44.7 Com. stearic 52 129.5° F. 6 .0
grease Oleic 48 2 .0 °  C.
stearin

Garbage 37.5 68.4 Com. stearic 35 127.6° F. 6 .0
grease Oleic 65 2 .0 °  C.

Linseed oil 185 Solid acids 14 4 4 .7 ° C. 87.0
Liquid acids 86 195.0

Soybean oil 129.3 Solid acids 15 4 8 .5 °  C. 50
Liquid acids 85 144

Sardine oil 160.0 Solid acids 25 30.0
Liquid acids 75 201.0

of solvent required and, to a certain degree, the type of crystal 
formed. If this rate was too fast, precipitation rather than 
crystallization tended to occur and slow filtration resulted. The 
crystallizer tubes were equipped with internally rotating blades 
to scrape the walls and thereby ensure a clean surface to afford 
efficient heat transfer. These blades had to be designed in such 
a manner as to prevent any blockage of flow and crystal deposi
tion upon the scraper. An optimum rotational velocity for the 
scraper also had to be determined; too great a speed resulted in 
the breaking of the crystals and too low a speed impeded heat 
transfer.

Because of the corrosive nature of both hot and cold solutions 
of fatty acids in methanol, it was necessary to use Type 316 stain
less steel or aluminum throughout the process as construction 
materials.

T H E  P R O C E SS

The transition from the laboratory to the pilot plant stage 
culminated in the expansion of the latter to a semicommercial 
plant. This unit, capable of producing 20 tons of finished prod
ucts per day, evolved from the development work started some 
years earlier, and was the forerunner of two commercial plants 
at Cincinnati with capacities of 30 and 40 tons, respectively. 
The recently completed large unit was constructed by Blaw- 
Knox Company.

The Emersol process is extremely flexible, both with regard to 
raw materials and products. It can make high-grade commercial 
stearic acid or fractions very high in either stearic or palmitic 
acids alone, as well as a 2 0 C. titer (or lower) oleic acid product. 
Its possible raw materials (Tables I and II) cover a wide range, 
including tallow, greases and stearin from animal fats, garbage 
grease, linseed oil, soybean oil, sardine oil, palm oil, cottonseed 
oil, and ucuhuba fat. The versatility of the process, due to its 
precise control of the crystallization temperature, enables it to 
be used to fractionate within families of fatty acids as well as 
to separate the solid and liquid compounds.

The commercial operation" of the process (Figure 3) begins 
with the purification of the feed stock by distillation, a step

necessary to remove the color, odor, neutral fat, 
and unsaponifiable materials. Because the even
tual separation is physical, these undesirables must 
be eliminated here to prevent their appearance in the 
final products. The belief has been expressed, how
ever, that it may be possible to split very high grade 
fats by the autoclave technique and obviate the dis
tillation purification.

The fatty acids and methanol are proportioned by 
positive displacement pumps discharging through 
flowmeters to the crystallizer. During passage of 
the mixture to the latter unit, a small quantity of 
ciystal promoter is introduced into the steam. This 
agent, usually the neutral fat of one of the acids 
being processed, aids in the formation of filterable 
crystals, provided its concentration does not ex
ceed 3.5% and remains preferably at a level of 
about 1%. If the amount of neutral fat is ex
cessive, large crystals are formed that occlude the 

liquid acids and make the separation extremely difficult. This 
disadvantage is also accompanied as well by an inability to 
fractionate the solid acids from one another. The exact nature 
of the crystal promotion mechanism is unknown, but it is 
believed that the neutral fat furnishes foci at which the acid 
crystals are formed. If the feed stock contains some neutral fat, 
no further addition is required (10).

Refrigeration for the crystallizer and the filtering room is fur
nished by a two-stage ammonia machine, driven by a steam 
turbine, the exhaust of which is used in the solvent recovery 
operation. Cooling is accomplished by pumping cold methanol 
countercurrently through the jackets of the stainless steel erystal- 
lizer tubes to reduce the teriiperature of the feed to about 10° F. 
and absorb the heat of crystallization. Recovery of 75% of re
frigeration is achieved by cycling this fluid through an economizer 
with the cold oleic acid-methanol filtrate from the next operation. 
Simplicity of design results from the use of a cooling agent of the 
same composition as the solvent and a single motor to drive all of 
the scraper blades in the tubes of the crystallizer. This unit 
(Figure 2) is the heart of the process; control of the cooling tem
perature here makes possible the single-stage separation of the 
liquid and solid acids or, upon recycling, the multistage frac
tionation of the fatty acids into the desired cuts.

After crystallization, the slurry from the crystallizer is de
livered to an enclosed, rotary, vacuum filter (shown in the photo
graphs on page 126) situated in a refrigerated room so designed as 
to keep the crystalline component solid. The filter is equipped 
with a multistring discharge, instead of the usual blade, to handle 
the bulky cake. During the rotation cycle the solid components 
on the filter are continuously washed with fresh solvent, whose 
temperature and flow are automatically controlled, to remove 
any residual mother liquor containing liquid acids.

After filtration, the solid cake which now contains 30-60% 
of solvent is melted and led to the so-called stearic still where re
covery is effected. The oleic acid-methanol solution, before 
being fed to its respective still, is passed through the economizer 
where it serves to cool the alcohol entering the process; at the 
same time the solution is preheated prior to its own distillation.

T a b l e  II. A v e r a g e  P e r c e n t a g e s  i n  W h ic h

Chain Double Brown Coconut Cottonseed 
Acid Length Bonds Grease Oil Oil

Iaturic 12 0 a 48.0
Myristic 14 0 • 17.5 0 .5
Palmitic 16 0 “ 8 .8  21 .0
Stearic 18 0 « 2 .0  2 .0
Oleic 18 1 56 .0  6 .0  33 .0
Linoleic IS 2 8 .0  2 .5  43.5

a Variable (total solid acids, about 3 6% ). & Variable (total solid acids.

m o n  F a t t y  A c id s  A p p e a r  i n  N a t u r a l  S u b s t a n c e s

White Yellow
Garbage Grease Palm Soybean Grease
Grease (Lard) Oil Oil Tallow Stearin

b
b Ï .0 i ! o 2.0

e
e

b 26.0 42.5 6^5 30.0 0
b 11.5 4.0 4.5 21.0 e

46.0 58.0 43.0 • 33.5 45.0 4 9.0
15.0 3.5 9.5 52.5 2.0 5.0
3 9% ). c Variable (total solid acids, about 4 6% ).
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Fi gure 3. Flow Sheet o f Emersol Process

The stills are of special design to prevent any estérification 
reactions between the methanol and the acids involved during 
the course of solvent removal. Of stainless steel construction, 
they consist essentially of a vertical stripping column comprised 
o f a series of trays in staggered cascade fashion, a steam-heated 
preliminary evaporator, and a decanting section for the separa
tion of the fatty acid from the water at the bottom.

In operation, the solvent-fatty acid solution, after partial 
evaporation, is introduced at the top of the stripping column and 
allowed to trickle down
ward over the trays to the
boiler. During this course --------------------------------------------
its solvent component be
comes successively vapor
ized by the upward counter- 
current flow of water vapor 
which becomes condensed 
as a result of the heat loss.
By the time the fatty acid 
reaches the boiler, its sol
vent concentration is too 
low for estérification to 
take place, and at the same 
time its water content is 
high enough to permit sepa
ration from the water.

The latter is accomplished 
in a decanting tank which is

T a b l e  III. C o m p a r a t iv e  C o s t  D a t a  o n  P r o d u c t i o n  o p  
F a t t y  A c i d s  b y  M e c h a n i c a l  P r e s s i n g  a n d  E m e r s o l  M e t h o d s

Cost per 1000 Lb. for 
Separating Single- 

Pressed Stearic Acid 
and 4-Titer Red Oil

Labor
Supervision
Maintenance
Sulfuric acid
Press cloth replacement
Hair mat replacement
Miscellaneous supplies
Steam
Power and light 
W ater
A cid  boiling and filter

ing red oil 
M ethanol 

Total

really a section of the boiler, separated by a perforated baffle plate 
through which the mixture passes. Here it assumes a quiescent 
state in which an upper layer of fatty acids, which is continuously 
decanted off, separates from the lower aqueous portion that flows 
back to the main part of the boiler for rovaporization and use 
in the stripping operation.

The boiler temperature is maintained a few degrees above the 
boiling point of water by a thermostatically operated steam 
valve, and a steam bleeder provides a means to replace water

losses due to the entrain- 
ment in the fatty acid phase

-------------------------------------------- in the decanter (4).
The recovered solvent, 

about 90% methanol, is 
cooled and recycled to be 
mixed with the fatty acids 
entering the process, or may 
be used if necessary as the 
wash solvent during filtra
tion. The fatty acid prod
ucts, delivered from the dis
tillation at about 218° F., 
are passed through coolers 
which reduce the tempera
ture to about 170° F. in 
order to prevent a detri
mental effect of heat, espe
cially upon exposure to air

Cost per 1000 Lb. for 
Separating Double- 
Pressed Stearic Acid 
and 4-Titer Red Oil

Pressing
method

Emersol
method

Pressing
method

Emersol
method

$2.82 $0.67 $3.47 $0.80
0 .15 0 .14 0 .17 0 .17
1.30 0 .42 1.30 0 .50
0 .04 0 .04
1.11 1.21
0 .75 0 .90
0.06 O .'ll 0 .06 o ’ i i
0 .60 1.20 0.64 1.40
0.51 0 .23 0 .55 0 .23
0 .04 0 .04 0 .04 0 .04
1.26 1.33

0 .23 0 .27
$8.64 $3.04 $9.71 $3.52

STEARIC
STILL

PRE-HEATER
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After the products are collected in storage tanks, the milling and 
packaging steps that follow are substantially the same as those 
used in conjunction with other methods of fatty acid manufacture.

Since the Emersol process involves the use of a flammable 
solvent, certain safety factors must be considered. The narrow 
explosive range of methanol, however, coupled with the fact that 
all of the operating units are enclosed, precludes the possibility 
of a combustible level being reached in the atmosphere. In addi
tion, safety valves and alarms are dispersed throughout the 
plant to nullify any excess pressure rises and indicate any opera
tional irregularities. The plants are designed for 24-hour-a-day 
operation, except for scheduled shutdowns for routine main
tenance.

Comparison of the operating costs (Table III) with those for 
mechanical pressing indicates that Emersol’s are about 05% 
less (5). This difference is due mainly to the higher labor figure 
for the batch method as well as its additional expense of liquid 
acid recycling and purification, operations not required in the 
continuous method of separation.
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Lime Treatment of Waste 
Pickle Liquor

Richard D. Hoak, Clifford J. Lew is1, Charles ,/. Sindlinger, and B ernice K lein
M E L L O N  IN S T IT U T E , P IT T S B U R G H , PA.

HE first paper in this 
series described rapid 

analytical methods for de
termining the available alka
linity of limes and limestones 
and the total sulfate ion 
in waste pickle liquor (I).
The second article discussed certain factors having economic 
importance where high-calcium limes and limestones are used to 
treat such waste liquors (9).

Dolomitic limes were not studied in detail in the previous work. 
The demand for high-calcium lime is now so great that new uses 
which would require substantial quantities will be forced to await 
augmented production. This situation results in part from the 
fact that high-calcium limes have long enjoyed the select chemical 
and metallurgical markets which, expanded during the war, con
tinue to tax the productive capacity of the industry. On the 
other hand, circumstances during the war years curtailed cer
tain choice markets for dolomitic lime; this condition, coupled 
with competitive factors, has resulted in a moderate surplus of 
dolomitic lime at present. It appeared reasonable to assume 
that, if the over-all expansion and recovery of lime markets in 
general permit any surplus of lime to accumulate in the next 
several years, such a surplus will be of the dolomitic material.

Stream pollution increased during the war through the es
tablishment of new industries, enlarged production by old ones, 
lack of materials for constructing adequate treatment works, 
and depletion of the engineering staffs of public health agencies. 
In all industrial sections of the country health authorities have 
now embarked on aggressive campaigns to reduce stream pollu
tion by requiring satisfactory treatment of municipal and indus
trial wastes. Where treatment of acidic wastes is involved, lime 
normally provides by far the cheapest source of basic agent.

1 Present address, Warner Com pany, Philadelphia, Pa.

Dolomitic limestone occurB 
abundantly and is calcined 
to lime of chemical quality 
near all major centers of 
steel production. In most 
cases, especially where its 
higher basicity is the princi

pal factor, dolomitic lime can be delivered to consumers 
at lower cost than similar high-calcium products. A con
sideration of these factors emphasized the desirability of 
studying the reaction between dolomitic limes and acidic wastes, 
particularly spent pickling liquors, with the object of demon
strating the means whereby this low-cost basic agent can be em
ployed most effectively.

E X P E R IM E N T A L  W O R K

Nine types of lime, two high-calcium and seven dolomitic, sup
plied by an Eastern Pennsylvania manufacturer, were investi
gated. The samples were characterized as follows:

3. High-calcium lime
4. Shaft-kiin dolom itic lime
5. Rotary-kiln dolom itic lime
6. 60-40 blend of shaft- and rotary-kiln dolom itic lime
7. High-calcium lime hydrated at atmospheric pressure
8. D olom itic lime hydrated at atmospheric pressure
9. D olom itic lime hydrated at 30 Ib ./sq . in.

10. Dolom itic lime hydrated at 30 lb ./sq . in. and air-floated
11. Dolom itic lime hydrated at atmospheric pressure and air-floated

Samples 4, 5, 10, and 11 were used in most of the experimental 
work because they represent the usual types generally available. 
The samples were analyzed, and then basicity factors were calcu
lated from the analyses and determined experimentally with 
sulfuric and hydrochloric acids. The resulting data are given in 
Table I.

The current scarcity o f high-calcium  lime suggested 
the studies reported in this paper, which describes m eth
ods for attaining equivalent results with the less reactive, 
but m ore readily available, dolom itic lim e where this 
material must be used for waste pickle liquor treatment.
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T a b l e  I .  A n a l y s e s  a n d  B a s i c i t y  F a c t o r s  o p  N i n e  L im e s

-Sam ple N um ber-
Analysis, % 3 4 5 6 7 8 9 10 11

SiOs 1.51 2.69 3 .15 4 .13 1.12 2.72 2 .18 1.02 1.55
R:Ü3 0 .88 0 .70 0 .70 0.53 0 .95 0 .48 0.57 0 .60 1.02
CaO 94.17 55.03 54.95 53.99 71.40 45.04 41.77 42.01 45.90
MgO 0.65 40.70 40.10 40.52 0 .59 33.02 29.73 29.69 32.75
Moisture +  COj 2 .58 0 .6 8 1.05 0 .96 25.90 18.93 25.15 26.54 18.67

Total 99.79 99.99 99.95 100.13 99.96 100.19 99.40 99.86 99.89
Basicity factor0

Caled. 0.9508 1.1202 1.1109 1.1071 0.7222 0.9126 0.8339 0.8357 0.9275
H,SO« 0.9515 1.0837 1.0855 1.0594 0.7045 0.8611 0.8302 0.8410 0.8876
HC1 0.9517 1.1189 1.1351 1.1027 0.7225 0.8952 0.8364 0.8389 0.9115
°  Basicity factor => gram equivalent C aO /gram  sample. HC1 factors and H 1SO4 factor for sample 3 determined 

by  boiling 15 minutes; others, 30 minutes.

It is desirable to point out that, although the experimental 
data to be reported apply equally well to all dolomitic limes, 
Eastern Pennsylvania dolomites are somewhat less pure than 
those from other sources. A dolomitic quicklime from Ohio, for 
example, may contain approximately 0.8% silica and 0.2% 
R20 3; in consequence, this lime would contain a slightly higher 
proportion of calcium and magnesium oxides. This difference 
will be reflected in the corresponding hydrate, depending upon 
the extent to which air separation removes the impurities.

Determination of basicity by calculation from chemical analy
sis may be misleading because analyses do not reveal the manner 
in which the silica and R 20 3 are combined in the product. The 
availability of the calcium and magnesium oxides is reduced in 
proportion to the degree to which these impurities have fluxed 
during calcination. Other minor factors, such as slaking quality 
and distribution of the impurities between the calcium oxide 
and magnesium oxide components, cause uncertainties where 
basicity factors are calculated.

The rate of development of basicity in sulfuric acid is shown 
graphically in Figure 1. A basicity factor determined by boiling a 
sample in an excess of hydrochloric acid for 15 minutes may be 
regarded as an ultimately available basicity; these values for 
each sample are shown on the right-hand margin of the figure.

For practical purposes the full neutralizing value of these 
limes is available in about 15 minutes with sulfuric acid under the 
conditions given; but where sufficient time is allowed, it may ap
proach the hydrochloric acid ultimate. These curves are of par
ticular significance where the relative delivered cost of the limes 
is considered.

TIME, M INUTES 

Figure 1. Basicity Factors o f Limes

R E A C T IO N  K A T E

Where waste pickle liquor is 
to be treated with limé, the 
basicity factor is a guide to the 
quantity required, but reac
tion rate is a factor which may 
be of first importance in some 
cases. Dolomitic lime is avail
able as quicklime, atmospheric 
hydrate, and pressure hydrate. 
The magnesia in pressure- 
hydrated dolomitic limes is 
almost completely converted 
to the hydroxide, in contrast 

with atmospheric hydrates where little, if any, of the magnesia is 
hydrated; this product has been developed within the past six to 
eight years. Each of these types of lime reacts with pickle 
liquor at a different rate. If the full basicity of quicklime is to be 
realized, it must be properly slaked in water before use; likewise, 
the hydrates must be thoroughly wetted and added as an aqueous 
slurry.

The rate of precipitation of ferrous iron is a function of the rate 
at which hydroxyl ions can be supplied at a pH of about 8.5. In 
illustration of the rate at which dolomitic limes react with an acid 
solution, compared with high-calcium lime, a 0.1 A7 solution of 
sulfuric acid was treated with a 2% excess of several limes at room 
temperature. The results (Figure 2) show clearly the differ
ences in reaction rates. Similarly, a dilute pickle liquor (10.96 
grams Fe++ and 35.68 grams S04 per liter) was treated with 
slurries of the same agents (Figure 3).

The rate of removal of iron from a pickle liquor by these 
agents was traced by treating a pickle liquor (56 grams Fe++, 
180 grams SO« per liter) at room temperature with a 5% excess 
of the limes slurries. The suspensions were stirred constantly 
(except where allowed to stand overnight) with electric mixers,

T IM E , M IN U T E S

Figure 2. Reaction o f  Limes with 0.1 N  Sulfuric 
Acid at 25° C.
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Figure 3. Reaction o f  Limes with Piclrle Liquor at 
25° C. (pH vs. Tim e)

samples were withdrawn at intervals and filtered, and the filtrates 
analyzed for iron. The reaction rate was negligible when the 
suspensions stood quiescent for 16 hours. The data are shown 
graphically in Figure 4.

R E L A T IV E  R E A C T IV IT Y  O F  C aO  A N D  M gO

As a partial explanation for these differences in reactivity it 
was assumed that the calcium oxide component of dolomitic lime 
reacted much more .rapidly than its magnesium oxide fraction, 
and that the least soluble and least basic portion of the lime 
would, in consequence, be required to precipitate iron at a pH 
value where the solubility of magnesium oxide is very low indeed. 
In other words, since the reaction is ionic, the driving force for 
the production of hydroxyl ions becomes almost vanishingly 
small as the reaction approaches completion.

The relative rate of reaction of calcium and magnesium oxides 
was determined as follows: A solution of hydrochloric acid in a 
beaker partly submerged in iced water was treated with an ex
cess of dolomitic lime slurry. Just at the point where the pH of 
the mixture began to rise, a sample was withdrawn by inserting 
a 2-cm. tube closed at one end with a piece of filter paper be
tween two layers of filter cloth and applying vacuum to the open 
end. Analysis of the clear filtrates yielded the results presented 
in Table II.

These findings indicate the 
correctness of the assump
tion that the calcium oxide 
component of dolomitic lime 
reacts more rapidly than its 
magnesia. It would be ex
pected that the ratio of cal
cium to magnesium would in
crease more or less uniformly 
with increasing excesses of 
lime. The accurate deter
mination of the ratio, how
ever, is a matter of some 
difficulty because a measur
able time is required to with
draw a sample, and the rate 
of reaction in hydrochloric- 
acid, even at 0 ° C., is so rapid 
that to obtain a sample while 
the difference in reactivity 
persists is indeed arduous.
For this reason these data 
must be regarded merely as a 
qualitative indication that a

T a b l e  II. R e l a t i v e  R a t e  o f  R e a c t io n  b e t w e e n  C a l c iu m  
a n d  M a g n e s iu m  O x i d e s  a n d  H y d r o c h l o r ic  A c id

Excess Grams per Liter M olal Ratio, pH  of
Lime, % Ca + + M g  + + C a / M g Filtrate

10 1.36 0.495 1.66 9 .4
20 1.42 0.356 2 .42 7 .6
30 1.47 0 .35 2.54 9 .3
40 1.31 0.435 1.82 8 .5
50 1.61 0.193 5 .05 8.1
60 1.54 0.314 • 2 .98 9 .0

difference in reaction rate does exist. In this light it may prop
erly be assumed that this condition is even more significant where 
sulfates are involved because the removal of calcium ions, by 
precipitation as a sulfate, increases the driving force for solu
tion of calcium oxide, whereas the reverse is true for magnesia.

In addition to the driving force for the solution of magnesia 
decreasing as the reaction proceeds to completion, the magnesia 
which remains at any time is less reactive than that which reacted 
previously. The explanation is that it is difficult to calcine dolo
mite without overburning the magnesia. The double carbonate 
of true dolomite begins to decompose at about 725° C. into cal- 
cite and magnesite (S). This point is higher than the decom
position temperature of magnesite (620 ° C.), which immediately 
decomposes into magnesium oxide and carbon dioxide. Calcite 
does not decompose below about 900° C.; owing to the inti
macy of contact between the magnesia and the lime, attainment 
of complete decomposition of calcium carbonate usually results 
in moderate to severe overcalcination of the magnesia and thereby 
diminishes its reactivity.

These considerations make clear the low rate at which dolomitic 
limes react, as compared with the high calcium material, and 
suggest the means w’hereby the reaction rate can be increased. 
Several practices, and combinations of them, are proposed to 
permit the treatment plant operator to take advantage of the 
lower neutralization cost of dolomitic limes and their greater 
availability—namely, use of excess lime, increasing the rate of 
oxidation of the ferrous hydrate, and raising the temperature.

U s e  o f  E x c e s s  L i m e . The decrease in reactivity of the mag
nesia component of dolomitic lime as less and less of it remains 
brings out the fact that the reaction rate could be increased by 
employing an excess of the alkaline agent. A moderate excess 
can be used at the same cost as a stoichiometric quantity of high- 
calcium lime because of the lower cost of dolomitic lime per unit 
of basicity.

Figure 4. Reaction o f Limes with Pickle Liquor at 25° C. (Iron Removal t-s. Tim e)
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Figure 5. Effect o f  Excess Lime in Fickle 
Liquor Treatm ent at 25° C.

Figure 6. Effect o f Agitation Rate in Fickle Liquor 
Treatm ent at 25° C.

An average pickle liquor was treated with 0, 5, and 20% ex
cesses of several dolomitic limes at room temperature with mod
erate agitation. The results were plotted in terms of iron pre
cipitation t>s. stirring time. A typical set of curves is shown 
in Figure 5. Similar families of curves were obtained for other 
samples which indicate roughly that for every 5% excess lime 
completion of the reaction occurs about an hour sooner.

I n c r e a s in g  R a t e  o f  O x i d a t i o n . Any means which will tend 
to increase the hydrogen ion concentration in the slurry will 
increase the driving force for solution of magnesia. Where fer
rous hydrate oxidizes, the pH of the mixture falls and the rate of 
oxidation can be increased quite simply by mixing the slurry 
more rapidly to entrain more air.

The effect of slow and rapid agitation was compared by treat
ing an average pickle liquor (56 grams Fe++ and 178 grams 
SOt per liter) with a 5%  excess of several dolomitic limes. A 
given slurry was first mixed by a laboratory stirrer running at 
low speed, and the experiment was repeated at a high rate of 
agitation. The results (Figure 6) illustrate clearly the marked 
effect of mixing on reaction rate. This effect is particularly sig
nificant in the case of the pressure hydrate; this type of lime is 
generally less reactive than the other varieties investigated. 
Obviously, provision for the more efficient aeration of the slurry 
with diffused air would increase the reaction rate still further.

E f f e c t  o f  T e m p e r a t u r e . It was to be expected that the 
reaction rate would be increased by increasing the temperature. 
As steel is normally pickled in sulfuric acid at 80 ° to 105 ° C., it is 
usually feasible to treat the hot liquor. The effect of temperature 
is illustrated in Figure 7, which presents the data from treatment 
of an average liquor with a 5% excess of several limes at. rapid

Figure 7. Effect o f  Increased Temperature, Excess 
Lime, and Rapid Agilation in Treatm ent o f  Pickle 

Liquor

agitation. This figure combines the effect of the three variables 
(excess lime, agitation, •temperature) which are important in the 
efficient use of dolomitic lime for treating pickle liquor. Com
parison of Figures 7 and 4 illustrates the improvement in reac
tion rate which can be attained where proper attention is given 
these variables.

S L U D G E  S E T T L IN G  R A T E S

Where there is a limited area for lagooning the slurry from lime 
treatment of pickle liquor, the sludge settling rate is quite im
portant. The fact that a large fraction of dolomitic lime does not 
form an insoluble sludge in pickle liquor treatment has frequently 
been cited as an advantage for the material. Figure 8 shows the 
settling rates of the sludge from the samples whose reaction rates 
were presented in Figure 4.

These curves demonstrate the wide variation in the settling 
rates of the sludges produced by the types of lime studied. In 
general, sludges produced by quicklimes settle faster than those 
from hydrates, and high calcium sludges faster than dolomitic. 
It was shown previously (1) that the settling rate of sludges will 
be approximately the same as the settling rate of the lime sus
pended in water. There is no explanation for the curious be
havior of the sludge from sample 6, which settled considerably 
faster than either of the limes from which it was compounded.

It is unfortunate that increasing the reaction rate by increas
ing the oxidation rate reduces the settling rate of the sludges 
formed. This effect is shown in Figure 9. It is true that dolo
mitic lime sludges contain a lower total weight of dry solids than 
their high-calcium counterparts. The dry solids in the sludges 
of Figure 8 are as follows:

D ry Solids, 
Sample G ./L . Original Slurry

3 120.0
4 91.1
5 89.5
7 117.7

Dry Solids, 
Sample G ./L . Original Slurry

8 88.5
9 87.5

10 99.0
11 107.4

Where slurries must be lagooned, however, it is the final bulk of 
the sludge which is important, not its dry solids content.

C O S T  OK  L IM E  P E R  B A S IC IT Y  U N IT

The lower cost of dolomitic limes per unit of basicity, as com
pared with high-calcium, has been mentioned several times. It 
is desirable to examine this statement in terms of actual cost 
dollars. Pressure hydrates are not included in the analysis be-
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T a b l e  III. C o s t  o f  A v a i l a b l e  C a l c iu m  O x i d e  E q u i v a l e n t  
p e r  T o n  o f  L im e

Delivery Point Higk-Ca Equiv. CaO Dolom itic Equiv. CaO

Quicklimes, Carloads in Bulk
Philadelphia $9.81 $10 .ill $9.55 $8.80
Pittsburgh- 9 .92  10.42 9.95 9.17
Cleveland 9 .90  10.40 9 .45 8.71

Hydrated Limes, Carloads in 50-Lb. Bags
Philadelphia $11.31 $16.04 S10.05 $11.71
Pittsburgh 11.42 16.20 11.45 13.09
Cleveland 11.65 16.52 10.95 12.51

cause this study has revealed them to have the lowest basicity and 
reaction rate of the limes investigated; in addition, they cost more 
per ton. Pressure hydrates were developed with the specific 
object of improving physical rather than chemical properties 
of the hydrate—e.g., plasticity.

Table III gives typical quotations, as of February 1946, for 
four limes, delivered in carlots to the destinations indicated. 
Such quotations include both the base price of the lime and the 
freight charges. The prices have been divided by the corre
sponding sulfuric acid basicity factors of the materials to show 
the cost of available calcium oxide equivalent per ton.

Table III makes it plain that basicity purchased as dolomitic 
lime is cheaper than high-calcium lime basicity by an average of 
about 14% for quicklimes and 24% for hydrates. The cost 
advantage of dolomitic lime should, in most cases, overcome 
its disadvantage of lower reaction rate and place it on a more 
or less equal footing with high-calcium lime through the use of 
excess agent and more rapid agitation for a slightly longer reac
tion time.

S U M M A R Y

The increasingly aggressive attitude of state and federal agen
cies in demanding reduction of stream pollution through waste 
treatment, the cheapness of lime as a neutralizing agent for acidic 
wastes, and the continuing shortage of high-calcium lime led to an 
investigation of means whereby dolomitic lime could be substi
tuted economically for its more reactive counterpart.

The lower rate of reaction of dolomitic limes as compared with 
high-calcium limes under the same conditions is illustrated graphi
cally. Two related factors are largely responsible for the lower 
reactivity of dolomitic limes: low solubility of magnesium oxide 
and decreased reactivity of this component through overcalcina
tion. Experimental data indicate that the calcium oxide reacts 
at a substantially greater rate than the magnesium oxide in dolo
mitic lime; in the treatment of an acid solution of ferrous sulfate 
this necessitates completing the reaction with the least reactive 
portion of the lime at a pH where the solubility of magnesium

75 100 125 150
SETTLING T IME, HOURS

175

Figure 8. Lime Sludge Settling Rates

Figure 9. Ell’ect o f Mixing Rate on Sludge 
Settleability

oxide is very low indeed. In addition, the magnesium oxide re
maining at any time is less reactive than that previously con
sumed by the reaction.

The reaction rate of dolomitic lime can be increased by em
ploying an excess of the agent. Very roughly, and within limits, 
each 5% excess reduces the reaction time about an hour.

Raising the temperature of the mixture increases the reaction 
rate considerably. Advantage can be taken of this factor in prac
tice by treating pickle liquor before it has an opportunity to cool 
from pickling temperature.

Increasing the rate of oxidation of the ferrous hydrate in the 
mixture by stirring it more rapidly, or by the introduction of dif
fused air, markedly increases the reaction rate.

Dolomitic lime treatment of waste pickle liquor results in a 
sludge which usually is bulkier than that from high-calcium lime 
treatment even though it has a lower content of dry solids. This 
consequence may be a disadvantage where only a limited area is 
available for lagooning.

The basicity advantage which dolomitic lime holds over high- 
calcium, however, places the two agents on a relatively equivalent 
basis for pickle liquor treatment. Where considerable volumes 
of liquor must be treated, the saving in cost of alkaline agent will 
permit the use of several expedients to increase the reaction rate 
without exceeding the cost of the more reactive high-calcium lime.
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Hydrolysis of Dehydrated 
Sodium Phosphates

RU SSELL N. IiELL, Victor Chemical Works, Chicago Heights, III.

'W hen sodium  triphosphate hydrolyzes, one m ole each 
o f  ortho- and pyrophosphate is form ed. In aqueous solu
tions o f hexametaphosphate two reactions take place 
sim ultaneously; part is hydrolyzed directly to ortho
phosphate, and part is depolymerized to trimctaphospliatc 
which then hydrolyzes slowly to orthophosphate. In the 
hydrolysis o f  trim eta- to orthophosphate, trqjhosphate is 
form ed as an interm ediate. In the presence o f an excess 
o f alkali, trim ctaphosphale is converted entirely to tri
phosphate. Pyrophosphates hydrolyze directly to orllio 
phosphates. Hydrolysis data confirm the fact that tetra- 
and septaphosphates are mixtures.

R EFERENCES in the literature to the use of molecularly 
dehydrated phosphates, in the treatment of water'for vari

ous purposes, are too numerous to be tabulated here. The useful 
life of these compounds is dependent on their ability to with
stand hydrolysis in aqueous solutions. Many attempts have 
been made to measure the rate at which these compounds rehy
drate (hydrolyze), but the analytical methods used were inade
quate to establish either the nature or the exact amount of the 
products formed. Morgen and Swoope (3) used the titration 
methods of Gerber and Miles (4), which do not determine polv- 
phosphate as such. Germain (5) determined the hexametaphos- 
phatc by precipitating as barium hexametaphosphate and the 
pyro- and orthophosphate by acidimétrie titrations using a se
ries of indicators. Watzel {10) also used titration methods. None 
of these methods gave sufficient information on the products 
formed or the mechanics of the rehydration.

Recently developed methods for determining triphosphate 
and pyrophosphate (3) in the presence of each other and in the 
presence of the other phosphates have made possible a more com- 

• pletc study of the hydrolysis of the dehydrated phosphates. 
Supplementing the above methods, the orthophosphate was de
termined colorimetrically by the molybdenum blue method (31, 
and the hexametaphosphate precipitated as barium hexameta
phosphate (7). No satisfactory method was found for determin
ing trimetaphosphate in the presence of large amounts of other 
phosphates, and it was therefore determined by difference. Re
sults found by analysis of pyrophosphate, polyphosphate, and 
hexametaphosphate, using the above methods, agree with the 
findings of Andress and Wtist (1) and Partridge, Hicks, and 
Smith (9)—namely, that only one true polyphosphate, the tri
phosphate, exists. The so-called tctraphosphate and septaphos- 
phate were found to be mixtures of triphosphate and metaphos
phate with small amounts of ortho- and pyrophosphate usually 
present.

H Y D R O L Y S IS

M a t e r i a l s . (Table 1 ) The tetrasodium pyrophosphate used 
was a commercial grade containing 53.2% PsOs. Tim trisodium 
hydrogen pyrophosphate (NaallPsOj.ITO) was obtained from 
Monsanto Chemical Company and contained 54.5% P;0 5. The 
disodium acid pyrophosphate used was a commercial grade 
containing 63.1% P20 s.

T a b l e  I. D e h y d r a t e d  S o d iu m  P h o s p h a t e s

Pyrophosphates
Tetrasodium
Trisodium
Disodium

Polyphosphates
Triphosphate
Tetraphosphate
Septaphosphate

M etaphosphates
Hexametaphos
Hexametaphos
Trim etaphos

Composition

Crystalline N aiP iO  
Crystalline NaiH'PsOt 
Crystalline NaaHaPaCh

Crystalline NasPiOio 
Amorphous 3NasO-2PjOi 
Amorphous 4 .5N aiO-3.5PîOi

Amorphous N aîO -PîO i 
Amorphous NaaO-PaO» 
Crystalline (N aPOi)i

P :0 6 PHof 1%Calcd.,
% Soln.

53.4 10.2
58.2 7 .3
6 4.0 4 .6

57.9 9 .4
60.4 8 .0 °
64.0 7 .3

69.6 6.2b
69.6 6 .8 e
69.6 6 .7

Figure 1. Sodium Pyrophosphates
A .  1 %  s o lu tio n  in  w ater a t 100° C .
B. 1 %  so lu tio n  in  w ater at 70° C .

u Comm ercial grade containing 62.5%  PaOj. 
b Laboratory-prepared product containing 69.6%  PaOs. 
c Commercial grade containing 67.2%  PaÜ6.
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ORTHOPHOSPHATE
o r t h o p h o s p h a t e

p y r o p h o s p h a t e

TRIPH OSPHATE

O R T H O P H O S P H A T E

PYROPHOSPHATEORTHOPHOSPHATE

TRIPHOSPHATE

TR IPH O SP H A TE

3 0  4
TIME IN HOURS

O RTH OPH O SPH ATE

Figure 2. Sodium Triphosphate (Commercial)
A . 1 %  s o lu tio n  in  w ater at 100° C.
It. 10%  s o lu tio n  in  w ater a t 100° C.
C. 1%  s o lu tio n  in  1 %  N a O li a t 100° C.
I). 1 %  so lu tio n  in  1%  NaOH a t 100° C ., over 60 hou rs
E. 1%  so lu tio n  in  w ater at 70° C ., over 60 hours

PYRO PH OSPH ATE

(commonly called tripolyphosphate) was a commercial grade 
containing 57.5% P2O5. The sodium tetraphosphate was a 
commercial grade containing 02.5% P2O5, and the septaphosphate 
was a commercial grade containing 63.5% P20;.

M e t h o d . Solutions of the desired concentration (1% or 10%) 
were made and aliquots removed for analysis. Ortho-, pyro-, 
tri-, and hexametaphosphates were determined by the methods 
described. Trimetaphosphate when present was determined by 
difference. The solutions were heated to the desired temperature, 
70° dr 100° C., and aliquots were removed periodically, cooled, 
and analyzed as before.

The data are presented in a new way. Inasmuch as the inter
mediate products of the rehydration were determined, and their 
presence materially affected the evaluation of the product, these 
products are shown in the hydrolysis curves. In the curves 
shown, the percentage of phosphorus present as ortho-, pyro-, 
tri-, hexameta-, and trimetaphosphate is plotted against time, so 
that the composition of the solute can be calculated at any given 
time. The area between the curves represents the percentage of 
phosphorus present as ortho-, pyro-, etc., as indicated. Thus the 
figures picture not only the disappearance of the starting material 
but also the formation of intermediates, a knowledge of which is 
necessary in determining the useful life of the product. The ini
tial composition of each of the products, expressed in per cent of 
phosphorus, is shown at zero time.

t r i p h o s p h a t e

T IM E  IN HOURS
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TIME IN HOURS 

Figure 3. Sodium Trimetaphospliate (Commercial)
A .  1 %  so lu tio n  in  w ater at 100° C.
K. 1 %  so lu tio n  in  1%  NaOII a t 100° C .

D ISCU SSIO N

P y r o p h o s p h a t e s . Figure l.-l shows the rates of hydrolysis 
of 1% solutions of tetrasodium, trisodium hydrogen, and diso
dium acid pyrophosphates at 100° C. in distilled water. Since 
the pyrophosphates hydrolyze directly to orthophosphate, all are 
shown on the same figure. The area above each curve shows the 
percentage of phosphorus which has been hydrolyzed to ortho
phosphate; that below the curve is the percentage of phosphorus 
remaining as pyrophosphate. This indicates the marked effect of 
lower pH on the rate of rehydration of pyrophosphates. (Table 
I shows the pH of 1% solutions of the dehydrated phosphates.) 
The acid salt, disodium acid pyrophosphate, hydrolyzes rapidly. 
The trisodium hydrogen pyrophosphate is slightly more stable, and 
the normal salt, tetrasodium pyrophosphate, is relatively stable. 
In 1% sodium hydroxide solution no hydrolysis is detectable in 
96 hours at 100° C. Temperature also greatly affects the rate of 
hydrolysis of the dehydrated phosphates. At 70° C. the diso
dium acid pyrophosphate rehydrates much more slowly than at 
100° C., and the tetrasodium pyrophosphate is unchanged for 60 
hours (Figure IB).

T r i p h o s p h a t e s . Figure 2  shows the rate of hydrolysis of 
a commercial grade of sodium triphosphate at 70° C. and 100° C. 
When sodium triphosphate hydrolyzes, both ortho- and pyro
phosphates are formed. Increasing the concentration from 1 to

TIME IN HOURS 
Figure 1. Sodium Hexamctaphosphate (Laboratory)

A . 1%  s o lu tio n  in  w ater at 100° C.
B . 1 %  s o lu tio n  in  1 %  N aOII at 100® C.
C. 1%  s o lu tio n  in  w ater a t 70° C .

10% decreases the stability slightly (Figure 2B) but does not 
materially change the shape of the curves. In 1% sodium hy
droxide solution sodium triphosphate is slightly more stable than 
in water (Figure 2C). Since pyrophosphate is found to be entirely 
stable in 1% sodium hydroxide solution at 100° C., extending the 
curve in Figure 2C should indicate the mechanism of the hydroly-
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ORTHOPHOSPHATE
ORTHOPHOSPHATE

TRIPH0S1 FYROPHOS PRATE

HEXAMETAPHOSPHATf

TRIPHOSPHATE

TRIMETAPHOSPHATE

HEXAM tTAPH OSPH ATE

ORTHOPHOSPHATE

ORTHOPHOSPHATE

TRIPHOSPHATE

HEXAMETAPHOSPHATE

TRIPHOSPHATEHEXAMETAPHOSPHATE

TRIMETAPHOSPHATE TRIMETAPHOSPHATE

TIME IN HOURS TIM E IN HOURS
Figure 5. Sodium Hexametaphosphate (Commercial)

A .  1%  so lu tio n  in  w ater a t 100° C . C. 1%  s o lu tio n  in  1 %  N aOII at 100° C .
B . 10%  so lu tio n  in  w ater at 100° C . D . 1%  so lu tio n  in  w ater at 70° C.

sis of triphosphate. Figure 2D shows triphosphate in 1% sodium 
hydroxide solution plotted over 60 hours. The ratio of phosphorus 
present as orthophosphate to that present as pyrophosphate 
is approximately 1 to 2 at the end of 60 hours, which means that 
one mole each of ortho- and pyrophosphate is formed as the result 
of the hydrolysis of triphosphate (Table IT, D). At 70° C. tri
phosphate is much more stable; 80% of the phosphorus is still 
present as triphosphate after 60 hours (Figure 2K).

M e t a p h o s p h a t e s . Since septaphosphate, tetraphosphate, and 
the commercial hexametaphosphate were found to be mixtures 
of metaphosphate and triphosphate, and' trimetaphosphate was 
produced in the process of hydrolysis, a discussion of tri- and

T a b l e  II. H y d r o l y s i s  E q u a t io n s

I n  W a t e r

Hexametaphosphate: 3(NaPOs)s +  I 2 H 2O—>-2(NaP03h +  12NaH2PO< (A)
Trimetaphosphate: (NaPOi)3 +  H 2O —► NasHîPaOio (B)

NajHîPsOio +  2II20 -> -3 N a H 2 P 0 1 (C)
Triphosphate: NasPiOio 4* H 2O —♦* NajHP2C>7 ~i~ NatHPOi (D )
Pyrophosphates: NaiHjPiOr +  IIiO —*■ 2NaH2POi (E)

N aiH P.O j +  HiO NajHPO* +  NaHiPO* (F)
Na,P207 +  HiO - 7- 2NaiHPO» (G)

I n  1%  NaOH S o l u t i o n  

Trimetaphosphate: (N aPOi)s T  2N aOH  —*• NatPiOio +  HiO (H)

hexametaphosphates will supplement the triphosphate discussion 
above and provide a basis for evaluating the results found on the 
mixtures. Although neither the commercial trimetaphosphate 
nor the laboratory-prepared hexametaphosphate were strictly 
pure, the amount of impurity was not sufficient to mask their 
hydrolysis characteristics.

A 1% solution of trimetaphosphate at 100° C. hydrolyzes 
slowly to orthophosphate (Figure 3A). However, the hydrolysis 
is not direct but appears to form triphosphate as an intermediate 
product (Table'll, B and C). In 1% sodium hydroxide solution 
at 100° C. trimetaphosphate is converted immediately to triphos
phate (6) and then hydrolyzes at the rate of triphosphate in 1% 
sodium hydroxide solution (Table II, H). Comparison of Figures 
3B with 2C shows this.

When a solution of the laboratory-prepared hexametaphosphate 
is heated at 100° C., two reactions take place. Part of the hexa
metaphosphate is hydrolyzed to orthophosphate and part is de
polymerized to trimetaphosphate. Figures 4A and 4C show that 
approximately twice as much phosphorus is hydrolyzed as is de
polymerized. The trimetaphosphate is determined by difference. 
Evidence that this difference is trimetaphosphate is found by 
comparing Figures 4A and 4B. Trimetaphosphate in 1 %  sodium 
hydroxide was found to convert immediately to triphosphate. 
When hexametaphosphate is hydrolyzed in a 1% sodium hydrox
ide solution at 100° C., a large amount of triphosphate is found; 
this leaves no difference to be calculated to trimetaphosphate.
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T IM E  IN HOURS

Figure 6. One Per Cent Solution in Water at 100°
(B) Commercial So

The identification of the undetermined material as trimetaphos
phate is based on the following points: first, its reaction with 
excess alkali to form triphosphate (Figures 4/1 and 4B) ; second, 
its rate of hydrolysis as shown by the slope of the curves after 
the hexametaphosphate has disappeared (4/1 and 5A); finally 
its similarity to trimetaphosphate in forming triphosphate as 
an intermediate step in the hydrolysis to orthophosphate.

Triphosphate is relatively stable in 1% sodium hydroxide solu
tion, and pyrophosphate is entirely stable for the time of the test. 
Any triphosphate formed, therefore, should hydrolyze slowly to 
ortho- and pyrophosphates, both of which are stable. If hexa
metaphosphate hydrolyzes as trimetaphosphate does, by first 
forming triphosphate, the rate of formation of orthophosphate 
should be the same as for triphosphate in 1% sodium hydroxide 
solution (Figure 2C). Comparison shows that this is not true. 
Considerably more orthophosphate is formed during the period 
while hexametaphosphate is present (approximately 4 hours); 
then the curve levels off to a slope corresponding to the hydrolysis 
rate for triphosphate. No pyrophosphate is found at the end of 
2 hours, and only a small amount is present after 4 hours. This 
latter is formed as the result of the hydrolysis of the triphos
phate. From these observations it is evident that the portion of 
hexametaphosphate which hydrolyzes goes directly to orthophos
phate. The triphosphate is formed from that part which depoly- 
merizes to trimetaphosphate; in the presence of excess alkali the 
latter converts to triphosphate. From the ratio of depolymerized 
to hydrolyzed phosphorus Equation A, Table II, is believed to 
represent the hydrolysis of hexametaphosphate in water.

Commercial sodium hexametaphosphate contains approxi
mately 30% of triphosphate and 70% hexametaphosphate. The 
analysis is shown at zero time in Figure 5/1, which indicates the 
rate of hydrolysis of a 1% solution of commercial hexametaphos
phate in water at 100° C. Hexametaphosphate is slightly less 
stable in 10% than in 1% concentration (Figure 5B). Otherwise 
the curves are the same.

Figure 5 C presents the hydrolysis of a 1% solution of hexa
metaphosphate in 1% sodium hydroxide solution at 100° C. As 
would be expected, a large amount of triphosphate is found, but 
no trimetaphosphate. The curves are similar to those found for 
the laboratory-prepared product in excess alkali. At 70° C. a 
1% solution of commercial hexametaphosphate hydrolyzes as 
shown (Figure 5D). As was the case with the laboratory-prepared 
product, the commercial hexametaphosphate is much more stable 
at 70° than at 100° C.

P o ly p h o sp h a te s.  Figure 6A shows the hydrolysis of a 1% 
solution of commercial tetraphosphate in water at 100° C. It
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TIME IN HOURS

C. o f  (A) Commercial Sodium Tetraphosphate and 
um Septaphosphate

hydrolyzes in the manner expected of such a mixture. Proof of 
the existence of trimetaphosphate in this product was found by 
hydrolyzing it. in a 1 % sodium hydroxide solution. At the end of 
2 hours at 100° C. an increased amount of triphosphate was 
found, no hexametaphosphate was present, and the analysis left 
no difference to be calculated to trimetaphosphate. Septaphos
phate as shown at zero time in Figure 6B was found to be a mix
ture of about equal quantities of hexametaphosphate and tri
phosphate. A 1% solution at 100° C. hydrolyzes as indicated on 
the curve.

C O N CLU SIO N S

Temperature greatly affected the rate of hydrolysis of the mo- 
lecularly dehydrated phosphates. The hydrolysis rates were 
much slower at 70° than at 100° C. Triphosphate hydrolyzed 
more slowly than hexametaphosphate and was noticeably more 
stable in the presence of excess alkali.

When triphosphate hydrolyzed, one mole each of ortho- and 
pyrophosphate was formed. Hexametaphosphate hydrolyzed to 
orthophosphate and depolymerized to trimetaphosphate in 
aqueous solutions. The reactions were simultaneous. No pyro- 
or triphosphate was formed directly from the hydrolysis of the 
hexametaphosphate. Some triphosphate was found as a result 
of the hydrolysis of the trimetaphosphate formed. Trimetaphos
phate hydrolyzed first to an acid triphosphate which then hy
drolyzed to orthophosphate. If any pyrophosphate was formed 
it was hydrolyzed to orthophosphate and the amount present 
was not sufficient to be detected. In the presence of an excess of 
alkali, trimetaphosphnte was converted to triphosphate, the 
reaction being very rapid at 100° C.

A C K N O W L E D G M E N T

The author wishes to thank Howard Adler and W. H. Wood- 
stock for many helpful suggestions and criticism.

L IT E R A T U R E  C IT E D  ,

(1) Andress, K . R ., and W iist, K . Z ., anorg. allgem. Chem., 237,
113-21 (1938).

(2) Bell, R . N ., I n d . E n o . Chem ., A n a l . E d ., in press.
(3) Fiske, C . H ., and Subbarow, Y ., J . B iol. Chem., 66, 375 (1925).
(4) Gerber, A . B ., and M iles, F . T ., I n d . E n o . Chem ., A n a l . E d .,

10 ,519 (1938).
(5) Germain, Louis, Chimie & Industrie, 35, 22 -6  (1936).
(6) H atch, G . B „  U. S. Patent 2,365,190 (D ec. 19, 1944).
(7) Jones, L . T ., I n d . E n o . Chem ., A n a l . E d ., 14, 536 (1942).
(8) M orgen, R . A ., and Swoope, R . L ., I n d . E n o . Chem ., 35, 821-4

(1943).
(9) Partridge, E . P ., H icks, V ictor, and Smith, G . W ., J. A m . Chem.,

Soc., 63, 454-66  (1941).
(10) W atzel, R ., D ie Chemie, 55, 356-9 (1942).

P r e s e n t e d  before the Division of Physical and Inorganic Chemistry at the 
109th M eeting 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 ,  Atlantic C ity , N . J.



Performance of Butyl Inner 
Tubes

INFLUENCE ON TIRE LIFE

THE first scientific paper 
on Butyl rubber was 

presented at the 100th meet
ing of the A m e r ic a n  C h e m i
ca l  S o c ie t y  in September 
1940 by Frolich. Since that 
time numerous publications 
[1-12) have described the 
properties and compounding 
technique of this polymer.
Although Butyl has been re
ferred to as a specialty rub
ber, it can also be used to 
replace natural rubber in 
many applications.

Butyl was found to be a 
remarkable barrier to the 
passage of gases [10), in
cluding air. The polymer 
also deteriorated very little 
on aging and had excellent 
tear resistance. Because 
of these properties Butyl 
was first considered for 
inner tubes, and in this 
application Butyl has found its largest commercial accept
ance. Automobile inner tubes were first made experimentally in 
September 1940. With Butyl made in the Standard Oil pilot 
plant this experimental work continued until April 1943, when 
the first government plant began producing Butyl commercially. 
From that time until the present Butyl has been used success
fully to manufacture all types and sizes of inner tubes ranging 
from bicycle tubes of l'/Vinch cross section to earth-mover 
tubes of 24-inch cross section.

Butyl tubes were first used by the United States Army for 
service in the European war theater in May 1944. The follow
ing month Butyl was used in essential civilian trucks; but not 
until September 1945 was sufficient Butyl available for 
civilian automobile tubes.

C O M PO U N D IN G

Compounding studies carried out early in the development of 
Butyl tubes indicated that Butyl inner tube recipes could not be 
built around the recipes formerly used with natural rubber. 
Because of several unique fundamental characteristics, Butyl 
requires special compounding and handling techniques.

N e r v e . “ Pure gum” Butyl has a higher immediate elastic 
recovery than broken-down smoked sheets. Premastication was 
found to be ineffective in reducing this nerve; therefore, it was 
necessary to resort entirely to compounding techniques to obtain 
processability. Since softeners have a rather limited value, the 
present practice requires a rather high pigment loading and the 
use of pigments which exert considerable “ deadening”  effect.

Contrary to natural rubber and Buna S practices, the incor
poration of carbon black in a Butyl inner tube recipe is primarily 
to improve processability. It is not employed as a means of de-

1 Present address, Pro-phy-lac-tic Brush Com pany, Florence, Mass.

veloping increased tensile 
strength, although it does 
raise modulus and enhance 
tear resistance to a much 
greater extent than do other 
pigments.

R e s is t a n c e  t o  O x i d a 
t i o n  a n d  M il l  B r e a k 
d o w n . When properly 
stabilized, Butyl exhibits 
great resistance to oxi
dation and mechanical 
breakdow n. P lasticity 
changes during milling 
operations are dependent 
only upon the temperature 
attained by milling.

This constancy of plas
ticity should prove to be 
an advantage and should 
lead to more uniform
day-to-day factory opera
tion. Moreover, as a re
sult of this property,
Butyl compounds for fac

tory use may be designed on the basis of filler and softener 
changes alone without regard to processing changes, such as re
working cycles, periods of standing, etc., factors which had to be 
taken into account in the use of natural rubber.

C o l d  F l o w . In spite of its high nerve, Butyl will flow to a 
greater extent than natural rubber in a prolonged period of time. 
In inner tube manufacture this property results in fold marks or 
side-wall breakdown of tube sections if they are stored on trays 
for extended periods. The use of 20 parts of EPC black in a
Butyl tube compound was found to minimize cold flow. The
use of small quantities of Polyac at the beginning of the black 
master batching operation increases the viscosity of Butyl and 
thereby minimizes cold flow as well as improves bruise resistance. 
A consideration of these properties of Butyl led to the develop
ment of the basic recipe of Table I for use in the manufacture of 
Butyl tubes.

A mixture of EPC and SRF blacks is employed in order to 
minimize bruising and rpduce cold flow. A total loading of 50 
parts of black is used to reduce nerve and tend to overcome short
ness. Paraffin and petrolatum are used as representative, fully 
saturated aliphatic softeners which exert a minimum effect on 
curing rate. High concentration of ultra-accelerator and an ex
cess of sulfur are used to obtain a fast cure rate.

P E R F O R M A N C E

As soon as the manufacture of Butyl tubes permitted, test fleet 
operations were begun for the Standard Oil Company of New 
Jersey in San Antonio, Tex., in order to allow a close study of the 
performance characteristics of Butyl inner tubes under carefully 
controlled conditions. Road tests had been going on elsewhere 
for some time. The individual rubber companies had tested 
Butyl tubes in their own test cars, as had the various government

I. E. LIGIITBOW N AND L. S . VERDE
Standard Oil Company o f  Neiv Jersey, New York 4, Ar. Y.

J. R . BROWN, Jr .1
Esso Eaboratorics, Standard Oil Developm ent Company, 

Elizabeth, ¿V. J.

In  severe over-the-road service tests Butyl rubber tubes 
bave been shown to hold air 8 to 10 times better than nat
ural rubber lubes. Test results demonstrate that the 
m aintenance o f  proper inflation pressure, afforded by 
Butyl tubes because o f their superior air retention, results 
in an increase in tread life o f  10 to 18%, depending on the 
test conditions. It is possible to make Butyl tubes which 
show less “ growth”  than natural rubber tubes. Butyl 
inner tubes age well in service, m aintaining their original 
physical properties better than do natural rubber tubes. 
This superior aging results in  an inner tube with better 
puncture and blowout (tear) resistance, which, in turn, 
provides a greater degree o f safety for the m otorist.

141



142 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 39, No. 2

THOUSANDS OF MILES
Figure I. Comparison o f Growth o f Low Modulus Butyl and High Modulus

Butyl Tubes

Figure 2.
THOUSANDS OF MILES

Comparison o f Growth o f Butyl and Natural Rubber Tubes

test fleets throughout the country. But the results presented in 
this paper are all gathered from data obtained on test cars oper
ated for this company.

Test fleet operations were begun in January 1944, using Pon
tiac and Chrysler automobiles. These automobiles travel at the 
rate of 60 miles per hour, 24 hours per day, 6 days per week. In 
January 1945, fleet operations were expanded to include the 
testing of truck tubes.

G R O W T H

When applied in a tire and inflated, an inner tube is expanded 
as much as 35% over its original dimensions. On deflation the 
tube does not return to its original size; it remains slightly 
larger, the increase depending on the permanent set of the rub-

T a b l e  I. R e c i p e  f o r  M a n u f a c t u r e  o f  B u t y l  T u b e s

ber in service. This increase in the size 
of the tube is commonly referred to as its 
growth. Growth in service is one of the 
limiting factors in the life of an inner tube. 
The longer a tube remains in service the 
greater its growth. When this growth be
comes great enough to make it difficult to 
remount the tube in a new tire without 
buckles or wrinkles, the tube must be dis
carded. For a tube to exhibit good growth 
characteristics it must not only possess 
balanced original physical properties but 
must maintain this proper balance after 
aging, particularly after aging in service.

Compounding changes exert consider
able influence on growth. Changes in type 
and amount of black and in type and 
amount of softener are of importance, as is 
the use of such materials as Polyac or 
Polybutene. Original tube dimensions, 
state of cure, type of service, and tube 
design also play an important part. 
Basically, however, growth depends on the 
type of Butyl used. The use of fast-curing 
(high modulus) Butyl results in a tube of 
correspondingly lower growth, when com
pared with low modulus Butyl, over the 
entire range of compounding changes. 
(In Rubber Reserve terminology, fast- 
curing Butyl is Y-15 or Y-25; this type 
is more highly unsaturated.)

Experimental work along this line was 
carried out by choosing two lots of Butyl; 
they were compounded (Table II) and 
cured 40 minutes at 307° F. according to 
the standard evaluation method. The 
moduli at 300% elongation were as fol
lows: Butyl for tube SO-2, 400 pounds 
per square inch; Butyl for tube SO-8A, 
650 pounds per square inch. The two 
different lots of polymer were then com
pounded in the same tube recipe and cured 
into inner tubes (column 3, Table II). 

Tube SO-2 (low modulus Butyl) was 
compared with tube SO-8A (high modulus Butyl) in a road serv
ice test. The results of this test are given in Figure 1, which 
demonstrates the lower growth of the high modulus Butyl.

Figure 2 compares the progressive growth throughout 50,000 
miles between a first-line black natural rubber tube and a well

-14
Butyl 
Zinc oxide 
E P C  black 
SR F  black 
Paraffin

Petrolatum 2
Sulfur 2
Thiuram -type accelerator“ 1
Thiazole-type accelerator & 0 .5

° Satisfactory tbiuram accelerators include Ethyl Tuads, Methyl Tuads, 
M onex, M ono-Thiurad, Tetrone A , Thionex, Thiurad, Thiuram  E , Thiu- 
ram M , and Tuex, Ethyl Tuex.

4 Satisfactory thiazole accelerators include Captax, M B T , and Thiotax.
AIR-HOLDING, HOURS

Figure 3. Comparison o f Air Loss in  Butyl and Natural 
Rubber Tubes after 20,176 Miles o f  Travel
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T a b l e  II. C o m p o u n d s  U s e d  f o r  G r o w t h  T e s t s

Standard Inner-^Pube
Evaluation Com pd. Compd.

Butyl 100 100
Zinc oxide 5 5
Stearic acid 3 1
EPC black 30
SHF black 60 20
Thiuram-type accelerator® 1 1
Thiazole-type accelerator*» 0. 5 0 .6
Sulfur 2 2
° See footnote a. Table I.

See footnote b, Table I.

T a b l e  III. C o m p o u n d s  U s e d  in P r o g r e s s i v e  G r o w t h  T e s t s

Butyl Tube Natural Rubber Tube
(SO-82) (SO-115)

Butyl 95 Smoked Sheets 100
Polybutene® 5 Zinc oxido 3
Zinc oxide 5 F T  black 55
Petrolatum 2 Stearic ac d 2 .25
Thiuram-type accelerator*> 1 Process oil 3 .8
Thiazole-type accelerator0 0 .5 Paraffin 0 .5
Sulfur 2 Sulfur 1 .5
MT black 35 Accelerators 1.58
HMF black 15 Age resister 1.15
Glycerol 1
Polyac 0.1

° Polybutene in this com pound was used as a processing aid.
*» See footnote a, Table I.
c See footnote 6, Table I.

compounded, well cured Butyl tube made from high modulus 
polymer (Table III).

A IR  H O LD IN G

The main function of an inner tube is to hold air. Before other 
polymers were available, natural rubber was considered to per
form reasonably well as a gas barrier; it was used to make bal
loons, diaphragms, and gas masks as well as inner tubes. But 
inner tube manufacturers have long recognized that there is much 
room for improvement in the air-holding properties of natural 
rubber inner tubes. Before the war rubber companies conducted 
many experiments with materials which could be injected into 
natural rubber inner tubes to improve their air-holding qualities. 
Automobile owners, as well as tube manufacturers, are aware of 
the fact that air diffuses through natural rubber; and they are 
also aware that the rate of diffusion increases on aging.

Figure 5. GR-S Tires with Natural 
Rubber Tubes (left) and Butyl Rub
ber Tubes (right) after 17,095 Miles

Controlled road tests were carried on at the test fleet to de
termine the actual air-holding properties of Butyl tubes in service 
and to compare Butyl with natural rubber tubes in this respect. 
In carrying out these air holding tests, precautions were taken to 
ensure a minimum loss of air from the valve. A special measur
ing device was used to prevent loss of air during measurement. 
The tubes were kept in the tires for the life of the tires. These 
same tubes were, then remounted in new tires and the test con
tinued. One test was continued until five sets of tires had been 

worn out. When a new set of tires was 
applied, a 5-day (5000 mile) “ break-in”  
period was allowed before regular air- 
holding measurements were recorded, in 
order that errors caused by apparent loss 
of pressure due to tire growth would not 
be included in the data. At the end 
of the break-in period the tubes were 
reinflated to normal pressure. No air was 
added (except when tubes were remounted 
in a new set of tires) until one of the four 
tubes had fallen to 22 pounds pressure at 
room temperature. At this point all tubes 
were reinflated to tbe original pressure of 
28 pounds at room temperature and the 
tests continued. Thus no tire ever fell 
below 22 pounds pressure. It was realized 
that many car drivers permit the pressure 
in their tires to fall below 22 pounds, 
but for these test car conditions of overload 
and continuous high speed driving it was 
considered dangerous to let the pres
sure get below that figure. The results 
that follow, then, are concerned with 
air losses only between an upper pressure 
of 28 pounds and a lower pressure of 22 
pounds.

Figure 4. Comparison o f  Tread Wear o f  6.00 X 16 GR-S(S-3) Tires, with 
Butyl and Natural Rubber Tubes, at 60 Miles per Hour
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Figure 6.

10 12 14 16

THOUSANDS OF MILES

Comparison o f  Trend Wear o f  7.00 X 15 Natural Rubber Tires with 
Butyl and Natural Rubber Tubes, at 60 Miles per Hour

Figure 3 illustrates the air-holding superiority of Butyl inner 
tubes over natural rubber tubes. Loss of air pressure in pounds 
per square inch is plotted against number of hours of air holding. 
This test was run on a Chrysler automobile operating at 60 miles 
per hour, 24 hours per day, 5‘ /2 days per week. Air-holding meas
urements were continued over week-ends while the car was 
standing in the garage. The test was run using 7.00 X 15 nat
ural rubber tires with two 7.00 X 15 black natural rubber and 
two 7.00 X 15 black Butyl tubes.

Both the natural rubber and the Butyl tubes were of the best 
quality and were of recent manufacture. The test was consid
ered complete when the set of tires had worn smooth. This oc
curred after 20,176 miles, which included 664 consecutive air- 
holding hours (approximately 28 days).

Other air-holding tests were run at the test fleet to observe the 
effect of various compounding changes in the Butyl inner tube 
recipe. None of the changes studied so far had any influence on 
air-holding performance.

Air-holding tests run to date indicate that Butyl tubes hold 
air 8 to 10 times better than natural rubber tubes. These ratios 
of 8 to 1 or 10 to 1 were established under severe test conditions. 
Informal tests, under conditions of driving and standing more 
nearly approaching normal practice, indicated a permeability 
ratio even more favorable to Butyl. These latter tests indicate 
that it will be necessary for the average motorist to reinflate his 
tires only two or three times a year.

IN FLU EN C E  O F  B U T Y L  T U B E S ON T IK E  W EAR

Automobile manufacturers specify not only tire size but also 
optimum inflation pressure at which the tires should be main
tained for safe and economical operation. Overinflation is un
desirable. It reduces puncture and blowout resistance, increases 
tire strain, causes rapid and uneven tread wear, and makes the 
car less comfortable to ride in. Underinflation also reduces punc
ture and blowout resistance. It increases tire strain and tire 
operating temperature because of increased flexing. Tread 
wear, driving safety, and ease of steering are also reduced by 
underinflation.

Since the superior air-holding 
properties of Butyl tubes make 
it a relatively simple matter to 
maintain proper inflation pressures, 
it was suggested that an over-all 
increase in tread wear would re
sult from the use of Butyl tubes. 
To test the validity of this proposi
tion, tread wear was measured 
during the course of the air-holding 
tests.

Figure 4 illustrates the effect 
on tread wear when Butyl tubes are 
used in place of natural rubber tubes. 
In this test two 6.00 X 16 black 
natural rubber and two 6.00 X 16 
black Butyl tubes were mounted in 
four GR-S (S-3) 6.00 X 16 tires. 
The test was run on a Chrysler 
automobile traveling at 60 miles per 
hour, 24 hours per day, 5 days per 
week. All tires were reinflated to 
the original pressure of 28 pounds 
whenever any one of the tires
fell below 22 pounds pressure at 
room temperature. The tires were 
rotated every 24 hours (approxi
mately every 1000 miles) and
tread wear measurements made 
every 48 hours (approximately 

every 2000 miles). This test occupied a period of 25 days from 
January 2, 1945, through January 27, 1945. It was necessary to 
reinflate the tires once during the test. This occurred at 9825 
miles, at which point the tire containing the natural rubber tube
measured 20.5 pounds and the tire containing the Butyl tube
measured 27.5 pounds at 65° F. The test was discontinued 
after 17,095 miles in order that photographs could be obtained. 
At this mileage the tires containing natural rubber tubes were 
practically smooth. The actual condition of the tires at the com
pletion of this test is shown by the photograph in Figure 5.

Figures 4, 6, and 7 are drawn by plotting the number of mites 
that the tires have been tested on the road against tread wear 
in inches. At any point on the curve the tread wear, commonly 
expressed as miles per mil, can be calculated. Since the tread 
wear is measured by gaging the depth of the nonskid grooves, the 
last portion of the curve must be extrapolated (shown by dotted 
lines). At this stage the depth of tread cannot be accurately 
measured because the tire is almost smooth.

In the test demonstrated by Figure 4 the tire containing a 
natural rubber tube had a nonskid tread life of approximately
19.000 miles; the tire containing a Butyl tube, 22,000 miles.

Figure 6 also illustrates the effect on tread wear when Butyl
tubes are used in place of natural rubber tubes. However, in 
this test four natural rubber 7.00 X 15 tires were used in con
junction with two 7.00 X 15 black natural rubber tubes and two
7.00 X 15 black Butyl tubes. The test procedure was exactly 
the same. This test was considered complete after 20,176 miles, 
at which point the tires containing natural rubber tubes had 
worn smooth. This test occupied a period of 34 days from May 
25, 1945, through June 27, 1945. It was necessary to reinflate 
the tires three times: once at 4835 miles and again at 6840 miles 
because of nail punctures, and finally at 14,180 miles; at that 
point the tire containing the natural rubber tube measured 19.55 
pounds and the tire containing the Butyl tube measured 25.2 
pounds at 65 ° F.

One more control test was carried out to measure the relative 
tread wear, when Butyl and natural rubber tubes are compared. 
The conditions of this test were somewhat different from the pre
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Figure 7. Comparison o f Tread Wear o f  7.00 X  15 Natural Rubber Tires with Butyl 
and Natural Rubber Tubes, at 40 Miles per Hour

vious two tests. Figure 7 shows 
tread wear results when the test 
car was run at 40 miles per hour 
rather than at 60 miles per hour.
Furthermore the tires were not re- 
inflated until any one of them had 
fallen below 20 pounds pressure 
when measured at room tempera
ture. The conditions of this test 
were adjusted so as to duplicate 
more closely the driving conditions 
used by the ordinary motorist.
Other conditions of the test, such 
as tire rotation, etc., were followed 
as in previous tests. Under these 
conditions the tire containing the 
natural rubber tube had a nonskid 
tread life of approximately 36,000 
miles, whereas the tire containing 
the Butyl tube had a nonskid 
tread life of approximately 43,000 
miles. This difference—approxi
mately 18%—is greater than 
was the case when the test cars 
were traveling at 60 miles per hour.
This is to be expected, since the 
tread life of a tire is much higher 
at slower speeds; therefore, under the conditions of this test, 
the tires containing the natural rubber tubes were run for a 
longer increment of time at pressures lower than 28 pounds.

In interpreting these results one must bear in mind the speed 
at which the cars were traveling, the mileage run at underinfla
tion and the minimum pressure allowed prior to reinflation, as 
these factors greatly influence the results obtained. It will be 
recognized that all these objective conditions depend on a sub
jective function—namely, the diligence of the car operator.

Aside from increased tread wear, there are indications that 
other advantages in tire performance are to be gained by the use 
of Butyl tubes. Rapid tire aging, caused by seepage of air from 
the tube through the tire, will result in ply separation, side-wall 
blisters, and reduced blowout resistance. This is particularly 
true when the tire casing makes an airtight seal against the wheel 
rim and so prevents air, which has permeated outward through 
the tube, from escaping by any route other than the body of the 
tire.

M A IN T E N A N C E  O F  A G IN G  P R O P E R T IE S

The performance of an inner tube depends to a large extent on 
its ability to maintain original physical properties over long 
periods of time in service. The average automobile owner starts 
out with a new inner tube in a new tire. At this point the tube is 
well protected by the new tire and the possibilities of tire failures, 
such as punctures and blowouts, are at a minimum. However, 
as the mileage and age of tire and tube increase, tire failures be
come much more probable, and the protection afforded the tube 
by the tire decreases. Now the physical properties and charac
teristics of the inner tube increase in importance. If the inner 
tube is able to maintain its resistance to tearing, cutting, pinch
ing, etc., it will afford a much greater margin of safety to the auto
mobile driver.

Butyl inner tubes maintain their physical properties to a much 
higher degree than do natural rubber tubes, hot only under labo
ratory aging conditions but also after many miles of service.

Figure 8 compares the aging resistance (retention of properties) 
of a Butyl inner tube with a natural rubber tube under two dif
ferent types of laboratory aging conditions. Actual tube sec
tions taken from a factory production run were used. The 
Butyl tube was of standard quality. The natural rubber tube 
was of the best quality and was specifically compounded to with

stand heat aging. (The tube compounds are the same as those 
of Table II.) The physical properties studied were modulus at 
300% elongation, tensile strength, ultimate elongation, and tear 
resistance. The retention of these physical properties after aging 
is compared. In the first aging test the Butyl and natural rub
ber tube sections were suspended in a circulating air oven (Geer 
oven) for 7 days at 158° F. In the second aging test the tube sec
tions were placed in an air bomb for 20 hours at 260° F. The 
superiority of the Butyl tube over the natural rubber tube is evi
dent.

In service aging, that portion of the tube under the shoulder 
and crown of the tire is subject to the greatest heat and the 
greatest flexing. A deterioration in physical properties must 
therefore be sought in the shoulder and crown area. Just as a 
chain is no stronger than its weakest link, so an inner tube is no 
more serviceable than its weakest part. It makes little differ
ence if an inner tube has maintained all its tensile strength and 
tear resistance at the base or rim side if it has lost most of its ten
sile strength and tear resistance under the shoulders of the tire. 
Under these conditions, for practical purposes, it is as if all por
tions of the inner tube had deteriorated to a like degree.

Figure 9 shows the deterioration in tensile strength of a Butyl 
tube compared with a natural rubber tube after 50,000 miles of 
road testing at 40 miles per hour. The compounds used in each 
of these tubes are again the same as those of Table II and the 
same as those used in the laboratory aging study.

To plot this curve, dumbbell specimens were cut from a new, 
unused tube at various cross-sectional positions—for example, 
crown, shoulders, base, etc. The tensile strength values of these 
dumbbells were determined. These values were plotted on polar 
coordinate paper at locations corresponding to their positions on 
the tube itself. With new tubes, either Butyl or natural rubber, 
the result is a circle, since a new tube is equally strong at all 
points. Companion tubes made from the same batch of rubber, 
given the same cure, etc., were placed on cars for road service. At 
the end of 50,000 miles dumbbell specimens were cut from shoul
ders, crown, base, etc., as had been done on the new tubes. The 
values determined on these specimens were plotted on the same 
polar coordinate paper. They are shown by the broken lines. 
Figure 9 gives a visual comparison in terms of tensile strength 
throughout the cross-sectional area, between Butyl and natural 
rubber tubes after service testing.
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Figure 8. Laboratory Aging o f Butyl and Natural Rubber Tubes

Even with this heavy-duty natural rubber tube the deteriora
tion of tensile strength under the shoulders of the tire is marked; 
although the Butyl tube also deteriorated in tensile strength 
through the crown and shoulder area, it deteriorated to a much 
lower degree than did a natural rubber tube.

PU N CTU R E  AND U I.O W O U T R E S IST A N C E

When a nail or other similar object penetrates a tire and punc
tures the inner tube, the ability of the tube to resist tearing at the 
point of rupture is of great importance as an economical consid
eration and from the viewpoints of safety and convenience. 
Tearing at the point of rupture will result in rapid deflation simi
lar in results to a blowout of the casing. Tearing to even a 
slight degree will result in deflation sufficiently rapid to prevent 
the driver from reaching a service station, where he can obtain 
assistance in changing the tire. The final size of the rupture de
termines whether the tube is repairable or if it must be discarded 
in favor of a new tube.

CROWN 

1 PERCENT

BASE

Figure 9. Tensile Retention o f Road-Tested Inner 
Tubes in 6.00 X 16 G R-S Tires after 50,000 Miles at 40 

Miles per Hour
-  -  -  -  N atural ru bb er  tu b e  (SO-116)
. . . .  B utyl tu b e  (£ 0 -8 2 )

Initial tests to study the puncture and blow
out (tear) resistance of Butyl tubes involved 
the use of a special air pressure measuring device. 
This device can be attached to a tire and will 
measure continuously the air pressure as the 
tire travels over the road. By means of this 
measuring device it was possible to compare loss 
of air after puncturing Butyl and natural rubber 
tubes.

The procedure in these tests is as follows: 
A Chrysler automobile equipped with the con
tinuous air pressure measuring device is used, 
the tubes to be tested are mounted in tires 
which have been worn smooth in previous tests, 
nails are driven into the tires, and the car is 
driven at a speed of 60 miles per hour until 
the air pressure in any tire measures 10 pounds. 
Air pressure readings are recorded at 2-minute 
intervals. At the completion of the test the 
tubes are dismounted and the condition of the 
ruptures are examined.

Using new natural rubber and new Butyl tubes, 
tests were run using (a) a tenpenny nail driven in at the crown and 
removed, (b) a tenpenny nail driven in the shoulder and removed, 
(c) a tenpenny nail driven in half way at the crown and allowed to 
remain, and (d) a large staple (same gage as tenpenny nail), driven 
into crown and allowed to remain. From these tests it was con
cluded that new Butyl tubes offer the same puncture and blow
out (tear) resistance as new natural rubber tubes.

The next series of tests compared Butyl and natural rubber 
tubes that had already been in service. Butyl tubes which had 
been run 35,000 miles under normal conditions before being 
tested behaved fully as well as new Butyl tubes. No reduction 
in puncture or tear resistance could be noted. All ruptures in 
the Butyl tubes, either new or used, were small enough to be re
pairable. All of the used Butyl tubes were run at least 15 miles 
before the minimum pressure of 10 pounds was reached, and 
many of them could have been driven over 100 miles. There was 
no indication that any puncture would have caused a blowout 
type of tear.

Tests on used natural rubber tubes were made by using rubber 
tubes that had completed 25,000 miles of normal service. The 
same method of testing was employed as had been used on the 
Butyl tubes; that is, nails were driven into the tires while the 
car was stationary, and then the car was set in motion and ac
celerated to 60 miles per hour. In this case all tires containing 
used natural rubber tubes went flat in less than 5 miles. Ex
amination revealed tears in the tube at the punctured area. The 
dimensions of some of these tears were such that it would have 
been impossible to repair them. The conclusion was reached that 
if the test car had been traveling at a high rate of speed when the 
puncture occurred, the tire would have gone flat almost instan
taneously.
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PHENOMENON OF BRONZE 
IN SURFACE COATINGS

G. L. Buc, R. H. Kienle, L. A. Melsheimer, and E. I. Stearns
CALCO CHEMICAL DIVISION, AMERICAN CYAN AM ID COM PAN Y, BOUND BROOK, N. J.

B ro n ze  is a phenom enon  frequently observed on  printing inks and paint films. In som e cases bronze is caused b y  

selective reflectance at a single  interface; in other cases it is caused b y  se lective interference of light reflected from c lo se ly  

adjacent structures. The former type  m ay be ca lled "interface  b ro n ze ";  the latter m ay be called "interference b ronze ". 

The two cases are differentiated b y  the fact that the hue of the bronze varies w ide ly  with vary ing angle  o f view  for 

interference bronze but remains fairly constant for interface bronze. Som e  of the unusual co lors exh ib ited  b y  p ro 

tective coatings in contact with glass are described. The co lo r of bronze  has been measured with a spectrophotom eter. 

The general shape o f the spectrophotom etric curve of the interface bronze is predicted b y  calculation based on  theory.

WHEN an ink which contains a large proportion of pigment 
is printed on a piece of paper and the printed area is 
viewed as shown in Figure 1, position A, the apparent 

color is sometimes different from the apparent color when the area 
is viewed as shown in Figure 1, position B. An example may be 
found on the back cover of the January 1946 issue of I n d u s t k ia i , 
and E n g i n e e r i n g  C h e m i s t r y 1. The three red dots in the center 
of the page appear orange in color when viewed from position A, 
and red from position B. The red color apparent in position B 
may be called “ body” color. The orange color apparent from 
A is formed by a combination of red body color and a yellow color 
arising in specular reflection of light from the surface. The yel
low may be called “ surface”  color. The yellow surface color is 
most easily observed when the body color is not present. The 
body color may be largely removed by printing the ink over a 
black background. The three red dots slightly overlap the 
black background, and, where thejr do, the yellow surface color is 
readily apparent when viewed in position A. This yellow surface 
color is an example of what the printing ink or paint technologist 
calls “ bronze” .

If a paint film formulated with a high proportion of iron blue 
is exposed to weathering for a time, it is likely to develop surface 
alteration such that the apparent color will vary, depending on 
the angle of view. Thus one panel of a dark blue automotive 
enamel weathered for 1000 hours in an artificial weathering ma
chine was observed to change its apparent color from red through 
all the colors of the spectrum and back to red again as the angle 
of view was changed. A weathered paint film such as this is also 
said by the paint technologist to exhibit bronze.

The object of this paper is to present a physical explanation of 
bronze as exemplified by the two illustrations described. A sepa
rate physical explanation is required for each of the two ex
amples. Together the two physical explanations account satis
factorily for nearly all cases of bronze which have come to our at
tention. One of these physical theories involves the reflection of 
light at the interface between two materials. The red dots furnish 
an example of bronze which is explainable by this theory. Air 
and red ink are the two materials forming the interface. The 
other physical theory involves the interference of light reflected 
from two closely adjacent structures. The weathered iron blue 
sample furnishes an example which is largely explainable by the 
second theory. In weathering, a “ chalk” film is formed on the

1 In the event that a particular copy does not show bronze, it m ay be 
possible to make a bronzy area of this type by  placing a drop of red writing 
ink on a piece of well-sized black paper and letting it dry unblotted.

surface. This chalk film has a structure which gives rise to inter
ference effects. The first type of bronze will be called “ interface 
bronze”  and the second type, “ interference bronze” .

It is not intended to imply that both kinds of bronze never oc
cur simultaneously. The weathering of iron blue panels appears 
to be, first, an eroding of vehicle to expose iron blue particles to 
an air interface which gives rise to interface bronze while subse
quent weathering introduces a chalk film having a structure 
capable of producing interference bronze. Further'weathering 
produces such a thick chalk film that specularity is lost and the 
film becomes matte.

The colors of metallic oxide on metal surfaces are an example of 
interference bronze, and the phenomenon has been used to meas
ure the thickness of the oxide film and, hence, the temperature 
inside a turbine has been inferred (/). The familiar colors 
of oil films on a wet asphalt road are also a form of interference 
bronze, as are the colei's observed when acetone spreads over a 
mulling slab in the process of cleaning. Many bird and insect 
colors are examples of interference bronze (7). Examples of in
terface bronze may be seen in the surface colors of crystals of pure 
dye such as methyl violet. Interface bronze is the commonest 
type of bronze observed on unweathered films of high pigment 
formulation.

In describing illuminating conditions, it is customary to define 
the angle at which the light strikes the surface by measuring the 
angle between the light path and an imaginary line perpendicular 
to the surface. The viewing angle is similarly defined as the 
angle between the line of sight and the imaginary perpendicular 
to the surface. Throughout this discussion when it is necessary 
to refer to viewing and illuminating conditions, these standard 
definitions will be used. A complete description of the illumi
nating and viewing conditions requires that the angle between 
the plane of incidence and the plane of viewing be specified. The 
plane of incidence is the plane containing the light path and the 
perpendicular to the surface. The plane of viewing contains the 
line of sight and the perpendicular. The angle between these 
two planes will be called the “ azimuth angle” . For example, 
the conditions of Figure 1A would be described as 60 0 illumina
tion, 60° viewing, and 180° azimuth.

In the presentation of the physical explanation, account must 
be taken of the state of polarization of the incident light. This is 
done by specifying the angle which the electric vector of the inci
dent light makes with the plane of incidence. In general, only 
two possible orientations, perpendicular and parallel to the plane 
of incidence, need be considered since intermediate orientations 
may be dealt with in terms of the two mentioned.
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M E A S U R E M E N T  O F  B R O N Z E

Bronze may be measured by determining the relative re
flectance of light of various wave lengths, using the geometry 
illustrated by Figure 1A instead of the geometrical conditions 
used in standard reflectance spectrophotometry. The plot of

EYE

B A
L I G H T

s a m p l e ;

Figure 1. M e th o d  o f V ie w in g  Bronze

the resultant data is known as a spectrophotometric curve and 
differs from ordinary spectrophotometric reflectance data only in 
the illuminating and viewing conditions employed. Two samples 
of printing ink were prepared for measurement. One was alkali 
blue (Cl 705) and the other bronze orange (Cl 165). Each was 
made up as a commercial ink and printed on white paper with a 
commercial press.

Figure 2 shows data on alkali blue. All reflectances were 
measured relative to the white paper. Curve A is the usual type 
of spectrophotometric reflectance measurement—that is, 0° 
illumination, diffuse viewing. This curve is highest around 450 
millimicrons which means that the ink appeal's blue. Curve B 
is the reflectance of perpendicularly polarized light of 60° inci
dence, 60° viewing, 180° azimuth. This shows greater re
flectance at both the blue (400 mm) and red (700 m/u) ends of the 
spectrum and, accordingly, is purple. It is well known that ap
plying grease or wax to a surface will eliminate interface bronze. 
Accordingly, after curves A and B were obtained, a thin layer 
of grease was applied to the sample and it was remeasured in the 
same position as for curve B. This gave curve C, which repre
sents a very light blue color and lacks the characteristic purple 
color of the bronze shown in curve B.

Figure 3 shows the data on bronze orange. Again all measure
ments are relative to white paper. Curve A is 0 0 illumination, 
diffuse viewing, and represents a reddish shade of orange. Curve 
B is 60° illumination, 60° viewing, 180° azimuth, perpendicular 
polarization, and represents a yellowish orange color. Curve C 
is 60° illumination, 60° viewing, 180° azimuth, perpendicular 
polarization, but the sample was covered with a thin layer of 
grease. This is a light orange color and lacks the characteristic 
yellow color of the bronze shown in curve B.

To obtain a curve of alkali blue bronze free of background color, 
some alkali blue was made up with 50 parts pigment and 50 parts 
00 lithographic varnish, and a mass-tone laboratory pulldown 
was made. This was considerably darker than the commercial 
ink print of Figure 2. The 0 0 illumination, diffuse viewing, meas
ured against magnesium oxide showed less than 0.5% reflectance 
at all wave lengths. The curve of Figure 4 is made with angular 
conditions of 45° illumination, diffuse viewing, perpendicular 
polarization, and the reflectance is relative to a perfect mirror.

O P T IC A L  E X P L A N A T I O N  O F  IN T E R F A C E  B R O N Z E

Most textbooks on physical optics do not specifically explain 
bronze. Surface color is discussed at some length, but the au
thors generally review the subject of surface reflectance without

specifically considering bronze. Consequently, simplifications 
are introduced into the reflection laws developed which make 
them inapplicable to bronze. For instance, many textbooks deal 
with the specular reflectance from a material with no color, such 
as a piece of plate glass; this has no application in the present 
analysis because pigmented films have considerable color. It is 
also common practice to deal with a metal, but this again is of no 
interest. Textbooks seem to avoid the intermediate case where 
a material has considerable color but is not a metal. Another 
difficulty is that they usually assume perpendicular incidence. 
A practical paint or ink man never looks for bronze in this view
ing condition; rather, he looks for bronze at a glancing angle 
greater than 45 °. Because of these simplifications in which types 
of samples and viewing conditions that are of no interest in 
the present connection are assumed, the elementary books do 
not present directly the equations which enable one to predict 
the color of bronze.

Nevertheless, the theory necessary to explain interface bronze 
has been developed. The first contribution toward an optical 
explanation of bronze was made by Fresnel (5). He derived an 
equation, relating the amount of energy reflected from the inter
face between two discontinuous media, which depends on the 
elastic constants:

R = l ( V aT 'cos0 -  V k cosflV  
2 VVK' cos 0 + -v/A cos e )

i /V k cos»  -  V a 7cosg\a m 
2 c o s  0  +  y/K 7 c o s  0 )

where K  = elastic constant of air 
K ' — elastic constant of ink 
0 =  angle of incidence
0 = angle of refraction
R = fraction of energy reflected

Equation 1 is a basic relation which applies not only to re
flection of light but also to such reflections as sound echoes from 
a cliff and radar waves from a warship.

WAVELENGTH I nip)

Figure 2. Spectrophotom etric M easurem ent of 
Bronze on a Print of A lk a l i  B lue  Ink Relative to W h ite  

Paper
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Figure 3. Spectrophotom etric M easurem ent of 
Bronze on a Print of Bronze O ra n g e  Ink Relative to 

W h ite  Paper

A second contribution toward the explanation was made by 
Maxwell (5). According to his electromagnetic theory, if the 
energy of the Fresnel equation is light, then the elastic constants
are specific inductive capacities. The latter are related to the
refractive index and extinction coefficient in accordance with the 
following equations:

K -  (n — ik)2 (2A)

IC =  (» ' -  ik')2 (2B)

where n =  refractive index of air
n' =  refractive index of pigmented film 
k =  extinction coefficient of air 
k' =  extinction coefficient of pigmented film 
t = V  -  l

Limiting the elastic constants of Equation 1 to specific induc
tive capacities means that Equation 1 no longer applies to all 
kinds of reflection but only to reflection of electromagnetic waves 
such as light and radar.

If Maxwell’s Equations 2 are substituted in Fresnel’s Equation 
1, and i is eliminated, the resulting relation may be used to calcu
late bronze. This equation is not presented in textbooks because 
it is so involved.

A third contribution was made by Helmholtz (5). According 
to his theory of dispersion, the refractive index and the extinction 
coefficient may be calculated from the characteristics of those 
atoms in the pigment molecule which are responsible for the color 
and are hence known to chemists as the chromophore groups. 
The refractive index and extinction coefficient may both be calcu
lated from the following equations:

n2 — k2 =  I +

2 nk

M\2 (A2 -  Xg) 
(X2 -  X?)2 +  G2X2

MG\2
(X2 -  XJ)2 +  G2A2 

Ne2 ASM  = 

G =

mire2

rAg
27rjnc

(3A)

(3B)

(3C)

(3D)

where A = wave length of calculation
Ao = wave length of absorption maximum 
N = number of chromophores per unit volume 
e =  electric charge involved in chromophore group 
to = mass involved in chromophore group 
w = 3.1416
c = speed of light =  3 X 1010 cm./sec. 
r — damping resistance involved in chromophore group

Examination of these equations shows that reflectance R at 
wave length A and angle <t> depends on certain characteristics 
of the chromophore group and the number of chromophores per 
unit volume. For a particular pigment, which fixes the chromo
phore group, a way of altering the interface bronze is to vary the 
number of chromophore groups per unit volume.

C A L C U L A T IO N  O F  IN T E R F A C E  B R O N Z E

A prediction was made of the bronze of alkali blue to determine 
if the theory agreed with the facts. For simplification both the 
measurement and the calculated prediction were limited to light 
with perpendicular vector of polarization. Figure 4 presents 
the measured bronze of an alkali blue ink, consisting of one part 
alkali blue and one part 00 lithographic varnish pulled down as a 
mass-tone on white paper. The points of Figure 4 show the pre
dicted reflectance, and it may be concluded that the theory pre
dicts the general shape of the observed curve quite satisfactorily.

The details of the exact calculation of interface bronze depend 
on such pigment characteristics as particle size. If the particles 
are large compared to the wave length of light, the individual 
particles may be considered as reflecting areas enbedded in a 
vehicle of optical characteristics different from the pigment. 
If the particle size is small compared to the wave length of light, 
the film may be considered as homogeneous as a true solution. 
For purposes of calculation, a homogeneous film was assumed.

To apply Equations 1 and 2 to the calculation of bronze, con
sidering the two media forming the interface to be air and ink, 
it is necessary to know the extinction coefficients and the refrac
tive indices as a function of wave length. These values are 
known for air, and it is necessary to determine them only for the 
ink surface. It is not easy to measure them for the ink surface 
without assuming the validity of Equations 1 and 2 (5), and this

Figure 4. Calculation of Bronze

The solid line is a spectrophotometric measurement of bronze 
of alkali blue ink, consisting of one part pigment and one part 
vehicle pulled down on a piece of white paper. It was illumi
nated with light polarized with its electric vector perpendicular to 
the plane of incidence and incident at 45° . The measured light 
was the integrated light reflected in all directions. The points 
are the expected reflectance of the sample predicted by the 
Fresnel law of reflectance with the assumptions explained in the 

section on Calculation of Bronze.
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Figure 5. Transmittancy Curve, in 6 0 %  E th a n o l- 
4 0 %  water, of an A lk a l i  B lue  M a d e  So lu b le  b y  

Sulfonation.

would defeat the purpose of the present paper which is to demon
strate the validity of Equations 1 and 2.

The values of k for the ink can be approximated by diluting the 
ink and making a transmittance measurement. This will not 
give the absolute values of k at the ink surface because the concen
tration of a,lkali blue relative to the vehicle exactly at the surface 
is unknown, but it will give relative values of k and the position of 
the absorption maximum. There is also the possibility of failure 
of Beer’s law.

The values of n for the ink can be approximated by calculation 
using Equation 3. To calculate n exactly, all the absorption 
maxima and extinction coefficients over the entire visual and 
ultraviolet range must be known. In addition, the chromophore 
constant G of Equation 3 must be known for each absorption 
band, and these data are not available.

An approximate calculation can be made, however, by assum
ing a value of G for the visual absorption band (the band pri
marily responsible for determining the shape of the refractive 
index-wave length curve) and adding an increment to account for 
the contribution of the ultraviolet absorption to the refractive 
index in the visual range. There is, then, a method of calculating 
the approximate spectral distribution of the bronze color which 
depends upon certain assumed constants. It is first necessary to 
determine values of k and then values of n.

To obtain the relative values of k, the alkali blue was sulfon- 
ated; this gave it enough solubility in an ethanol-water mixture 
to obtain the transmittancy curve shown in Figure 5. Addition 
of the sulfonic acid group in this case appears to change the solu
bility without changing the shade. The extinction maximum 
of Figure 5 is at 600 mu, which was taken as the extinction maxi
mum of the ink. Assigning an arbitrary value of 0.2 to the ex
tinction coefficient of the ink at this wave length, the relative 
extinction coefficients at other wave lengths were calculated from 
the data of Figure 5 (Table I, column k).

The assumptions made in arriving at the k values are, thus, 
that the spectral variation of k in the ink is similar to that in 
solution, and that k in the ink has a maximum value of 0.2. 
Assigning different absolute values has the effect of shifting the 
calculated curve of Figure 4 to the left or right, but does not alter 
its shape significantly.

If the k values are accepted, the effect of this absorption band 
on the refractive index can be calculated by means of Equation 3. 
Simplification of Equation 3 for purposes of this calculation gives:

Equation 4 involves the chromophore constant G, which was as
sumed equal to 60. Different values of G cause a slight shift 
sideways of the curve, and 60 was found by trial to give approxi
mately the correct position of the absorption maximum. Then 
n' may be found for varying wave lengths. This is the refractive 
index contributed by the visual absorption band. The calculated 
values are given in Table I, column n'.

Having calculated the contribution of the visual absorption 
band to the refractive index, it is next necessary to increase all the 
values by some increment to account for the contribution of the 
ultraviolet absorption bands. The refractive index for water is 
1.3 in the visual range. Calculated on the basis of the visual 
absorption bands of which there are none, the expected index is 
1.0. Hence, the ultraviolet absorption bands of water raise the 
refractive indices calculated on the basis of visual absorption 
by 0.3 in the visual range. Similarly, the refractive index in the 
visual range of linseed oil is 1.5 although its extinction coefficient 
is practically zero. Different values added to » '  have the effect 
of raising or lowering the curve without much change in shape. 
An ultraviolet contribution of 0.4 was found by trial to give ap
proximately the correct height. The final values of n are pre
sented in Table I, column n.

The assumptions made in arriving at the n values are, thus, 
that the k values are correct, that G is 60 millimicrons, and that 
the ultraviolet contribution is 0.4. The two latter arbitrarily as
signed values have the effect of shifting the curve laterally and 
vertically, respectively, but do not alter its shape.

T a b l e  I . R e s u l t s o f  C a l c u l a t i o n s  o f F i g u r e  4
X k n ' 71 R

400 0 .000 1 . 0 0 1.40 0 .068
425 0.002 0 .9 8 1.38 0.064
450 0 .005 0 .97 1.37 0.062
475 0 .012 0 .9 4 1.34 0.055
500 0 .025 0.91 1.31 0.049
525 0 .060 0 .8 5 1 .25 0 .037
550 0 .100 0 .8 5 1.25 0 .039
575 0 .175 0 .8 8 1.28 0 .055
600 0 .200 1.02 1.42 0.087
625 0.175 1.17 1.57 0 .116
650 0 .100 1.18 1.58 0 .113
675 0.050 1.13 1.53 0.099
700 0.015 1.05 1.45 0.080

2nk(X2 -  Xg) 
GX — (k2 +  1) = 0 (4)

X wave length at which calculation was made, millimicrons 
k  — assumed extinction coefficient o f ink
n ' =■ refractive index contribution to alkali blue ink of visual absorption 

band calculated by Equation 4 
n  «■ calculated refractive index of ink
R  =* reflectance calculated from  k  and n by  Equations 1 and 2

The measured and calculated reflectances are shown in Figure 
4. The purpose of Figure 4 is not to measure or predict bronze 
extremely accurately but only to show that, in general, the shape 
of the bronze curve is to be expected from theoretical considera
tions.

O P T IC A L  E X P L A N A T I O N  O F  IN T E R F E R E N C E  B R O N Z E

The kinds of structures capable of producing interference 
bronze are many and varied. Interference may be produced by 
two parallel interfaces. There may be considerable variation 
in the indices of refraction of the three media making up the two 
interfaces. Regularly, arranged structures, such as parallel 
ridges, also give rise to surface colors which can be explained on 
the principle of interference.

No comprehensive analysis of interference color is undertaken 
here, and no attempt has been made to determine the exact 
nature of the chalk film, which forms on iron blue panels on 
weathering. One feature, however, is common to all cases 
of interference color; namely, the color varies with viewing 
conditions. To illustrate this color variation, a simple case of 
a vehicle film in air was chosen for calculation.
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Figure 7. Calculated Bronze of a V e h ic le  Film in A i r  at 
Different A n g le s  of Incidence

The reflectance of light from a thin film with parallel surfaces 
may be calculated by the equation giving the superposition of 
waves of the same frequency but different phase and amplitude:

R — A\ A 2 4" 2A i/l2 cos A (o)

where R =  in ten s ity  o f reflected  ligh t 
A  i =  am p litu d e  o f on e  w ave 
A -2 =  am p litu d e  o f  secon d  w ave 
A =  phase d ifference o f  w aves

Considering a thin film, the amplitudes of the reflected waves 
may be calculated with the Fresnel equations in a slightly differ
ent form than Equation 1. The amplitude of the light wave 
reflected from the first surface, Ai, is:

Ax =
y / K  cos 0  — y / K '  c o s  0 

y / K  c o s  0 +  y / K '  cos  0
(6)

The amplitude of the light wave reflected from the second surface, 
As, is similar but must be multiplied by the fraction of light trans
mitted by the first surface. The complete equation is:

( 2 y / K  cos  0 _______ \ / y / K "  cos  0 — \ / K /  cos
y/K  cos  0  -I- y/K 7 COS e j  \y/~K" cos  0 +  y/K7 cos i)

0 may be calculated from:

y/K' sin 0 =  y/K7’ sin 0 (10)

No attempt was made to predict the appearance of a particular 
sample. However, calculations were made with Equations 5 to 9 
which would predict the color appearance of this kind of bronze 
for a hypothetical sample at different angles to compare it with 
the color appearance of interface bronze at different angles. 
For these calculations the case of vehicle film in air was assumed. 
This means that K  = 1, K ' = 1.5, K" = 1, a =  w, and d was as-
sumed equal to 2.5 X 
are discussed later.

10~s cm. The results of the calculation

where K '  =  e lastic con stan t o f th ird  m ediu m  
0  =  secon d  an gle  o f  re fraction

The retard ation  A d epen ds u p on  the prop erties o f  the film :

4 ndx
A =  ——  cos d — a  (8)

where A =  retard ation  angle
d =  separation  o f  tw o  parallel in terfaces 
n  =  refractiv e  in d ex  o f  m ediu m  
X =  Wave length  o f lig h t
a  =  d ifference betw een  phase changes a t  tw o  reflectin g 

surfaces (m a y  be ca lcu lated  b y  know n m eth ods, 5)

C A L C U L A T IO N  O F  IN T E R F E R E N C E  B R O N Z E

For calculation it is necessary to know K , K ' ,  K " ,  d, and 0 . 0 
may be calculated from:

D IF F E R E N T IA T IO N  O F  T W O  K IN D S  O F  B R O N Z E

Interface and interference bronze may be distinguished by ob
serving the color at different angles of view. Visual observation 
of alkali blue ink shows that the bronze is purple viewed by day
light at all angles of view from 0 0 to 85 °. Visual observations on 
a particular weathered iron blue panel showed that, as the angle 
of view was varied from 0° to 85°, a complete change of bronze 
color occurred from red through yellow, green, blue, and back to 

red. This difference in behavior can be explained by assuming 
(?) a different kind of bronze in these two cases and gives a 

method of distinguishing the two types.
Calculations made on interface bronze gave the curves of Figure 

6. These curves vary in total light reflected, but the dominant 
wave length remains the same. (Continued on page 158)

T a b l e  II. D o m in a n t  W a v e  L e n g t h s  C a l c u l a t e d  f r o m  
S p e c t r a l  R e f l e c t a n c e  C u r v e s  o f  B r o n z e  i n  F i g u r e s

6 a n d  7°
D om inant W ave Length

<f> Interface Interference
0 -4 9 6 496

25 - 4 9 6 487
45 - 4 9 6 476
60 - 4 9 6 573
70 -4 9 7 571
80 -4 9 8 569

y/K  sin 0 = y /~ K '  sin 0 (9)

“ I.C .I. (International Commission on Illumination) standard observer, 
and illuminant C.
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The co lo r effects described in this article are shown b y  the color 

plate on the facing page. It is im possib le  to reproduce exactly 

all the effects because of the limits of co lor reproduction. The p ic

tures were taken on  Kodachrom e film and were reproduced b y  the 

four-color m ethod of printing. De sp ite  its lim itations, the plate 

illustrates the main points.

Photographs 1 to 5 show  the constancy of hue of interface bronze 

as the angle  of v iew  is changed. These pictures, at about half 

natural size, were taken with the geometrical cond itions of Figure 1A  
b y  means of the apparatus shown above. They demonstrate the 

prediction o f colum n 2, Table II. The sample was a mass tone 

o f alkali b lue at a pigm ent-ink ratio of 1 to 1.5.

Photograph 1. 10°  Incidence 
Photograph 2. 30°  incidence 
Photograph 3. 45°  incidence 
Photograph 4. 60°  incidence 
Photograph 5. 75°  incidence

Photograph 6  shows mass tones of alkali b lue  at p igm ent-vehicle  

ratios of 1 to 1 ,1  to 2, and 1 to 3. This change in co lo r of bronze is 

predictable on  the basis of a changing k  in Equation 2.

Photographs 7  to 11 illustrate the change In hue of interference 

bronze as the angle of v iew  is changed. These pictures were taken 

with the geometrical cond itions of Figure 1 A . They  demonstrate 

the prediction of colum n 3, Table II. The sample was an enamel of 

iron b lue sprayed on  a steel panel. The left-hand half was exposed  

in a W eather-O m eter for 1 0 0 0  hours/ the right-hand half, 5 0 0  hours. 

The inevitable water spots are readily  apparent. The depth of 

focus was not adequate to accom m odate the sample at the extreme 

angles of incidence used in photographs 1 0  and 11.

Photograph 7. 10°  incidence 
Photograph 8. 30° incidence 
Photograph 9. 45°  incidence
Photograph 10. 60°  incidence 
Photograph 11. 75° incidence

Photograph 1 2  shows the contrasting bronze and b o d y  colors of a 

printing ink with the p igm ent bronze orange. Left-hand side of 

the com posite  sam ple is a tight pu lldow n  over a b lack  background 

view ed in position A ,  Figure 1. The right-hand side  is a tight 

pu lldow n over a white paper background  v iew ed in position B, 
Figure 1.

Photograph 1 3  show s a p ile  of m ethyl v io le t d y e  crystals. They 

appear ye llow ish  green rather than v io le t because of interface bronze.

Photograph 1 4  is a b ronzy  car with normal photograph ic  exposure.

The high lights are ove rexposed  and d o  not show  the bronzy  colors

well.

Photograph 15  is the same car as 14 , but photographed with a 

short exposure  to show  the co lo r of the highlights.

Photograph 1 6  is a typical b ronzy  car.

Photograph 17  is a typical b ronzy  car.

Photograph 1 8  is a car with the weathered film so thick that the 

bronze color is optica lly  scattered and not apparent. The car 

has a heavy "c h a lk ” .

Photograph 1 9  is an ornamental steel button view ed in position B, 
Figure 1.

Photograph 2 0  is the button of photograph 1 9  v iew ed in position 

A ,  Figure 1, and illustrates one  of the cases where interference 

bronze is desired.

Photograph 21 is a thin film on  the surface of water, similar to 

an o il film on a wet asphalt road; it corresponds optica lly  to inter

ference bronze.

Photograph 2 2  is a beetle with diffuse lighting, an exam ple of 

interference bronze colors in nature.

Photograph 2 3  is the same beetle as 2 2  but with different illumina

tion. The different colors with vary ing view ing cond itions are charac

teristic of interference bronze.

Photograph 2 4  shows museum skins of two birds, the bronze 

grackle and the purple  grackle, both of which illustrate interference 

bronze in nature (from the collection  of J. T. S. H unn).

A p p a ra tu s  to Photograph Bronze Effects

The light from the enlarger head of a Kodak precision enlarger is photographed with a Leica 35-mm. camera after reflecting from a 
bronzy sample. The angle of incidence can be varied from 10° to 80°, always maintaining the angular conditions of Figure 14.



ILLUSTRATIONS FOR 

THE PHENOMENON OF BRONZE IN SURFACE COATINGS

N o .  1. A l k a l i  B lue, 

10° Incidence

N o .  10. W eathered  Iron Blue, 

60° Incidence

N o .  1 3. M e th y l V io le t  Crystals N o .  1 9. Steel Button 

B o d y  C o lo r

N o .  20. Steel Button 

B ro n ie  C o lo r

N o .  21. Thin Film on Surface 

of W ate r

N o .  22. Beetle Illum inated with 

Diffuse L igh t

N o .  7. W eathe red  Iron Blue, 

1 0° Inc idence

N o .  14. B ronzy  A u to m o b ile  A ,  

N o rm a l Ph otograph ic  Exposure

N o .  1 5. B ronzy A u to m o b ile  A ,  

Short Ph otograph ic  Exposure

N o .  16. B ronzy  A u to m o b ile  BN o .  4. A lk a l i  Blue, 

60° Incidence

N o .  8. W eathe red  Iron Blue, 

30° Incidence

N o .  9. W eathered  Iron Blue, 

45° Inc idence

N o .  2. A lk a l i  Blue, 

30° Incidence

N o .  3. A l k a l i  Blue, 

45° Incidence

N o .  5. A lk a l i  Blue, 

75° Incidence

i a n i

—i
N o .  6. A lk a l i  Blue, 

Concentration Effect

N o .  11. W eathered  Iron Blue, N o .  17. B ronzy  A u to m o b ile  C  N o .  23. Beetle Illum inated with 

75° Inc idence  Spotlight

N o .  12. Bronze O ra n g e  N o .  18. A u to m o b ile  D  with N o .  24. Bronze G ra ck le  (Top)

Bronze an d  B o d y  Co lors H e a v y  “ C h a lk "  Purple  G ra ck le  (Bottom)
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E Y E

\

WAVELENGTH (m/j)

Figure 8. M e th o d  of V ie w in g  Y e llow  C o lo r  of A lk a l i  B lue Ink

Ink ll placed on a rlght-ansla g lan  prlim a l shown and viewed as Indicated; spec- 
Irophotometrlc curve measured at 4 5 °  incidence with perpendicular polarization

The dominant wave lengths, calculated in the conventional 
manner (4) are given in Table II. Calculations made on inter
ference bronze gave the curves of Figure 7. The dominant wave 
lengths of this series of curves are also listed in Table II.

The dominant wave lengths of interface bronze are practically 
constant, whereas those of interference bronze vary widely. 
This is a practical way to distinguish bronzes which are definitely 
one or the other. In cases where both occur together, intermedi
ate effects are observed.

D E F IN IT IO N  O F  B R O N Z E

Bronze is apparently easier to observe than to define. A partial 
definition was given by Portman (5): "Some colors when con
verted into inks and printed have more bronze than others. This 
is a feature somewhat different from finish.”  Portman then gave 
various factors which alter the amount of bronze, but his defini
tion is only that this is a feature somewhat different from finish. 
Foss (#) stated: "In certain printing inks an unusually selective 
reflection may bo noticed which varies considerably with viewing 
conditions. This is designated as bronze.”  Williams and Muller
(10) referred to a specific sample as follows: “ Light reflected 
from the surface of the formulation with Prussian blue shows a 
reddish cast which is known as bronze.”  However, they do not 
limit bronze to a surface reflection for later on they say: “ Ex
amination of lacquer films by transmitted light indicates that a 
bronze may be developed in the interior of films as well as on 
either surface.”  The American Association of Textile Chemists 
and Colorists is not directly concerned with coating compositions 
or printing inks, but encounters a similar phenomenon on some 
textile dyeings at high concentrations. The definition of bronze 
given by this association is included in a comparative list of color 
terms compiled by member bodies of the Inter-Society Color 
Council in 1939: "Bronzy, having a metallic surface appearance 
that partly obscures the body color of the material. Bronziness 
is usually yellowish, reddish, or greenish, and complementary to 
the body color.” -

Godlove (S) discussed surface colors briefly, but did not at
tempt to define bronze or to evaluate it quantitatively. The 
International Printing Ink Corporation (5) published an excellent 
illustration of bronze and spoke of it as a metallic luster.

A review of the literature thus reveals that there has been 
no universally accepted definition of bronze. In view of the op
tical explanations given earlier, the following is suggested as a 
scientific definition of bronze: Bronze is the appearance of color 
which originates in selective reflectance at one interface or inter
ference of white light reflected at closely adjacent structures. 
As a practical definition of bronze, we may say that bronze is the 
appearance of color of surfaces, illuminated and viewed specu
larly, that differs in hue from the color observed with normal 
viewing.

C O M P A R I S O N  O F  B R O N Z E  A N D  G L O S S  O R  F IN IS H

The definition of bronze specifies a colored reflection. Bronze 
depends only on the spectral distribution of the reflected light. 
It is possible for a sample to scatter light geometrically and still 
have a high bronze—that is, have the reflected light highly 
colored.

L I G H T

E Y E

V -

WAVELENGTH [m//1 
Figure 9. M e th o d  of V ie w in g  G reen  C o lo r  of A lk a l i  B lue  Ink

Ink Is placed on a right angle glass prism as shown and viewed as Indicated; spec- 
trophotometiic curve measured at 7 1°  incidence with perpendicular polarization

"Gloss” or “ finish” , which is also a surface reflectance phenome
non, depends on regularity of reflected light. A sample of high 
gloss or finish has light reflected quite regularly geometrically 
and may or may not be colored. Bronze is, therefore, a chro- 
maticity of surface-reflected light. In comparing two samples for 
amount of bronze, the one which deviates more from white light 
or the body color should be called more bronzy. Specular condi
tions of viewing are necessary -when observing either gloss or 
bronze to minimize the contribution of body color to the over-all 
appearance.

U N U S U A L  M E T H O D S  O F  V IE W IN G  B R O N Z E

In observations of practical interest, light passes through air, 
then strikes the sample, and is reflected back through air. Under 
these usual conditions it is observed that an alkali blue ink pull
down on paper has a reddish purple reflection. It may be of 
academic interest, however, to examine the phenomenon of sur
face reflection further with the conditions imposed that the light 
must travel through glass before and after striking the surface. 
Under these conditions some interesting additional color ef
fects can be observed. If a right-angle prism is available, some
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freshly prepared alkali blue ink may be placed upon the glass 
surface and viewed as illustrated in Figure 8; the spectrophoto- 
metric measurement of the observed yellow color is also shown. 
On the other hand, if the viewing conditions are changed to those 
of Figure 9, the observed color will be green. The spectrophoto- 
metric curve of this color is also given. The reason the color 
changes from yellow to green in the two cases is that the angle at 
which the light strikes the sample is changed. This experiment 
may not be of practical importance to the paint or ink man, but 
the various colors exhibited by alkali blue, which include blue, 
yellow, violet, and green, are all to be expected from a considera
tion of the Fresnel equation. This is evidence of the soundness 
of the optical explanation of the phemonenon of interface bronze.

C O N T R O L  O F  B R O N Z E

The appearance of bronze can be controlled to some extent by 
formulation. For instance, if alkali blue is. made up with one 
part of varnish and compared with a second sample made up with 
three parts of varnish, the pulldown with lesser varnish will ap
pear more bronzy. However, since the purpose of this paper 
is to define bronze, give the optical explanations, and present 
some illustrative measurements, consideration of the factors 
of formulation, manufacture, or application by which bronze may 
bo altered is outside the scope of this discussion.
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Monoalkylbenzenes by Vapor-Phase 
Alkylation with Silica-Alumina Catalyst

A. A. O ’K ELLY , J. K ELLETT, AND J. PLUCKER
Socony-Vacuum  Laboratqries, Panlsboro, TV. J.

T h e  niononlkylatiou o f benzene with olefins o f low m o
lecular weight, over silica-alumina catalysts o f  the type 
used in com m ercial catalytic cracking and at elevated tem
peratures, is accomplished with substantial yields o f  m ono
alkylbenzenes at relatively low pressures. The utilization 
o f ethylene was found to be favored by increased reaction 
time, increased temperature, and increased molar ratio o f 
benzene to ethylene. Small amounts o f  polyethylbenzenes 
produced may be recycled in the charge stream to give in 
creased yields o f monoctliylbenzene based on ethylene anil 
benzene consum ed. The catalyst indicates long life and 
sustained activity under the conditions used. A cyclic 
operation such as is used in catalytic cracking is adaptable 
to the production o f m onoctliylbenzene in which air re
generation o f the catalyst is carried out at temperatures in 
the same range as the reaction temperatures.

THE low temperature alkylation of aromatic hydrocarbons 
with olefins in the presence of various catalysts has been lib

erally described. Ipatieff, Corson, and Pines (5) showed that sul
furic acid catalyzes the reaction between benzene and amylene to 
give good yields of mono-, di-, and triamylbenzenes. Propylene 
and butenes are also readily reacted with benzene in the presence 
of sulfuric acid (6, 17). Substantially the same results were ob
tained by the use of hydrogen fluoride (16). Ethylene, however, 
did not give appreciable yields of ethylbenzene in either case.

The standard method for effecting the reaction of ethylene with 
benzene at relatively low temperatures to give ethylbenzenes was

described by Balsolm (1) and was the subject of numerous in
vestigations (2, S ;4 ,9,11). The catalyst for the reaction consists 
mainly of metal halides of the Friedel-Crafts type.

Ipatieff, Pines, and Komarewsky (7) used o-phosphoric acid at 
300 ° C. to effect the reaction. Pardee and Dodge (12) described 
the use of sodium-aluminum chloride complexes supported on 
pumice, and extruded phosphoric acid-kieselguhr catalysts, in the 
formation of ethylbenzene from ethylene and benzene in the 
vapor phase at 230-270° C., with pressures in the order of 200 
pounds per square inch. More recently extensive investigations 
of the use of an extruded phosphoric acid-kieselguhr catalyst in 
pellet form containing 62-63% by weight of P20 6 for the reaction 
were reported by Mattox (10) and Ipatieff (8). The temperature 
used was 270-300 ° C .; this indicated vapor phase operation. The 
maximum pressure used was 900 pounds per,square inch. Re
sults obtained indicated a high conversion of ethylene and ben
zene to ethylbenzene per pound of catalyst consumed over the 
catalyst life range. The ultimate life indicated under the con
ditions of the run was 48 days.

Sehollkopf (14) disclosed the use of an activated hydrosilicate 
catalyst at elevated temperatures for effecting the addition of un
saturated hydrocarbons to compounds containing the benzene or 
naphthalene ring.

The removal and transfer of side chains from aromatics at ele
vated temperatures by the use of silica-alumina catalysts of the 
type used in commercial catalytic cracking operations was de
scribed by Thomas, Hoekstra, and Pinkston (16) and Hansford, 
Myers, and Sachanen (4). Sachanen and O’Kelly (13) described
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Figure 1. FIow Diagram o f  Contin
uons Low Pressure Alkylation Unit

the vapor-phasc destructive alkylation of aromatics, benzene, and 
toluene with various olefins at elevated temperatures (400- 
480° C.) and at pressures as high as 3200 pounds per square inch. 
A clay catalyst in pellet form was employed. Under such drastic 
temperature conditions a series of alkyl aromatics was produced.

This article describes the direct alkylation of benzene with 
ethylene in the vapor phase over a silica-alumina catalyst for the 
production of monoethylbenzene. Both batch and continuous 
operations were conducted and are described. Several continu
ous runs with propylene and benzene for the formation of cumene 
wore made with the same catalyst and are included in this paper.

M A T E R IA L S  FOK C A T A L Y T IC  RUNS

The benzene was the standard c .p . thiophene-free grade con
taining at least 99% benzene. The polyethylbenzene used in the 
dealkylation run was obtained from the Dow Chemical Company. 
Although it was not analyzed for the relative amounts of poly- 
ethylbenzenes, all the material boiled above monoethylbenzene. 
The ethylene used was Matheson’s 98% grade, which indicated 
94 volume %  total olefin by bromine absorption and less than 1% 
olefin above ethylene by absorption in 92% sulfuric acid. The 
propylene used was supplied by Matheson and indicated 95 vol
ume %  olefin higher than ethylene by absorption in 92% sulfuric 
acid, and less than 1% isobutene by absorption in 70% sulfuric 
acid. The propylene-propane mixture used in the experiments 
was obtained from refinery gases by distillation under pressure 
and was analyzed by absorption in sulfuric acid.

The catalyst employed was a synthetic silica-alumina catalyst 
that is used in the commercial catalytic cracking process. It was 
prepared by the coprecipitation of the hydrous oxides in a weight 
ratio of about 9 to 1 of silica to alumina. This catalyst was sim
ilar to that described by Hansford, Myers, and Sachancn (4).

A P P A R A T U S AND PR O C ED U R E

B a t c h  R u n s . The reactor for processing the materials con
sisted of a 2-liter stainless steel bomb made by the American In
strument Company. A small ethylene lecture bottle with at
tached valve was used to charge the ethylene under pressure. The 
bottle could be weighed to the nearest gram.

The cold bomb was charged with catalyst and benzene and 
sealed in the customary manner. The proper amount of ethylene 
was previously transferred from a large cylinder into the lecture

bottle and-weighed. The lecture bottle was then connected to a 
high pressure needle valve in the bomb by means of a short 
piece of high pressure tubing of small inside diameter. The 
bomb was tilted down so as to bubble the ethylene through the 
liquid benzene sealed in the bomb; this assured partial solution 
of the ethylene. The lecture bottle containing a small residual 
amount of ethylene was then weighed to determine the actual 
amount of ethylene introduced. The bomb was then placed in 
its electrically heated shaker jacket, connected to a pressure gage, 
and heated as rapidly as possible with constant rocking (heating 
usually required 1 hour) to the desired reaction temperature. 
The temperature was read by means of a thermocouple extending 
into the bomb. Temperature and pressure readings were re
corded at definite time intervals during the entire run.

When the desired temperature was attained it was held at 
=*=3 ° C. during the reaction period. After the reaction period was 
completed, the bomb and its contents were cooled as rapidly as was 
felt safe by passing an air stream between the bomb and enclosing 
jacket; this required approximately 2 hours. When the bomb 
was substantially at room temperature, it was vented and opened, 
and its contents were poured into a cooled flask. The catalyst 
was separated from the liquid product by filtration. Weights 
were recorded in each operation. The liquid product was then 
distilled through a Fenske distillation column having twenty-five 
plates and a total reflux-variable take-off head. The reflux ratio 
used during the plateau period of a compound was approximately 
20 to 1. The specific gravities of the definite fractions agreed 
well with the values of the particular compounds in the literature, 
and the iodine number of all fractions was zero. The composite 
residues of several runs were distilled through the same column.

C o n t in u o u s  R u n s . The continuous alkylation reaction was 
studied in a small laboratory unit illustrated in Figure 1. The 
reactor consisted of a length of 1-inch seamless steel tubing of 
520-cc. capacity, with a high pressure union at one end for closure. 
The reactor and preheat line were immersed in an electrically 
heated molten lead bath to give accurate heat control. A ther
mowell was welded into the reactor so that temperatures could be 
read at any longitudinal position in the catalyst bed. It was 
found that the temperature did not vary more than 5 0 C. in the 
catalyst bed with the rates used. The charge was preheated by 
means of a 15-foot length of small diameter, high pressure tubing 
wrapped around the reactor and entering the bottom. The ben
zene was charged directly from a calibrated buret into the preheat 
line by means of a Manzel chemical feeder. The ethylene was 
charged from a lecture bottle placed on a balance and connected 
to a reducing valve by means of coiled copper tubing of small 
diameter. After passing through the reducing valve, the ethylene 
was metered by means of a calibrated flow meter and charged into 
the preheat line. The flow meter was used only to give instanta
neous rates of flow; the weights on the balance were taken at defi
nite time intervals and used in calculating the over-all charge. 
The reaction was maintained at the desired pressure — 1 pound
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by means of a manually operated needle valve placed at the exit of 
the gas stream coming from the reactor. The hot gases passed to 
a water condenser and gas separator, from which the liquid prod
uct was drained. The noncondensed gases from the gas separator 
were collected by water displacement in a 5-gallon glass bottle, 
the volume of the gas being measured by the weight of the water 
displaced and the temperature. The gas was collected at sub
stantially atmospheric pressure by means of a leveling device on 
the water outlet.

At the beginning of a run the reactor and condensing system 
were purged with carbon dioxide. The benzene pump was 
started first and run for approximately 2 minutes before the ethyl
ene supply was started. This wras done to minimize the drainage 
losses in the condensing system and to purge the reaction zone of 
any fixed gases. The pressure of the reactor rapidly built up to 
the desired pressure and was maintained by the manually con
trolled valve. After the benzene had been drained from the pre
liminary purge, the ethylene supply was turned on and the run 
conducted under the desired conditions. Some runs were oper
ated on a cyclic basis. The system was purged with carbon diox
ide to remove vapors of the previous run. Coke deposit on the 
catalyst was burned off by passing preheated air at 40 pounds 
pressure through the catalyst bed at a rate of approximately 2 
liters per minute, until the carbon dioxide concentration in the 
exit gas was reduced to 1.5-2.0 volume %, as determined by 
absorption in 40% potassium hydroxide solution. The system 
was purged again with carbon dioxide before the next run. A 
typical cycle comprised 30 minutes on-stream, 1 mimlte for purge, 
15 minutes for air regeneration at reaction temperature, and 1 
minute for purge, or a total of 47 minutes.

The noncondensed gas was stripped of carbon dioxide by ab
sorption in 40% potassium hydroxide solution and analyzed for 
total olefin by bromine absorption. The accuracy of this deter
mination might be open to question, since the bromine absorption 
would indicate all olefin present plus any benzene that was car
ried along in the gas stream. However, several low temperature 
Podbielniak distillation analyses showed that, within the limit of 
error of the distillation, all the unsaturated hydrocarbon present 
was ethylene. Hydrogen also was detected in the exit gas, but 
the weight percentage was so small that it was not included in the 
material balance calculations.

Coke deposition on the catalyst was determined after several 
runs by purging the system with nitrogen and by prolonged pas
sage of controlled amounts of preheated air through the catalyst 
bed. The regeneration gases were passed through hot copper 
oxide to convert any carbon monoxide present to carbon dioxide. 
The gas was then passed through a weighed Ascarite bulb.and the 
increase in weight calculated to percentage carbon based on the 
total charge of the previous run. The maximum amount of car
bon based on the total charge was 0.5 weight % in the case of run 
at higher temperatures (496 ° C .). Since this is below' the experi
mental error involved in charge and product determinations, it 
was used as a constant value throughout the material balance cal
culations.

The liquid products from the continuous runs were analyzed in 
the sanie manner as indicated in the batch runs.

E X P E R IM E N T A L  DATA

B a t c h  R u n s . The batch runs were made to qualify the reaction 
for further study and positive results were obtained (Table I). 
The pressure drop due to reaction at constant temperature was 
approximately 50 pounds in all runs. In addition to conventional 
methods of estimation, the yields were also calculated by the 
method proposed by Francis and Reid (#), in w'hich the selectivity 
of monoethyl benzene formation based on liquid product dis
tribution is calculated with regard to competing secondary re
actions—that is, polyethylbenzene formation—and the molar 
excess of benzene necessary to attain this distribution. Table I 
show's that the highest temperature (399 ° C.) and highest molar 
ratio of benzene to.ethylene wrere most favorable to the yield of 
monoethylbenzcne based on the total ethyl groups present.

Batch operations of this type are unsatisfactory because the re
action time, temperature, and pressure are indefinite as a result 
of the relatively long heating and cooling periods in the operation. 
For this reason attendant secondary reactions, such as cracking, 
polymerization, and polyethylation, could conceivably alter the 
reaction picture.

C o n t in u o u s  R u n s . T h e  cont inu ous op era tion  o f  the  reaction  
o n  a sm all la b ora tory  un it (F igu re 1) elim in ated  the o b je ct io n s  t o  
the b a tch  p rocedure. In creased  y ie ld s  are p ro b a b ly  fa v ored  b y

1 2 3 4
780 936 780 .702
105 44 28 45

10 12 10 9
3.74 1.56 1 1.6

100 100 100 100
344 366 322 399

30 30 30 30
1740 1770 1350 1470

808 901 731 662
65 70 70 70

61.9 83.7 88.1 77.4
0.4 0 .8 0 .9 1.3

24.8 12.8 8 .6 18.fi
12.7 2 .6 1.6 2 .G
0 .2 0.1 0 .8 0.1

100.0 100.0 100.0 100.0
54.8 77.4 68.1 82.9

0.378 0.133 0.087 0.183
20.9 10.2 6 .9 15.0
55.5 76.6 79.5 82.5

T a b l e  I. B a t c h  V a p o r  P h a s e  E t h y l a t i o n  o p  B e n z e n e  w it h  
E t h y l e n e  w i t h  S y n t h e t i c  S il i c a - A l u m in a  C a t a l y s t

Run number
W t. benzene charged, grams 
W t. ethylene charged, grams 
Benzene, moles 
Ethylene, moles 
W t. catalyst, grams 
Reaction temp., ° C.
Tim e held at reaction temp., min.
M ax. reaction pressure, lb ./sq . in. gage 
W t. product recovered, grams 
W t. absorbed on catalyst, grams 
Product analysis, wt. %  of charge 

Benzene (78-100° C.)
Intermediate (100-132° C .)°
Ethylbenzene (132-140°)
Residue (above 140° C.) &
Distillation losses 

Total
%  theoretical based on ethylbenzene 

Product distribution 
M ole ratio c 
Yield on benzene**
Yield on ethylene* 
a Regarded as half benzene and half ethylbenzene in 'product dist ribution 

calculations.
f> Regarded as diethylbenzenc in product distribution calculations. 
c Ratio of total ethyl groups to total benzene rings in product.
■* Percentage of total benzene rings as ethylbenzene.
* Percentage of total ethyl groups as ethylbenzene.

the use of high pressures. However, to make the process adapt
able to existing facilities at the time of the investigation, only 
relatively low pressures (50-75 pounds gage) were used. The 
effects of low pressure and short residence time were compensated 
by a much higher reaction temperature. Since monoethylben- 
zene was the desired product, a molar excess, of benzene W'as used 
in all experimental runs.

Table II lists data from the low' pressure experimental runs. 
The effect of temperature variation with constant molar ratio of 
benzene to ethylene and constant space rate can be seen from 
comparison of runs 1, 2, and 3. The highest temperature in
vestigated (496 0 C.) produced the highest yield of ethylbenzene in 
the liquid product. Reduction in temperature resulted in lower 
percentages of ethylbenzene and larger amounts of unreactcd 
ethylene. The effect of variation of molar ratio of benzene to 
ethylene at approximately constant temperature and space veloc
ity can be seen by comparison of runs 3, 8, and 9. As w'ould be 
expected from the law of mass action, the higher molar ratio 
favored more complete reaction of the ethylene charged. The 
effect of liquid space velocity or reaction time can be seen by com
parison of runs 1 and 6. Although the reaction temperature of 
run 6 was 68° C. below that of run 1, approximately the same 
product distribution was obtained by using twdce the reaction 
time in run 6 with the same molar ratio of benzene to ethylene.

The data based on product distribution calculations do not 
seem to give a definite trend with respect to the variables in
volved. This may be explained by the fact that these values are 
very sensitive to the per cent residue, assumed to be diethyl- 
benzene, found in the product distillation. Since this value is 
small (1-3%) udth respect to the total product, small errors in 
distillation analysis are amplified. Although this method of 
calculation is desirable-theoretically, precise analysis is necessary 
to obtain concordant results.

Most of the runs performed failed to react all the ethylene 
charged. However, by using a molar ratio of benzene to ethyl
ene of 10 to 1, substantially all the ethylene was reacted, as in
dicated in runs 5 and 9. The use of higher pressures would 
probably aid in reacting a higher percentage of ethylene.

The coke deposition on the catalyst was extremely small under 
the reaction conditions. This would be expected because of the 
high thermal stability of the reactants. Regeneration at a tem
perature approximately equal to that of the preceding run was 
easily accomplished. Successive runs w'erc readily duplicated 
after catalyst regeneration. The decrease in catalyst activity 
in successive runs was not noticeable in the number of reaction



February 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 157

T a b  l b  11. C o n t in  u o u s  V a p o r  P h a s e  E t h y l a t i o n  o f  B e n z e n e  w i t h  E t h y l e n e  (S in g l e - P a s s )  w i t h  S y n t h e t i c  S il ic a - A l u m in a
C a t a l y s t

Huh  N o .

Charge, wt. %
Benzene 
94% ethylene 
Polyethylbon- 

zenes
Mole ratio, ben

zene to ethylene
Space velocity of 

liquid, cc. at 
25° C ./c c . cata
lyst/hr.

Temp., ° C.
Pressure, Ib ./sq . 

in. gage
On-stream time, 

min.
Catalyst treat

ment
Products, wt. %  of 

charge (no 
loss basis)

Benzene (78 - 
100° C.)

Intermediate 
 ̂ 100-132° C .)a 

Ethylbenzene 
(132-140° C.)

Residue (above 
140° C.) b 

Unreacted 
ethylene 

Coke deposit

Total
Ethylene re

acted, %
Theoretical 

yield based on 
ethylene to 
m onoethylben- 
zene, %

Product distribution 
Mole ratioc 
Yield on ben- 

zene4*
Yield on ethyl

ene*
a Regarded as half benzene and half ethylbenz ene in product distribution calculations.
b Regarded as diethylbenzene in product distribution calculations (except in run 8 where polyethylbenzenes were charged).
c Ratio of total ethyl groups to total benzene rin gs in product. 
d Percentage of total benzene rings as ethylbenze ne.
1 Percentage of total ethyl groups as ethy lbenzene.

1 2 3 4 5 6 7 S 9 10 11

92 .8 9 3 .2 ' 93 .2 9 5.8 96.5 92.8 70 94.4 96.5 93.4 93.2
7 .2 6 .8 6 .8 4 .2 3 .5 7 .2 5 .6 3 .5 6 .6 6 .8

30
4 .64 4.91 4.91 7 .8 5 10.55 4 .64 6.06 10.5 5 .09 4 .9

1.97 1.97 1.97 1.68 2.01 1.07 2 .0 2 .08 2 .2 2 .06 0 .94
496 468 448 468 468 428 463 468 471 469 468

50 50 50 75 75 50 50 50 50 50 50
30 30 30 30 90 30 • 30 , 30 30 35 30

Fresh Regenerated Regenerated Regenerated Regenerated Regenerated F rcsh Fresh Regenerated Aged Aged
catalyst from run 1 from run 2 from run 3 from  run 4 from run 5 catalyst catalyst from  run 8 catalyst catalys

78.2 81.0 83.7 84.7 87.96 78 .8 66.1 79 .8 88.2 86.9 8 2 .8
0 .7 0 .5 0 .2 0 .5 0 .3 0 .4 0 .4 1.3 0 .2 0 .2 0 .5

17.2 13.9 11.3 12.0 10.1 17.0 16.1 15.0 9 .*6 8 .3 12.1
2 .7 2 .2 2 .3 2 .2 1.1 2 .3 16.7 2 .9 1 .5 1.1 2 .2
0 .7 1.9 2 .0 0 .1 0 .0 4 1 .0 0 .2 0 .5 Nil 1 3 .0 1 .9
0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

89.7 70.2 68.7 97.5 98 .8 85.2 90.5 100 51.6 7 0.3

67.2 57.3 46.6 80.2 81.1 66.4 7 5.3 77 .0 35.3 5 0 .0

0 .173 0.141 0.117 0 .122 0.091 0 .165 0.161 0.094 0.079 0 .115
13.9 11.1 8 .98 9 .55 7 .82 13.6 12.5 7 .45 6 .56 9 .7
80.5 79 .0 7 6 .4 78.5 85.7 8 2 .8 78.0 79 .4 83.5 78 .8

and regeneration cycles performed. However, a representative 
sample of the same catalyst which had been through 3700 cycles 
(equivalent to 100 days of continuous operation) in a semi
commercial catalytic cracking unit under somewhat more drastic 
thermal conditions was tested for the ethylntion reaction. This 
catalyst is designated as aged in runs 10 and 11 (Table II). 
though the percent age of unreacted ethyl
ene at the same temperature and space 
rate increased (comparison of runs 2 and 
10) with the aged catalyst, substantially 
the same yields were obtained by reduc
ing the space rate (runs 2 and 11). This 
is a conservative indication of catalyst 
iifc, since coke deposition is much greater 
under cracking conditions; therefore the 
regeneration conditions are more severe.
The residue of the reac tion product in the 
single pass operation contained mainly 
diethylbenzene with small amounts of 
higher ethylbenzenes, as distillation 
analysis of combined residues indicated.
This residue would not be lost to mono- 
ethylbenzenc production, since it is pos
sible to recycle these polyethylbenzenes 
with a molar excess of benzene and ob
tain increased yields of moiioethylben- 
zene based on ethylene consumed. This 
procedure of alkyl group transfer has been 
reported W; 16). Run 7 was made to

verify these conclusions; polyethylbenzene was charged with ben
zene under the conditions used in the straight éthylation runs. 
There was a net loss of polyethylbenzenes in favor of mono- 
ethylbenzene formation under the conditions of the experiment.
. The intermediate fraction between benzene and monoethyl- 

benzene in the liquid product distillation (100-132 °C.) suggestedAl-

T a b l e  I I I .  C o n t in u o u s  V a p o r  P h a s e  P r o p y l a t io n  o p  B e n z e n e  ( S in g l e - P a s s ) 
w i t h  S y n t h e t i c  S i l i c a - A l u m in a  C a t a l y s t

Run No.
Charge, wt. %

Benzene 
Propylene 
Propane 

M ole ratio, benzene to propylene 
Space velocity liquid, cc. at 

25° C ./c c . catalyst/hr.
Tem p., ° C.
Pressure, lb ./sq . in. gage 
On-stream time, min.
Catalyst treatment

Products, wt. %  of charge (no 
loss basis)

Benzene (80-100° C.)
Intermediate (100-145° C.)
Isopropylbenzene (145- 

155° C.)
Residue (above 155° C.)
Unreacted gas 
Coke 

Total
\rield monopropylbenzene, %  of 

theoretical based on propylene
a Runs 3, 4, and 5 were conducted with apparatus similar to that described, adapted for use of higher 

pressures.

1 2 3“ 4° 5“

88.3 9 1.5 81.0 81.5 81 .0
11.7 8 .5 7 .6 7 .4 7 .6

11.4 11.1 11.4
4 .05 5.'78 5 .9 6 .0 5 .9

2 2 3 3 3
382 382 422 462 377

75 75 500 500 - 500
20 20 30 30 30

Fresh Regenerated Fresh Regenerated Regenerated
catalyst from  run 1 catalyst from run 3 from run 4

76.8 81.8 7 5.0 76.2 71.1
0 .9 1 .0 1.3 2 .1 0 .9

18.0 13.2 11.9 7 .9 14.5
3 .1 3 .5 3 .2 3 .4 2 .5
0 .7 Nil 8 .2 9 .6 10.4
0 .5 0 .5 0 .5 0 .8 0 .6

100.0 100.0 100.0 100.0 100.0

55.0 56.6 57.8 4 7 .5 6 8 .8



158 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 39, No. 2

the presence of toluene. However, in reported results (4, 16) 
under similar conditions of catalyst and temperature, there was 
no i ndication of toluene formation from ethyl group decomposition 
in the ethyl group transfer between polyethylbenzene and benzene. 
In the product distribution calculation this small intermediate 
fraction was considered to be half benzene and half monoethyl- 
benzene.

Several continuous experimental runs were made with propyl
ene, propylene-propane mixtures, and benzene for the formation 
of cumene. Data for these runs appear in Table III. Tem
perature conditions for this reaction arc less severe than those for 
the éthylation reaction, and the reaction proceeds with greater 
ease. Runs 3, 4, and 5 indicate that substantial selective reaction 
occurred in the presence of paraffin gases which were inert under 
the conditions of the experiment.
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Phase Study of Commercial 
Soap-Alkaline Electrolyte 

W ater- Systems
REYNOLD C. M E R R ILL

Philadelphia Quarts Company, Philadelphia, Pa.

A phase study o f  comm ercial mixed soap-waler—electro- 
lyte systems was made using sodium chloride and nine 
salts industrially im portant as soap builders. The data 
cover soap concentrations to 50%, electrolyte concentra
tions to 27%, and temperatures to 180° C. The salts used 
were sodium chloride, carbonate, and tetraborate, triso- 
dium  phosphate, telrasodium pyrophosphate, Calgon 
(sodium hexametaphosphate), sodium metasilicate, 
sodium silicates o f  SiCL/NaiO ratios by weight o f  2.46 and

THE value of adding alkaline electrolytes or builders, such as 
the soluble silicates, to soaps is attested by many years of 

experience and numerous publications (I, S, 5,6,25,26). In 1937, 
the last year for which accurate data on consumption are ap
parently available, 160,000 tons of 40° Baumd sodium silicates 
and 39,500 tons of sodium phosphates were consumed by the 
United States soap industry according to the Bureau of the 
Census (23). Since then the amounts of such builders used have 
substantially increased. AArartime shortages of fats, oils, and 
rosins for soapmaking re-emphasized the value of builders in soap. 
Attention has been focused on the amounts of various builders 
which can be added to different soaps under varying conditions 
and on the nature of such systems.

During the past twenty-five years the manufacture of soap, 
previously an industrial art, has been studied scientifically from 
the phase-rule point of view by McBain and collaborators (13, 
16, IS), Ferguson and Richardson ( 7 ) ,  and others. Phase dia
grams of approximately a dozen ternary aqueous soap systems 
with sodium or potassium chloride have been published (7 , 13, 
18). Only incomplete data on the behavior of soaps with other 
salts are available. Probably the earliest work was done in 
1888 by Hofmeister, who studied the salting out of sodium oleate 
from solution by several salts (10). Later workers (2, 12, 21, 22,

3.93, and a potassium silicate o f S1O2/K 20  ratio by weight 
o f  2.04. The solubility o f  the soap in solutions o f these 
salts and their effect on  the transition from  crystalline to 
liquid crystalline soap varies widely both  on weight and 
molecular bases. The order o f  increasing effect differs 
with concentration and temperature; however, sufficient 
regularities exist to enable predictions to be made of 
the phase diagrams for other soaps and at other concen
trations.

$4) measured the amounts of sodium and potassium chloride, 
carbonate, and hydroxide required to salt out various single and 
mixed soaps. These data were summarized and interpreted by 
McBain and AAralls (20). Qualitative observations on gelation 
of soaps in the presence of sodium carbonate, borate, and silicate 
were reported by Fischer (9). McBain and Pitter (17) measured 
the concentrations of eleven electrolytes required to salt out 0.25 
weight normal (approximately 6.5%) sodium palmitate. McBain, 
Void, and Gardiner (18) found that substituting for sodium chlo
ride a sodium silicate, having a SiCL/NaiO weight ratio of 3.18 in 
concentrations of 3.6 and 5.6%, caused 10% sodium oleate to set 
to an elastic, transparent jelly instead of a liquid crystal.

If a determination is made of the relative efficiency of various 
salts in salting out soap at a single concentration and tempera
ture, hypothetical phase diagrams can be outlined for aqueous 
systems of that soap with all of these salts. The diagram for one 
of them must be known; the assumption is then made that the 
relative efficiency is the same for different soap concentrations 
involving several crystalline and liquid-crystalline phases at 
different temperatures.

This paper reports a study of the phase behavior of a typical 
commercial mixed soap with one potassium and nine sodium 
salts. The salts used were sodium chloride, carbonate, and
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T a b l e  I. A n a l y s e s  o p  S il i c a t e s

M etso 2.46-
Crystals, Ratio Kasil

Analysis, % Na2.S1Oj.5 H2O Silicate S-Brand No. 6

XaiO“ 28.89 12.98 6 .60 12.70
SO, 28.13 31.99 25.78 25.99
H,0 42.13 54.55 67.42 60.83
FeO, 0 .002 0.017 0.0085 0 .066
A1,0, 0 .052 0.108 0.104 0.151
TiO, Trace 0.017 0.0058 0.004
C»0 T  race 0.007 0 .018 0.02
MgO 0.005 0.04 0.024 0 .06
SO, 0.003 0.01 0.014 0 .05
Cl 0 ,13 0 .16 0 .028 0 .12
CO, 0.51 0.07 0 .030 0 .10
Ratios

SiOi/NaiO, wt. basis'1 0.974 2.46 3 .93 2.04
SiO,/NajO, molecular basis'1 1.00 2 .54 4 .05 3.21

» K ,0  for Kasil.

tetraborate, trisodium phosphate, tetrasodium pyrophosphate, 
Calgon (sodium hexametaphosphate), sodium metasilicatc, 
sodium silicates of Si02/N a20  weight ratios of 2.46 and 3.93, and 
a potassium silicate of Si02/K 20  weight ratio of 2.04. Except 
for the chloride and carbonate, no previous work on these systems 
has appeared in the literature.
• Soap concentrations up to 50%, salt concentrations as high as 
27%, and temperatures to 180° C. were studied. The data out
line phase boundaries between isotropic solution and the two 
phase regions, middle soap-nigre, neat soap-nigre, and nigre-lye 
[IS). The observations on each of the ten soap-water-electro- 
lyte systems cover the temperature range from the lowest tem
perature at which isotropic solution separates a second isotropic 
or liquid crystalline phase up to 180° C. The temperatures at 
which hydrated crystals or curd fibers change completely to 
liquid crystal or isotropic solution are also included.

The complete data provide a test of the hypothesis that the rela
tive efficiencies of these salts, some of which are alkaline or col
loidal, for salting out soap are approximately the same on a mo
lecular basis at all concentrations and temperatures. Complete 
(although tentative and hypothetical) phase diagrams can also 
be outlined from the data by analogy with previous work.

M A T E R IA L S  AND M E TH O D

The commerical mixed soap had the composition of a typical 
fitted and settled household soap made from fatty acids of average 
molecular weight 273 and an iodine value of 48.4 (Hanus method). 
After drying at 105° C., the soap contained 88.44% fatty acids 
with less than 0.046% excess sodium oxide, 0.62% sodium chloride 
(Volhard method), and less then 0.2% of insoluble siliceous mat
ter. It was furnished through the courtesy of Lever Brothers 
Company.

The silicates used were regular commercial products of the 
Philadelphia Quartz Company. Their analyses are given in 
Table I. The S-brand was clarified somewhat by heating at 
90°C. for several days and filtering off the precipitated material. 
The Calgon was the regular, unadjusted, commercial product. 
All other salts used were c .p . Although some of the salts were 
hydrates, all data are given here on the anhydrous basis.

All data were obtained by the synthetic method. The calcu
lated quantities of soap, salt, and freshly distilled water were 
weighed in the order named into narrow-neck tubes made from 
13 X 100 mm. test tubes. The tubes were sealed to prevent 
changes in composition and then heated in an oil bath until their 
contents formed an isotropic, homogeneous solution. They were 
then allowed to cool slowly and a determination was made of the 
temperature, 'I\, at which liquid crystal or a second isotropic 
liquid first formed. Observations were made with crossed Pola
roid disks 1.75 inches in diameter. After standing at room tem
perature at least overnight and usually several months, the tubes 
were slowly heated and a record was made of the temperature, 
Tc, at which all traces of the opaque white solid (formed at room 
temperature) just disappeared to complete the formation of a 
liquid or anisotropic liquid-crystalline phase, or mixture of both 
of these. 'l\ values are readily reproducible to within 2° C.; 
the T, values are precise to 10 C. or less. Temperatures were 
measured with calibrated thermometers.

C O M M E R C IA L  SO A P -W A T E R  S Y S T E M S

Data on the system commercial mixed soap-water are given in 
Table II. Such systems behave as two-component soap-water 
systems, except where salting out into curd fibers occurs (7, IS). 
The phase diagram of this soap up to 50% soap resembles that of 
the sodium soap A  of McBain, Void, and Porter (19), although 
its boundary is 1 % to the left—that is, more soluble; the maxi
mum temperature at which middle soap exists is 10° C. lower and 
occurs at 43 instead of 46% soap, and the Tc curve is 1° C. 
lower. The Tc curve is only 1-2° C. higher than that for the 
soap used by Dedrick and Wills for which a fatty acid analysis is 
given (6) and within 2° C. of that for the framed soap of Void and 
Lyon (27). Their results, therefore, can reasonably' be used in 
deducing phase diagrams involving this soap.

From room temperature up to the Tc temperature aqueous 
systems of the commercial mixed soap containing from 5 to 50% 
soap consist in part of white opaque solids; those below about 
5% are semisolid, somewhat translucent jellies. The white 
Opaque solid material is commonly called curd. Under varying 
conditions it may' consist of one or more of the multiplicity of 
phases which can exist in aqueous solid soap systems at room tem
perature (4, 8). At Tc the system melts completely to isotropic 
liquid, nigre, at soap concentrations below 27.5%. From 27.5 to 
about 52% soap Tc is the temperature of final disappearance of 
all solid phases to form (a) a two-phase equilibrium between mid
dle soap and nigre, (b) a liquid crystalline middle soap, and (c) a 
two-phase equilibrium between middle soap and neat soap. 
Above about 52% soap the phase soap-boiler’s neat soap is formed 
at TV The upper boundary of the middle soap phase is outlined 
by' the '1\ values. Experience has shown that undercooling does 
not occur when T; determinations are made with reasonable care. 
According to McBain (14), the principle that supersaturation 
does not occur in regard to the appearance of a liquid phase is a 
direct deduction from kinetic theory. It apparently also applies 
to the liquid crystalline phases, neat and middle soap. If the 
system is sufficiently agitated and time is allowed for it to reach 
equilibrium, the temperature at which the last trace of middle 
soap, neat soap, or ly'e just dissolves on heating is within 1-2° C. 
of the Ti value. This is true for all the systems of this investiga
tion, including the colloidal silicates. Ti, therefore, is the tem
perature of complete melting of middle or neat soap.

T a b l e  II. T w o - C o m p o n e n t  S y s t e m , C o m m e r c ia l  M i x e d  
S o a p - W a t e r “

%  Soap

d0

£3 0 P %  Soap

d0£

Tc, 0 C.
4.77 . ,a 44 34.8 133 48
9 .89 . . a 44 4 0 .S 157 49

14.2 . .« 45 43.1 161
19.9 _ a 46 44.6 160 50
27.4 ' 'a 47 49.5 151
28.5 71 47 50.5 166 si
29.4 77 52.5 >175
30.1 91

° Compositions for which no Ti value is given changed directly from  iso
tropic solution to hydrated crystal. Up to 27.5%  soap the system melts com 
pletely to isotropic liquid (nigre) at Tc- From  27.5 to 5 2% , hydrated crys
tal at Tc changes to  a two-phase equilibria between middle soap and nigre, 
a liquid crystalline middle soap, and a two-phase equilibria between middle 
and neat soap. The Ti values give the upper boundary of the middle soap 
phase.

C O M M E R C IA L  S O A P -E L E C T R O L Y T E -W A T E R  S Y S T E M S

The influence of ten salts on the transition temperature, Tc, of 
hydrated, crystalline, commercial mixed soap is shown in Figure
1. The curves at definite temperature were deduced by linear 
interpolation from the Tc determinations (circles) made at inter
mediate temperatures. The data are given in Table III and are 
separated according to the number and probable nature of the 
phases formed above Tc, based on analogy with previous work 
(7, 13, 15, 18). Salt concentrations are given in this paper both 
in weight per cent and weight normality (gram moles per kg. of 
water) to enable comparison on both technical and molecular
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«/o BUILDER °jo BUILDER

Figure 1. Solubility and Transition Temperature (Tc) Isotherms 
o f  Hydrated Crystalline Commercial Mixed Soap at Definite Tem
peratures (Curves) as Deduced from  Tc Determinations (Circles) Made 

at Intermediate Temperatures
O pen circle*  represent co m p o s it io n s  fo rm in g  liq u id  crysta l*  o n  h e a t in g ; filled 
c irc le* , those  fo rm in g  iso tro p ic  s o lu tio n . T h e  so lu b ility  o f  the e lectro ly tes  in  pure 
water sh ou ld  he given by the in tercep ts  o f  the  isoth erm s o n  th e  h or izon ta l (0%  
soap ) axes. T h e  values fo r  the  so lu b ility  o f  the  various e lectro ly tes  in  pu re  water 

in d ica ted  in  the figures a rc sm aller th a n  the true values.

bases. The systems forming liquid crystal when 
heated are shown in Figure 1 as open circles, and 
those forming isotropic solutions only, as filled 
circles. Below 47° C. the isotherms shown are, 
with the exception of some systems containing 
potassium silicate, the isotropic solution bound
aries. Above 47° C. equilibria with liquid crys
talline phases are involved. Analogy with the 
sodium Inurate system (15) suggests the possi
bilities that (a) between 47° and 53° C. the crys
talline soap dissolves to form either middle soap 
or middle soap and isotropic solutions, and (6) 
above 53 ° C. the isotherms trace out the neat lye 
edge of the triangle hydrated crystal-neat soap- 
lye. The Tc values in this range determine the 
limiting concentrations of soap and salt at which 
the system exists as neat soap and lye, although 
the nature of the last trace of white “ solid” 
which disappears is not known. In a system 
containing a mixed soap, fractionation occurs in 
this region.

, Figure 1 shows that the effect of these ten elec
trolytes on the transition temperature of the soap 
varies considerably. The steepness of the iso
therms or the Tc value at any arbitrary soap o'r 
electrolyte concentration may be taken as,a meas
ure of the salting-out power of the electrolyte. It 
is evident that Calgon raises the Tc value of the 
soap more than any salt tested. This is true on 
both weight and molecular bases, even if the 
formula weight of NaPOj is taken as the mini
mum molecular weight. This is especially true 
when Calgon is regarded as a colloidal electrolyte 
of high molecular weight, which ultracentrifuge 
determinations and other types of measurements 
indicate it to be (11). It is also evident that potas
sium silicate raises the Te value of soap systems 
much less than any other salt. In fact, the addi
tion of potassium silicate up to about 5% lowers the 
Tc value of soap-water systems, in part, at least, 
because of the formation of some potassium soap.
As much as 25% of the 2.04 weight-ratio potassium 
silicate can be added to these aqueous soap systems 
without increasing their Tc value more than 3 ° C.

To facilitate quantitative comparison of the 
salts, Table IV gives maximum concentration of 
each which can be added to the commercial mixed 
soap at the arbitrarily chosen concentration of 
24% before raising the Tc value to 50° C. The 
maximum concentrations under these conditions 
vary from 1.1 and 1.6% for Calgon and sodium 
chloride, respectively, to 26% for the 3.93-ratio 
silicate and much greater than 30% for the potas
sium silicate. On a weight basis the amount of 
the salt which can be added increases in the follow
ing order: Calgon, sodium chloride, carbonate, 
metasilicate, and borate, trisodium phosphate,
2.46-ratio sodium silicate, tetrasodium pyrophos
phate, 3.93-ratio sodium silicate, and potassium 
silicate. On a molecular basis the concentration 
of the chloride and tetraborate required to raise the 
Te to 50 ° C. is practically the same and that of the 
carbonate perhaps somewhat greater, whereas the amount of tri
sodium phosphate and metasilicate is about 60% greater than 
that of the chloride. About twice as much of the pyrophos
phate and 2.46-ratio silicate is required under these conditions as 
is required of chloride or carbonate, and about four or five times 
as much of 3.93-ratio silicate. Calgon, on a minimum formula- 
weight basis, requires less than half as much as the chloride.

Figure 2. Boundaries o f the Field o f  Aqueous Isotropic 
Solutions at 70°, 120°, and 150° C. (Curves) as Deduced 
from  Ti Determinations (Circles) Made at Intermediate 

Tempera t ures
O pen circ les  represent co m p o sit io n s  fo rm in g  liq u id  crysta ls on  cooling ; 
filled circ les , those  fo rm in g  tw o iso tro p ic  liq u id s  (n igre and  lye ), iso
trop ic s o lu tio n , or je lly . T h e  so lu b ility  o f  th e  e lectro ly tes  in  pure 
w ater sh ou ld  be given by th e  in tercep ts  o f  the  isoth erm s on  the hori
zon ta l (0 %  soap) axes. T h e  values fo r  the s o lu b ility  o f  th e  various 
e lectro ly tes  in  pu re  water in d ica ted  in  th e  figures arc sm aller than 

the tru e  values.
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• •/« 50DIUM
CHLORIDE 4> SODIUM TETRABORATEio  5ODIUM CARBONATE

<$> 50DIUM PYROPHOSPHATE io  CALG ON</o TRISODIUM PHOSPHATE

<Ío 2.4S-RATIO SODIUM SILICATE*!■> SODIUM METASILICATE

Y» 3.93-RATIO SODIUM SILICATE •U 2.04-RATIO POTASSIUM SILICATE
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Phase

Isotropic soin, remains

T a b l e  III. Tc o f  T h r e e - C o m p o n e n t  S y s t e m s

%  Soap %  Salt N w  of Salt Tc*, ° C.
Sodium Chloride, NaCl

nigro remain 
Neat soap and lye remain

Isotropic soln. remains

M iddle soap or middle soap and 
nigre remain

Neat soap and lye remain

Isotropic soln. remains

Middle soap or middle soap and 
nigre remain

Neat soap and lye remain

Trisodium Phosphate, NaiPO* 
Isotropic liquid remains

1.95 1.24 0.0220 45
4 .82 0 .84 0.0152 45

11.8 2 .59 0.0517 50
38.7 1.70 0.0488 51
18.0 3 .11 0.0676 51

4.21 5.44 0.103 54
5 .10 6 .68 0 .130 60

31.7 0 .46 0.011 49
38.0 1.03 0.0290 50
4 7 .8 0 .9 0 0.0302 51
2 6.3 3.47 0.0845 53
3 6.3 3 .5 8 0.102 57
16.4 6 .39 0.141 63
2 5.3 6 .36 0 .159 65

arbonate, NaaCOi
2 .27 1 .47 0.159 46

11.6 2 .64 0.321 48
30.7 1.09 0.194 48

4 .27 8 .8 0 1.06 51
28.2 5.41 0 .848 55
11.7 9 .66 1 .28 55
3 .07 11.3 1 .38 55

35.1 4 .3 0 0 .739 56
20 .8 9 .33 1 .20 63
33.3 7 .2 8 1 .28 63

6 .42 13.3 1.72 64
22.4 11.0 1.72 65
37.3 0 .96 0.162 49
43.4 1.26 0.237 50
43.0 2 .71 0.521 56
3 7.0 4 .43 0 .788 56
43.1 3 .49 0.682 57

¡traborate, 2 £ o

2 .16 1.53 0.0896 45
2 .60 2 .5 8 0.134 45
7 .65 6 .08 0 .348 48

31.7 2 .5 0 0 .188 49
13.0 11.4 0 .748 53
23.9 12.4 0.967 54

6 .62 15.9 1.02 54
19.0 14.5 1.08 54
2 .22 17.6 1 .08 54

3 6.6 2 .83 0.231 50

39.2 4 .12 0.359 52
44.9 3 .05 0 .290 53
3 6 .0 5 .59 0.473 53
32.3 8.77 0 .736 54
2 4 .8 14.9 1.22 55
16.0 17.7 1.33 55
13.2 17.4 1.24 55

M iddle soap and nigre remain 
Neat soap and lye remain

Tetrasodium Pyrophosphate, Na<Pi07 
Isotropic soln. remains

3 .24 0 .82 0 .052 44
17.7 6 .14 0.492 47
7 .77 9 .39 0.691 47
3 .2 8 13.1 0.954 48

30.4 1.92 0.173 48
20.2 10.9 0.970 53
15.8 13.0 1.11 55
31.1 8 .66 0.877 56
37.9 4 .14 0.435 51
41.2 4 .20 0.470 * 52
16.5 14.3 1.27 58

Middle soap and nigre remain 
Neat soap and lye remain

2 .6 0 1.38 0.0538 45
13.3 6 .54 0.307 46
28.4 2 .37 0 .128 47

6 .57 13.1 0.612 47
16.4 9 .99 0.511 48
34.4 5.81 0.366 49
26.0 12.4 0.761 50
29.4 10.5 0.657 50

8.91 14.9 0.734 48
37.4 2 .98 0.187 • 49
29 .6 13.3 0.872 52
26.6 17.6 1.18 53
4 1 .0 6.99 0.505 53

Phase %  Soap %  Salt Nu> of Salt Tc*, °
Calgon

Isotropic soln. remains 9.21 0.47 0.046 45
11.8 0.73 0.072 40
5.32 1.09 0.108 46
6.88 1.32 0.131 47

15.8 0 .98 0.097 47
26 .8 0 .68 0.067 48

Middle soap or middle soap and 34.1 0 .33 0.033 48
nigre remain 32.2 1.15 0.114 51

Neat soap and lye remain 21.6 0 .99 0 .048 49

Sodium Metasilicate, NaiSiOi
Isotropic soln. remains 2 .07 1.04 0.0696 45

15.9 3 .6 0 0.366 47
1.01 7 .96 0.881 48
8.24 6 .85 0.661 48

26.8 3 .48 0.796 49
30.3 3.71 0.461 50

1.37 12.7 1.42 51
16.9 8.41 0.922 52
28.7 5.59 0.697 52
22.9 8.47 1.01 54

2.53 17.8 1.83 55
17.0 12.0 0.697 56

Middle soap remains 37.0 1.65 0.220 49
Neat soap and lye remain 40.3 3.95 0.613 53

44.8 3 .52 0.558 54
31.2 10.4 1.46 63

Sodium Silicate (SiO i/N aiO  Ratio, 2.46)
Isotropic soln. remains 3.01 1.77 0.0863 44

21.6 3 .0 8 0.195 46
31.9 3 .07 0.225 47
12.2 6.64 0.445 48
24.1 11.1 0.819 50

3.01 14.2 0.818 50
16.8 17.9 1.30 51

5 .74 22.4 1.48 51
Middle soap remains 45.1 3 .15 0.292 49
Neat soap and lye remain 34.4 5 .16 0 .418 49

29.3 20.2 1.90 53
' 18.1 24.9 2.08 53

Sodium Silicate (SiO j/N ajO  W eight R atio, 3.93)
Middle soap is formed 30.5 4 .12 0.212 48

39.0 3.96 0.234 49
Lye is formed 5.70 1.65 0.060 44

9 .14 8.24 0.337 46
13.3 12.8 0.583 47
10.1 18.8 0.892 48
10.3 22.1 1.10 49

Neat soap is formed 27.1 11.0 0.601 49
31.6 10.0 0.581 49
47.3 4 .45 0.311 50
37.4 15.4 1.10 50
27.3 19.7 1.26 50
42.1 9.72 0.681 50

Potassium Silicate (SiOi/ICtO R atio, 2.04)
Isotropic soln. remains 2.89 1.89 0.0988 44

6.17 13.4 0.829 45
28.9 2.31 0.167 46

3.85 25.1 1.77 47
Middle soap or middle soap and 29.5 3.62 0.270 45

nigre remain 27.3 7 .90 0.607 45
21.8 12.7 0.966 46
16.8 20.3 1.61 46
25.1 18.7 1.66 47
43.5 2 .78 0 .258 47
14.3 25.0 2.05 48

Neat soap and lye remain 40.6 10.9 1.12 47
46.8 6.53 0.698 47

* Temperature at which soap crystals or curd fibers com pletely dissolve or 
change to liquid crystal.

Table V gives the temperatures at which tubes having the in
dicated composition first separated a second phase on cooling. 
The data determine the boundary of the field of isotropic solution, 
except at temperatures and compositions such that the isotropic 
solution is in equilibrium with a crystalline soap phase. Figure 
2 shows the boundaries of the field of aqueous isotropic solutions 
at 70 120 °, and 150 ° C. determined by linear interpolation from 
the Ti determinations made at intermediate temperatures.

With the exception of that for Calgon, the diagrams are quali

tatively similar to those obtained by McBain and collaborators, 
Ferguson and Richardson, Void, and others for single and mixed 
soaps with sodium or potassium chloride. The addition of elec
trolytes to systems containing more than 50% of the commercial 
soap increases the solution temperature of neat soap. The first 
addition of relatively small amounts of electrolytes to aqueous 
systems of the commercial soap containing between 27.5 and 50% 
soap lowers transition temperature Ti between isotropic solution 
and liquid crystalline middle soap. That is, electrolytes “salt
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T a b l e  I V .  M a x i m u m  C o n c e n t r a t io n  o r  V a r i o u s  S a l t s  
W h ic h  C a n  B e  A d d e d  t o  24% C o m m e r c ia l  M i x e d  S o a p  

BEFORE R a ISINO TRANSITION TEM PERATURE TO 5 0 °  C. 
Weight

Per Ratio to Nw Ratio
Salt M ol. W t. cent NaCl Nw to NaCl

NaCl 58.45 1.6 1 .0 0.37 1 .0
NaiCO* 10G 3 .2 2 .0 0 .41 1.1
NaiBiCb 202 5 .3 3 .3 0.37 1 .0
NaiPCh 164 6 .7 4 .2 0.59 1 .6
NaiPiCb 266 13.2 8 .2 0 .79 2.1
Calgon
NasSiOa

102° (612) b 
122

1.1
5 .0

0 .69
3 .1

0 .14  (0 .02 ) b 
0 .58

0 .39
1 .6

(0 .06 ) b
NatO.2.46 SiOj 210° 11 6 .9 0.81 2 .2
NaiO.3.93 SiOj 298“ 26 16 1.7 4 .7
KjO.2.04 SiOj 30

° Formula weights. 
Assuming (NaPOa)s.

in”  middle soap. The addition of further amounts of electrolytes 
causes the formation of one or more types of liquid crystalline 
neat soap and an increase in the transition temperature. Below a 
soap concentration of 27.5% the addition of larger amounts of 
electrolytes results directly in the formation of one or more types 
of neat soap and an increase in the transition temperature. At 
still smaller soap concentrations electrolytes cause the formation 
of two isotropic liquid phases, nigre and lye. Although it is not 
clear on the scale of the graphs, dilute soap systems with all of the 
electrolytes appear to show the characteristic indentation known 
as the bay region.

Figure 2F shows that soap is much less soluble in aqueous 
Calgon solutions than in any other solutions tested. (The scale 
of the horizontal axis of this figure is four times that of the others.) 
Only slightly more Calgon is needed to salt out isotropic solution 
into neat soap and nigre than to salt in middle soap, contrary to 
experience with other electrolytes. Liquid crystals form in this 
system at a total solids concentration of less than 10%. Some of 
the Calgon probably reverted to the orthophosphate during the 
3- or 4-hour heating at elevated temperatures in the Ti determina
tions. However, the data were fairly reproducible, and the 
curve is so different from that of trisodium phosphate that, under 
these conditions, reversion was far from complete. The pH of the 
solutions after heating was always greater than 8.5; this excludes 
the possibility of much acid soap being present.

The system with the potassium silicate (Figure 2J) appears 
somewhat different from the others. When the potassium salt is 
added to the sodium soaps, some potassium soaps are formed. 
Since the transition temperatures of middle soap for potassium 
soaps are higher than those for the corresponding sodium soaps, 
this tends to increase the transition temperatures of the system. 
The salt effect tends to decrease it. The net effect for this sys
tem is that relatively large amounts of the 2.04 weight-ratio 
potassium silicate can be added to the soap systems without 
greatly changing the transition temperature. Middle soap ap
pears to predominate in this system at the soap concentrations 
used. Neat soap is apparently formed only at concentrations 
greater than those above the 160 0 C. line in the figure. The sepa
ration of solutions containing less than 13% soap into nigre and 
lye at 70° C. occurs at a potassium silicate concentration of about 
25.5%.

Figure 2 shows wide variations, on a weight basis, in the 
amounts of salts which can be dissolved in aqueous soap systems. 
It also shows differences in their temperature coefficient of solu
bility, as determined by the amount of salt which raises the solu
tion temperature of a given soap concentration from 70° to 
150 ° C. As an example, the maximum weight per cent salt concen
tration which dissolves in 24% soap solution at 70° C. without 
salting out liquid crystalline soap increases in the following order: 
Calgon 1.0, sodium chloride 3.9, carbonate 8.5, metasilicate 8.5, 
3.93-ratio sodium silicate 9.9, trisodium phosphate 10.7, 2.04- 
ratio potassium silicate 11.5, tetraborate 12.6, tetrasodium pyro-

N w ELECTROLYTE

Figure 3. Boundaries o f  Field o f Aqueous Isotropic 
Solutions at 70° C. as Function o f  Weight Normality 

(IVto) o f  Electrolyte
A)  s o d iu m  ch lo r id e ; B , s o d iu m  ca rb o n a te ; C, s od iu m  te tra b ora te ; 
Dj  tr iso d iu m  p h o sp h a te ; E y te tra sod iu m  p y ro p h o sp h a te ; F , C algon  
(sod iu m  h ex a m eta p h osp h a te ); G , s o d iu m  m eta s ilica te ; FT, s o d iu m  
silica te  o f  S iO i/N aiO  w e ig h t ra tio  2.46; / ,  s o d iu m  s ilica te  o f  S 1O2/  
N aiO w eigh t ra tio  3.93; J , p o tassiu m  silica te  o f  S iO i/K iO  w eight 
ra t io  2.04. T h e  so lu b ility  o f  the e lectro lytes  in  p u re  w ater sh ou ld  be 
given by  th e  in tercep ts  o f  the  isoth erm s on  the h o r izo n ta l ( 0 %  soap) 
axes. T h e  values for  th e  so lu b ility  o f  th e  various e lectro ly tes  in  pure 

w ater in d ica ted  in  th e  figures are sm aller than  the tru e  values.

phosphate 11.9, and 2.46-ratio sodium silicate 13. At 10% soap 
larger amounts of soap can be dissolved In solutions of the sili
ceous silicates than in solutions of the other salts. Comparison 
at other soap concentrations gives a somewhat different order. 
The order of the effect of salts on 24% soap at 50° is different 
from that at 70° C. No general order of the effectiveness of salts 
in salting out soap can be obtained which is completely valid for 
all concentrations and at all temperatures.

As a measure of the temperature coefficient of solubility the 
author determined the weight per cent of salt required to raise 
the transition temperature of a 24% soap solution containing
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Phase
T a b l e  V .  T i  o p  T h r e e - C o m p o n e n t  S y s t e m s

%  Soap %  NaCl N w of Salt Ti*, °C . Phase

Sodium Chloride, M ol. W t. 58.45

M iddle soap is formed

L ye is formed or soln. near 
phase boundary remains iso
tropic on cooling

Neat soap is formed

Middle soap is formed

Lye is form ed or soln. near 
phase boundary remains iso
tropic on cooling

N eat soap is formed

31.7 0 .46 0.115 89
38.0 1.03 0 .290 90
4 7 .8 0 .90 0 .302 • 176
38.1 0 .80 0 .225 88
34.3 0.93 0 .246 83
44.6 0.67 0 .209 134
43.0 0 .55 0.167

23.1 3 .19 0.741
35.5 1.60 0.436

9 .44 6 .26 1.27 Í28
7 .59 5.97 1.18 117
3 .59 6 .05 1.14 125
7 .70 5.11 1.00

11.9 5.49 1.14
7.83 6.73 1.35 Í69
5 .10 6 .6 8 1.30 171
8 .77 6 .43 1.30 159
4.21 5 .44 1.03

20.7 4 .93 1.13 122
24.0 5 .49 1.33 154
16.3 6 .39 1.41 153
13.4 5.92 1.26 132
26.3 3.47 1.08 69
36 .5 1.89 0.525 58
40.1 2 .29 0.681 143
42.3 1.90 0.602 153
15.2 5 .38 1.16 121
36.3 3 .5 8 1.02 168

bonate, Mol. W t. 106.00

38.2 2 .60 0.457 80
34.1 2.12 0.346 77
43.4 1.26 0.237 135
37.3 0.96 0.162 138

7 .30 10.6 1.35
9 .34 11.4 1.50 Í4Í
5 .66 11.7 1 .48 154

35.1 4 .30 0 .739
4 .55 11.1 1.37 Í33
3.07 11.3 1 .38 140
7 .92 10.9 1.40 115

10.4 11.3 1.50 128
15.1 11.2 1.59 105
10.5 10.9 1.45 104

5 .64 10.4 1.29
6.77 10.6 1.34
3.52 10.7 1.30 i i 2

3 0.7 1.09 0 .166
4 1.5 2 .92 0 .549
12.3 10.7 1.45

22.4 11.0 1 .72 156
33.3 7 .28 1.28 154
18.5 10.8 1.60 113
24.9 8.92 1.40 116
15.0 11.2 1.58 70
34.7 5 .88 1.03 126
3 7.0 4 .43 0 .788 67
13.6 11.7 1.63 >165
4 3.2 3 .50 0.682 161
3 2.6 5 .93 1.00 80
26.1 7 .84 1.24 70

Sodium Tetraborate, M ol. W t. 202.27 

M iddle soap is formed

Lye is formed or soln. near 
phase boundary remains iso
tropic on cooling

Neat soap is formed

36.6 2 .83 0.231 69
39.4 3 .01 0.258 84
42 .0 2 .89 0.259 84
40.1 0 .55 0.0456 155
40.9 3.11 0.274 71
35.3 1.01 0.145 123
44.6 0 .97 0.0878 143
37.5 1.07 0.0865 127
32.7 1.19 0.0894 91
43.2 0.91 0.0800 140

39.2 4 .12 0.359
36.0 5.59 0.473
23.9 12.4 0.976
20.6 13.7 1.03
18.0 15.5 1.15
10.4 16.8 1.14
6 .97 16.9 1.10 *96
4 .64 17.3 1.10 148
2 .22 17.6 1.08 152

13.2 17.4 1.24
4 .06 16.8 1.05 Í37

10.8 17.3 1.19 135
14.1 17.8 1.29 138
33.4 8 .68 0.741 148
29.2 10.8 0.893 122
32.3 8 .77 0.736 106
24.8 14.9 1.22 163
44.9 3 .05 0.290 153
39.0 7.02 0.643 168
21 2 15.2 1.18 128
16Í0 17.7 1.33 138
22.7 13.1 1.01 64
34.2 7 .3 5 0.622 70
42.2 4 .06 0.399 129

%  Soap

Trisodium Phosphate, M ol. W t. 162.97 
M iddle soap is formed

%  NaCl Nw  of Salt Ti*, °C.

Lye is form ed or soln. near 
phase boundary remains iso
tropic on cooling

Neat soap is formed

30.4 1.92 0.173 59
42.2 0.94 0.101 150
49.2 1.11 0.136 160
45.1 3 .23 0.381 160
35 .8 1.50 0.147 116
43.1 2.71 0.305 142
34.1 2.41 0.164 82
37.1 3.63 0.373 60
39.6 2 .42 0.255 98
44.6 2 .48 0.286 151
16.5 14.3 1.27 >170

5.07 12.9 0.963 101
13.1 13.5 1.12 101
3 .2 8 13.1 0.954
6 .17 12.2 0.909

11.1 13.1 1.05
16.3 13.3 1.15
3 .0 0 13.9 1.02 Í53
7 .4 8 13.5 1.04 146

39.2 3 .84 0.425
33 .4 5.82 0.585

7 .8 5 12.9 0.992 Í27
41.2 4 .20 0.470 146
20.3 12.9 1.17 143
27.6 10.9 1.08 162
27.2 10.6 1.04 153
32.6 10.1 1.07 >170
37 .0 6 .16 0.661 145
39.0 4 .99 0.543 143
23.6 11.1 1.03 81
15.7 14.0 1.21 135

Tetrasodium  Pyrophosphate, M ol. W t. 205.95 
M iddle soap is form ed

Lye is formed or Boln. near 
phase boundary remains iso
tropic on cooling

Neat soap is formed

Calgon,
M iddle soap is formed

Lye is formed or soln. near 
phase boundary remains iso
tropic on cooling

Neat soap is formed

Middle soap is formed

31.7 2 .55 0.146 71
3 0 .2 1.62 0.114 61
35.1 1.5S 0.0937 122
37.4 2 .98 0.188 80
45.9 2 .70 0.197 130
42.2 1.25 0.104 149
39.7 3 .10 0 .204 82
37.5 4.83 0 .315 65

9 .8 0 13.7 0 .674 96
34.4 5 .SI 0 .366

8 .91 14.8 0.734 Í42
3 .3 7 15.0 0 .693 151
3 .22 14.1 0.641
6 .57 13.1 0 .612 Ü 2

12.5 12.8 0 .644
17.1 12.3 0 .655

5 .04 13.8 0.641 Í36
14.9 14.0 0.743 131
2 1 .0 13.1 0.750 6S
22 .2 13.9 0.822 148
3 4 .4 8.67 0.573 127
4 1 .0 6 .99 0 .505 177
29.6 13.3 0 .872 182
40.4 5.02 0 .344 115
32.4 7 .74 0.486 83
27.0 13.0 0 .775 >160
33.1 10.5 0.703 152

“ M ol. W t.”  101.98
34.1 0.33 0.0326 132
30.2 1.63 0.163 153
32.3 0 .45 0.0442 96
43.3 0 .44 0.0771 145
39.6 0 .30 0.0483 148
41.9 1.47 0 .198 160
15.8 0 .9 8 0.0972
5 .32 1.09 0 .108

28.2 0 .67 0.0661
5 .74 1.71 0.171 >Í7Ó
3.23 1.52 0.152 167

28.5 1.93 0.193 160
26.4 1.41 0.140 134
28.8 0 .86 0.0855 61

6 .8 8 1.32 0.131 138
23.1 1.27 0.126 122
15.0 1.56 0.155 166
15.7 1.22 0.121 91
32.2 1.15 0.114 119
2 5 .0 1.92 0.192 162
37.6 1.33 0 .102 140
47.6 0 .85 0.029 >170

iilicate, M ol. W t. 122.05
29 ;4 0 .35 0.041 75
37.6 2 .75 0.278 131
32.3 1 .95 , 0 .244 85
3 7 .0 1.65 0 .220 140
3 5 .0 1.82 0.236 128
35.4 0.52 0.067 138
40.7 0 .79 0.111 155
33.7 1.11 0.165 100
32.7 3 .0 0 0.382 88
31.5 1.45 0.192 72
31 .8 0.44 0.057 93
46.1 2 .5 8 0.990 139

( Continued on page 185)



February 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 165

Phase %  Soap
Sodium Metasilicate, M ol. W t. 122.05 ( Cont’d ) 

Lye is formed or soln. near 
phase boundary remains iso
tropic on cooling

T a b l e  V. Tt o f  T h r e e - C o m p o n e n t  S y s t e m s  (Continued)
%  NaCl jV ic  of Salt Ti*, °C . Phase %  Soap %  NaCl A'v, o f Salt T i*,

Sodium Silicate (SiOj/NaaO Ratio, 3.93), “ M ol. W t.“  298 
Middle soap is formed

Neat soap is formed

Middle soap is formed

Lye is formed or soln. near 
phase boundary remains iso
tropic on cooling

Neat soap is formed

10.3 14.5 1.58 88
8 .28 16.8 1.83 137

10.1 14.2 1.54 68
7 .1 5 13.7 1.42 65
3 .72 14.5 1.45 61

30.6 1.97 0.239
30.6 1.26 0.151

2 .99 15.8 1.59 *86
1.48 15.6 1.54 87

22.9 8.47 1.01
30.3 3.71 0.461
27.0 6.94 0.862
16.8 16.2 1.97 > iö 5
11.6 17.1 1.96 >165
4 .60 17.5 1.83 >165
6 .01 14.8 1.53 89
7 .16 15.1 1.86 92

13.5 13.1 1.46
34.8 4 .44 0 .202 125
14.9 12.2 1.37 71
34.6 4.27 0.573 123
32.5 4 .83 0.632 103
24.3 8.41 1.02 75
26.4 8 .19 1.02 93
30.3 9 .39 1.27 133
3 7 .8 3 .83 0.537 139
40.7 5 .34 0 .810 143
31.2 10.43 1.46 140
37.7 6 .02 0 .876 130
34.7 6 .8 8 0 .965 127
4 2.3 3 .86 0 .558 138
44.8 3 .52 0 .558 142
20.5 11.8 1.42 98
2 3.0 9 .45 1.16 73
29.9 5.87 0.749 73
28.8 7 .13 0.912 84
15.0 13.9 1.61 94
17.0 12.0 1 .38 72
48.5 2.63 0 .440 > 170
3 6.5 9.45 1.43 137
3 8.4 9 .4 8 1.49 157
4 2.6 3 .54 0 .587 140
30.2 14.2 1.98 155

uO Ratio, 2.46), “

isO 210.04
33.3 5.73 0.419 131
37.6 3.01 0.241 141
34 .8 1.81 0,136 127
31.6 1.21 0.0860 90
33.6 0 .9 5 0.0692 X21
31.2 2 .06 0 .204 76
33.7 3 .50 0 .265 122
45.1 3 .15 0 .292 152
41.5 3 .54 0.269 156
41.5 5.25 0 .469 149
40.5 8.25 0.767 139
44.0 8.95 0.906 141
16.8 17.9 1.30
29.4 6.17 0.456
25.6 10.5 0.783
24.1 11.1 0.819
27.6 8 .49 0.633
10.7 18.5 1.25

4 .47 24.2 1.61 >170
10.9 22.3 1.59 >170

5.44 20.8 1.34 76
11.3 20.1 1.53 106
16.3 19.6 1.45 95

6.69 21 .5 1.43 125
8.72 20.2 1.36 122
5.77 22.8 1.52 127
2.77 23.5 1.52 127
4 .36 19.4 1.21

31.4 5 .96 0.454 89
29.3 20.2 1.90 >170
24.9 12.1 0.920 82
21.3 18.7 1.48 97
22.7 14.6 1.11 75
27.8 9 .90 0 .756 106
31.2 7 .7 8 0 .615 104
20.3 17.9 1.38 71
23.3 18.3 1.49 122
25.2 17.8 1.49 128
29.3 17.2 1.53 139
25.4 19.4 ' 1.67 137
29.7 12.3 1.01 120
38.5 12.4 1.20 145
35.7 16.0 1.58 173
48.6 6 .50 0 .689 >165

Lye is formed or soln. near 
phase boundary remains iso
tropic on cooling

Liquid crystal (neat soap) is 42.1 
formed 47.3

Middle soap is formed

Lye is form ed or soln. near 
phase boundary remains iso
tropic on cooling

Neat soap is formed

39.0 3 .96 0.234 149
30.5 4 .12 0.212 90
43.5 8 .48 0.596 150
42.5 4.84 0.308 160
29.7 0 .96 0.047 65
32.3 5 .60 0.304 115
40.8 9 .45 0.639 149
7.32 22.5 1.08 120

10.1 18.8 0.892 65
10.3 22.1 1.10 97
10.4 24.9 1.31 170
27.7 5.11 0.257
11.1 19.2 0.926 *73
10.5 22.9 1.16 123
4.67 24.4 1.16 120
4 .89 20.1 0.903

42.1 9.72 0.681 148
47.3 4 .45 0.311 169
37.. 4 15.4 1 .10 146
27.3 19.7 1.26 150
27.1 11.0 0.601 92
31.6 10.0 0.581 128
25.1 15.8 0 .904 122
27.7 6.81 0 .350 70
31.9 18.5 1.26 152
17.2 18.6 0.980 81
19.0 20.7 1.16 96
25.5 13.8 0.767 82
34.7 16.1 1.10 150
38.5 10.9 0.721 148
32.0 14.3 0.892 145
29.8 21.9 1.53 142
14.8 22.1 1.18 100

K2O Ratio, 2.04), 1‘ M ol. W t.“ 200.66
37.2 7 .23 0 .648 162
40.6 10.9 1.12 151
33.5 1.80 0.138 114
40.7 2.44 0.213 160
39.7 3 .76 0.331 162
43.2 2.33 0.204 160
43.5 2 .78 0 .258 161
41.3 • 1.09 0.0940 160
35.5 1.14 0.0895 118
22.4 15.1 1.21 93
23.0 14.5 1.16 100
20.9 20.4 1.73 106
19.3 18.6 1.49 69
29.4 10.2 1.40 114
32.1 4 .42 0.643 101
32.7 4 .24 0.335 103
17.9 22.2 1.85 75
25.1 18.7 1.66 132
35.1 11.4 1.06 163
29.9 3.97 0.299 82
31.2 7 .42 0.602 114
27.3 7 .90 0.607 70
29.5 3 .62 0.270 65
21.8 12.7 0.966 59
38.5 6.09 0 .548 159
42.9 5.05 0.483 160
16.8 20.3 1.61 69
29.6 1.21 0.104 73
31.6 1.03 0.0879 90
34.9 5.88 0.494 145
14.3 25.0 2.05 73
47.6 1.81 0.178 158
41.7 7 .55 0 .746 163
36 .8 8.64 0.789 162
32.8 17.0 1.69 168
20.6 25.0 2.29 140
12.2 27.8 2.31 170
28.9 2.31 0.167

8.22 25.1 1.81
3 .85 25.2 1.77
6.81 26.6 1.99 *96

14.6 28.6 2 .50 >170
46.8 6 .53 0 .698 187
40.9 16.7 1.97 >170
31.5 22.4 2 .42 167
35.4 18.2 1.96 158

* Temperature at which sotropic solution separates a liquid-crystalline 
or a second liquid phase.

various amounts of salt from 70° to 150° C. The per cent salt 
increased from 0.7 for Calgon, 1.0 for trisodium phosphate, 1.3 
for sodium chloride, and 1.7 for the carbonate, tetraborate, and 
tetrasodium pyrophosphate, to 7.2 for the metasilicate, 7.3 for 
the 2.46-ratio silicate, 10.6 for the 3.93-ratio silicate, and 13 for 
the potassium silicate. The value for the metasilicate is not 
strictly comparable with the others, since the formation of differ
ent phases (nigre and lye) is involved at the higher temperature.

The salting-out power of salts determined by the temperature 
coefficients given is different from that previously obtained by 
other methods. Temperature affects the solubility of soaps in 
aqueous silicate solutions far less than in solutions of the other 
salts.

Figure 3 shows the boundaries of the field of isotropic solution 
at 70° C. as a function of the weight normality of added electro
lyte. For Calgon and the silicious silicates, which are colloidal
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electrolytes, the weight normalities were calculated using the 
formula weight as the molecular weight. Use of the real mo
lecular weight (which, although unknown, is in the colloidal range) 
would accentuate the differences between these and the other 
salts. Again the solubility of electrolytes in aqueous soap sys
tems varies widely even on a molecular basis. In general, Figure 
3 shows that those salts which salt in middle soap best are also 
most effective in salting out an isotropic solution into neat soap, or 
nigre and lye. However, this is not true of Calgon or the sili
ceous silicates.

PH ASE DATA

The data given show that the salting out of soaps by these elec
trolytes, some of which are alkaline as well as colloidal, is a com
plex process. All electrolytes do not behave in the same way, 
even on a molecular basis. The salting out of nonassociated elec
trolytes of low' molecular weight involves a reduction in the 
amount of water which acts as a solvent, because of hydration of 
the added ions. The salting out of soap solutions is complicated 
by the existence in them of complex equilibria between free ions 
and various types and sizes of ion aggregates and micelles. The 
addition of salts is believed to increase the proportion and size of 
micelles until they link together and precipitate. Because of the 
presence of neutral molecules in the average micelle, the added 
salt may be incorporated in it and affect the equilibria involved. 
The effect of added salts on micelle formation, which can be very 
specific because of steric and other factors, is probably more im
portant in determining its effect on soap solutions than is hydra
tion of added ions.

The unusually small solubility of soap in Calgon solutions sug
gests some sort of complex formation. Complexes with soap 
could also be formed by the colloidal siliceous silicates. This may 
explain the decreased effect, on a molecular basis, of the silicates 
of higher Si02/N a20  ratio in salting out soap solutions containing 
less than 20% soap. Another factor which may be involved is 
fractionation of the siliceous silicates. The salting out of soap 
solutions is also complicated by the multiplicity of crystalline and 
liquid-crystalline phases which aqueous soap systems form at 
various concentrations and temperatures.

In spite of the complexity of the subject, sufficient regularities 
exist so that the data of this paper can be used to predict phase 
diagrams for other soaps and concentrations. The regions of 
existence of isotropic solutions for other soaps in the presence of 
all these electrolytes should be predictable to a fairly accurate

degree if this part of their diagram is known with any one salt. 
Phase diagrams at higher soap concentrations for this and other 
soaps can also be predicted from these data, although with less 
certainty. One of the practical industrial applications of such 
work is to predict the amounts of various builders which will dis
solve in soaps at crutching temperatures.
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Resinous Products from 
Petroleum Polymer Sulfurization
M . GLENN M AY B E R R Y, PAUL V. M CKINNEY1, AND H A RRY  E. W ESTLAK E, JR.2

Mellon Institu te o f  Industrial Research, Pittsburgh, Pa.

A  MULTITUDINOUS assortment of commercial products is 
produced by the general process of vulcanizing unsaturated 

oompounds (4). They range from hard rubber and other resi
nous materials through elastometers and factices to special lubri
cating fluids. These products have a common feature; their 
manufacture involves the reaction of sulfur or sulfur-bearing 
compounds with unsaturates, and the ease of this reaction has 
led to a widespread search for useful materials. Many research 
projects have been reported on the sulfurization of unsaturated

1 Present address, Sun Chemical Corporation, 100 Sixth A ve., New York 
N. Y .

1 Present address, Calco Chemical Division, American Cyanamid C om 
pany, Bound Brook, N. J.

hydrocarbons of high molecular weight. For example, Snelling
(6) produced rubberlike bodies from lubricating oil and sulfur 
chloride; Egloff (S) obtained a hard pitch from a cracked petro
leum distillate and 5-10% sulfur at 260° C .; and Thomas (7) 
vulcanized a hydrocarbon polymer, formed by copolymerizing 
olefins and diolefins, in place in a mold.

R E A C T IO N  O F  P E T R O L E U M  P O L Y M E R S  W IT H  SU LFU R

Some gasolines made by the cracking of petroleum are sub
jected to a refining treatment in clay towers. In these towers 
certain gum-forming compounds, such as diolefins, are removed 
from cracked gasoline by polymerization. These polymers are
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T a b l e  I . C h a r a c t e r is t ic s  o f  P e t r o l e u m  P o l y m e r s  U s e d

Gravity, °A .P .I . 10-11
M in. flash point, ° C. 110
Fire point, ° C. 137.8
Saybolt Universal viscosity at 210° F ., sec. 225-300 
M ax. pour point, ° C . 7
Min. iodine No. 200
M olecular weight, approx. 425

the sulfur added to the individual components in different pro
portions; and since sulfur is a good dehydrogenation element, it 
is also likely that some depolymerization occurred. This seems 
to be the best explanation of the small increase in molecular 
weight of the resin.

VALU E  O F  PR O D U C TS

T a b l e  II. B i n a r y  R e a c t io n  o f  P e t r o l e u m  P o l y m e r s  w i t h  S u l f u r

eaction Com pn., %  
Petro
leum

Reaction
Tim e,

R eaction
Tem p.,

A .S .T .M .
pene

tration0,
Softening

points,
polymer Sulfur Hr. 0 C. mm. ° C . Remarks

95 5 9 .2 80-108 Soft, almost liquid
90 10 10.8 80-120 Hard and brittle
85 15 9 .3 80-120 35 .9 5 1.0 Soft and plastic
85 15 9 .0 105-130 2 .3 72 .5 Hard
70 30 4 .8 90-132 15.7 6 0.9 Soft and plastic
70 30 5 .7 70-140 5 .6 64.2 Brittle
70 30 6 .7 95-135 2 .8 6 3.0 Brittle
60 40 8 .2 95-130 1.2 73.2 Brittle
52 48 11.5 95-128 1 .6 69 .8 Contains dissolved 

free sulfur
a A t 25° C., 100 grams, 5 seconds. 
& A .S .T .M . ball and ring.

T a b l e  III.

R eaction Com pn., %

separated from the gasoline by distillation and have become avail
able from several petroleum companies with about the same speci
fications; a typical range of specifications is given in Table I.

Such polymers provided a previously untried unsaturate for 
sulfurization. Although they dissolved little sulfur below 100° 
C. (I), above that temperature a reaction took place which re
sulted in the combination of sulfur, with evolution
of hydrogen sulfide increasing as the temperature -----------
was raised. Above 140° C. excessive foaming oc
curred because of the rapid formation of hydrogen 
sulfide, and higher temperatures caused decomposi
tion of the product. The details of a representative 
series of experiments using the same petroleum poly
mer are given in Table II. The properties of the 
products depended on time, temperature, and con
centration of sulfur, and varied from viscous liquids 
to hard, brittle, shiny, black solids which broke with 
a conchoidal fracture. The most satisfactory resins 
were obtained by preparing a mixture of sulfur and a polymer 
(usually at 80° to 90° C.), which was then heated slowly to the 
reaction temperature during a period of about 1 hour and main
tained at the higher temperature for the rest of the reaction time 
shown in Table II. Low concentrations of sulfur, short reac
tion time, and low temperature afforded soft products. Increas
ing any or all of these factors gave harder products. Phos
phorus pentachloride and sulfur monochloride were tried un
successfully as catalysts for the reaction.

The properties of the products could be modified by the in
clusion of unsaturates from other sources in the reaction mixture. 
Thus the inclusion of certain natural oils (2) gave tough, rubbery 
solids, which lost some elasticity when the reaction time was long 
or when the product had been allowed to age. Table III gives 
experimental details of such preparation. The products softened 
and could be molded upon heating to 160° C. but did not melt. 
Other natural oils were tried, but none of them gave products as 
tough as the ones mentioned in Table III. Dicyclopentadiene 
could be added to either the sulfur polymer or the sulfur polymer- 
natural oil mixture to cut down sulfur blooming and to give the 
products a more lustrous surface. Both the binary and the ter
nary reactions have been run on pilot plant scale with few diffi
culties encountered.

Although the structure of the reaction product was not investi
gated, certain related properties were determined (Table IV). 
The final product has much less unsaturation than the starting 
material but the molecular weight was increased by only 45 units. 
Since the original polymer was a mixture, it is quite probable that

The sulfurized products arc resistant to salts 
and to low concentrations of sulfuric acid. Nitric 
acid attacks them to form hard, brittle, easily 
crumbled materials. Neither sodium hydroxide 
nor hydrochloric acid has any apparent effect, but 
ammonia and calcium hydroxide have slight bleach
ing action.

These products are far too brittle to be of use 
by themselves. It was shown (6), however, that 
both the binary and ternary reaction products can 
be compounded to give a mastic composition which 
will flow to fill completely a simple mold cavity if 
heated under pressure. The binary product re
quires the addition of factice to the filler. The 
properties of the mastic are dependent on those of 
the resin and also on the type and quantity of the 

filler used. Fillers such as whiting, asbestos, wood flour, cotton
seed hull fibers, carbon black, lignin, slag, or a combination of 
these materials were found to be satisfactory for the preparation 
of mastics suitable for floor tile, for example. Certain pigments 
could be used to obtain dark shades of red, brown, green, and 
black. The dark color of the resin prohibited lighter colors.

R e a c t i o n  o f  P e t r o l e u m  P o l y m e r s ,  S u l f u r , a n d  
N a t u r a l  O il s

Reaction Conditions
Petroleum Natural Oil Tim e, Tem p..

polym er Sulfur % Name hr. ° C . Product
41 27 .5 31.5 Castor 1 100-160 Stiff, rubbery
39.2 3 0.6 30 .2 Perilla 2 115-145 Rubberlike, unmeltable
4 1 .4 2 6 .8 3 1 .8 Linseed 2 141-146 Tough and elastic
51 29 20 Linseed 2*A 140-152 Tough and elastic
50 30 20 R&peseed 4 1 /1 140-162 Tough, plastic

T a b l e  IV. C h e m i c a l  P r o p e r t i e s  o f  S u l f u r i z e d  P e t r o l e u m  
P o l y m e r

(70%  polym er, 3 0%  Bulfur; 5.5 hours at 90-135° C .; softening point, 62.6° C .) 
M ol. wt. at freezing point o f benzene 
Iodine No.
Sulfur content, analysis 
Sulfur content used in reaction mixture

; softening point, 62.6° 
470 

26 
2 8 .8  
3 0 .0

Various methods of modifying the mastic to obtain an in
expensive molding composition were inconclusive. Although the 
products have low tensile and impact strengths, the addition of 
cyelopentadiene to the original reaction mixture gave a product 
with both properties improved.
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Cellulose Ester Melt-Coating 
Compositions

C. J. Malm, M . Salo, and H. F. Vivian
E A ST M A N  K O D A K  C O M P A N Y , R O C H E S T E R , N . Y .

T h e  m elt-coating properties o f  com positions containing 
high-butyryl cellulose acetate butyrate have been studied. 
Essentially fully esterified cellulose acetate butyrates, with 
a butyryl content above 47% and an intrinsic viscosity o f 
about 0.9 in acetone, have been found suitable as basic 
com ponents in m elt form ulations. The physical proper
ties o f typical cellulose acetate butyrate m elt form ulations 
containing plasticizers, resins, and waxes are described in 
detail. The data include the effect o f  temperature and 
plasticizer concentration on m elt viscosity, the effect o f 
plasticizer variations on m elting point, tensile strength, 
elongation, im pact strength, blocking temperature, and 
plasticizer retention, and the effect o f  the incorporation o f 
resins and waxes on water vapor permeability. The ou t
standing properties o f  these form ulations are high gloss, 
high blocking temperature, good water resistance, and in 
some cases good water vapor resistance. Data are also pre
sented which illustrate the properties imparted to several 
types o f  paper by melt coating with typical form ulations.

THE application of coatingsfrommolten organic thermoplastic 
materials appears to be a process of potential utility in various 

industrial coating problems. In this process, which has been re
ferred to as dry coating or hot melt coating (12, 18, S3), the coat
ing is deposited from the molten composition at a temperature 
sufficiently high to maintain the fluidity of the melt at the 
proper range for satisfactory coating at atmospheric pressure. In 
general, temperatures below about 180° C. are used in order to 
obviate the degradation of both the melt composition and the 
materials to be coated, such as paper and cloth, which as a rule do 
not possess good stability at higher temperatures. After applica
tion at elevated temperature, the molten coating converts to a 
desirable condition merely by cooling and does not involve the 
evaporation of volatile constituents, as is the case when the con
ventional coating material is applied either as a dispersion in 
volatile solvents or as an emulsion. Based upon practical melt- 
coating experience, the preferable viscosity for machine appli
cation of coatings on continuous webs such as paper usually 
lies below 250 poises. The melt-coating compositions can be ap
plied by conventional coating methods such as dipping, knife 
casting, roll coating, and extrusion.

An example of practical application of this process is the melt 
coating of packaging paper to obtain improvement both in ap
pearance and water resistance. One of the best known forms of 
melt coating is the application of molten waxes onto paper such as 
is used for bread wrappers.

Numerous patents have been issued covering formulations con
taining various heat-stable synthetic resins of low molecular 
weight, These formulations have followed certain patterns in re
gard to composition exemplified by the following classifications: 
(a) mixtures of resins and waxes of low degree of polymerization 
(3, 15,19, SO, SS, 29)', (6) mixtures-containing as basic constitu
ents resins and waxes with a low degree of polymerization, modi
fied with small amounts of long-chain polymeric materials such as 
ethyleellulose, polyvinyl acetate, and rubber derivatives (1, 2, 5 -  
10,13,16,17,21,24,25,26, 30,31,32). Because these compositions

are composed preponderantly of products with a low degree of 
polymerization, the coatings obtained from them exhibit one or 
more of the following undesirable characteristics inherent with 
coating materials of this typo: poor flexibility or poor impact 
strength, low tensile strength, low melting point, and tendency of 
surfaces coated with these materials to adhere together or block 
upon storage.

The present paper deals with the development of melt formula
tions containing, as the basic materials, certain types of heat- 
stable cellulose esters having satisfactory compatibility with 
blending agents such as resins and plasticizers, low moisture sorp
tion, and a sufficiently high degree of polymerization or viscosity 
to yield coatings of improved physical properties (4, 27, 28).

SELE C TIO N  O r  E ST E R  FO R  M E L T  C O A T IN G

The underlying factors entering into selection of proper cellu
lose esters for water-resistant melt-coating formulations become 
evident from a consideration of certain of their physical proper
ties, such as melting point, sorption of moisture, and solubility in 
plasticizers.

Examination of the properties of cellulose esters of the lower 
aliphatic acids, as reported by Malm, Fordyce, and Tanner (14), 
shows that cellulose acetates have undesirably high melting 
points for melt coating (namely, about 250° C.), fairly high mois
ture sorption, and limited solubility in suitable high-boiling plas
ticizers. Cellulose esters containing increasing amounts of higher 
acyl groups such as propionyl or butyryl show a progressive im
provement in melt-coating properties, especially in regard to 
lower melting point as Figure 1 shows (14)- In the case of cellu
lose propionates, a satisfactory range in melt-coating properties 
is not quite reached, chiefly because the melting points are above 
200° C. However, upon replacing the acetyl in cellulose acetate 
with increasing amounts of butyryl, the improvement in the de
sirable properties is more distinct. Mixed esters containing above 
about 35% butyryl have melting points below 200° C.

Preliminary experiments indicated that low-viscosity cellulose 
acetate butyrates having more than about 35% butyryl were 
usable as main components in melt formulations containing 
plasticizers, resins, and waxes. Further experiments showed that 
the optimum type of cellulose acetate butyrate for melt coating 
was confined to a butyryl content above about 47 % and hydroxyl 
content below 0.1 group per anhydroglucose unit (Figure 2). The 
scope of the present paper is limited to a description of experi
ments carried out with a substantially fully esterified cellulose 
acetate butyrate having a butyryl content of about 50% and an 
intrinsic viscosity of about 0.9, determined in acetone.

T E S T IN G  P R O C ED U R E S

C o l o r  S t a b i l i t y . An 18 X  150 mm. Pyrcx test tube is filled 
with the composition and heated unstoppered in an electrically 
heated metal block at 180 =*= 1° C. for a total of 8 hours. At 
the end of this period the color of the melt is compared with a 
set of arbitrary standards.

M e l t V i s c o s i t y .  A38X 1 50  mm. Pyrex testtube, marked with 
two lines 1.25 inches apart, the lower of which is about 1 .5  inches 
above the bottom of the tube, is filled with the composition to be 
tested. The tube is stoppered loosely with a cork and immersed 
in a Pyrex constant-temperature bath containing high-boiling

168
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mineral oil or plasticizer, such as dioctyl phthalate, as the heat
ing medium. A strong electric light is held behind the bath to 
facilitate observation of the viscosity. After the first portion of 
the composition is melted, more is added until the tube is nearly 
full of melt. The tube is adjusted so that its top is not more than 
1 inch above the liquid level of the bath; more composition is 
added if necessary until the melt surface is 0.75 inch below the 
level of the liquid in the bath. Approximately 100 grams of 
composition are required. A cork carrying an accurate ther
mometer reading to 0.2° C. is inserted in the tube so that the bulb 
of the thermometer is in the portion of the melt in which the vis
cosity is to be measured. When the temperature desired is ob
tained, the time is noted, the cork and thermometer are removed, 
and a cork containing a glass-tube ball guide is inserted. Two or 
more Vu-inch steel balls (0.0625 =*= 0.003 inch in diameter and 
weighing 0.163 .=*= 0.002 gram) are dropped through the center of 
the melt, and the time of fall is observed for the 1.25-inch distance 
between the marks on the test tube. The balls are dropped at 
intervals of not less than 3 minutes until values agreeing to 2 
seconds are observed. The viscosity in poises is calculated as 
follows:

Viscosity =  K  (D — d) t

where K  — apparatus constant
D =  ball density, grams/cc. at temperature used 
d =  melt density, grams/cc. at temperature used 
t =  average time of ball drop, seconds

Apparatus constant K  may be determined by standardization, 
using an oil of known viscosity, or it may be calculated by Faxen’s 
correction for the Stokes law:

2 X g X r2 [ l  — 2.104 ( £ )  +  2.09 ( f f  -  0.95 ( f f ]
K =

9 L

where g =  acceleration of gravity, c.g.s. units
r — radius of ball, cm. at temperature used 
R =  radius of tube, cm. at temperature used 
L =  ball drop distance, cm.

M e a s u r e m e n t  o f  V is c o s it y  S t a b i l i t y . After the viscosity has 
been taken as described in the preceding section, heating of the 
sample is continued at the prescribed temperature (170° C. in the 
experiments described in this paper). After a total of 6 hours 
from the time at which a melt is formed, the viscosity is redeter
mined by the same technique, and the percentage loss in viscosity 
calculated.

I n t r in s ic  V i s c o s it y  o f  C e l l u l o s e  E s t e r  is defined by Krae- 
mer (11) as:

w -  ( ¥ ) .
where yT =  viscosity of solution relative to that of solvent 

c =  concentration, grams solute/100 cc. solution

In this work the intrinsic viscosity of the cellulose ester is meas
ured as follows: Solutions of 0.15, 0.25, and 0.35 gram of 
cellulose ester per 100 cc. of solution are prepared with acetone as 
the solvent. Viscosity of these solutions is measured at 25° C. in 
a capillary pipet type viscometer. The data arc extrapolated to 
zero concentration by means of the graph of In vT/c against con
centration.

M e l t in g  P o i n t  (14). Pyrex test tubes of 2.5-mm. inside di
ameter, 4-mm. outside diameter, and 35-mm. length are filled to 
a height of about 1 inch (2.5 cm.) with the powdered composition 
to be tested and are placed in a suitable hole drilled to a depth of 
2 inches (5 cm.) along the axis of a cylindrical copper block 3 
inches (7.6 cm.) in diameter and 3 inches high. Other holes in the 
block are provided for a thermometer and for illumination of the 
sample. The copper block is heated at a rate of 5° C. per minute, 
and the point taken is the temperature at which the sample 
changes in physical form and becomes fused.

I zo d  I m p a c t  S t r e n g t h . The test is made on cast-molded test 
pieces according to A.S.T.M. Method D256-41T. The test 
specimens are prepared by cast, molding the composition at 170° 
C. in a mold giving the specified width and the notched test sur
face. After cooling and removal from the mold, the test pieces 
are accurately sawed to the specified thickness.

T e n s i l e  S t r e n g t h . A uniform film (0.02-0.05 inch thick), from 
which the test pieces are cut, is prepared by knife coating the 
molten composition at 170° C. on a polished metal plate. After 
cooling to room temperature, the film is stripped from the plate.

Figure 1. Relation o f  M elting Point (Centigrade) to C om 
position o f Cellulose Esters o f  Acetic-Propionic and o f 

Acetic-Butyric Acids

Test pieces of the following special dimensions (in inches) are 
punched out from the film with a die:
W idth of grip section 
W idth of center flat section 
Length o f center flat section 
Gage length (test marks)

Distance between grips 
Length over-all

1.00  
0 .250  | The grip section tapers to center flat 
2 .2 5  ( section by arc of 1-inch radius
2 .0 0  M arked with grease pencil on center

flat section4.00 ___
6.00 __

Accurately measured test pieces are conditioned 96 hours and 
tested at 77 ±  2° F. and 50 =*= 2%  relative humidity.

The test is made on a Scott tensile testing machine having a 
cross-head speed of 3 inches per minute. The tensile strength is 
computed from the maximum load applied during the testing. 
The elongation is computed from the total amount of travel be
tween gage marks at the time of rupture:

Tensile stremrth ■= breaking load (lb.)1 ensile strength width (in ) x  thickness (in.)
%  elongation over 2-in. gage marks =

(inches between gage marks at point of rupture — 2)
2 100

P l a s t i c i z e r  R e t e n t i o n . Samples of films coated at 170° C. 
from the molten compositions interleaved with sheets of white 
writing paper are stored for 6 months or longer at normal tem
perature (21-35° C .) .  Exudation is indicated by wetting of the 
writing paper with the plasticizer.

B l o c k in g  T e s t . This property is tested at 52°, 66°, 93°, and 
121° C. One-inch-square pieces of melt-coated paper are kept 
with coated surfaces together under a 5-pound weight for 16 hours 
in a constant-temperature oven. Any indication of change in 
surface appearance or tendency of the surfaces to adhere is con
sidered unsatisfactory.

W e t  B u r s t in g  S t r e n g t h . The sample of paper is submerged 
for 2 hours in distilled water at 22° C. Immediately after removal 
from the water, the bursting strength is measured on an Ash
croft apparatus in pounds per square inch.

W e t  E x p a n s i v i t y . A 100 X 15 mm. test strip is immersed in 
distilled water for 2 minutes at 22° C. and then tested on a 
Schopper expansion tester. The wet expansivity is the percentage 
gain in length of the paper.
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TAPPI S t a n d a r d  T e s t s . The following properties were tested 
according to standard tests of the Technical Association of the 
Pulp and Paper Industry: tearing resistance (Elmendorf), standard 
T414-M-42; tensile breaking strength (Schopper) and percentage 
elongation at. breaking point, T404M-41; bursting strength 
(Mullen), T403M-41; water vapor permeability, T448-41.

CO M PO U N D IN G  O F  M E L T S

Unplasticized, low-viscosity cellulose acetate butyrates are not 
suitable for melt-coating application by themselves because they 
do not possess adequate melt fluidity at atmospheric pressure 
even though heated considerably above their melting points. 
However, upon compounding these cellulose esters with high- 
boiling heat-stable plasticizers, adequate melt fluidity for practi
cal coating application is obtained. To modify, the properties of 
the plasticized cellulose acetate butyrate melts—for instance, in 
regard to adhesion and moisture vapor permeability—the in
corporation of certain heat-stable resins aiid waxes has also been 
found useful.

In the majority of the experimental blends discussed here, 
finely powdered cellulose ester is mixed in a dry form with the 
blending agents in a sigma blade mixer. A thoroughly mixed 
powder blend is obtained which can be conveniently melted at

T a b l e  I. P l a s t ic iz e r s  S u i t a b l e  f o r  M e l t - C o a t in g  
F o r m u l a t io n s

D ioctyl phthalate 
D lcapryl phthalate 
Dietnoxy ethyl phthalate 
D ibutylsebacate 
D ioctyl sebacate 
B utoxy ethyl stearate 
n -B utyl stearate

Boiling Point“ , 
0 C. (M m .)

229 (4) 
227-234 (4) 
200-214 (4) 
344-345 (760) 

248 (4) 
210-233 (4) 
220-225 (25)

Flash P oint“ 
0 C.
218
201
180
178
213
193
183

* Data obtained from  Plastics Catalog Corporation 's “ 1945 Plastics Cata
lo g " , p. 220.

Figure 2. Com position o f  Cellulose Esters Suitable for 
M elt Coating (Black Area Shows Optim um  Range)

controlled temperature for coating and testing. In a few cases, 
especially if resins and waxes are used as modifying agents, it is 
advantageous to mix the components in a fused state in a thermo
statically controlled heated vessel equipped with a propeller-type 
mixer. For commercial uses it might be preferred to premix the 
components by rolling the powder blend into a sheet which is then 
mechanically disintegrated into granules of suitable size. The 
granules can be conveniently melted in a continuous manner by 
means of a screw or piston extruder of the type used in extrusion 
or injection molding of plasties.

P R O P E R T IE S  O F  P L A S T IC IZ E D  M E L T  C O M P O SIT IO N S

The incorporation of relatively small amounts of suitable plas
ticizers with cellulose acetate butyrate produces a marked lower
ing in melt viscosity and an improvement in flexibility and

Cellulose
A cetate

T a b l e  II. P r o p e r t i e s  o f  P l a s t ic iz e d  C e l l u l o s e  A c e t a t e  B u t y r a t e  M e l t  C o m p o s i t io n s

M elt Viscosity, (N otched)
Poisea at 170 C. Im pact Tensile E longa- . 

Plftst.ir.irp.r, 1st 6 M . P .. Strength. Strength. tion at Plasticizer _ Blocking le s t
B utyrate, % % hr. hr. ° C. F t .-L b ./In . L b ./S q . In. Break, % Retention0 52° C. 66° C. 93° C. 121° C.

86 14 Very high
D i b u t y l  S e b a c a t e  a s  P l a b t i c i z e r  

0 +
83 17 458 452 146 7 1235 6 + + + _ —
82 18 392 371 151 8 1190 5 + + + — —
73 27 91 93 136 5 281 31 + — —
64 36 26 27 130 4 92 21 + — — — —
64 46 10 10 108 3 22 21 — • — — —

83 17 895 750
D i o c t y l  S e b a c a t e  a s  P l a s t i c i z e r  

2 . .
70 21 284 259 153 7 1185 28 + + + _ —
68 32 67 66 144 6 547 66 + + + — —
58 42 20 20 132 3 366 71 + H- — —
48 52 7 7 80 2 109 47 — + + - —

80 20 634 474 160
D i o c t y l  P h t h a l a t e  a s  P l a s t i c i z e r  

0 .2  1660 15 + + - f +
70 30 126 119 137 8 609 50 + + —
60 40 35 40 135 6 312 + + — — —
50 50 13 13 132 3 166 74 + — —

80 20 453 432 147
D i c a p r y l  P h t h a l a t e  a s  P l a s t i c i z e r  

0 .2  1550 12 + + +
70 30 105 103 139 6 587 44 + + — —
60 40 32 32 135 6 355 64 + + _ — —
50 50 11 11 132 4 139 50 - - —

83 17 758 741
D i e t h o x y  E t h y l  P h t h a l a t e  a s  P l a s t i c i z e r  

146 0 .1  1806 17 + f + +
75 25 202 181 135 8 556 33 4 + —
65 35 63 62 128 5 156 48 + — — —
56 44 21 21 4 64 22 — - — - —

79 21 216 200 150
B u t o x y  E t h y l  S t e a r a t e  a s  P l a s t i c i z e r  

0 .6  1021 22 + + + -t*
69 31 46 44 148 6 577 46 — + + —
59 41 15 15 146 2 358 59 — + + — —
49 51 7 7 1 122 26 — + + — —

1 +  — satisfactory, — — unsatisfactory.
» Tested under 5 lb ./sq . in. pressure for 16 hours.
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P E R  C EN T  P L A S T I C I Z E R

Figure 3. M elt Viscosity as Influenced by 
Plasticizer Variations

Figure 4. M elt Viscosity as Influenced by 
Temperature Variation (Com position Con

tains 23% Plasticizer)

impact strength of films coated with it. This lower melt viscosity 
makes it possible to apply the melt at a practical temperature 
range such as 150-170° C., which is considered satisfactory for 
high-speed machine coating of heat-susceptible materials such as 
paper and cloth.

The suitability of a plasticizer for these melt coating formula
tions is dependent on the following factors: satisfactory solvent 
power for the cellulose ester at high temperature, compatibility at 
low temperature, low toxicity, low cost, adequate heat stability at 
coating temperature, boiling point above about 340° C., and flash 
point above the coating temperature used. The commercially 
available ester type compounds listed in Table I are typical of

P E R  C EN T  P L A S T I C I Z E R

Figure 5. Im pact Strength as Influenced by 
Plasticizer Variations

P E R  C E N T  P L A S T I C I Z E R  

Figure 6 . Tensile Strength as Influenced by 
Plasticizer Variations

#  Dibutyl scbacatc X  Dicapryl phtlialate
O  Dioctyl scbacatc <S> Butoxy ethyl atearate
■f Dioctyl phthalatc A  Diethoxy ethyl phthalate

melt-coating plasticizers for use with cellulose acetate butyrate.
Table II shows the influence of the incorporation of plasticizer on 
melt-coating properties of high-butyryl cellulose acetate butyrate.

C o l o r  S t a b i l i t y . When incorporated with the cellulose 
acetate butyrate, these plasticizers give melts of excellent color 
stability, as shown by heating for 8 hours at 180° C.

M e l t  V i s c o s it y . The incorporation of increasing amounts o f  
plasticizer with the cellulose acetate butyrate produces a progres
sive decrease in melt viscosity. Figure 3 shows that melt vis
cosity at 170° C. plotted as a logarithmic function varies nearly 
linearly with change in plasticizer concentration. The rate o f  
change in fnelt''viSSosity 'is approximately the same f o r  each
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T a b l e  I I I .  C o m p a t i b i l i t y  o p  P l a s t ic iz e d  C e l l u l o s e  
A c e t a t e  B u t y r a t e “  w i t h  R e s in s  a n d  W a x e s

Appearance upon 
Appearance after Cooling to

M elting at 
170° ■a.s

21-27° C. from  
170° C .c

W axes

Beeswax
Candelilla wax
Carbowax 4000
Chlorinated paraffin (H ooker)
Flexowax C
Flexowax C L L
Halowax 1014
Japan wax
M ontan wax
Opal wax
Paraffin wax
Rezowax B
Santowax O
Spermaceti

R e s i n s

Aroclor 1242 
Aroclor 1248 
Aroclor 1264 
Aroclor 1269 
Aroclor 4465 
Aroclor 5460 
Pentalyn A 
Pentalyn G 
Pentalyn M 
Pentalyn EC 
Synthe Copal 
Paramit (low acid N o.) 
Lewisol 2L 
Teglac 15 
Beckacite 1111 
Beckacite 1120 
Paraplex G-25 
Paraplex RG-9 
P iccolyte S115 
Piccolastic D150 — —
Piccola8tio B 100-1 
RH 35 
N evillitc 1 
Cumar W 1/*
Nevindine R -l  
Petrex 1 
Durez 550 
Durez 209 
Gelva V 1.5 
Elemi 
Rosin 
Dam ar

I
I
I
C
I
I
C
C
I
C
I
C
C
I

c
G
C
Icc
I
0
1ccc
0  c
1 
Ic
I
I
I
0  c
1 
I
0
1cccccc

o
o

I
o

cc
o

cc

oc

cccccc
°  37 .5%  by weight cellulose acetate butyrate (49.7%  butyryl, 6 .1%  

acetyl), 7 .5%  dibutyl sebacate, 5 .0%  butyl stearate, 50.0%  resin or wax.
t> C a  clear m elt; O »  opaque melt; I =  immiscible (separates into 

ayers). _ . . .
e C =* clear solid; O *  opaque solid with no separation into layers; I — 

immiscible.

plasticizer. Differences in the magnitude of the viscosity among 
the different plasticizers are perhaps attributable to differences in 
solvation. The resistance of these melts toward degradation or 
depolymerization by prolonged heating is found to be excellent, as 
determined by measuring the melt viscosity at 170° O., both im
mediately after melting and bringing to temperature and after 6 
hours at this temperature. In no case is the drop in melt viscosity 
greater than 15%.

Figure 4 shows the effect of temperature on melt viscosity. 
These data were obtained with compositions containing 25% 
plasticizer. Melt viscosity plotted as a logarithmic function 
varies nearly linearly with temperature within the range of prac
tical coating viscosity. All of the melts described here solidify as 
the temperature is lowered to 130-140° C. Here again it is to be 
noticed that differences in the magnitude of the viscosity occur 
among the different plasticizers.

M e l t i n g  P o i n t . Increase in plasticizer concentration reduces 
the melting point of plasticized compositions. Melting points 
varying from about 130° to 150° C. are obtained with composi
tions containing less than 35% plasticizer.

I m p a c t  S t r e n g t h .  The measurement of impact strength is an 
indication of the usefulness of these compositions as protective 
coatings on materials, such as packaging paper, which must with
stand considerable rough usage. Figure 5 shows the Izod impact 
strength as influenced by plasticizer variation. The tests were 
run at 77° F. and 50% relative humidity on notched test pieces

prepared by cast molding the compositions at 170° C. In most 
melt systems there is a range of maximum impact strength which 
occurs between about 20 and 35% plasticizer concentration. The 
impact strength of useful cellulose acetate butyrate melt composi
tions having 20-35% plasticizer is comparable to that obtained 
with the commercial plastics of high impact strength.

T e n s i l e  S t r e n g t h . The tensile strength of melt films coated 
from the plasticized compositions is affected markedly by varia
tion in plasticizer content (Figure 6). The tensile strength de
creases and elongation at breaking point increases as the plastici
zer content is increased. In general, tensile lies between 500- 
1000 pounds per square inch for practical coating composition 
containing 20-35% plasticizer. The elongation at break point 
varies from 5-70% in this range of tensile strength.

P l a s t i c i z e r  R e t e n t i o n . The exudation of plasticizer upon 
storage is undesirable for most uses in which a permanent protec
tive coating is desired, such as melt-coated food packaging paper. 
Formulas containing less than 35% plasticizer are ordinarily 
satisfactory in this respect.

B l o c k in g  T e m p e r a t u r e . For many uses, such as protective 
coatings on packaging paper, the coated paper should not adhere 
or block together when stacked. At plasticizer concentration of 
20% or less, which yield impractically high melt viscosities for 
high speed coating of continuous webs, several of the cellulose 
acetate butyrate compositions do not block at 93° C. At plasti
cizer concentrations above 20%, in which range melt viscosities 
are low enough for high speed coating, blocking temperatures 
above 66° C. are obtained in the case of dioctyl sebacate, diethoxy 
ethyl phthalate, and butoxy ethyl stearate. Mixtures containing 
dicapryl phthalate, dioctyl phthalate, and di butyl sebacate which 
show blocking at 66° C. are, however, made satisfactory by re
placing 40-50% of the plasticizer with butyl stearate.

AD M IXTU R E OF RESINS AND W A XE S

The water vapor permeability of the plasticized cellulose 
acetate butyrate coatings is, on the average, about twenty times 
that of moistureproof cellophane; this makes these compositions 
unsatisfactory for coating applications requiring low water vapor 
permeability.

By admixture of certain combinations of heat-stable waxes and 
resins which are wax blending agents, the water vapor perme
ability of plasticized cellulose acetate butyrate melt compositions 
can be brought to a point equal to that of moistureproofed regen
erated cellulose films. The ideal compositions usually contain 
10-30% wax blending resin, such as certain of the chlorinated 
diphenyl and rosin-maleic resins, 40-60% of cellulose acetate 
butyrate, 15-25% of plasticizer such as dioctyl phthalate, and
1-5% of wax (preferably high melting paraffin).

Certain other properties of plasticized cellulose acetate bu
tyrate melt compositions, such as adhesion and hardness, can be 
varied by the incorporation of heat-stable resins and waxes. 
Likewise, there is the possibility of altering the properties of melt- 
coatable resins and waxes by the incorporation of plasticized 
melt-coating-type cellulose acetate butyrate. Table III shows the 
compatibility of various resins and waxes.

PROPERTIES IMPARTED TO  PAPER

The advantages as well as disadvantages offered by plasticized 
cellulose acetate butyrate melt coatings may be illustrated by the 
properties imparted to several types of paper by melt application. 
Table IV gives properties representative of those obtained with 
various papers melt-coated with a typical composition containing 
75% melt-coating-type cellulose acetate butyrate and 25% plas
ticizer, composed of a 60-40 mixtúre of dibutyl sebacate and butyl 
stearate. Table V contains physical data on papers melt-coated 
with a typical formulation containing 65-20-15-1 parts by weight, 
respectively, of cellulose acetate butyrate, Aroclor 4465 (a low-
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T a d l e  V. P h y s ic a l  P r o p e r t ie s  o p  P a p e r s  M e l t - C o a t e d  w i t h  T y p i c a l  
W a t e r  V a p o r  P r o o f  F o r m u l a t io n

Blue Lucern 
W rapper Black K raft W rapper

N umber of sides coated Neither Both Neither One Both
W eight o f coating, lb ./1000

sq. ft. 0 8 0 7 16
T otal weight of paper, lb ./1000

sq. ft. 4 12 20 27 36
D ry thickness, in. 0.0013 0.0023 0.0053 0.0059 0.0068
Tearing resistance (Elm endorf),

grams 
M achine direction i 8 12 90 94 96
Cross direction 10 16 92 108 98

Folding endurance (Schopper) 
M achine direction 12 56 456 169 30
Cross direction 1 14 163 137 163

Tensile breaking strength
(Schopper), kg ./15  min.

M achine direction 1 .5 .  3 .0 9 .2 10.2 11.8
Cross direction 0 .8 1 .8 3 .8 5 .1 6 .0

Stretch, %
M achine direction 1 .3 2 .5 2 .0 2 .0 2 .7
Cross direction 2 .5 5 .7 5 .5 7 .3 6 .0

D ry bursting strength (M ul
len), lb ./sq . in. 6 15 42 54 65

W et bursting strength (Ash
croft), lb ./sq . in. 0 14»/* 5>A 11 V i 65

W et expansivity, % 3 .15 0 .00 4 .4 0 1.65 0 .0 0
W ater vapor permeability, 

ing ./sq . cm ./h r. (100° F .,
95%  R .H .)

First side“ High 0 .12 High 0 .36 0 .038
Second side High 0.11 High 0 .1 6 0.051
a For moisture proof D u Pont cellophane, 0.10 mg.

melting chlorinated diphenyl resin), dioctyl phthalate, and paraffin. These 
coatings produce beneficial effects, especially on water vapor permeability, 
wet bursting strength, and wet expansivity. Melt-coated papers can be ob
tained with water vapor transmission rates in the order of those obtained 
with moistureproof regenerated cellulose film. Wet bursting strength is raised 
markedly on papers coated on both sides; papers coated on one side show a 
moderate improvement in this respect. The wet expansivity of papers coated 
on both sides is reduced to low values. Papers coated on one side, as is to be 
expected, show moderate reduction in wet expansivity. Tearing resistance, 
tensile breaking strength, and dry bursting strength are usually improved 
slightly by melt coating. These improvements are accompanied, however, 
with some decrease in folding endurance which, in most cases, is not con
sidered to be of sufficient degree to be harmful. In addition to the changes 
brought about on physical properties by cellulose acetate butyrate melt coat
ing, a marked improvement in appearance of paper occurs even with the ap
plication of low amounts of coating.

POTENTIAL COM M ERCIAL APPLICATIONS

Because of their wide range of physical properties, the cellulose acetate 
butyrate melt compositions are being investigated for a large variety of ap
plications. These compositions show special promise as protective coatings 
on paper and cloth because of their high blocking temperatures and also be
cause of the properties they impart, such as improvements in appearance, 
dimensional stability, wet strength, and water vapor resistance. The resin- 
containing compositions show promise for the manufacture of laminates from 
such materials as cloth, wood, and metal webs.
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Oxidation of GR-S and Other 
Elastomers

JOHN O. COLE AND JAMES E. FIELD
The Goodyear Tire & Rubber Company, Akron, Ohio

T h e  effect o f  air oxidation at 1 0 0 ° C. on uncured natural 
rubber and on the following uncured emulsion polymers 
was studied: polyisoprene, polybutadicne, isoprcne-
styrenc, and butadiene-styrene. The net effect o f oxida
tion o f  isoprcne polymers was chain scission, whereas 
cross linking predominated with butadiene polymers. 
Oxygen uptake and antioxidant consum ption during 
aging o f G R-S were measured by direct analytical m eth-

T HE effect of heat aging on the physical properties of an elas
tomer is generally considered the result of oxidation, which 

produces both chain scission and cross linking in the polymer. 
Early in the development of GR-S a marked difference in the ag
ing of GR-S and natural rubber vulcanizates was observed. From 
the effect of aging on hardness, tensile strength, modulus, and 
elongation (II, 17, 18, SI) it appeared that cross linking occurred 
more rapidly than chain scission with GR-S, but the reverse was 
true with natural rubber.

The work reported here was undertaken to provide a better 
understanding of the differences in aging of GR-S and natural 
rubber and to introduce new experimental methods for studying 
the mechanism of oxidation and antioxidant action in elastomers.

EXPERIM ENTAL PROCEDURE

The synthetic polymers employed were prepared by emulsion 
polymerization using hydroquinone as shortstop and phenyl-0- 
naphthylamine as antioxidant. For determination of infrared 
absorption spectra, with exception of the sample used in Figure 
3, the polymer hydrocarbon was isolated by precipitation of the 
crude polymer from benzene solution. The hydrocarbon in Figure 
3 was isolated by alcohol coagulation of latex containing shortstop 
but no antioxidant.

Samples were aged in the form of thin sheets about 2-3 mm. 
thick. An ordinary air oven was used for air aging. For oxygen 
aging, samples were placed in a vacuum oven, the oven was evac
uated, and oxygen was passed in until atmospheric pressure was 
attained. Vacuum aging was carried out at about 20 mm. pres
sure in a vacuum oven which had been flushed out with commer
cial nitrogen. Traces of oxygen were present under these condi
tions.

ods. Aging caused a marked decrease in the antioxidant 
content o f the acetone extract. Changes which occur in 
the infrared absorption spectra o f  unsaturatcd polymers 
during oxidation are reported. The present theories 
concerning the mechanism  o f  oxidation o f  unsaturatcd 
polymers are reviewed, and the infrared absorption spectra 
data are interpreted in  terms o f these theories. A pos
sible mechanism o f antioxidant action is suggested.

Benzene solubility measurements were made by the static 
method. The oxygen uptake measurements were the difference 
between the oxygen content of the aged and unaged samples as 
determined by the method of Unterzaucher (26). Determination 
of phenyl-8-naphthylnmine was made by dissolving the acetone 
extract from a 5-gram sample of GR-S in 60 ml. of glacial acetic 
acid and titrating with 0.03 N sodium nitrite solution. The sul- 
fanilic acid and «-naphtliylaminc spot test reagents, prepared 
according to the directions of Feigl (8), were used as an external 
indicator. The end point was taken as the point at which a pink 
color was produced within a few seconds after adding a drop of the 
solution to a spot-plate cavity containing one drop of sulfanilic 
acid reagent and one drop of a-naphthylamine reagent. In some 
cases the antioxidant was determined by a modification of the 
Kjeldahl method in which the ammonia was determined colori- 
metrically. Since 1% antioxidant in GR-S is equal to only 0.064% 
nitrogen, this modification was necessary to improve the sensitiv
ity of the method.

Infrared absorption spectra were determined with a conven
tional Littrow type of rock-salt prism spectrometer. Samples 
were prepared by evaporation of a benzene solution of the poly
mer on a rock salt plate or in a steel frame floating on a mercury 
surface. The film thickness of samples prepared on salt plates 
was adjusted to give approximately 10% transmission of the 1450 
cm.-1 band. For the samples suspended on a steel frame, a film 
thickness of approximately 0.1 mm. was maintained by controlling 
the concentration and volume of the solution. To prevent undue 
oxidation the polymer film was dried under nitrogen. Since the 
film thickness of the samples in each series was kept approxi
mately constant, a fair estimate of the intensity of absorption of a 
particular band can be made relative to a corresponding one of 
another sample without transforming the absorption curves into 
two terms of per cent transmission. The approximate slit widths 
employed are given in the following table:
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Spectral Region, 
Cm.

800 - 900 
900-1200 

1200-1900 
1900-3700

Slit W idth, 
Mm.
0.25
0.17
0.12
0 .06

EFFECT OF OXIDATION ON POLYM ERS

Factors involved in the aging of GR-S and natural rubber 
would seem to be differences in the chemical reactivity of the 
polyisoprene and polybutadiene systems, —CH2C(CH3) =  
CHCH2— and — CH2CH=CHCH2—, and variations in poly
mer structure, such as cis-trans isomerism, relative amount of 1,2 
and 1,4 polymerization, and degree of branching. To determine 
the relative importance of chemical reactivity and polymer struc
ture, a comparison was made of the effect of oxidation on uncured 
natural rubber and the following uncured emulsion polymers: 
polyisoprene, polybutadiene, isoprene-styrene in the ratio 75 to 25 
and butadiene-styrene in the ratio 75 to 25. Table I shows the 
effect of heating these polymers at 125° C. in an atmosphere of 
low oxygen content, in air, and in oxygen. Changes in benzene 
solubility indicate changes in the degree of cross linking. For 
polymers which are completely soluble in benzene or become solu
ble on oxidation, the decrease in intrinsic viscosity indicates ap
proximately the degree of chain scission.

T a b l e  I .  E f f e c t  o f  H e a t i n g  a t  1 2 5 °  C . i n  V a c u u m ,  A i r , a n d  . 
O x y g e n  o n  B e n z e n e  S o l u b i l i t y  a n d  I n t r i n s i c  V is c o s i t y  o f  

P o l y m e r s  D e r i v e d  f r o m  I s o p r e n e  a n d  B u t a d i e n e

%  Benzene Solubility 
30-hr. heating at 

N o 125° C. in: 
heat- Vacuum Air Oxygen 

m gPolym er“

No
heat
ing

Intrinsic Viscosity
30-hr. heating at 

125° C .in : 
Vacuum Air Oxygen

Natural crepe
rubber 98 80 98 97

Polyisoprene 78 74 98 96
Isoprene-styrene,

75/25 71 69 90 95
Polybutadiene 85 39 39 53
Butadiene-

styrene, 75 /25  79 48 44 53

5.62
1.06

2 .42
0 .93

0 .47
0 .2 8

0 .47
0 .32

1.33 0 .83  0 .4 7  0 .33

° Synthetic polymers contained 3 %  phenyl-/3-naphthylamine.

On heating in a low oxygen atmosphere the butadiene polymers 
exhibited a somewhat greater tendency to undergo cross linking 
than did isoprene polymers. When heated in air or oxygen, all 
isoprene polymers underwent severe degradation or chain scis
sion, as indicated by breakdown of gel and the low viscosity val
ues. In marked contrast, however, the butadiene polymers exhib
ited a definite tendency to undergo further polymerization or 
cross linking. Synthetic emulsion polymers are known to differ 
from natural rubber in structural features (9, 14, 95). Since the 
net effect of oxidation on natural and emulsion isoprene polymers 
was chain scission, whereas cross linking predominated with 
butadiene polymers, variations in polymer structure do not seem 
to explain the difference observed in the aging of GR-S and natu
ral rubber. A difference in chemical reactivity of the polyisoprene 
and polybutadiene systems seems to be indicated. The observa
tion that hydrochlorination and cyclization of isoprene polymers 
proceed much more readily than with butadiene polymers prob
ably indicates that the presence of a methyl group increases the 
reactivity of the double bond. Farmer (4) suggested that the 
presence of an alkyl group on an ethylenic carbon atom has an 
activating effect on a-methylenic hydrogen atoms.

After the results given were obtained, a more detailed study 
was made of the effect of oxidation on the benzene solubility and 
intrinsic viscosity of uncured GR-S containing antioxidant. The 
results shown in Table II for the first sample were typical of many 
GR-S samples studied. The polymer remained completely solu
ble in benzene at the end of 20 hours of heating at 100° C. Dur
ing this period the marked decrease observed in intrinsic viscos
ity indicated that chain scission was occurring more rapidly than

T a b l e  II. E f f e c t  o f  A i r  O x i d a t i o n  a t  100° C. o n  GR-S 
C o n t a i n i n g  1 .5 %  P h e n y i^ /3 -N a p h t h y l a m i n e  A n t i o x i d a n t

Sample 1

Sample 2

Sample 3

Hr. at %  Benzene Intrinsic
100° C. Solubility V iscosity

0 100 1.70
2 100 1.58
4 100 1.55
6 100 1.46

10 100 1.34
20 100 1.17
30 98 1.10
60 75 1.02
90 60 0 .82

0 79 1.81
4 73 1.59
6 91 1.74

10 100 1.50
20 100 1.20
30 98 1.25

'  50 74 0.57
90 52 0.44

0 55 1.21
4 65 1.06
6 72 1.07

10 51 0 .75
20 55 0 .66
30 45 0.67
50 41 0 .6 8
90 35 0 .57

cross linking during the early stages of oxidation. Heating for 
periods greater than 30 hours resulted in a gradual decrease in 
benzene solubility. Thus, during the later stages of oxidation 
cross linking occurred more rapidly than chain scission, with the 
formation of a gel fraction. The magnitude of the viscosity de
crease and the time required for the appearance of gel varied 
somewhat for different GR-S samples, but no wide variations were 
observed.

Oxidation of GR-S samples containing gel resulted first in an 
increase in benzene solubility to a maximum solubility and then 
in a gradual decrease (Table II). Sample 2 became completely 
soluble after 10 hours of heating. Heating for more than 30 
hours resulted in the appearance of a gel fraction. Sample 3 
reached a maximum solubility of 72% after 6 hours of heating, 
then gradually decreased in solubility. These observations are 
interpreted as a further indication that, during the early stages 
of oxidation, chain scission occurs more rapidly than cross linking. 
However, during the later stages cross linking becomes the more 
rapid reaction. The difference observed between samples 2 and 
3 was attributed to a difference in degree of cross linking of the 
gel fractions.

T a b l e  III. E f f e c t  o f  A i r  O x i d a t i o n  a t  1 0 0 °  C. o n  GR-S 
H y d r o c a r b o n

Hr. at* %  Benzene Intrinsic Swelling
100° C. Solubility Viscosity Index®

0 100 1.77
2 99 1.69
3 93 1.43 120
4 81 0.91 80
6 68 0 .99 54

10 62 0 .94 40
30 57 0 .85 33
90 54 0 .86 33

° Grams benzene absorbed per gram insoluble polymer.

The effect of oxidation on the GR-S hydrocarbon, obtained by 
extraction of the nonhydrocarbon constituents, is shown in Table 
III. The rapid decrease in benzene solubility indicated the form
ation of a highly cross-linked polymer, but it was not possible 
to determine from the viscosity change whether a significant de
gree of chain scission had occurred. The sharp drop in viscosity 
at the gel point probably indicated that the fraction of high molec
ular weight had been removed from the soluble phase. Swelling 
index measurements, expressed as grams of benzene absorbed per 
gram of insoluble polymer, are a measure of the degree of cross link
ing in the gel fraction. The gradual decrease observed in swell
ing index was the result of further cross linkage in the gel fraction.
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Figure 1. GK-S without Antioxidant

It is of interest to determine the amount of combined oxygen 
required to bring about changes in the solubility and viscosity of 
the polymer. Table IV shows the changes in oxygen content, 
benzene solubility, intrinsic viscosity, and antioxidant content. 
The values recorded for oxygen uptake are probably accurate to 
about ±0.1% . An oxygen uptake of less than 0.5% was suffi
cient to cause significant changes in the solubility and viscosity of 
the polymer. Oxidation caused a marked decrease in the antioxi
dant content. It appears that the amount of gel formed is roughly 
proportional to the amount of combined oxygen. This may be 
related to the observation of Shelton and Winn (19) that the in
crease in 200% stress of GR-S during oxidation is roughly propor
tional to the amount of combined oxygen. Table V gives the 
oxygen content for GR-S and polybutadiene samples after aging 
at room temperature for long periods. These were highly purified 
samples of the polymer hydrocarbon and contained no antioxi
dant. The original samples were entirely colorless; the oxidized 
samples were colored yellow to yellow-orange.

These observations on the effect of oxidation on uncured GR-S 
indicate that both chain scission and cross linking occur as the re
sult of oxidation of the polymer. Except during the early stages 
of oxidation, the rate of cross linking is more rapid than chain scis
sion. Since aging properties are fundamentally related to the 
chemistry of the polymer hydrocarbon, the same reactions should 
occur during oxidation of vulcanized polymers, though probably 
at a different rate. In general this prediction is confirmed by the 
effect of oxidation on GR-S vulcanizates (18, S3). Although 
experimental studies of the effect of aging on physical properties 
are useful for practical purposes, they give little information as 
to the mechanism oxidation.

HYDROPEROXIDE TH EO R Y OF AOTOXIDATION

The studies of Farmer and co-workers (4, 5, 6) on the oxidation 
of simple olefins, such as cyclohexene, and more complex olefins, 
such as methyl oleate and natural rubber, indicated that the 
course of oxidation of unconjugated olefins may be represented 
as follows: Peroxidation takes place exclusively or almost exclu

sively at the methylene group adjacent to the double bond, with the 
formation of a hydroperoxide. Although the reaction probably 
has a free radical chain mechanism, the nature of the initiating 
step is not clear (3, 4, 7):

—CH2—C H =CH —CH2— +  -00- (or R-) — =-
— CPI— C H =CH —CH2— +  -OOH (or RH) (1)

—CH— C H =CH —CHS— +  -0 0 ------>-

OC

—CH—C H =CH —CHj— +  

) 0 -

—CH— CH =CH —CHi- 

OOH

—CH—C H =CH — CHS—

¿ 0 - (2) 
-CH2—C H =CH — CH2-------- >

H------CH— C H =C II—CH;— (3)

Termination of the reaction chain occurs by combination of the 
radicals involved in the propagation step. Thermal decompo
sition of the hydroperoxide accelerates the reaction, prob'ably by 
formation of a free radical capable of starting an oxidation chain. 
Peroxide decomposition occurs side by side with peroxide forma
tion. This complex decomposition is not well understood, but, 
in general, the hydroperoxide group reverts to hydroxyl. The 
active oxygen reacts mainly with double bonds to form epoxides. 
There is some evidence that peroxide decomposition may also 
lead to the formation of carbonyl groups.

— C H — C H = C H — C H --
I
OOH

— C H — C H = C H — C H :-  

OOH

)H

+  — CH =CH

■CH—CH—CH— CH2—

Ah V
(4)

— CH— C H =CH — CH2— +  —CH—CH-
I \ /
OH O

(5)

In view of the important effect of chain scission and cross link
ing on the physical properties of a polymer, the course by which 
these reactions occur is of particular interest. The attempts 
which were made by Farmer and his co-workers (4, 7) and also by 
Taylor and Tobolsky (23) to explain these reactions were directed 
along two somewhat different lines of thought. The first theory 
assumes that both chain scission and cross linking occur through 
reactions of the peroxide or its decomposition products. The 
second theory considers that the role of oxygen is to form free 
radicals, which may disproportionate to cause chain scission or 
attack the double bond to bring about cross linking.

Application of the hydroperoxide theory of oxidation to syn-

T a b l e  IV. O x y g e n  U p t a k e  d u r i n g  O x i d a t i o n  o f  GR-S 
C o n t a i n i n g  P h e n y l - 0 - N a p h t h y l a m i n e  A n t i o x i d a n t  (PBNA)

Hr. at Increase in %  Benzene 
Solubility

Intrinsic %  PB N A
100° C. %  Oxygen Viscosity Found

0 0 100 1.76 3 .98
24 0 .1 100 0.96 2 .65
48 0 .5 88 0.99 1.66
72 0 .7 66 0 .66 1.26
96 1.0 50

114 1 .3 38

T a b l e  V. O x y g e n  U p t a k e  d u r i n g  A i r  O x i d a t i o n  o f  P o l y 
m e r  H y d r o c a r b o n  a t  R o o m  T e m p e r a t u r e  i n  A b s e n c e  o f  

A n t i o x i d a n t

Sample
G R -S  1 
G R -S  2
Polybutadiene 1 
Polybutadiene 2

Aging Time, 
Months

5
5 •

27
27

%  Oxygen 
Found

9.S
11.7 
15.0
15.8

Color of 
Aged Sample

Yellow
Yellow
Yellow-orange
Yellow-orange
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I s o p r e n e  P o l y m e r s

CH,

—6 Hj— ¿ = C H — 6 h .— — CII— CHr—

CH,

u
Accordingly, in synthetic polymers derived from butadiene and 
isoprene, both secondary and tertiary hydroperoxides may be 
formed on oxidation. Milas and Surgenor (16) recently presented 
evidence that thermal decomposition of ¿eri-butyl hydroperoxide 
occurs in the following manner:

(CH3)3COOH 95-100° C . (CH3)3COH +  0  (6)

(CH3)3COOH 250° C^ (CH3) 3CO- +  -OH (7)

(CH3)3CO >  (CH3) ,C = 0  +  CH,- 
CH3- +  -OH — CH3OH

thetic elastomers is complicated by the fact that polymerization of 
dienes usually occurs by both 1,2 and 1,4 addition to the conju
gate system. In the case of isoprene 3,4 addition also occurs (9). 
There is evidence that the C—PI bond energy decreases in the order 
primary >  secondary >  tertiary. Further, the bond energy de
creases when the hydrogen atom is attached to a carbon atom ad
jacent to the double bond (90). On this basis oxidation of syn
thetic elastomers derived from butadiene and isoprene will occur 
at points in the polymer chains at which secondary or tertiary 
hydrogen atoms are adjacent to a double bond. Such points are 
indicated by an asterisk:

B u t a d i e n e  P o l y m e r s

—ÔHj— C H =CH —0H 2—

O 0

—CH.—¿ —CH,—R — >- — CHs—S—C H =C H 3 +  CH.—R 

¿H 
CH,

ABSORPTION SPECTRA OF O XID IZED  POLYM ERS

Experimental study of the mechanism of oxidation of GR-S 
and other butadiene polymers is made difficult by the fact that 
these polymers become insoluble as the result of oxidation. Since 
infrared absorption spectra can be readily measured on a thin 
polymer film, this method is of particular value in such cases.

The infrared absorption spectra curves shown in Figures 1 and 2 
were obtained by heating production GR-S and the GR-S 
hydrocarbon at 105° C. in an air oven and at 40° C. in ultraviolet 
light (Atlas Fadeometer). These curves are plotted as transmis
sion, measured as a galvanometer deflection, against frequency 
in wave number. The present infrared data were obtained with 
the object of studying the oxidation of unsaturated polymers from 
a qualitative standpoint.

3 0 0 0  2 0 0 0  1500  1250 1100 1 0 0 0  9 0 0  8 5 0

F R EQ U EN C Y , CM!'

Figure 3. GR-S during Early Stages o f Oxidation

The latter mode of decomposition seems to be a general reaction 
of tertiary hydroperoxides. George and Walsh (10) showed that 
the products obtained by oxidation of cyclopentane and cyclo- 
hexane derivatives at 80-100° C. may be readilyr explained on the 
basis of the formation and decomposition of tertiary hydroperox
ides. A similar decomposition of tertiary polymer peroxides may 
lead to chain scission and the formation of a ketone group:

O 

  OH, C  'CH:—R +  -OH (8)

k  
k

SA M P L E  HEATEO  

2 4  H R S AT 100* C.
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SA M P L E  HEATEO 2 4  M RS. AT IOO* C.

Monomeric acids 
Esters
Aldehydes and ketones 
Associated acids

5 0 0 0  2 0 0 0  1500 1250 Il’oO  1000
FREOUENCY, c m :'

9 6 0 8Ô0

Figure I. Hevea Rubber Changes on Oxidation

The pronounced changes which occur in the spectrum of the 
GR-fj hydrocarbon as the result of oxidation are shown in 
Figure 1. In general, new bands were found to appear at 890, 
1175,1720, and 3600 cm.-1, strong general absorption was observed 
in the region 1000-1300 cm.-1, and a decrease in absorption oc
curred at 914 cm.-l The sample heated 20 hours at 105° C. ap
peared to have undergone a much higher degree of oxidation than 
the sample heated 48 hours at 40° C. in ultraviolet light.

The changes in the spectrum produced by oxidation of regular 
production GR-S containing phony l-j3-naph thy lamine as anti
oxidant are shown in Figure 2. Heating for 20 hours at 105° C. 
caused only slight changes in the spectrum. However, heating 
for 24 hours at 40° C. in ultraviolet light brought about changes 
in the spectrum similar to those observed when oxidation was 
carried out in the absence of antioxidant.

Figure 3 shows the changes which occurred in the spectrum of 
the GR-S hydrocarbon during the early stages of oxidation. New 
bands appeared at 890, 1700, 1720, and 3600 cm.-1 after 2 hours 
of heating at 100° C. Further heating increased the intensity of 
the band at 3600 cm.-1 and the bands which first appeared at 
1700 to 1720 cm.-1 merged into one very intense band. This 
band extended from about 1700 to 1770 cm.-1. General absorp
tion began at about 1000 cm.-1 and gradually extended toward 
higher frequencies as oxidation proceeded. The intensity of the 
band at 914 cm.-1  appeared to decrease more rapidly than the

band at 970 cm.-1 ; however, the general absorp
tion occurring in this region was a complicating 
factor.

DISCUSSION

The band which appears at 3600 cm.-1 is associ
ated with vibrations of the O—H group. The in
tense absorption at 1700-1720 cm.- 1 is undoubtedly 
due to the presence of the C = 0  group, but it is 
difficult to determine the functional groups which 
may be involved. The frequency usually associ
ated with the various carbonyl groups (1, 3, 12, 
13, 15, 2Jf) is given as follows:

1770 cm. _1 
1750-1725 cm . " 1 
1725-1690 cm .-i 
1740-1700 cm . -1

These characteristic frequencies are generally valid 
for the higher members of a homologous series. 
Conjugation, however, tends to lower the assigned 
frequencies. If it is assumed that any acid groups 
produced by oxidation of the polymer are distributed 

at random, an absorption band should appear at the position corre
sponding to the carbonyl band for monomeric acids at 1770 cm.-1. 
The absence of this band during the early stages of oxidation 
would seem to indicate that no appreciable number of carboxyl 
groups are present. There seems to be some evidence that this 
band is present in the later stages of oxidation. Although the ob
served bands at 1720 and 1700 cm.-1 are probably due to ketone 
or ketone and aldehyde groups, it is difficult to determine the sig
nificance of this doublet. This doublet may indicate that both 
aldehyde and ketone groups are present, or that the frequency of 
part of the carbonyl groups has been shifted by conjugation. The 
fact that GR-S becomes yellow as the result of oxidation indi
cates the presence of conjugate carbonyl groups or carbonyl 
groups conjugated with double bonds. In either case a ketone 
carbonyl would be involved. Both the shape and the width of 
the band in the region 1770-1700 cm.-1  suggest that several car
bonyl groups are present in the later stages of oxidation. The 
bands at 996 and 914 cm.-1 are attributed to side vinyl groups and 
the band at 967 cm.-1  to-the internal double bonds present in the 
polymer (25). The decrease in intensity of the 914 cm.-1 band 
indicates that double bonds are undergoing saturation or scission. 
The very intense, general absorption in the region 1000-1300 
cm.-1  is associated with vibrations of the C— O group and may be 
due to acid, ester, hydroxyl, or ether groups. No definite explana
tion can be offered for the appearance of a band at 890 cm.-1, but 

olefins of the type R2C =C H 2 have a band in this 
region.

Studies on the oxidation of GR-S and natural 
rubber showed that the concentration of peroxidic 
oxygen is never very high. Thus it is probable 
that the observed O—H absorption during the 
early stages of oxidation is due primarily to hy
droxyl and not to carboxyl or hydroperoxide 
groups. Since thermal decomposition of hydroper
oxides results in the formation of hydroxyl and ke
tone groups, the probable presence of these groups 
in oxidized GR-S is taken as an indication that 
the initial oxidation product is a hydroperoxide. 
Other functional groups containing oxygen seem to 
be indicated by the complex nature of the changes 
in the absorption spectra, but identification of 
these groups cannot be made with any degree of 
certainty on the basis of the present data. Since 
the C-—O absorption bands for both alcohol and 
ether groups generally occur in the same region, 
there seems to be little hope of establishing the 
presence or absence of ether-type cross links in

FR EQ U EN C Y, CM ."

Figure 5. Polyisoprene Changes on Oxidation
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oxidized GR-S. As already indicated, chain scis
sion may result from peroxide decomposition, 
which leads to the formation of aldehyde and ke
tone groups. Although evidence for the presence 
of these groups has been presented, there does not 
appear to be much possibility of establishing the 
mechanism of chain scission by infrared methods 
alone.

Figures 4, 5, and 6 show the effect of oxidation 
on the spectra of the hydrocarbons derived from 
natural rubber, polyisoprene, and polybutadiene, 
respectively. The changes brought about by oxi
dation were similar to those observed with GR-S.
In the case of natural rubber and polyisoprene the 
decrease in intensity of the band at 840 cm.-1 
indicates saturation or scission of the double 
bonds in the polymer chain. On the basis of the 
changes in the infrared absorption spectrum, the 
mechanism of oxidation of all the elastomers 
studied appears to be similar.

M ECHANISM  OF ANTIOXIDANT ACTION

Aging of GR-S for 20 hours at 105° C. in the presence of an an
tioxidant caused little change in the spectrum, whereas a similar 
aging period in the absence of an antioxidant brought about a 
marked change in the spectrum. In addition, the antioxidant 
provided much more effective protection against thermal oxida
tion than for oxidation catalyzed by ultraviolet light. These ob
servations suggest that infrared methods may be of value in fun
damental studies in the field of antioxidants.

There seems to be practically no data in the literature on the 
consumption of antioxidants during accelerated aging. Table VI 
shows the effect of air oven aging at 100° C. on the phenyl-/3- 
naphthylamine content of GR-S.

Ta b l e  VI. E f f e c t  o f  A c c e l e r a t e d  A g in g  o n  P h e n y l -S -  
N a p h t h y l a m i n e  C o n t e n t  o f  GR-S

Hr. at 
100° C.

%  PB N A  
in GR-S 

(Kjeldahl)

%  P B N A  in 
Extract 

Nitrous acid

Acetone

Kjeldahl

%  P B N A  in 
Extracted 

Sample 
(K jeldahl)

0 1.43 1.36 1.35 0.15
24 1.42 0 .75 0 .37
48 1.29 0.36 0.61
96 1.32 0 .12 0 .8 8

400 1.45 0 .02 0^22 1.01

Oxidation caused a marked decrease in the antioxidant content 
of the acetone extract. An appreciable quantity of the antioxi
dant appeared to combine with the polymer. In Table VI the 
column under nitrous acid refers to the secondary amine content 
as determined by titration of the acetone extract with nitrous 
acid, assuming that phenyl-/3-naphthylamine was the only 
secondary amine present.

Since phenyl-/3-naphthylamine is not readily attacked by at
mospheric oxygen at 100° C. either in the crystalline form or in 
toluene solution, it would appear that destruction of the second
ary amine group may occur as a consequence of termination of the 
oxidation chain reaction. It is conceded that reaction of the an
tioxidant with polymer oxidation products may occur to some ex
tent.

If oxidation involves a chain mechanism of the type indicated 
in reactions 1 to 3, it is suggested that the antioxidant may ter
minate the oxidation chain in the following way:

H

—CH—C H =CH —CHj— +  G,oHt— N—CeHs — >

00 -

— CH — C H = C H — C H 2—  +  CioH,— N— C«H6 (9)

¿ Radical A
O H

FR EQ UEN C Y, C M . " 1

Figure 6 . Polybutadiene Changes on Oxidation

Diarylamino radicals such as A do not react with oxygen. Be
cause of resonance stabilization, such radicals are probably too in
active to start a new oxidation chain by removal of a hydrogen 
atom from the polymer.
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VINYL ALKYL ETHERS
C. E. SCHILDKNECHT, A. O. ZOSS, AND CLYDE MCKINLEY

General Aniline and Film Corporation, Easton, Pa.

T h e  literature related to simple unsubstituted vinyl alkyl 
ethers is reviewed. New data are presented on the purifica
tion and properties o f  the vinyl alkyl ether m onomers. 
Special attention is given to vinyl methyl, vinyl n-butyl, and 
vinyl isobutyl ethers, which have been made available for 
development purposes in this country by application o f the 
Reppe synthesis. Correct physical data on these materials 
are o f special interest both because the monomers are com 

paratively unstable and because their behavior in poly
merization is greatly influenced by certain types o f im
purities. Chemical reactions o f  the vinyl alkyl ethers in
clude addition to the double bond, hydrolysis, and poly
merization. Some preliminary work on the polymeriza
tion o f  vinyl alkyl ethers is described together with ob
servations on several com m ercial polyvinyl alkyl ethers 
from  abroad.

T HIS paper discusses simple compounds of the type 
CH2= C H 0 R, where R is an alkyl group free from unsatu

ration and both the vinyl and R groups are free from halogen or 
other substitution. Vinyl methyl ether, vinyl n-butyl ether, and 
vinyl isobutyl ether are the members of the series which received 
most attention and whose polymers are discussed.

The new data presented from this laboratory comprise the 
major part of the material under the headings Purification, 
Physical Properties, and Polymerization, as well as Properties and 
Stabilization of the Polymers. A large part of the information on 
the synthesis of vinyl alkyl ethers and their chemical reactions is 
taken from the literature. All data not otherwise designated are 
from these laboratories.

The authors examined much of the published work critically 
in the laboratory, including that of Reppe in Germany and 
Shostakovskil in Russia. Some discrepancies with their work are 
noted.

SYNTH ESIS

In 1878 Wislicenus (63) prepared vinyl ethyl ether by heating 
chloroacetal with sodium:

OC2H 5 O C JR
/  130° C. /

CILC1CH ----------- ^  CH2= C H  +  NaCl +  NaOC2H6 (1)
\  Na

OC;H5

It was established that the boiling point and specific gravity are 
higher than those of diethyl ether.

Vinyl ethyl ether was prepared by Claisen by the combined 
action of phosphorus pentoxide and quinoline on acetal (7):

OCjHs OC2H 6

C H jC H  — CH 2= < 5h  +  C2H6OII (2)
\

OC2H5

Chalmers (5) was unable to dehydrate ether alcohols such as 
2-butoxyethanol directly but treated the bromoether with alkali 
to obtain vinyl »¡-butyl ether:

CH2OHCH2OC4H„ PB r]; CH,BrCH2OC4H, (3)

CH2BrCH2OC,H9 +  NaOH — >
CH2=CH OC,H , +  NaBr +  HOH (4)

Vinyl alkyl ethers can be prepared by passing the vapors of 
acetals over hot contact catalysts such as porous clays, or silver or 
palladium deposited on asbestos (2 57):

OR OR
/  270° C. /

CHjCH ---------------------=» CH2= C H  +  ROH (5)
\  Pd on asbestos 

OR

Vinyl chloride can be used as a vinylating agent, but, under the 
conditions illustrated in Equation 6, the reaction is slow—about 
12 hours are required for an 85% yield. An excess of the alcohol 
can be used as solvent for the liquid phase reaction in an auto
clave (38):

CHi=CHCl +  NaOC2Hs 100 ° C' ?
CH2=CHOCiH5 +  NaCl (6)

A German patent of 1918 (37) disclosed the reaction of acetylene 
with cold, concentrated sulfuric acid to obtain vinyl sulfuric 
acid, which gave vinyl ethyl ether on treatment with ethanol. 
Vinyl ethyl ether was also said to be obtained by reaction of 
absolute alcohol with acetylene at 80° C. using mercuric phos
phate catalyst dispersed in ligroin (8). However, the action of 
acetylene upon alcohols in the presence of mercury salts or acidic 
catalysts gives primarily acetals, and good yields of vinyl alkyl 
ethers are not obtained.

In 1930 Reppe (39) applied for patents on the use of acetylene 
at relatively high pressures to prepare vinyl alkyl ethers directly 
from alcohols using alkaline catalysts:

150° C.
C H =CH  +  ROH ----------->- CH2=C H O R  (7)
Diluted NaOR

In order to avoid explosions, a diluent such as nitrogen was used 
along with the acetylene. A number of chemical and engineering 
devices have been developed in Germany and independently in 
this country to make the use of acetylene in the Reppe vinylation 
safer. Some of these precautions developed in Germany are de
scribed in reports issued by the United States Government (3, 9).

The vinylation with acetylene and alkaline catalysts can be 
carried out not only with the liquid alcohol under pressure, but 
also in gas phase over contact catalysts (48). In liquid phase the 
total pressure used depends primarily upon the vapor pressure of 
the particular alcohol at the reaction temperature. The use of a 
large excess of caustic was proposed as a means of reducing the 
pressure necessary in vinylating lower boiling alcohols (47). An
other method by which the operating pressure with lower alcohols 
can be reduced is to use inert, high boiling diluents (19). How
ever, pressures as high as 30 atmospheres may be used for prepar
ing vinyl methyl ether.

180
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Figure 1.
TEMPERATURE, °C.

M utual Solubilities o f  Yihyl Ethers and Water

Both primary and secondary alcohols can be vinylated readily 
by the Reppe process. Vinylation of tertiary alcohols usually 
proceeds more slowly. Varying amounts of the acetal are ob
tained as a side product, depending upon the conditions.

PURIFICATION

Vinyl alkyl ether monomers should normally be stored contain
ing an alkaline stabilizing agent, such as potassium hydroxide or 
triethanolamine, in order to minimize or prevent such chemical 
changes as hydrolysis in the presence of water or polymerization 
from the action of acidic contaminating materials. Stabilized 
vinyl alkyl ethers can be stored for a year or more at room tem
perature. When required in a substantially pure form free of 
stabilizer, portions should be washed and distilled. When purified 
monomers are kept in refrigeration, precautions should be taken 
to prevent contact with water.

In order to purify vinyl n-butyl ether or vinyl isobutyl ether, 
which contain free alcohol and stabilizing alkali, the ether is 
washed several times with an equal volume of water, or until there 
is essentially no further change in the volume of the ether. Dur
ing washing at room temperature the pH of the aqueous phase 
preferably should not fall below 8 . The washed material is dried 
by a neutral or alkaline drying agent. For example, the liquid 
monomer may be dried by standing over solid potassium hydrox
ide for 24 hours at room temperature. It can be treated further 
for the removal of traces of alcohol and other impurities by stand
ing over sodium wire at room temperature or by heating with 
metallic sodium under reflux. Finally, the vinyl alkyl ether is 
distilled from sodium through a glass column packed with glass 
helices ana having an efficiency of ten to twenty plates.

Vinyl methyl ether is conveniently purified by first scrubbing 
the gas with water rendered alkaline to prevent hydrolysis. The 
gas or liquid is then thoroughly dried by a neutral or alkaline dry
ing agent. The liquid can be treated with solid potassium hy
droxide or sodium, as indicated for the vinyl butyl ethers, before it 
is distilled. Vinyl methyl ether can be distilled at pressures higher 
than atmospheric—for example, 60 pounds per square inch— 
without loss by polymerization.

During distillation water and acid-reacting materials must be 
excluded. Small amounts of calcium chloride from drying tubes 
and traces of acid-reacting substances from certain ceramic still 
packings have been sufficient in some cases to cause polymeriza

tion during distillation. Antioxidant-type 
stabilizers are not effective in preventing poly
merization catalyzed by inorganic acidic sub
stances. Vinyl alkyl ethers up to the vinyl 
butyl ethers can be satisfactorily distilled at 
atmospheric pressure if the precautions just 
described are observed. German methods of 
treating vinyl ether monomers were described 
in reports published by the United States 
Government {9, 11).

PHYSICAL PROPERTIES

Table I gives physical properties of purified 
vinyl methyl ether, vinyl n-butyl ether, and 
vinyl isobutyl ether. Vinyl methyl ether is a 
gas at normal temperature and pressure but is 
readily condensed to a colorless mobile liquid. 
All the other vinyl ethers discussed in this 
paper are colorless liquids under ordinary 
conditions.

Boiling points attributed to vinyl methyl 
ether in the literature and in German reports 
(7-14° C.) are not in agreement with the 
value reported here. Reppe is quoted in a 
recent report {60) as giving the boiling point 

methyl ether at 9° C. Russian workers reported 
C. {15). The boiling range of purified vinyl methyl 

was found in this laboratory to be between 5° and 
under the best conditions of distillation. The vapor

of vinyl 
9° to 10 
ether
6 ° C.
pressure of vinyl methyl (Figure 2) is 760 mm. at a temperature 
just above 5° C.

Melting points of the three vinyl alkyl ethers have not been 
previously reported. Melting points were determined under dry 
nitrogen according to a procedure based on the work of Glasgow, 
Streiff, and Rossini {17). A copper-constantan thermocouple 
was used together with a Leeds & Northrup potentiometer No. 
8662.

T a b l e  I. P h y s i c a l  P r o p e r t i e s  o p  T h r e e  V i n y l  A l k y l
E t h e r s  o f  t h e  T y p e  CH2=C H O R

Alkyl Group M ethy Isobutyl n-Butyl
Molecular weight 
Boiling point, ° C.

58.08 100.16 100.16
5 .0 -6 .0 8 2 .9 -8 3 .2 9 3 .3 -9 3 .8

Melting point, ° C. -1 2 2 -1 1 2 - 9 2
Density, d 22 0.7511
Density, d 2* 0.7644 0.7727
Refractive index, n~ 1.3947
Refractive index, n]□ 1.3938 1.3997
Specific heat, cal./gram  at 

25° C. 0 .555 0.553
Latent heat, cal./gram 74.4  (83° C.) 77. 1 (9 3 .5 °  C.)
Vapor pressure, mm. Hg at 

25° C. 1550 77 61
Vapor pressure, lb ./sq . in. 

abs. at 70° F. 28 1 .3 0 .8
Solubility in water, wt. %  

at 25° C. 0 .82 < 0 .10 < 0 .10
Flash point (Cleveland open 

cup), ° F. (° C.) - 7 0  ( - 5 6 ) 20 ( - 7 ) 30 ( - 1 )

Less than 1% by weight of vinyl methyl ether dissolves in 
water at 25 0 C. (although polyvinyl methyl ether dissolves readily 
in water at this temperature). Less than 0.10% of purified 
vinyl n-butyl ether or vinyl isobutyl ether dissolves in water at 
25° C. In washing crude monomers containing considerable free 
alcohol, larger losses are observed because of the solubilizing effect 
of the alcohol on the aqueous phase. Figure 1 shows the solu
bility of water in vinyl methyl ether and in vinyl isobutyl ether 
as functions of temperature. Table II shows the miscibility of 
vinyl alkyl ethers with organic solvents.
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T a b l e  I I .  M i s c i b i l i t y  o f  V i n y l  A l k y l  E t h e r s  w i t h  E q u a l  
V o l u m e s  o f  O r g a n ic  L i q u id s

Hexane

Vinyl 
M ethyl 
Ether, 
0° C.

4-

Vinyl 
.Isobutyl 

Ether, 
25° C.

4-

Vinyl 
n-Butyl 
Ether, 
25° C.

4*
Petroleum ether (b.p., 90-100° C.) 4- 4- 4-
Mineral oil (Primol) 4- + 4*
Benzene 4- + 4-
Carbon tetrachloride 4- 4- +
Diethyl ether + 4- 4-
Ethyl acetate 4- 4- +
Acetic acid 4- 4- 4-
Dioxane + + 4-
2-Ethoxyethanol (Cellosolve) 4- 4- 4-
Ethanol 4- 4- 4-
Methanol 4* 4" 4"
Ethylene glycol 0 0 0
Glycerol 0 0 0
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Figure 2. Vapor Pressures o f Vinyl Alkyl Ethers as 
Functions o f  Temperature

Figure 2 shows the vapor pressures of the three vinyl alkyl 
ethers as functions of temperature. Vinyl methyl ether was 
transferred to an evacuated cylinder to which was attached a 
calibrated pressure gage. The cylinder was heated in a tempera
ture-controlled oil bath. Vapor pressures of vinyl n-butyl ether 
and vinyl isobutyl ether were determined using an isoteniscope 
immersed in an oil bath (IS). Figure 3 shows the variation of 
density with temperature for vinyl methyl ether, vinyl isobutyl 
ether, and vinyl n-butyl ether.

Table III shows boiling points, refractive indices, and densities 
of a series of vinyl alkyl ethers up to vinyl n-decyl ether. Some 
of these ethers have not yet been prepared as free from impurities 
as have the methyl, isobutyl, and n-butyl vinyl ethers. Among 
the isomeric vinyl propyl and vinyl butyl ethers, boiling points go 
down with increasing branching of the alkyl group, and the 
normal isomers have the highest refractive indices and densities. 
[Data on four of the vinyl alkyl ethers given in Table III are 
taken from research reports of the I. G. Farbenindustrie (28, 89) 
and from the work of Favorskil (Id).]

It is interesting to compare the vinyl alkyl ethers with the cor
responding ethyl alkyl ethers obtained by hydrogenation of the 
former. Incomplete published data on the ethyl alkyl ethers 
permit the tentative conclusion that the vinyl alkyl ethers have 
boiling points 1° to 3° C. higher, as well as densities higher, than 
the corresponding saturated ethers.

The influence of the double bond upon the physical properties 
of ethers is shown in Table IV, where our data for vinyl ethyl 
ether are compared with published values for diethyl ether and

divinyl ether. Going from diethyl ether to vinyl ethyl ether, 
the boiling point, melting point, refractive index, and density are 
raised. Going from vinyl ethyl ether to divinyl ether further 
raises the melting point, refractive index, and density but sub
stantially lowers the boiling point.

There are few references in the literature on the anesthetic or 
narcotic properties of vinyl alkyl ethers. Vinyl ethyl ether is 
said to have a narcotic action but to a lower degree than diethyl 
ether (81). Vinyl n-butyl ether was reported to have a narcotic 
effect upon frogs (62). This Russian reference states that “ vinyl 
ethyl ether can be recommended for operations of a comparative 
short duration” . Vinyl alkyl ethers were also said to have bac
tericidal properties. Vinyl n-butyl ether and vinyl n-propyl 
ether are moderately toxic to flour beetles, Tribolium confmum, by 
standard fumigant methods (60). Since the toxicological proper
ties of vinyl alkyl ethers have not been fully investigated, suitable 
care should be taken in handling these materials.

C H E M IC A L  R E A C T IO N S

The lower alkyl vinyl ethers are exceptionally reactive com
pounds, particularly with regard to the vigor with which they 
hydrolyze, polymerize, and react by addition of other substances 
to the double bond. In connection with the purification of the 
vinyl alkyl ethers some features of the chemical reactivity have 
already been pointed out. It is especially emphasized that, dur
ing syntheses with vinyl alkyl ethers, precautions must be ob
served to prevent polymerization and hydrolysis.

H y d r o l y s i s . In contrast to simple dialkyl ethers, vinyl alkyl 
ethers hydrolyze rapidly with dilute acid at room temperature. 
The lower vinyl alkyl ethers are hydrolyzed on heating with dis
tilled water, and Wislicenus observed that vinyl ethyl ether 
hydrolyzes very slowly even with water at room temperature 
(63):

CH 2= C H 0 R  +  HOH pH < 7  . C IIjC IIO  +  ROH (8>

The preparation of vinyl methyl ether from acetylene followed by 
hydrolysis with dilute acid was proposed as an industrial method 
for making acetaldehyde. The process reached a pilot plant 
stage of development in Germany (41, 46). Reppe pointed 
out that vinyl alkyl ethers are similar to acetals with 
respect to ease of hydrolysis (40). A study of the comparative 
hydrolysis of saturated and unsaturated ethers was made by 
Skrabal and Skrabal (58). Vinyl alkyl ethers are comparatively 
stable to aqueous alkali.

T a b l e  I I I . S e r i e s  o f  V i n y l  A l k y l  E t h e r s  o f  t h e  T y p e  
C H ,= C H 0 R

Alkyl Group
Methyl
Ethyl
n-Propyl
Isopropyl
n-Butyl
Isobutyl
sec-Butyl
ieri-Butyl
n-Am yl (89)
Isoamyl (16)
n-Hexyl
2-Ethylbutyl
n-Octyl
2-Ethylhexyl (28) 
Nonyl (28) 
n-Decyl

B .P ., ° C. -.2  0 
n  D d 7l

5 .5 1.3947 ( - 2 5 °  C.) 0.7511
35.5 1.3767 0 .7590
65.5 1.3908 0 .7668
55.5 1.3850 0.7534
93.8 1.4022 0.7795-
83.2 1.3965 0.7693
81 1.3970 0.7715-
75 1.3922 0.7691

111'
110 1.4070 0.7833
143.5 1.4171 0 .7960
132.2 1.4185 0.8011
58 (4 mm.) 1.4268 0.8024

L—63 (11 mm.)
5—75 (12 mm.)
101 (10 mm.) 1.4346 0Í8Í23

T a b l e  I V . E f f e c t  o f  U n s a t u r a t i o n  o n  P h y s i c a l  P r o p e r t i e s  
o f  E t h e r s

B .P., ° C. M .P ., • C n ’o* d aJ
Diethyl ether 3 4 .6 (5 9 )  — 123/3 (SI) 1.3526 («4) 0 .7135 (39)

- 1 1 6 a  (£1)
Vinyl ethyl ether 35 .5  —115 1.3767 0.7590
Divinyl ether (13) 28 .6  — 101 1.3989 0 .773
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A d d it i o n  t o  D o u b l e  B o n d . Vinyl alkyl ethers are reduced 
easily at room temperatures by hydrogen in the presence of 
catalysts such as Raney nickel to yield the corresponding ethyl 
alkyl ethers. Alcohols add readily to vinyl ethers in the presence 
of acid catalysts to form acetals (43):

0.80001

C H f

O C H 3 
/  +  CH3OH

=CH (trace HC1)

OCHa
25° C. /

>  C H jC H
\

OCH3

(9)

By this means unsymmetrical acetals can also be obtained. 
Cholesterol has been reacted with vinyl ethyl ether to give an 
acetal derivative soluble in ligroin (42). Polyvinyl alcohol 
suspended in chloroform reacts with the lower vinyl alkyl ethers, 
in the presence of hydrogen chloride as catalyst, to form partial 
acetals which dissolve in chlorinated hydrocarbons (30). The 
reaction mixtures are neutralized with alkali before separation of 
the products.

Vinyl alkyl ethers add hydrogen cyanide on heating with pyri
dine under pressure to give a-alkoxy nitriles (1):

CH5OCH=CH2 +  HCN

CN
150° C. I

CH3OCHCH3 (10)
in pyridine

The ether acids produced by hydrolysis form salts with heavy 
metals, some of which are soluble in organic solvents.

Acetic acid adds to the double bond of vinyl ethyl ether at 
20° C. in the presence of traces of concentrated sulfuric acid to 
give an a-ethoxyethylidene ester boiling at 128-130° C. (42):

OOCCHj
20° C. /

CH2= C H O C 2H 6 +  H O O C C H j---------->  CH 3— CHO C2H 6 (11)
( H 2SCL)

Acid catalysts used in reactions of this type must be nearly an
hydrous to prevent hydrolysis of the vinyl ether. In general, 
simple organic acids which are free of inorganic impurities do not 
catalyze polymerization. Oleic acid and stearic acids are said 
to add to vinyl n-butyi ether by heating at 150° C. under pressure 
for 12 hours without catalyst (42).

Vinyl alkyl ethers add hydrogen chloride and hydrogen bro
mide but special precautions must be observed because of the 
tendency toward polymerization and because of the relative 
instability of the products. The use of inert diluents, exclusion 
of water, and maintenance of a uniform low temperature through
out the system are useful steps in preventing polymerization. 
Vinyl n-butyl ether at 0 ° C. can be saturated with gaseous hydro
gen chloride to give n-butyl-a-chloroethyl ether distilling at 
38° C. at 14 mm. (42):

CH 2= C H O C <H 3 +  HC1 0 ° C -;) C H 3CHC10C 4H» (12)

At atmospheric pressure the a-chloroether distills at 120° to 
130° C. with decomposition.

M i s c e l l a n e o u s  R e a c t i o n s . Krzikalla and Woldan obtained 
2-methyl-5-ethyl pyridine (boiling point 62-67° C. at 14 mm.) 
by reaction of vinyl methyl ether with excess ammonia under 
pressure. Among the catalysts which they used were cuprous 
chloride-ammonium chloride mixtures (29):

220° C.
CH2=CH OCH 3 +  NH, ----------- =>- C2HS.

200 atm.
(13)

N X CII3

By means of nitric acid oxidation nicotinic acid was obtained from 
the product.
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F ig u r e  3 . D e n s it ie s  o f  V in y l  A lk y l  E th e r s  a s  F u n c t io n s  
o f  T e m p e r a t u r e

Pyrolysis of vinyl methyl ether can be made to yield propion
aldéhyde as a principal product by operating at relatively high 
space velocities at temperatures near 400° C. with or without a 
catalyst (20) :

400° C.CH2=CH OCH 2 C H 3CH 2CHO (14)

Under different conditions the pyrolysis of vinyl ethyl ether is re
ported to give ethylene and acetaldeliyde along with smaller 
amounts of other products (62). Butadiene was obtained as one 
of the products of pyrolysis of vinyl ethyl ether (14, SS).

A c t io n  o f  H a l o g e n s . The reaction between chlorine and the 
lower vinyl alkyl ethers occurs with violence. Wislicenus pre
pared the dichloride and dibromide from vinyl ethyl ether by 
reaction at low temperatures with carbon disulfide or chloroform 
as solvents (63). Dibromides from a number of vinyl alkyl 
ethers were prepared by Shostakovskil and co-workers and some 
of the physical properties of these compounds were determined 
(15, 51, 53). Carbon tetrachloride or chloroform was used as 
solvent at a temperature near 0° C. for bromination. The a,/3- 
dibromoethyl alkyl ethers cannot be distilled at atmospheric 
pressure without decomposition.

Wislicenus (63) observed that when 1 part of iodine is added to 
200 parts vinyl ethyl ether at room temperature, not only does 
iodine add to the double bond but polymerization to an iodine- 
containing nonvolatile product occurs. Chalmers (6) obtained 
a similar result on adding iodine to vinyl n-butyl ether. These 
results of Wislicenus and Chalmers were confirmed in this labora
tory and it was found that iodine has a similar action upon puri
fied vinyl isopropyl ether and vinyl isobutyl ether at room tem
perature. Purified divinyl ether does not polymerize under these 
conditions.

POLYM ERIZATION

Purified vinyl alkyl ethers polymerize only very slowly under 
the influence of heat or light, even in the presence of peroxides, 
to give liquid low polymers. In contrast to their reluctance to 
polymerize with peroxides, the vinyl alkyl ethers polymerize 
readily or even with violence under the action of acid-type cata
lysts. Only at relatively low temperatures and under specially 
mild conditions are high polymers obtained. In some cases 
polymers of widely different properties may be formed depending 
upon the type of catalyst, temperature, diluent, and other factors 
(34, 44, 45). Active catalysts in addition to iodine include con
centrated mineral acids, boron fluoride, aluminum chloride, and 
sulfur dioxide.
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T a b l e  V . S o m e  P o l y m e r s  o p  V i n y l  A l k y l  E t h e r s

Polyvinyl ether M ethyl (P V M )
Trade names Igevin M , Appretan W L,

Flastomol SW<1
Properties Viscous liquid or balsam

like; sol. in cold water

Applications With Cuna N N  latex in
dip coating; plasti- 
cizer; t e x t i l e  s i z e ;  
leather treatment

“  Polymers of highest viscosity.
6 Polymers of medium viscosity. 
e Polymers of lower viscosity. 
d 70%  solution in methyl acetate 
® Experimental.

Isobutyl (PVI)
Oppanol C “ , Igevin I&> 

Cosal adhesive solutions
Tacky solid“ * i>; nontacky 

solid“ * &* “ ; viscous sticky 
liquid“

Pressure-sensitive adhe
sives (Scotch and surgical 
tapes); shoe adhesives; 
plasticizer; wax modifica
tion

n-Butyl (P V N )
N ot manufd. abroad

Pressure-tacky soft rub
ber“ * &*“ ; viscous sticky 
liqud'**

Applications are exptl.; 
different tack and less 
temp.-sensitive than PV I

Under favorable conditions vinyl alkyl ethers interpolymerize 
or form mixed polymerization products with certain unsaturated 
compounds, including many vinyl compounds, ethylene a, 3- 
dicarboxylic acids and their esters, and acrylic esters (4 ,16,25,61). 
For example, by interpolymerization of vinyl chloride with minor 
amounts of vinyl isobutyl ether, products can be obtained of 
modified flexibility and solubility in organic solvents. Such an 
interpolymer was Vinoflex MP 400, manufactured in Germany. 
Interpolymers of acrylic esters with vinyl alkyl ethers were manu
factured by I. G. Farbenindustrie under the name Acronals 
(10, 11). For carrying out interpolymerization, bulk, solution, 
or emulsion methods can be used, depending upon the particular 
monomers involved. If water is present in the system employed 
for intcrpolymcrization, a pH of 8 or higher should be maintained 
throughout the process to prevent hydrolysis of the vinyl alkyl 
ether monomer.

Table V describes some polymers of vinyl methyl ether and 
vinyl isobutyl ether used abroad. These products were formerly 
called Lutonals, but the name was changed to Igevin followed 
by a letter indicating the alkyl group of the vinyl ether. Igevin 
I or Igevin J indicates polyvinyl isobutyl ether. Polyvinyl ethers 
were used abroad as adhesives and plasticizers and in compositions 
for impregnating and coating paper and textiles. The Igevin M 
or polyvinyl methyl ether products made abroad were all of rela
tively low solution viscosity. As prepared for textile applications, 
polyvinyl methyl ether was called Appretan WL (26).

P r o p e r t i e s  o f  P o l y v i n y l  A l k y l  E t h e r s . Table V I  shows 
the solubility“ of polymers from vinyl methyl ether, vinyl n-butyl 
ether, and vinyl isobutyl ether in a few common solvents. It is 
noteworthy that polyvinyl methyl ether dissolves both in organic 
solvents, including benzene, and in cold water. However, the 
polymer precipitates from water solution on warming to near 
35° C. Polyvinyl methyl ether was used abroad for heat sensi
tization of Buna NN and other synthetic laticcs in a dip 
coating process for fabricating gloves (S3). This heat sensitizing 
process permits making relatively thick-walled articles quickly 
in a single step. Certain American synthetic rubber latices are 
sensitive to precipitation by polyvinyl methyl ether. However, 
the pH and other factors are critical, and temperatures higher 
than 35° C. must be used.

Depending upon the conditions of polymerization vinyl iso
butyl ether can give (a) sticky balsamlike polymers, (b) a tacky,

T a b l e  VI. S o l u b i l i t y  o f  P o l y v i n y l  E t h e r s  a t  25° G.
(5 %  polym er shaken at room  temperature with solvent)

Polyvinyl Polyvinyl Polyvinyl
M ethyl Ether n-Butyl Ether Isobutyl Ether

W ater
M ethanol
Acetone
M ethyl ethyl ketone 
Ethyl acetate 
Benzene 
n-Heptane 
Chloroform

+
+
+
+
+
+
0
+

0
0
0
+
+
+•
+
+

0
0
0
+
+
+
+4-

rubberlike solid (Oppanol C), or (c) a sub
stantially nontacky, harder elastomer. 
Polyvinyl ether glues (Cosals) used in 
Europe were principally based on polyvinyl 
isobutyl ether. They were used as solu
tions in petroleum ether, acetone, or esters 
as well as in aqueous dispersions (26, 27). 
New polymers which are being studied by 
this laboratory include the substantially 
nontacky polyvinyl isobutyl ether (type c) 
and a rubberlike form of vinyl n-butyl 
ether. These products have not been re
ported from Germany. Russian workers

---------------------------  reported viscous liquid polyvinyl alkyl
ethers, but not rubberlike or solid high 

polymers (54, 55, 56). In working with the polyvinyl ethers our 
laboratory has found- it convenient to use the abbreviations 
PVM, PVI, and PVN (Table V).

S t a b i l i z a t i o n  o f  P o l y v i n y l  E t h e r s . High polymers of 
vinyl alkyl ether require special treatment to render them stable 
not only to heating and light exposure, but even to aging at room 
temperature. Although this fact was disclosed in a British patent 
(23), it has not been adequately appreciated. Some of the prod
ucts which were manufactured abroad and offered in this country 
before the war left considerable improvement to be desired in this 
respect. The rubberlike or solid polymers without stabilizers, 
even after they were treated for the removal of catalyst residues or 
purified by reprecipitation from solvents, are transformed over a 
period of weeks or months at room temperature into balsamlike or 
liquid products. The breakdown is accelerated by heating or in 
light. It was observed in this laboratory that breakdown or 
depolymerization near room temperatures may also be catalyzed 
by adding small amounts of acidic compounds which act as poly
merization catalysts at low temperatures. In general, degradation 
products are not monomers but include the free alcohol, aldehydes, 
and sirupy low polymers. The breakdown is retarded in atmos
pheres low in oxygen.

T a b l e  VII. S t a b i l i z a t i o n  o f  P o l y v i n y l  /¿ -B u t y l  E t h e r  t o  
H e a t i n g “

(Initial polym er viscosity & 17,P/C =  4.0)
tjip/C after Heating 

1 Hr. at 150° C.Agent Added (1 .0% )
Controls (no added agent) 
Urea
Phenyl ethyl ether
Triethanolamine
Diphenylguanidine
fl-Naphthylamine
Phcnyl-a-naphthylamine
4,4'-Diaminodiphenylaniline
Phenyl-/3-naphthylamine
l-Am ino-5-naphthol
Hydroquinone
0-Naphthol
2,6-Dichloro-4-icri-amylphenol
4-/eri-Butylphenol
4-ieri-Butyl-m-cresol

0 .6 4 -0 .6 8
0 .70
0 .7 8
1.10
1.14
3 .61
4 .02
4 .16
4 .17
3.02 
1.80 
1.50 
1.56 
2 .60  
3 .46

a Polymers were heated in air in forced draft oven.
& Viscosities were determined using solutions of 1.0 gram polym er per 100 

ml. benzene at 25° C. and an Ostwald-Fenske viscometer.

The incorporation of 0.5% or more of antioxidant-type stabil
izers or of certain sulfur compounds is effective in preventing or 
retarding the breakdown and changes of properties on aging (49). 
Stabilized high polymers prepared in the summer of 1943 remain 
rubberlike solids substantially free of odor and unchanged in 
solution viscosity. Table VII shows the effects of incorporating 
1.0% of various agents in stabilizing a polyvinyl n-butyl ether 
against breakdown on heating. The controls without added 
agent were transformed from a rubberlike solid with pressure- 
sensitive tack to a viscous, sticky liquid by heating 1 hour at 
150° C. Stabilized polymers, which retained their chain length 
as measured by viscosity in benzene solution, were substantially
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unchanged in character. Where stabilizers were less effective, 
intermediate scmisolid products resulted.

In addition to the results shown in Table VII, the following 
were found to be good or moderately effective stabilizers: di- 
phenylamine, AT,lV'-di(/3-naphthyl)-p-phcnylenediaminc, 2-naph- 
thalenethiol, thioxane, and mercaptobenzothinzole. Among in
organic compounds which had a stabilizing effect were alkaline 
and alkaline earth sulfides and polysulfides (49). Organic com
pounds which had little or no effect included ammonium stearate, 
stearylamine, propylene diamine, cyclohcxylamine, quinoline, 
carbazole, thioglycolic acid, diphenyl sulfone, acetic acid, and di- 
ethylcne glycol. Certain oxidizing agents, such as benzoyl per
oxide, catalyzed the breakdown of the polymer.

High polymers of other vinyl alkyl ethers in addition to poly
vinyl n-butyl ether were found to require stabilization. Table 
VIII shows the effects of added stabilizers upon samples exposed 
to sunlight. The breakdown of the polymer at room temperature 
in brown bottles was considerable, but light had an additional 
action retarded by the stabilizers.

T a b l e  VIII. S t a b i l i z a t i o n  o p  P o l y v i n y l  « - B u t y l  E t h e r  t o  
S u n l ig h t “
__________ Viscosity n.p/C*__________

Agent Added (1% ) 
None
4-icri-Butylmetacresol
Phenyl-a-naphthylaminc

Controls in brown 
bottle
1.37
3 .50
4 .30

Tests in 
light
0 .41
3 .00
4 .20

a Polymers exposed to diffused north light through window 12 days at 
room temperature.

* Viscosities were determined using solutions of 1.0 gram polym er per 100 
ml. benzene at 25° C. and an Ostwald-Fenske viscometer.

Table IX  shows the results of a heat stability test of 1 hour at 
160° C. in a forced air draft oven on some vinyl alkyl ether 
polymers. A sample of Igevin J (60) procured from Sweden, but 
of German origin, was poorly stabilized, judging from its odor 
and the loss in volatiles in vacuum. Breakdown of this sirupy 
polymer had apparently reached equilibrium, since the viscosity 
was not further decreased on heating. Oppanol C (German vinyl 
isobutyl ether, high polymer) is not very stable to heating. An 
old sample of Appretan WL, polyvinyl methyl ether, became 
largely insoluble in benzene. A smaller amount of change was 
shown by three experimental polyvinyl ethers containing stabiliz
ing agents.

T a b l e  IX . H e a t  S t a b i l i t y  T e s t

Viscosity -t]*v/C 
Before After 

heating heating“ Remarks
Igevin J (60) *>
Oppanol C 
PVI (1527-10)
PVN low (G 1455)2» 
PVN medium (G1259)

0 .13  0 .14  Odor
4 .3  1.7  Softer, more tacky, flowed
6 .5  4 .1  N ontacky, still granular
0 .73  0 .61  Little change
5 .5  4 .7  Pressure tack retained; still

granular
Appretan W L (old sample) Incom pletely sol. Tack retained 

° One hour at 160° C. in air.
& Viscosities determined at 0.50 gram per 100 ml. benzene; others at 0.10 

gram per 100 ml benzene.

In sharp contrast to the vinyl alkyl ether monomers, the poly
mers are resistant to hydrolysis by dilute acids. Table X  sum
marizes an experiment in which strips of a rubberlike polyvinyl 
n-butyl ether containing an antioxidant-type stabilizer were im
mersed at 100° C. in water acidified with hydrochloric acid to 
maintain a pH of 2. That the aqueous phase penetrated into 
the polymer was shown by a cloudy opacity which developed dur
ing contact with the water. After the treated strips were dried, 
there was no evidence of change in color, tackiness, or rubbcrlike 
extensibility. Viscosities of the polymers in benzene solution

T a b l e  X. S t a b i l i t y  o f  P o l y v i n y l  « - B u t y l  E t h e r  t o  D i l u t e  
A q u e o u s  H y d r o c h l o r ic  A c id  a t  p H  2

Viscosity vtp/C*
Tim e of Treatment 

at 100° C.
Control untreated 
10 minutes
1 .0  hour
5 .0  hours
Flow time of 10 ml. benzene, sec.

0.10 g./100  ml. 0.20 g./100  ml.
3 .8
3 .9
3.9
3 .9

79.1  (tube II)

4 .1
4 .2
4 .1
4.1

57.3  (tube I)
* Viscosities of benzene solutions determined at 25° C. using U bbelohde 

viscometer tubes.

using two different concentrations and two different viscometer 
tubes showed essentially no change. Stabilized polyvinyl alkyl 
ethers are also relatively stable to alkali.

E f f e c t  o f  M i l l i n g  P o l y v i n y l  A l k y l  E t h e r s . The British 
patent mentioned (23) states that antioxidant-type stabilizers are 
effective in preventing breakdown of polyvinyl ethers by knead
ing and other mechanical treatment. The present authors found 
that this is not always true in the case of working polyvinyl alkyl 
ethers on the rubber mill. As in the case of many rubbers, the 
milling of polyvinyl ethers containing antioxidants near room tem
perature has more rapid degrading action than milling at moder
ately elevated temperatures—for example, 60° C. Whether or 
not profound changes occur on the rubber mill seems to depend 
most upon the internal structure of the polymer as related to the 
method of polymerization. The case of polyvinyl isobutyl ethers 
of higher viscosity is particularly interesting in this respect.

R R '

Figure 4. Representation o f  Polyvinyl Alkyl Ether Chain

With slow polymerization near —80° C., stabilized polyvinyl 
isobutyl ethers are obtained which are substantially nontacky and 
quite stable to milling. These polymers can be milled for half 
an hour at room temperature with comparatively little break
down in viscosity or increase in tackiness. Oppanol C, vinyl iso
butyl ether high polymer submitted from Germany through 
United States Army Intelligence, was found to behave very dif
ferently on milling under the same conditions. Oppanol C 
breaks down rapidly on the mill, accompanied by a loud crackling 
noise, to give a soft, tacky polymer of low viscosity. The experi
mental polyvinyl isobutyl ethers which mill quietly and with 
little change can have viscosities, as measured in dilute solution 
in benzene, which lie in the same range as the viscosity of Oppanol 
C. Oppanol C is reported to have been made by rapid continu
ous polymerization of vinyl isobutyl ether at about —40 0 C. using 
boron fluoride as catalyst (11). The method is similar to that 
described in a United States patent (36).

Incorporating a superior heat stabilizer into Oppanol C did not 
improve its stability to milling. Differences in solubility behav
ior of the two types of polyvinyl isobutyl ether in paraffin wax, 
in Nujol, and in ieri-butanol also indicate that differences exist 
between the internal structures of the polymer chains in the two 
cases. The degree of branching or the shapes of the chains (coil 
or spiral), as determined by the distribution of alkoxy groups on 
either side of the vinyl chain, may be involved. The latter effect 
was suggested by Huggins (22) as a cause for differences between 
vinyl polymer chains produced by polymerization at different 
temperatures. For example, the repulsion or crowding of
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neighboring large —OR groups (Figure 4), both lying in the plane 
above the paper, might cause a bending of the polymer chain.

Table XI shows approximate molecular weights of some of the 
types of polyvinyl ethers under consideration. These data were 
obtained by the light scattering method by P. P. Debye. The 
results are tentative in that any possible dissymmetry of the 
angular scattering was not taken into account. All data were 
obtained by extrapolation to zero concentration in benzene solu
tion. The procedure and apparatus were described recently {12).

T a b l e  XI. M o l e c u l a r  W e i g h t s  o p  P o l y v i n y l  E t h e r s  b y  
L i g h t  S c a t t e r in g

Polymer
Oppanol C 
PV I (302)
PV N  low (G1455) 
P V N  medium (G1658) 
P V N  high (G1256)

Physical Form
Tacky rubbery solid 
Non tacky solid 
Viscous liquid 
Soft rubbery solid 
Rubbery solid

Vtp/ C M ol. W t.
4 .3 600,000
1.6 219,000
0 .5 118,000
5 .0 545,000
7 .8 810,000

The physical properties of the polyvinyl alkyl ethers are inter
esting in relation to the mechanism of pressure-sensitive tack and 
adhesion. Fractionation experiments showed that pressure- 
sensitive tack cannot be attributed primarily' to a low viscosity 
sticky fraction contained in the polyvinyl ethers. Although fur
ther work is in progress, it might be said that vinyl ether polymers 
possessing "lively”  pressure-sensitive tack are those having com
paratively low yield value or modulus, together with complete 
and rapid recovery for moderate deformations. Thus pressure- 
sensitive tack may involve the elastomer adhesive surface con
forming to the hills and valleys of the second surface, to bring 
about the condition of Johansson steel gage blocks, where short- 
range molecular forces can act between the two materials.
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Absorption of Oxygen by Rubbers
A. S. CARPENTER1

Dunlop Rubber Company, Ltd., Erdington, Birmingham, England

The rate o f  the rubber-oxygcn reaction bas been meas
ured at constant pressure. In the absence o f  antioxidant 
the reaction is autocataly.tic and in accordance with a free 
radical chain mechanism. In the presence o f  antioxidant, 
oxidation depends upon the form ation o f  an equilibrium 
proportion o f  an unstable catalyst o f  considerable per
sistence, and reaches a constant dynam ic equilibrium 
rate xvhicb is greater, the greater the oxygen pressure. 
Manometric m ethods o f  investigating the reaction lead to 
erroneous conclusions because o f  the autocatalytic 
nature o f  the reaction in the absence o f  anlioxidant and 
because o f  the persistence o f  a high oxidation rate after 
a pressure reduction (due to the persistence o f  the un 
stable catalyst) in the presence o f  antioxidant. An ap
proximate relation is deduced between oxidizability, 
specimen size, and uniform ity o f  oxidation for rubbers 
containing antioxidant.

SEVERAL workers have investigated the reaction between 
rubber and oxygen, in the important initial stages over which 

the rubber retains its rubbery qualities, by following the rate of 
disappearance of gaseous oxygen in a closed system. Particular 
attention has been directed toward establishing the effect of oxy
gen pressure upon the rate of the reaction. This is fundamentally 
important. Also, in the surface of the rubber the oxygen concen
tration consistent with the pressure of oxygen in the gas phase is 
maintained by dissolution, whereas in the interior, oxygen can be 
supplied only by the diffusion of already-dissolved oxygen. At 
any point in the interior the concentration which can be built up 
is determined by the rate at which oxygen diffuses in from higher 
concentration regions and out to lower concentration regions and 
by the rate at which it is used up by combination. In the in
terior, therefore, the oxygen concentration, and hence the reaction 
rate, corresponds to a gas pressure different from that of the 
surrounding free gaseous oxygen.

One method which was used, notably by Williams and Neal
(14) and Morgan and Naunton (IS), for the fundamental investi
gation of the rubber-oxygen reaction has the advantages of 
simplicity and ease of operation. It consists in confining the 
rubber specimen in an oxygen-filled vessel connected to a vertical 
tube dipping into mercury. Oxygen pressure falls spontaneously 
as oxygen combines, and mercury ascends the vertical tube. At 
any particular stage in the experiment the position of the mer
cury meniscus in the tube gives the oxygen pressure, and its rate 
of movement gives the rate of combination of oxygen with the 
rubber. Williams and Neal, using finely subdivided acetone- 
extracted rubber specimens, conclude from their experiments that 
rate of oxygen combination is independent of oxygen pressure 
over most of the absorption. Morgan and Naunton, using similar 
specimens and continuing the work of Williams and Neal, chiefly 
with regard to the effect of temperature, put forward a chain re
action theory for the mechanism of the reaction, on the basis of 
the same conclusion.

The work of the investigators mentioned, however, is at 
variance with that of others using different experimental tech
niques (/ , 8,11,12) and,furthermore, their experimental method is 
not free from criticism. For example, Kohman (11), working at 
constant oxygen pressure over the whole range of oxidation up to 
résinification, showed that the reaction is autocatalytic; conse-

1 Present address, Courtaulds, Ltd., Foleshill Road, Coventry, England.

quently time effects other than those arising from the diffusion 
process may be operative and may vitiate the results of mano
metric experiments. Also, investigators in this field are generally 
agreed that the higher oxygen pressures favor the more rapid 
oxidation (usually judged by the decay of tensile properties), as 
shown by the common practice of assessing the oxidation re
sistance of technical products by accelerated aging in the Bierer- 
Davis pressure bomb. Furthermore, although a quantity of 
oxygen sufficient to cause a considerable modification of the 
physical properties of the rubber combines during an experiment 
(10,11) direct comparisons are made between the initial and final 
stages without evidence that the changed degree of oxidation has 
no effect upon oxidation rate.

The investigation outlined in the present account was com
menced with the following aims in view: (a) to try out a modi
fied manometric apparatus which was believed would have ad
vantages over the simple Williams and Neal type; (b) using this 
apparatus to investigate the value of the manometric method as 
a tool for a fundamental investigation (?) and as a means of de
termining and comparing the resistance to oxidation of specimens 
of technical rubbers; and (c) to investigate the physical chemistry 
of the reaction between rubber and oxygen. A preliminary note 
on some of the results of this investigation has been published 
previously (4).

M ODIFIED M ANOMETRIC APPARATUS

The apparatus differed considerably in detail from the simple 
Williams and Neal apparatus but was identical in principle. It 
was so designed that absorptions could be followed over pressure 
changes of about 15 cm. of mercury, starting from any desired 
initial pressure less than about 3 atmospheres. It was independ
ent of the pressure of the atmosphere and its fluctuations. The 
apparatus w'as described previously (S) in connection with ex
periments to determine the solubilities and diffusion coefficients of 
gases in rubbers. By the use of this apparatus the rate of oxygen 
absorption at any pressure within the chosen range may be cal
culated from readily ascertainable data.

EXPERIM ENTS W ITH M ANOM ETRIC APPARATUS

The state of subdivision necessary for substantially uniform 
oxygen concentration and, hence, oxidation throughout a rubber 
specimen is dependent upon the susceptibility of the latter to 
oxidation, the more readily oxidizable rubber requiring the finer 
subdivision. It was considered possible that, with quite large 
specimens of more slowly oxidizing rubbers, oxidation might be 
substantially uniform and absorption rates little affected by dif
fusion.- An experiment was carried out with this possibility in 
mind. The specimens were made from the following mixture, in 
parts by weight:

Rubber (smoked sheet) 100
Sulfur 3
Zinc oxide 3 .5
Stearic acid 1.5
Mercaptobenzothiazole 1
Agerite white 0 .2 5

The mixture was vulcanized by heating for 30 minutes at 148 ° C. 
in closed molds. The specimens were in the form of cylindrical 
rods, about 5-mm. in diameter and 15 cm. long (specimens A and 
B), square sectioned rods about 1 X 1  mm. in cross section and 
not less than 5 cm. long (specimen C), and cubes of about 1.5-
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T a b l e  I. E f f e c t  o f  O x y g e n  P r e s s u r e  o n  O x y g e n  A b s o r p 
t i o n  R a t e  o f  C y l i n d r i c a l  S p e c im e n s  o f  a  S l o w l y  O x i d i z i n g  

R u b b e r  a s  D e t e r m i n e d  w i t h  M o d if i e d  M a n o m e t r ic  
A p p a r a t u s

Absorption Rate (G . O xygen /G . R ubber/D ay) 
X  10"» _______________Oxygen Pressure, 

Cm . Hg
X  10“ »

a b c d e
180.2 11.64 11.93 11.66 10.81 13.20
171.2 11.34 11.62 „ 11.35 10.43 12.80
140.2 10.00 9 .82 10.04 9.07 12.10
130.2 9.71 9.47 9.74 8.73 11.69
84.2 7 .82 8.44 8 .80 7 .7 0 9 .97
79.2 7 .77 8.27 8 .66 7 .52 9.77
44.2 5 .77 6 .05 5.84 5 .77 8 .03
37.2 5.61 5.8S 5 .68 5.57 7.79
20.2 3 .79 3 .55 3 .9 0 3 .69 4 .9 8
12.2 2 .26 2 .36 2 .54 2.11 2.79

nun. side (specimen D). The surface areas of the specimens were, 
approximately, 25 cm.2 (A and B), 75 cm.2 (C), and 120 cm.2 (D).

The experiment was carried out in darkness at 45° C., starting 
at a pressure of about 80 cm. of mercury. The period allowed for 
solution equilibrium was 24 hours. (A calculation based on the 
known solubility and diffusion coefficient of oxygon in the rubber 
showed that, if no chemical combination had occurred between 
the oxygen and the rubber, the rate of solution in the cylindrical 
specimens, at a pressure of 1 atmosphere, would have been about 
4.2 X 10“ 8 gram oxygen per gram rubber per day after 12 hours, 
and about 0.9 X 10“ 12 gram oxygen per gram rubber per day 
after 24 hours.) In each case the mercury ascended the capillary 
at a constant rate over the 15-em. range. The absorption rates, 
calculated for the conditions when the pressure of oxygen in con
tact with the specimen was 1 atmosphere, were as follows:

Specimen A B C D
Absorption rate (g. O i/g . rubber/day) X  10-» 4 .92  5 .3 7  5 .07  4 .51

The experiment was repeated using fresh specimens, one of the 
cylindrical specimens being given an 18-hour aging pretreatment 
in the Geer oven. Again in all cases the mercury ascended the 
capillaries at a constant rate. The absorption rates, calculated as 
before for an oxygen pressure of 1 atmosphere, were as follows:

Specimen A B  C D
Absorption rate (g. 02/g .  rubber/day) X  10-» 5 .4 0  5 .27  9 .5 4  6 .06

The specimen subjected to Geer oven aging was B.
Although the agreement between the results of these experi

ments is poor, the results show that there was no consistent effect 
of subdivision. Thus with this slowly oxidizing rubber it appears 
that oxidation under these conditions is substantially uniform 
throughout all of the specimens. Several other investigators 
{10, 11, IS) showed that, with slowly oxidizing rubbers, it is not 
necessary to go to an extreme state of subdivision—for example, 
crumb—in order to eliminate diffusion as a rate-determining 
process. Calculations confirm that diffusion effects had negli
gible influence on the results.

In the apparatus of Williams and Neal the change in internal 
free volume of the specimen tube during the spontaneous pressure 
change was negligible. Their conclusion that the rate of oxygen 
combination is independent of pressure depended upon this ex
perimental arrangement. The design of the present modified ap
paratus was such that the internal free volume change was an ap
preciable fraction of the total. In these experiments, therefore, 
the rate of oxygen combination was lower, the lower the oxygen 
pressure.

An experiment was carried out to determine the effect of oxy
gen pressure upon absorption rate over a wide pressure range, us
ing five identical cylindrical specimens of 5-mm. diameter. The 
specimens were made from the mixture described and were kept 
for 3 days under vacuum in darkness before test. In this experi
ment the pressure of the oxygen in contact with the specimens 
was reduced alternately in one of two ways: (a) It was allowed 
to fall spontaneously over a small pressure range as absorption 
proceeded or (5) it was artificially reduced at intervals by with
drawing oxygen from the apparatus. In this way, starting from 
a pressure of about 180 cm. of mercury, absorption rates were 
followed over spontaneous pressure decrease steps of about 10

cm. down to about 12 cm. of mercury. When the pressure was 
changed by withdrawing oxygen, 24 hours were allowed for solu
tion equilibrium. The experiment was carried out in darkness at 
45° C. The results are given in Table I. The specimens were 
kept for 3 days under vacuum in darkness, and a repeat experi
ment was carried out on them. The results were in general agree
ment with those of the first experiment.

Starting with pressures of 180, 140, and 84 cm. of mercury, the 
rate of rise of mercury in the capillaries during the spontaneous 
pressure-fall steps was constant in any one case but was not the 
same for any one specimen for the three steps. With a starting 
pressure of 44 cm. of mercury there was a tendency in all cases 
for the rate to decrease with spontaneous decrease in oxygen 
pressure. At a starting pressure of 20 cm. of mercury the tend
ency was marked. In Table I absorption rates have been cal
culated for the oxygen pressures at the beginning and at the end 
of the spontaneous pressure changes.

It is seen that absorption rate is markedly dependent upon 
oxygen pressure. This is in agreement with the findings of Ing- 
manson and Kemp (5); by following decay of physical proper
ties, they showed that, for oxygen pressures less than about 
4 atmospheres, absorption rate increases with oxygen pressure. 
The results, however, are unsatisfactory, because a graph shows 
that, in any one case, the short curves corresponding with the 
spontaneous pressure decreases do not lie on one continuous 
curve. Very roughly, absorption rate is proportional to the square 
root of the oxygen pressure, a result in agreement with the findings 
of van Amerongen (1) and of Milligan and Shaw {IS ).  These ex
periments show that results with the manometric apparatus are 
not independent of the arbitrary conditions of the experiment. 
The progressive change in the condition of the rubber at each 
step, due to oxidation during the preceding steps, does not af
fect the absorption rate at that particular step, because the repeat 
experiment on the same specimens gave similar results. The re
producibility of results with the same specimen, however, does 
not exclude the possibility that the initial stages of oxidation in a 
particular step might affect the later stages of that step.

In all the experiments with this modified manometric appara
tus the agreement was poor among results of experiments differ
ing only in insignificant detail. This was considered surprising in 
view of the known reliability of the apparatus used in a slightly 
different connection (S), and in view of the fact that the result of 
each individual determination could be quoted with considerable 
accuracy— that is, having regard only to the accuracy with which 
the relevant experimental data could be ascertained.

From the nature of the results of these experiments it appears 
that they are affected by an unappreciated factor inherent in the 
method. Moreover, it is fundamentally unsound to allow both of 
the interdependent variables, oxygen pressure and oxygen com
bination rate, to change without control. All further work was 
carried out at constant oxygen pressure.

These criticisms of the manometric method do not necessarily 
apply to the work of Dufraisse (6), who used it under carefully 
standardized conditions as a routine test for the estimation of the 
oxidizability of various rubbers.

C O N STA N T P R E SSU R E  A PPAR A TU S

Milligan and Shaw {IS ) and van Amerongen {1) described ap
paratus for measuring the oxygen absorption of rubbers at more 
or less constant total gas pressure by methods involving the man
ual adjustment of the pressure from time to time. These methods 
were unsatisfactory for the present purpose. Kohman {11) de
scribed apparatus in which the pressure was automatically' kept 
constant. It was, however, designed to measure the total absorp
tion of oxygen over the complete range up to resinification, and 
was not considered capable of sufficient refinement to allow accu
rate measurement of very small oxygen absorption rates.

Figure 1 shows the apparatus designed and used for measuring 
oxygen absorption rates at constant pressure. It consisted of 
bulb B, of about 700-cc. capacity, with an extension, D, of 2-cm.
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diameter and 6-cm. length connected to a horizontal capillary, 
C, 14 cm. long and uniform in bore (0.0104 cc. per cm.), marked 
off in centimeters by etched lines. The end of the capillary far
thest from bulb extension D was connected directly to specimen 
bulb A (which was sealed on afresh for each new specimen) and 
continued through tap T2 to the top of bulb B. The system con
tained a side tube with a tap, Ti. Bulb extension D served as a 
reservoir for a light paraffin oil freed from readily volatile constit
uents. The quantity of oil used was such that, when the capil
lary was horizontal, it rose into the capillary and the equilibrium 
position of its meniscus was at the end near the reservoir. Be
cause of the great cross-sectional area of the reservoir compared 
with that of the capillary, movement of the oil meniscus along the 
capillary caused only a very small change in oil level in the reser
voir. The oil meniscus in the capillary showed little tendency to 
move toward the reservoir when it was placed at the end of the 
capillary farthest from the reservoir and was free to move. Ad
justment of the oil meniscus to any desired position in the capil
lary could be accomplished by tilting the apparatus with tap T2 
open.

For normal use the apparatus was connected by means of the 
side tube and tap T\ to a mercury manometer, a vacuum pump, 
and an oxygen cylinder. During an experiment the whole of the 
apparatus shown in the diagram was contained in a thermostat of 
temperature constant to within 0.02° C. The oxygen absorption 
rate of a rubber specimen was deduced from the movement of the 
oil meniscus in the capillary when, with the apparatus filled with 
oxygen at the desired pressure, gaseous connection between 
the specimen bulb and the large bulb was severed by turning off 
tap T2. The disappearance of oxygen from the gaseous phase in 
the specimen bulb caused the oxygen in the large bulb to force the 
oil along the capillary. The volume swept out by the oil men
iscus was a measure of the volume of oxygen absorbed.

Calculation shows that using the following equation as an ap
proximation :

where Vi =  internal free volume on large bulb side of apparatus 
from oil surface in reservoir to tap T2 

internal free volume of specimen bulb and connec
tions from oil meniscus in capillary to tap T2 

cross-sectional area of capillary 
volume of oxygen (measured at pressure of experi

ment) absorbed by specimen 
movement of oil meniscus along capillary resulting 

from absorption

V2 =

b 
v

The error involved for an average actual value of V2 — 30 cc. is 
about 0.7% at 1 atmosphere, 1.3% at Vs atmosphere, and 2.5% 
at "/a atmosphere. This approximation was considered to be 
sufficiently close; the factor (V, +  VJ)/Vi was applied in the 
calculation of results. The change of pressure of the oxygen 
surrounding the specimen, as the oil meniscus moves 10 cm. along 
the capillary, is about 0.02% of the original pressure. This was 
considered to be negligible.

The use of oil instead of mercury as the indicating liquid in the 
apparatus needs justification. Its main advantages and the 
reasons for which it was chosen are twofold: (a) The oil shows no 
tendency to stick in capillaries; (6) gas pressure errors arising 
from incorrect leveling of the capillary and from the change in 
liquid level in the reservoir due to movement of the meniscus 
in the capillary are minimized because of the low specific gravity 
of the oil. The disadvantages are its volatility at low pressures 
and its solvent power for gases. The former was overcome by 
never using pressures lower than 0.2 cm. of mercury. When the 
complete removal of oxygen from the apparatus was necessary, 
it was displaced by nitrogen.

The apparatus was tested in several ways to ensure that the 
rate of movement of the oil meniscus in the capillary was an ac
curate measure of the rate of disappearance of gas through the 
specimen tube side arm. All of the tests were satisfactory and 
showed that the apparatus was capable of giving trustworthy re
sults. The only correction necessary was that arising from the dis
solution of oxygen in the oil of the reservoir; the correction was

Oxygen Pressure

necessary only in determinations with rubbers giving very slow 
meniscus movement rates (of the order of 10 cm. per day) during 
the first few hours after the pressure change. In the calculation of 
the results the appropriate correction, determined by experiment, 
was applied where necessary. The method of using the apparatus 
for the determination of oxygen absorption rate of rubber was as 
follows:

The rubber specimen was sealed into a glass bulb with as little 
free space left as was conveniently possible. This specimen bulb 
was then sealed onto the apparatus, and, when required, an 
opaque covering was placed around it. The completed apparatus 
with tap Ti open was placed in the thermostat and, together with 
all connecting tubes, alternately evacuated and filled with oxygen 
until all gases other than oxygen were removed. The apparatus 
was then filled with oxygen at the desired pressure. Oxygen be
gan to dissolve in the rubber and was used up by oxidation. After 
a time interval determined by experiment (Table II), absorption 
was entirely due to chemical combination of oxygen. Tap Tt 
was turned off, and the rate of disappearance of oxygen from the 
gas phase in the specimen bulb was measured by the rate at which 
the oil moved along the horizontal capillary. When the oil 
reached the specimen tube end of the capillary, tap T2 was 
opened and the meniscus returned to the reservoir end ready for a 
subsequent determination. Similar determinations at other pres
sures could be made either by the evacuation procedure or by 
simply introducing or withdrawing oxygen.

The work carried out with the constant pressure apparatus and 
recorded here is in the nature of a preliminary investigation 
searching out the field for future, more rigid, treatment. Never
theless, a broad interpretation confirms the essential invalidity of 
deductions based on work carried out with the manometric type 
of apparatus, indicates the reasons, gives the required background 
for a general investigation of the oxygen-rubber reaction, and 
gives a new basis for the theoretical treatment of the problem.

RAPIDLY O XID IZIN G  VULCANIZED RUBBER

In order to check the reproducibility of results on a rubber speci
men, an experiment was carried out with a rapidly oxidizing 
rubber prepared by heating the following mixture for 40 minutes 
at 145° C. in a closed mold (in parts by weight):

Rubber (deproteinized by centrifugal purification of 
latex, and containing 0.25%  added antioxidant) 100

Sulfur 3
Zinc oxide 5
Diphenylguanidine 1 .5

The 8-mm.-thick slabs of the vulcanized material were kept at 
laboratory temperature in the dark and, when required for testing 
were reduced to a crumb of particle diameter about 0.3 mm. by pas
sage through a cold friction mill at a tight nip. The temperature
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Oxygen Pressure, Cm. Hg
Figure 2. Effect o f  Oxygen Pressure on Constant- 
Pressure Absorption Rate o f  Diphcnylguanidine- 

Vulcanlzed Deprotcinizcd Rubber
UUing PrcRHur«

o
A  •

First experiment 
Second experiment

Fulling Pressure

□

o f the experiment was 40° C., the oxygen pressure 75.2 cm. mer
cury, and the time allowed for solution equilibrium 2 hours. 
Five estimations were made without altering the conditions, the 
rates of movement of the oil meniscus being 1.80, 1.74, 1.68, 
1.66, and 1.84 cm. per minute. The total consumption of oxygen 
■during the experiment was about 0.04% by weight, 0.02% during 
the equilibrium period, and 0.02%  during the absorption rate 
measurements. The results showed merely random variation; no 
consistent trend was apparent with increase in combined oxygen 
proportion.

Ingmanson and Kemp (9), working at more or less constant 
pressure and estimating combined oxygen by direct weighing and 
by decay of physical properties, also found that the absorption 
rate of antioxidanted rubbers attains a constant value. It is prob
able that in Kohman’s work {11) antioxidant became oxidized 
•away in the early stages, and the behavior noted was the auto- 
catalytic reaction of nonantioxidized rubber. Another specimen 
of the same rubber mixture was used to find the effect of oxygen 
pressure on absorption rate. The experiment was carried out at 
40 ° C. and the time allowed for solution equilibrium after a pres
sure change was 30 minutes. Two experiments were carried out 
on the same specimen on consecutive days, with the apparatus 
left evacuated overnight. Figure 2 shows the results. The total

consumption of oxygen during the first experiment was about 
0.13% by weight on the rubber, and during the second, about 
0.16%. The good agreement between the results with increasing 
oxygen pressure and those with decreasing pressure shows that 
30 minutes was a sufficient time for equilibrium and that an in
crease in combined oxygen proportion of the order of 0.15% is 
without considerable effect upon oxygen absorption rate. The 
results show that oxygen absorption rate is greater, the greater 
the oxygen pressure. This is contrary to the findings of Williams 
and Neal and Morgan and Naunton but is in agreement with the 
results of the experiment already described here in which the oxy
gen pressure was artificially reduced at intervals in the manomet
rie type of apparatus.

SMOKEI) SHEET RUBBER

A piece of smoked sheet rubber was taken from the center of a 
substantial block and passed through a cold friction mill at a 
tight nip to reduce it to a thin, rough sheet of about 0.5-mm. aver
age thickness. Smoked sheet rubber is known to absorb oxygen 
at a comparatively slow rate, and it was considered that the ra
tio of surface area to volume ratio of the specimen in this form was 
sufficiently great to ensure practically uniform oxygen concentra
tion throughout the rubber during the oxidation. This was sub
stantiated by calculations given later in the paper. A rectangu
lar piece of the sheet was placed on a piece of filter paper, and fil-

T a b l e  II. R a t e  o p  D is s o l u t io n  i n  0.2 C m . C u b e s  o p  G a s -F ree
S m o k e d  S h e e t  R u b b e r  a t  40° C., i n  C o m p l e t e  D a r k n e s s

R ate of Movement
Oxygen Pressure“ , Tim e after Start, of Oil Meniscus,

Cm. Hg Hr. C m ./H r.
72.9 0 .1 5 560

0 .2 5 220
0 .55 28

36.7 0 .15 480
0 .35 105
0 .67 8

72.4 0 .15 468
0 .2 5 242
0 .4 0 86
0 .50 42
0 .6 0 14

74.3 0 .05 1590
0 .1 0 860
0 .15 550
0 .25 253
0 .37 105
0 .48 48
0 .80 4

Oxygen Pressure, Cm. Hg
Figure 3. Effect o f  Oxygen Pressure on Constant- 
Prcssure Oxygen Absorption Rate o f  Unvulcanized 

Smoked Sheet Rubber

° Rates of movement at different pressures are strictly comparable be
cause solubility, measured as volume of gas at pressure of the experiment, 
is independent of gas pressure.

ter paper and specimen were rolled together loosely on a glass 
rod for sealing into the specimen bulb. Absorption rate determina
tions were carried out on this specimen at several oxygen pres
sures. The equilibrium period— that is, the period during which 
the pressure was unaltered, immediately prior to an absorption 
rate determination-—-was in no case less than 40 hours and in most 
cases considerably more. The temperature of the experiment 
was 40 0 C. The results are shown in Figure 3. Determinations 
A, D, E, and F were, for the most part, carried out overnight— 
that is, in darkness—whereas B and C were carried out under 
conditions of feeble illumination by stray light. The total con
sumption of oxygen was about 0.005% by weight on the rubber. 
At the conclusion of the experiment the specimen was found to be 
unchanged, as far as could be determined from its behavior on the 
mill.

G R -S

Absorption rate determinations carried out on a butadiene- 
styrene copolymer synthetic rubber composition (GR-S) gave 
the results shown in Figure 4. This material is not a pure sub
stance but contains, in addition to the polymeric material, small
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proportions of fatty acids, soaps, and antioxidants. It contains 
about 93% by weight of the copolymer. The specimen used con
sisted of 0.2-cm. cubes of the untreated, unvulcanized GR-S cut 
from a piece taken from the interior of a substantial block. It 
was known that GR-S absorbs oxygen at approximately the same 
slow rate as does smoked sheet rubber, and it was considered that 
this state of subdivision was sufficient to ensure substantially uni
form oxygen concentration throughout the material during oxi
dation. Calculations show' that this was justified. The tempera
ture of the experiment was 40° C. and the equilibrium period 
for each determination not less than 39 hours and, in most cases, 
considerably more. All of the determinations were carried out for 
the most part in complete darkness. The total consumption of 
oxygen was about 0.006% by weight on the copolymer.

The specimen was examined at the end of the experiment and 
found to be insoluble in the usual solvents for fresh, unvulcanized 
GR-S. It had been in the thermostat at 40 ° C. for 26 days.

In these experiments with GR-S it was found that the small 
amount of stray, diffuse, filtered light reaching the specimen might 
have a measurable effect upon the absorption rate. None of the 
results of the experiments described, however, were considerably 
affected by light conditions. All of the further experiments to be- 
described were carried out under conditions of complete darkness 
by enclosing the specimen tube and all adjacent glass connecting 
tubing in an opaque covering.

ABSORPTION RATES AFTER PRESSURE CHANGE

In the constant pressure experiments described, the oil menis
cus moved along the horizontal capillary at a constant rate, and 
repeat determinations on the same specimen—that is, at dif
ferent combined oxygen contents—gave the same results within 
a reasonable experimental error. There was no evidence that 
the absorption rate at any one pressure increased with increase in 
combined oxygen content. The absorption rate measurements in 
all cases, however, were made after an equilibrium period. This 
was 30 minutes in the case of the rapidly oxidizing, diphenylguan- 
idine-vulcanized, deproteinized rubber, not less than 40 hours 
in the case of the smoked sheet rubber, and not less than 39 hours 
in the case of GR-S. These periods were allowed primarily for 
the attainment of solution equilibrium. An experiment was car
ried out, again using unvulcanized smoked sheet rubber as the 
specimen, first, to confirm that the dynamic equilibrium absorp-

Oxygen Pressure, Cm. Hg

Figure 4. Effect o f  Oxygen Pressure on Constant- 
Pressure Oxygen Absorption R ale o f  Unvulcanized 

GR-S

T a b l e  I I I .  C o n s t a n c y  o f  A b s o r p t io n  R a t e  o f  S m o k e d  
S h e e t  R u b b e r  o v e r  L o n g  P e r io d s  a f t e r  S o l u t io n  E q u i l i b 

r iu m  a t  40° C . i n  C o m p l e t e  D a r k n e s s

Oxygen Absorption Rate, Total Absorption,
Pressure, Tim e after G. O xygen/G . G. O xygen/G .
Cm. Hg Start, Hr. R u bber /D ay Rubber

72.9 80-104 4 .8 5  X  10-« 0 .3 6  X  10-«
120-132 4 .8 3  X  10-«
150-175 4 .8 5  X  10-«

50.0 4 5 - 67 3 .3 7  X  10"« 1.26  X  IO"*
6 9 - 92 3 .3 0  X  10"«

574-597 3 .7 2  X  10-«
694-723 3 .5 7  X  10-«
844-867 3 .43  X  10-«

T a b l e  I V .  I n i t i a l  H ig h  A b s o r p t io n  R a t e  o f  S m o k e d  S h e e t  
R u b b e r  a f t e r  P r e s s u r e  R e d u c t io n  a t  40° C . i n  C o m p l e t e  

D a r k n e s s

Previous Exposure
to Oxygen New Oxygen Tim e after Absorption R ate0,

Pressure, Duration, Pressure, • Pressure G . O xygen/G .
Cm. H g Hr. Cm . Hg Change, Hr. R u bber/D ay

74 .2  143 36 .5  0b 7 .0  X  10-«
3 6 .2  X  10-«
6 5 .3  X  10"«
9 4 .6  X  10-«

12 3 .9  X  10“«
25 3 .4  X  10"«
30 3 .0  X  10-«
35 2 .8  X  10-«
40 2 .8  X  IO"«
45 2 .8  X  IO“ -
65 3 .1  X  10“ «

73.6  144 38.6  0 6 7 .2  X  10-«
3 6 .6  X  10-«
6 6 .0  X  10"«
9 5 .1  X  10"«

12 4 .5  X  10-«
30 2 .7  X  10"«
50 2 .9  X  10-«

°  Deduced from the slope of the tangent to the scale reading against time
graph.

b B y extrapolation to zero time of the scale reading against time graph.

tion rates remained constant over extended periods and, second, 
to investigate the absorption rate in the period immediately after 
the attainment of solution equilibrium in the rubber.

The specimen consisted of rough cubes of unvulcanized 
smoked sheet rubber, about 0.2-cm. on each side, cut from a piece 
taken from the center of a substantial block. Before this experi
ment was begun, calculation had shown that the oxidation rate of 
smoked sheet was sufficiently slow to enable cubes of this size to 
be used with negligible error from diffusion effects.

In four experiments in which oxygen was introduced into the 
apparatus after a long period of evacuation (to about 0.2 cm. of 
mercury), the rate at which oxygen dissolved was determined 
from time to time soon after the start. The results (Table II) 
show that solution is practically complete after 0.80 hour. It 
was considered that gas absorbed for the attainment of solution 
equilibrium would be a negligibly small fraction of that absorbed 
for combination with the rubber after 2 hours.

Two experiments were carried out in which the oxygen pressure 
remained constant over a long period. Determinations carried 
out from time to time during that period showed that absorption 
rates remained constant within a reasonable experimental error 
(Table III).

Experiments were performed in which the specimen was ex
posed to oxygen at constant pressure long enough to al
low attainment of the dynamic equilibrium state of absorption at 
a constant rate; then the pressure was quickly reduced and again 
kept constant. It was found that, although the absorption rate 
eventually became equal to the rate consistent with the new 
pressure, a high initial rate persisted for several hours in diminish
ing degree (Table DO- For a reduction of pressure from approxi
mately 1 to approximately 0.5 atmosphere, the initial high rate 
was more than twice as great as that finally attained after 30- 
to 35-hour exposure to the lower pressure. The persistence of an 
effect upon absorption rate at one pressure, immediately follow-
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Oxygen Pressure, Cm. Hg
Figure 5. Effect o f  Oxygen Pressure on Constant- 
PreSsure Oxygen Absorption Rate o f  M ercaptobenzo- 

thiazole-Vuleanized Smoked Sheet Rubber

ing previous exposure to a higher pressure, affords a possible ex
planation for the apparent independence of absorption rate of 
oxygen pressure shown in experiments carried out with the mano
metrie type of apparatus. In this apparatus the pressure continu
ally falls; hence the absorption rate at any stage is greater than 
the rate consistent with the oxygen pressure at that stage.

In the previously described experiments using unvulcanized 
smoked sheet rubber and GR-S, the equilibrium periods were in 
all cases 39 hours or more, so that the results given in Figures 3 
and 4 are not vitiated by the time effects described. Although 
the pressure changes in the experiments using the diphenylguani- 
dine-vuleanized, deproteinized rubber were comparatively small, 
the fact that equilibrium periods of 30 minutes -were sufficient for 
the establishment of the dynamic equilibrium states suggests 
that the time effects already described are less marked with the 
more rapidly oxidizing rubber. This was confirmed in a series of 
experiments carried out on smoked sheet rubber vulcanized with 
mercaptobenzothiazole, intermediate in oxidizability between 
the two extremes previously investigated.

VULCANIZED SM OKED SHEET RUBBER

The unvulcanized mixture consisted of the following ingredi
ents, in parts by weight:

It was vulcanized by heating for 90 minutes at 141 ° C. The vul- 
canizate was reduced to a finely subdivided form by passage 
through a friction mill at a tight nip. Part of the resulting crumb 
was extracted for 40 hours with acetone in a Soxhlet apparatus 
and, after extraction, acetone was removed by prolonged evacua
tion. Both the extracted and the unextracted portions were 
kept under vacuum at room temperature in complete darkness 
until required for the oxygen absorption rate determinations, 
which were carried out at 40 0 C.

Specimens taken from the portion which had not undergone 
extraction with acetone gave results similar to those obtained for 
the unextracted vulcanized and unvulcanized rubbers; that is, 
at constant oxygen pressure, oxygen absorption rate reached a 
constant value which increased with increasing oxygen pressure 
(Figure 6).

In an initial stage specimens taken from the acetone-extracted 
portion also behaved similarly. Up to a total oxygen uptake of 
about 1.0-1.5 X 10~* grams oxygen per gram rubber, the oxida
tion rates reached constant values at constant pressures, the 
equilibrium rates being greater with the greater oxygen pres
sures. This stage occurred only once with each specimen.
. After this proportion of oxygen had combined, however, oxi
dation behavior became strikingly different. At any one con
stant pressure the oxygen absorption rate increased as oxidation 
proceeded, and no dynamic equilibrium state of absorption at a 
constant rate was reached (Table V I). An alteration of the oxy
gen pressure from one constant value to a new constant value 
caused an approximately proportionate change in absorption

T a b l e  V . I n i t i a l  H i g h  O x y g e n  A b s o r p t io n  R a t e  o f  
V u l c a n iz e d  S m o k e d  S h e e t  R u b b e r  a f t e r  P r e s s u r e  

R e d u c t io n

Previous Exposure 
to Oxygen

Pressure, Duration, Pressure, Pressure
Cm. H g Hr. Cm . Hg Change, H r.°

75.4 50 33.3 1

7 5 .0 ' 72 37.4

24
72

1
2
6

24
28
72

Absorption Rate, 
G . O xygen/G . 
R ubber/D ay
4 .4  X  10"*
3 .6  X  10-*
3 .7  X  10-*
4 .7  X  10-*
4 .7  X  10-* 
4 .3  X  10-*
4 .0  X  10-* 
3 .9  X  IO"*
4 .0  X  10-*

°  Tim e for solution equilibrium in the rubber, 30 minutes.

Smoked sheet rubber 100
Sulfur 2 .5
Zinc oxide 5
Stearic acid 1
Mercaptobenzothiazole 0 .5

It was vulcanized in the form of l-mm.-thick sheets by heating 
in a closed mold for 40 minutes at 138° C. These sheets were 
passed through a cold friction mill at a tight nip to produce an 
irregular sheet of 0.2-mm. average thickness, which was rolled 
onto a glass rod together with a sheet of filter paper for sealing 
into the specimen bulb. The temperature of the experiment was 
40 0 C. Figure 5 shows the relation between the dynamic equilib
rium absorption rate and oxygen pressure; Table V gives data 
on the time effect resulting from a pressure change.

EFFECT OF EXTRACTION W ITH  ACETONE

A comparison was made of the oxygen absorption behavior of a 
rapidly oxidizing rubber, with and without previous extraction 
with acetone. The mixture consisted of the following ingredients, 
in parts by weight:

Rubber (pale crepe) 
Sulfur 
Zinc oxide 
Diphenylguanidine

100
3
5
1.6

Oxygen Pressure, Cm. Hg
Figure 6 . Effect o f  Oxygen Pressure on Constant- 
Pressure Absorption Rate o f Diphenylguanidine- 

Vulcanized Rubber before Extraction with Acetone
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T a b l e  VI. O x y g e n  A b s o r p t io n  o f  A c e t o n e - E x t r a c t e d
V u l c a n iz e d  R u b b e r

Time
after Oxygen

Oxygon 
Absorption ■ 

Rate, G ./G .

Tim e
after Oxygen

Oxygen . 
Absorption

Start, Pressure, Start, Pressure, Rate, G /G .
Hr. Cm. Hg Ilu bber/D ay Ilr. Cm. Iig R u b ber /D a y
0 Evacuation 19.0  Evacuation

15.5 76.4 64 .0 75.7
16.1 76.4 1 .78  X  10"3 64.5 75.7 2 .05  X  10-3
16.4 76.4 1.88 X  10-3 64.9 75.7 2 .22  X  10"3
16.8 76.4  • 1.99 X  10-3 65.3 75.7 2 .3 1  X  10-3
17.2 76.4 2 .0 8  X  10-3 66.3 75.7 2 .62  X  10-3
17.6 76.4 2 .1 8  X  10-3 67.2 75.7 2 .7 6  X  10-3
18.3 76.4 2 .3 5  X  10-3 67.5 75.7 2 .9 2  X  10-3
18.7 76.4 2 .4 7  X  10"3 68.1 75.7 3 .0 7  X  10-3

rate, if due account was taken of the increase which would have 
occurred had the pressure remained constant during the period 
allowed for solution equilibrium. At the new oxygen pressure 
the absorption rate continued to increase from the approximately 
proportionate value (Figure 7). When oxidation was prevented 
by the removal of oxygen by evacuation or by replacement with 
nitrogen, subsequent exposure to oxygen gave an initial absorp
tion rate lower than that of the previous exposure (Table VI).

Extraction of natural rubber (as ordinarily produced) with 
acetone reduces its resistance to oxidation by removing a natu
rally occurring antioxidant. In the experiments recorded here, all 
of the rubbers examined contained either this natural antioxidant 
or an added antioxidant, with the single exception of the acetone- 
extracted specimens. It is thought that, even in the case of these 
specimens, a small amount of residual, natural antioxidant re
mained after extraction and that, during the initial oxidation 
stage when the behavior was similar to that of the other speci
mens, the residual antioxidant was being destroyed, probably by 
being oxidized itself. In these experiments, therefore, only the 
later stage of oxidation of the acetone-'extracted specimens showed 
the oxidation behavior of a rubber in the absence of antioxidant. 
In all other cases either natural or added antioxidant was pres
ent.

CONCLUSIONS FROM  CONSTANT PRESSURE EXPERIM ENTS

A n t i o x i d a n t  P r e s e n t , (a) Oxidation at constant oxygen 
pressure reaches a dynamic equilibrium state of reaction at a 
constant rate, (b) This rate is greater the greater the oxygen 
pressure but increases less rapidly than oxygen pressure, (c) 
If, after the attainment of the state of oxidation at a constant 
rate, the pressure is reduced to a new constant value, the reaction 
rate is initially greater than that consistent with the new pressure, 
but it falls gradually, over a period of several hours, to this value. 
This effect is more marked the less readily oxidizable the rubber.

A n t i o x i d a n t  A b s e n t , (d) The reaction rate at constant 
pressure increases with increase in combined oxygen proportion, 
(e) The reaction rate at constant pressure is reduced to a lower 
new starting value by an intermediate period in the absence of 
oxygen. A considerable reduction necessitates an intermediate 
period of several hours. (/) If, after a period of oxidation at con
stant pressure, the pressure is changed to a new constant value, 
the reaction rate cnanges very rapidly in such a way that it is 
greater the greater the new pressure and vice versa.

EFFECT OF SHEET THICKNESS ON ABSORPTION RATE

By considering conditions in a thin lamina parallel to the faces 
of a uniform sheet of rubber containing antioxidant and exposed 
to oxygen maintained at constant pressure, it may be shown th at. 
when the dynamic equilibrium state of absorption at a constant 
rate has been attained,

d2c _  a . 
dxs ~ D  (c)

where c = oxygen concentration at a distance x from either face 
of the sheet 

i7 =  quantity of rubber in unit volume 
D =  diffusion coefficient of oxygen in the rubber 

F(c) =  quantity of oxygen which reacts with unit quantity 
of rubber when oxygen concentration is maintained 
at c
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Figure 7. Constant-Pressure Oxidation Behavior 
o f Diphenylguanidine-Vulcanized Rubber after 

Extraction with Acetone

By making assumptions as to the nature of the function F(c), 
this equation may be integrated and the integration constants 
evaluated by using the conditions of symmetry about the center 
plane and of equilibrium between the oxygen in an infinitesimally 
thin surface film and the free gaseous oxygen (S, 5). The result
ing relations can be used to determine the concentration gradient 
at the surface and, hence, the absorption rate. Guided by the 
results of the experiments described, it is tentatively assumed 
that reaction rate is directly proportional to oxygen concentra
tion. This assumption leads to the following relation:

dQ
dt

tanli A X

= kc, AX
2

where dQ
dt
X
c,

k
As

oxygen absorption rate 
thickness of sheet
solubility of oxygen in rubber at external oxygen 

pressure
proportionality constant relating F(c) and c
ko-
D

If <p is defined as the ratio of the absorption rate of sheets of 
thickness X  to that of the same quantity of the rubber in the form 
of infinitesimally thin sheets, it may be shown that

tanh
*  =

A X
ET

A X
2

This relation is applied to the particular cases of natural rubber 
specimens containing no fillers. Suppose that, at 40 0 C.,
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Ao =  absorption rate for infinitesimally thin sheets in grains 
oxygen per gram rubber per day at 1 atmosphere oxygen 
pressure, and

s =  solubility of oxygen in the rubber in grams oxygen per cc. 
rubber per atmosphere oxygen pressure

By definition,

k = Ao/s

If we consider a specimen produced from a mixture such as the 
following, in parts by weight,

Rubber 
Sulfur 
Zinc oxide 
Stearic acid 
Accelerator

then we may put
D =  0.231 sq. cm./day* 
s =  1.16 X 10'"! gram/cc./atm.* 
a — 0.S9 gram/cc.

* From unpublished work by  the author.

Substituting these values,

X =  182 v ^ A o c m .-1

and hence
, _ tanh 91X ■%/At 

* ~  91X V 5

where X  is measured in centimeters. Table VII gives the values 
of it for several values of A 0 and several values of X. It is evident 
that, even with the more rapidly oxidizing rubbers, sheets of sub
stantial thickness give absorption rates closely approximating 
those for infinitesimally thin sheets. With slowly oxidizing rub
bers the approximation is close for sheets of considerable thick
ness. Further subdivision of sheets into rods or cubes gives val
ues for <f> still closer to unity than those shown in Table VII. 
The results of the experiments recorded differ negligibly from 
those which would have been obtained by using infinitesimally 
finely subdivided specimens. In other words, oxygen concen
tration throughout the specimens was substantially uniform, so 
that the graphs of absorption rate against oxygen concentration 
would be of the same shape as those of absorption rate against 
oxygen pressure.

Confirmation of these conclusions was afforded by the results 
of an experiment in which the absorption rate of lightly mas
ticated pale crepe rubber was determined using specimens in the 
form of cubes of about 3-mm. side and a cylinder of 1.4-cm. di
ameter and 25-cm. length. The determinations were carried out 
at 40° C. with an oxygen pressure of 75.0 cm. of mercury under 
conditions of complete darkness. The eauilibrium absorption 
rates were 1.32 X 10~B and 1.39 X 10_s gram oxygen per gram 
rubber per day, respectively. The good agreement shows that 
with both specimens oxygen concentration was substantially 
uniform throughout and that, at 40° C. with specimens at least as 
great as the cylinder, diffusion is negligible as a rate-determining 
factor with this particular rubber.

D ISCU SSIO N

The oxidation behavior of natural rubber in the absence of an
tioxidant is in agreement with the free-radical chain reaction the
ory for the oxidation mechanism of simple, unconjugated olefins 
proposed by Bolland and Gee (2), which was based upon experi
mental work carried out chiefly on ethyl linoleate.

Sufficient data are not yet available for the extension and modi
fication of this mechanism* to include the oxidation behavior of 
rubbers in the presence of antioxidant. The attainment of a 
dynamic equilibrium oxidation state, however, suggests that an 
antioxidant produces its effect by controlling and maintaining at 
a low constant value the concentration of the first oxidation prod
uct, the hydroperoxide ROOII (7) (where RH designates the rub-

T a b l b  V I I .  V a l u e s  o f  <p f o r  S e v e r a l  V a l u e s  o f  A<r a n d  X
 ^ _

At =  At =  At == At =  Ao =
X , Cm. 10-2 IO"» io-< 10"6 IQ"«

1 .0 0.11 0 .35 0 .79 0 .97 1.00
0 .75 0 .15 0 .45 0 .87 0 .99 1.00
0 .5 0.22 0.62 0 .94 0 .99 1.00
0 .25 0 .43 0.97 1 .00 1.00 1.00
0 .1 0.79 0 .97 1.00 1.00 1.00

“ In grains of oxygen per gram of rubber per day at 1 atmosphere oxygen 
pressure.

ber molecule, H being one of its a-methylenic hydrogen atoms) 
or the concentration of the free radicals R—  and R 0 2—- to which 
it gives rise and which are responsible for chain propagation.

S U M M A R Y  AND CONCLUSIONS1

Constant-prcssure oxidation experiments on natural rubber in 
the absence of antioxidant confirm that the reaction is autocata
lytic and essentially similar to that for the oxidation of simple, un- 
conjugatcd olefins. The results are in accord with a free-radical 
chain reaction mechanism. In the presence of antioxidant at 
constant pressure, rubbers reach a dynamic equilibrium state of 
oxidation at a constant rate. This rate is greater, the greater the 
pressure, but increases less rapidly than pressure. Several graphs 
are given showing the relation between equilibrium oxidation 
rate and oxygen pressure for several rubbers. If the pressure is 
reduced and again maintained constant after the attainment of 
the equilibrium oxidation rate at one pressure, the rate at the 
new, pressure falls slowly over several hours from an initial high 
value to that consistent with the new pressure. This effect is 
more marked the less susceptible the rubber to oxidation.

Methods of investigating the rubber-oxygcn reaction in which 
pressure is allowed to fall spontaneously as oxidation proceeds are 
experimentally shown to lead to erroneous conclusions. The 
reasons suggested for this are the autocatalytic nature of the re
action in the absence of antioxidants and the persistence of a high 
oxidation rate after a pressure reduction in the presence of anti
oxidant. An approximate relation is deduced between uniformity 
of oxidation, oxidizability, and specimen dimension for rubbers 
containing antioxidant.
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Naphthas from Fluid Catalyst 
Cracking

C. E. STARR, JR., J. A. TILTON, AND W . G. HOCKBERGER
Esso Laboratories, Standard Oil Company o f  Neic Jersey, Louisiana Division, Baton Rouge, La.

The compositions o f  naphthas derived from  cracking with 
Fluid Catalyst vary within wide lim its depending upon 
changes in operating conditions, types o f  catalyst em 
ployed, and feed stocks used. The com positions o f  nine 
naphthas are presented to illustrate the types o f  products 
obtained at low and high cracking temperatures w ith vary
ing cracking severities, employing clay and synthetic 
catalysts with several parailinic and naphtlicnic feed 
stocks. Composition data show that a num ber o f  valuable 
hydrocarbons, such as toluene, are present in  the cracked 
naphthas to an extent which makes feasible their removal. 
The flexibility o f  the Fluid Catalyst cracking process per
mits operations for production o f high quality fuels con 
current with a num ber o f  hydrocarbons that arc individu
ally valuable as raw materials for chemical m anufacture.

THE versatility of the Fluid Catalyst cracking process per
mits wide variation of product composition. Use of 

cracked hydrocarbons as raw materials for chemical manufacture 
has necessitated detailed hydrocarbon analyses of the naphthas 
and light ends products. Composition studies augment the usual 
process and quality data and provide a basis for planning treat
ments to make naphtha products suitable for special uses, such as 
in aviation fuels. Composition studies also establish the yields 
and concentrations of specific hydrocarbons, such as toluene and 
other relatively low boiling aromatics, and certain valuable light 
hydrocarbons; the latter include isobutane, iso'butylene, and 
normal butenes, which are employed in alkylation processes for 
the production of aviation fuels of high octane number and in 
chemical processes for the production of synthetic rubber.

Studies were made of the composition of more than 100 naph
thas representing a wide variety of conditions encountered in the 
Fluid Catalyst cracking process. These conditions comprised 
operating temperatures of 750-1000° F., feed stock conversions 
of 35-90%, clay and synthetic catalysts, and low and high boiling 
naphthenic-type and paraffinic-type feed stocks. Process data 
for such operations have been described in the literature {9, 10,
11), as have data for the quality of the Fluid Catalyst-cracked 
products (9). Compositions of nine typical naphthas, selected to 
represent a wide variation in operating conditions, are presented 
in this article.

Previously published articles regarding the composition of cat- 
alytieally cracked gasoline dealt with products from the Houdry 
fixed-bed process. One paper (2) concluded that the high octane 
number of catalytically cracked gasoline is due to the presence of 
a large excess of isoparaffins over normal paraffins in the lower 
boiling portions of the gasoline, and to a high content of aromatic 
hydrocarbons in the higher boiling fractions. Another paper (1) 
related the effects of feed stock boiling range and of cracking 
severity to the composition of the cracked gasoline.

M ETH ODS OF ANALYSIS

Total cracked products were distilled in glass stills of approxi
mately twenty-five theoretical plates at 10 to 1 reflux ratio. These 
stills had columns packed with 3/32-inch metal helices. The pots 
were of 12-liter capacity, and the reflux regulation was automa

tically timed. Ten-liter charges were segregated through this 
equipment into fractions of C< and lighter hydrocarbons, gasoline, 
and bottoms products boiling higher than gasoline. The fractions 
of C, and lighter hydrocarbons were then distilled through Pod- 
bielniak Hyd-Robot automatically controlled columns for the 
segregation of Ci fractions, which were then analyzed by infrared 
absorption spectra measurements. The naphthas were distilled 
by precise fractionation through helix-packeci columns of about 
100 theoretical plates and with 20 to 1 reflux ratio. Narrow-boil
ing fractions (usually 2 volume %  of charge) were segregated. 
Charges to these analytical distillation columns were 4000 ml., so 
that the resultant narrow fractions would amount to about 80 
ml. The boiling points of these narrow fractions were obtained 
by Cottrell distillation. Analyses were made by refractive index 
measurements and gravity, boiling point, and bromine number de
terminations.

The olefin content was calculated as mono-olefins from a modi
fied Francis bromine number (5) by the following formula:

.... ... , c , , molecular weightWt. % olefins = bromine number X  2—

The aromatic hydrocarbon content was determined by means of 
the specific dispersion, corrected for olefin content, according to 
the method of Grosse and Wackher (7). The specific dispersion 
was calculated by the following formula:

where Np =  refractive index of hydrogen F line (4861 Angstrom 
units)

No =  refractive index of hydrogen C line (6563 Angstrom 
units)

The refractive index measurements were made with a Bausch & 
Lomb precision refractometer. The correlations for aromatic hy
drocarbon content were cheeked in a number of instances by re
moving aromatics by extraction and adding back known amounts 
of aromatics to aromatic-free stocks of different compositions.

The naphthene hydrocarbon content was arbitrarily designated 
to include both cycloparaffins and cyclo-olefins. It was deter
mined by means of the specific refraction according to the Lorenz- 
Lorentz formula:

Ar* +  2 ^  d l°

where N =  refractive index of sodium D line (5893 Angstrom 
units)

The naphthene content was determined on the basis of all naph- 
thenes having an average specific refraction value of 0.3300, 
whereas the average specific refraction of paraffins varies from ap
proximately 0.3380 for a boiling point of 400° to approximately 
0.3500 for a boiling point of 100° F.

Specific refractions of cracked naphtha cuts must be corrected 
for the effect of olefins, including cyclo-olefins and also for the ef
fect of aromatics. After correction the specific refractions of cy
clo-olefins in the 100-400° F. boiling range approximate 0.3300 
fairly closely, and the specific refractions of acyclic olefins approx
imate the values for the corresponding paraffins. Consequently, 
cyclo-olefins are included once as part of the naphthenes and a sec
ond time as part of the olefins, without being determined directly 
as cyclo-olefins. Paraffins cannot, therefore, be determined as 
the difference between 100% and the sum of aromatics plus naph
thenes plus olefins. In the analysis of catalytically cracked naph
thas the practice was adopted of reporting one composition giving 
the acyclic-cyclic division and another giving the olefin-nonolefin 
division: (a) %  aromatics +  %  naphthenes +  %  acyclics =

195
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Figure I . Compositions o f  Naphthas Produced from  Paraffinic 
Feed Stocks by Cracking with Fluid Silica-Alum ina Catalyst
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100%; (b) %  olefins +  % nonolefins (aromatics, paraffins, cy- 
cloparaffins) =  100%.

A scheme for plotting naphtha compositions was employed 
(Figure 1) in which areas represent volume per cent composition 
and in which both acyclic-cyclic and olefin-nonolefin divisions can 
be shown. Acyclics are represented by the lower portion of each 
figure, crossed only by coordinate lines, and cyclics are shown in 
the upper portion of each figure in the form of an inverted block 
graph, the blocks representing the 2% fractions analyzed. The 
aromatic portions of the cyclic blocks are differentiated from the 
naphthene portions by cross hatching. Olefin contents of the 2% 
fractions arc plotted as points at the middle of each fraction; the 
points are connected by straight lines enclosing an area at the 
lower portion of the plot which represents approximately the olefin 
content of the sample. Acyclic and olefin contents are then 
measured on the vertical composition scale, whereas the content 
of cyclic hydrocarbons is measured by inverting the composition 
scale. The boiling points of the 2% fractions are plotted in 
dashed lines with ordinates, corresponding to the temperature 
scales at the right-hand sides of the figures.

The feed stocks were characterized as to ring content by the 
method of Vlugter, Waterman, and van Westen (l$).

The samples employed in the study of compositions were de
rived from Fluid Catalyst cracking pilot plants with capacities of 
2 and 100 barrels per day (S). Operation at various levels of 
cracking severity and temperature, and use of both essentially 
naphthenic and paraffinie types of feed stock and clay and silica- 
alumina synthetic catalyst provided the experimental conditions. 
The nine samples discussed were obtained from the five feed 
stocks at the operating conditions given in Table I. Table I also 
includes the physical properties of the nine naphthas employed 
for composition studies.

S A M P L E  N O -  A
F E E D : T IN S L E Y  G A S  O IL

Figure 2. Composition o f  Naphtha Produced from  a 
Paraffinie Feed Stock by Cracking with Fluid Clay 

Ca talyst

NAPHTHAS FROM  PAKAFFINIC FEED STOCKS

Samples 1, 2, and 3 were produced by the cracking over silica- 
alumina synthetic catalyst of an essentially paraffinic-type gas 
oil boiling between 515° and 700° F. This gas oil (from Tinsley, 
Miss.) shows by analysis a content of only 11 weight %  aromatic 
rings and 15 weight %  naphthene rings. These samples represent 
low, moderate, and high degrees of cracking severity, respectively. 
Sample 4, obtained from operations on the same feed stock, repre
sents moderately severe cracking with a clay catalyst. Sample 5 
represents a moderately severe cracking operation with synthetic 
catalyst and a lower boiling, essentially paraffinic-type, feed 
stock. This feed stock is an East Texas kerosene which boils from

346° to 471° F. and shows, by analysis, 7 weight % aromatic 
rings and 29 weight %  naphthene rings. This feed is classed as a 
paraffinie type since it was cut from a paraffinie crude and its 
acyclic carbon atom content is 65%. The aviation gasolines em
ployed for the composition studies had octane numbers ranging 
from 91 to 97, according to the A.S.T.M. Aviation method, when 
containing 4 cc. of tetraethyllead per gallon.

F r a c t io n s  o f  A v ia t io n  G a s o l in e  B o il in g  R a n g e . Detailed 
compositions of the naphthas from the paraffinie feeds are pre
sented in Figures 1 and 2. Composition data are summarized in 
Table II according to the 115-200°, 200-250°, and 250-300° F. 
boiling range fractions, to illustrate the variant nature of the high

T a b l e  I. F e e d  S t o c k s  a n d  A v i a t i o n  G a s o l in e s  P r o d u c e d  f r o m  T h e m  b y  F l u id  C a t a l y s t  C r a c k in g

Feed Stock

Gravity, » A .P .I.
Aniline point, ° F.
Carbon, wt. %
Hydrogen, wt. %
Sulfur, wt. %
Composition, wt. %

Aromatic rings 
Naphthene rings 
Acyclics 

A.S.T.M. distillation, 0 F.
Initial b. p.
10% over 
50% over 
00% over 
Final

Cracking conditions 
Sample No.
Catalyst
Temperature, 0 F 
Conversion, vol. % b 

Aviation gasoline (7-lb. Reid vapor pressure) 
Gravity, » A.P.I.
Aniline point, ° F.
Bromine N o., cg ./g .

Octane numbers 
A .S.T.M . m otor
A .S.T.M . aviation -F- 4.0 cc. T .E .L ./ga l. 

A.S.T.M . distillation, 0 F.
% over 158 
%  over 212 
00% over 
Final

Paraffinie Type Naphthenic T ype
A., B, C, Light D , H eavy E,

Tinsley E. Texas Coastal Coastal M irando
gas oil kerosene gas oil gas oil kerosene
32.4 43.4 28.7 2 3 .0 29.2

177 141 141 185 112
86.2 86.0 87.1 86.9 87.4
13.3 14.0 12.9 12.9 12.6
0.67 0.02 0.12 0 .29 0 .06

11 7 12 12 13
15 29 35 33 48
74 ,64 53 55 39

515 346 420 495° 382
577 377 515 665 424
630 404 548 791 475
695 443 591 900 518
700 471 628 958 552

1 2 3 4 5 6 7 8 9
Synthetic Synthetic Synthetic Clay Synthetic Synthetic Synthetic Synthetic Synthetic800 975 975 970 970 975 975 975 75049 65 80 71 50 c 65 80 65 65

63.8 60.2 55.5 d 55.8 54. 1 51.7 60.5 5 9.6104 66 46 57 an 27 71 09TV H i41 63 36 29 46 21 102 11
80.3 80.5 83 0 84.5 79.2 81.2
9 0.8 90.6 97 ‘ i 92! 3 91 1 95.5 87 .0 9 5 .8
26.5 26.0 24 2 7 .0 23 0 20.5 22.5 2 3.558.5 6 2.0 52.5 51.0 49 5 46.0 56.0 5 8 .0293 292 301 293 294 • 293 290 265

325 338 340 322 326 328 322 290
. “ Distilled at 10 mm. pressure. Values shown have been converted to 760 mm.

Conversion is expressed as 100%  minus the per cent gas oil in the product distilling above 
e Since a high proportion of feed B boils below 430° F ., conversion of feed B  is expressed as 
4 Aviation gasoline not prepared from  this product.

430° F. vapor temperature.
100%  minus the per cent of product above 325° F .
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T a b l e  II. C o m p o s i t io n s  o f  N a p h t h a s  f r o m  P a r a f f i n i c  
F e e d  S t o c k s

Sample No. 1 2 3 4 5
Sample boiling at 115-200° F.

Yield, vol. %  on feed 10.8 10.1 8 .0 12.8 6 .2
Aromatics, vol. % 1 3 5 2 8
Naphthenes, vol. % 16 16 15 17 29
Acyclics, vol. % 83 81 80 81 63
Olefins, vol. % 24 44 27 33 23

Sample boiling at 200-250° F.
Yield, vol. %  on feed 4 .7 4 .8 4 .2 4 .4 4 .6
Aromatics, vol. % 13 31 59 33 53
Naphthenes, vol. % 35 30 18 32 29
Acyclics, vol. % 52 39 23 35 18
Olefins, vol. % 2S 40 16 23 11

Sample boiling at 250-300° F.
Yield, vol. %  on feed 4 .7 5 .2 5 .3 4 .9 7 .1
Aromatics, vol. % 36 66 87 76 73
Naphthenes, vol. % 35 15 1 15 12
Acyclics, vol. % 29 19 12 9 15
Olefins, vol. % 19 21 4 8 2

and low boiling fractions of cracked aviation gasoline; the lower 
boiling fractions are relatively olcfinie and the higher boiling 
fractions, relatively aromatic. For all of the naphthas olefin con
tents decrease with increasing boiling range of the naphthas. 
Olefin production is less when a lower boiling feed stock is em
ployed. With increasing boiling range of the naphthas the aro- 
matics content increases. The olefinic fractions can be greatly 
improved in leaded A.S.T.M. Aviation octane number by 
hydrogenation to saturate the olefins. Composition data (Fig
ures 1 and 2) are useful for showing the optimum cut points for 
separation of aviation naphthas into fractions predominantly 
olefinic and those predominantly aromatic.

The trend of the leaded A.S.T.M. Aviation octane number with 
increasing boiling point is shown in Figure 3 for samples 2 and 3. 
(Fractions for octane ratings were distilled through the columns 
of twenty-five plates.) Up to about 200° F. the A.S.T.M. Avia
tion octane numbers of narrow fractions fall 'off rapidly with 
increasing boiling point; sample 3 shows a higher octane number 
level because of its lower olefin content. The octane numbers of 
the fractions above 200° F. show a rising trend in line with in
creasing aromatics content. The data in Table I show that sam
ple 3 has the highest A.S.T.M. Aviation octane number of the 
naphthas from the paraffinic feeds; the composition data in Table 
II indicate that this is due to a low olefin content and to a high 
aromatics content.

A r o m a t ic s . Yields of benzene, toluene, and C8 aromatics 
(xylenes and ethylbenzene) produced from paraffinic feed stocks 
A and B in samples 1 to 5 (Table III) reveal a tendency toward 
higher aromatics yield with increasing cracking severity and 
lower boiling feed. Benzene, a minor product, amounts to only 
0.1-0.4 volume % on feed. Even with efficient fractionation 
the benzene distills overhead well below its boiling point (177.2° 
F.) and in low concentrations (Figures 1 and 2).

T a b l e  III. Y i e l d s  o f  B e n z e n e , T o l u e n e , a n d  C s A r o m a t ic s  
f r o m  P a r a f f i n i c  F e e d  S t o c k s

Sample No. 1 2 3 4 5
Yield, vol. %  on feed 

Benzene 0 .07 0 .29 0 .39 0 .19 0.41
Toluene 0.62 1.51 2 .49 1.44 2 .45
Cs aromatics 1.71 3 .39 4 .72 3 .75 5.21

Total 2 .4 0 5.19 7 .6 0 5 .38 8.07

Toluene yields range from 0.6 to 2.5 volume %  on feed, values 
roughly six times as great as the benzene yields. Toluene, like 
benzene, tends to distill overhead below its boiling point (231.2° 
F .); however, because of the higher proportions of toluene, it is 
relatively easier to concentrate. Figures 1 and 2 show that nar
row fractions contain as high as 86 volume %  toluene.

Yields of xylenes plus ethylbenzene vary from 1.7 to 5.2 volume 
% on feed; these yields are roughly 2 to 2.5 times as great as tolu

ene yields. The boiling point of ethylbenzene is 277.2° F., of 
p-xylene 281.1° F., of m-xylene 282.6° F., and of o-xylene 
292.1° F. Separation by straight distillation is not practicable. 
In this study no attempt was made to effect analyses for the in
dividual C3 aromatics in the naphthas from the paraffinic feeds. 
The concentrations of Cs aromatics in narrow fractions from the 
naphthas from severe cracking of the Tinsley gas oil, or from 
moderately severe cracking of the lower boiling East Texas kero
sene, are as high as 85 to 98 volume %. The C8 aromatics are 
useful as high octane number blending constituents or as sol
vents. o-Xylene, which is estimated at about 25 volume % of 
the C8 aromatics, has use as a raw material for the production 
of phthalic anhydride.

N a p h t h e n e s . Data given in Table II illustrate that, in gen
eral, the highest concentration of naphthenes occurs in the 200- 
250° F. fractions of the naphthas from the paraffinic feed stocks. 
Naphthene concentrations are highest when cracking severity is 
low; when cracking severity is high, the naphthenes in the frac
tions above 200° F. disappear in favor of increased aromatics con
tent. The composition data show that the concentration of 
naphthenes is quite constant in the 115-200° F. fractions, regard
less of the cracking severity and whether silica-alumina catalyst or 
clay catalyst is used. The low boiling East Texas kerosene yields 
a cracked naphtha having relatively higher naphthene concentra
tions in the 115-200° F. range.

Table IV lists the yields of C6, Cs, and C7 naphthenes that may 
be readily identified by the methods of analysis employed in this 
study. The cycloparaffin yields necessarily include the corre
sponding cyclo-olefins. Cyclopentane (boiling point, 120.6° F.) 
yields on feed are low, from 0.1 to 0.4 volume %. The data in 
Figures 1 and 2 also show that the concentrations in narrow frac
tions are low, the highest being 35 volume %  for one fraction in 
sample 3.

T a b l e  IV. Y ie l d s  o f  N a p h t h e n e s “  f r o m  P a r a f f i n i c  F e e d

Sample N o.
Yield, vol. %  on feed 

Cyclopentane
M ethylcyclopentane -f- cyclo- 

hexane 
Dim ethylcyclopentanes 
Methylcyclohexane +  ethyl- 

cyclopentane 
Total .

a Includes any cyclo-olefins present.

The yields on feed of methylcyclopentane (boiling point, 161.3° 
F.) and cyclohexane (boiling point, 177.4° F,) are reported to
gether in Table IV. They vary from 0.8-1.2 volume %  for the 
group of naphthas from paraffinic feeds. Figure 1 illustrates that, 
in the case of sample 5 from East Texas kerosene, the methylcy
clopentane plus cyclohexane concentration is as high as 60 volume 
%  in the narrow fractions. The boiling points of the 2% frac
tions indicate that methylcyclopentane predominates over cyclo
hexane. Calculated equilibrium compositions for a binary meth- 
ylcyclopentane-cyclohexane system show 90% methylcyclopen
tane at 800° F. and 93% methylcyclopentane at 1000° F.

Dimethylcyclopentanes include the 1,1-isomer which boils at 
189.5° F., the 1,2-isomers having cis and trans forms which boil 
at 211.6° and 197.4° F., respectively, and the 1,3-isomers, which 
include a trans form boiling at 195.6° and a cis form probably 
boiling at about 195° F. The yields of dimethylcyclopentanes 
reported in Table IV comprise the naphthenes content of the 
narrow fractions boiling between 180-205 ° F. The yields on feed 
of dimethylcyclopentanes amount to 0.4-0.9 volume %.

Yields of methylcyclohexane (boiling point 213.4° F.) and 
ethylcyclopentane (boiling point 217.6° F.) are reported to
gether in Table TV and vary between 0.4-0.9 volume % for the 
paraffinic feed stocks. The detailed composition data for the

S t o c k s
1 2 3 4 5
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naphtha from the low boiling feed stock (sample 5, Figure 1) show 
the presence of'narrow fractions containing as much as 62 volume 
% of mcthylcyclohexane plus ethylcyclopentane.

P a r a f f in s  a n d  O l e f i n s . These hydrocarbon types have not 
been completely differentiated by the analytical procedure em
ployed. Unsaturated naphthenes are determined both as olefins 
and as naphthenes; therefore any estimation of paraffins by sub
tracting mono-olefins from per cent acyclics would be low by the 
per cent of diolefins and unsaturated naphthenes. Diolefin con
tents were generally found to be very low.

An indication of the branchiness of the paraffins and olefins is 
afforded by analyses of low boiling fractions in which naphthenes 
contents are negligible—for example, in the CL, Cs, and Ce frac
tions. Yields and olefin contents of CL and C6 fractions are pre
sented in Table V, and compositions of narrow-boiling C6 fractions 
are illustrated in Figures 1 and 2. High olefin contents occurred 
in fractions from gasolines produced at high cracking temperatures 
with moderate conversions (samples 2 and 4). Ratios of isobu
tylene to normal butenes for the samples described in this article 
are on the order of 0.4/1 to 0.5/1, or very close to the equilib
rium values calculated from thermodynamic data (£). A large 
number of light hydrocarbon analyses show values ranging from 
0.4/1 to 0.7/1 for operations at the same temperature levels. 
Ratios of isobutane to n-butane are, on the other hand, very high, 
ranging from 4/1 to 8/1. Such ratios are far above the calcu
lated value of 0.5/1. An explanation of the differences between 
the iso-to-normal ratios for the paraffins and olefins is afforded by 
Greensfelder and Voge (6). They deduce from their studies on 
the catalytic cracking of pure hydrocarbons that, under suitable 
reaction conditions, the chain-branching isomerization of normal 
olefins, followed by saturation by hydrogen transfer, leads to the 
production of isoparaffins. CL fractions are comparable in olefin 
content to the corresponding CL fractions, as shown in Table V.

T a b l e  V. C o m p o s i t io n s  o f  CL a n d  C 5 F r a c t i o n s  f r o m  
P a r a f f i n i c  F e e d  S t o c k s

Sample No. 1 2 3 4 5
C< fraction

Yield on feed, vol. % 10.8 23.6 27.4 20.7 15.9
Butenes, vol. % 29 50 30 44 32
Iso-C íH s/«-C 4ÍÍ8

Actual 0 .35 0.41 0 .46 0 .39 0 .43
Theoretical equil. 0 .67 0 .5 9  • 0 .59 0 .59 0 .59

Iso-CiHio/n-CiHio
Actual 4 .00 8 .09
Theoretical equil. 0 .45 0 .45

C» fraction
Yield on feed, vol. % 9 .2 12.8 13.4 14.8 5 .8
Amylenes, vol. % 30 47 31 48 31

The data plotted in Figure 1 show that the olefin peaks occur 
regularly at certain boiling points which characterize particular 
olefins or groups of olefins. For example, the peak at 100-103 0 F. 
is due to trimethylethylene, at 153-158° F. to hexenes, at 203- 
209° F. to heptenes, at 241-251° F. to octenes, and at 297- 
301 ° F. to nonencs. Conversely, broad valleys occur in the olefin 
curves in the 130-150 0 F. boiling range; these reflect the presence 
of sizable proportions of 2-methylpentane and 3-methylpentane. 
The valleys in the 80-90° F. boiling range are due to isopentane. 
n-Hexane and the higher normal paraffins are present only in 
small proportions, if at all. This conclusion was confirmed by oc
tane number determinations on narrow-boiling fractions.

NAPHTHAS FROM  NAPIITHENIC FEED STOCKS

The last four of the nine samples listed in Table I were obtained 
by the Fluid Catalyst cracking of three essentially naphthenie- 
type feed stocks C, D, and E, representing intermediate, high, 
and low boiling ranges, respectively. Silica-alumina synthetic 
catalyst was employed in the production of all four naphtha sam
ples. The aviation gasolines from the samples employed for these 
composition studies had octane numbers ranging from 87 to 96 by

the A.S.T.M. Aviation method, when containing 4.0 cc. of tetra
ethyllead per gallon.

Samples 6 and 7 were produced at 975 ° F. with moderate and 
high cracking severities, respectively, from feed C (light Coastal 
gas oil) which distilled between 420° and 628° F .; feed C shows, 
by analysis, a content of 35 weight %  naphthene rings and 12 
weight %  aromatic rings. Sample 8 was produced at 975° F. 
from feed D (heavy Coastal gas oil) boiling between 495 ° and 958°
F. and containing 33 weight %  naphthene rings and 12 weight % 
aromatic rings. High boiling feed D is more easily cracked than 
feed C, and, despite equal conversions of feed at the same crack
ing temperature, sample 8 was actually produced at less severe 
cracking conditions than was sample 6.

M I D - B O I L  IN G  P O IN T ,  “ F.

Figure3. OctaneN um berTrend with Boiling Point for 
Cracked Naphthas from  Paraffinic Feeds

(A) Sample 2s Tinsley gus oil feed, 975°F ., 65%  conversion
(B) Sample 3: Tinsley gas oil feed, 975°F ., 80%  conversion

The last fuel (sample 9) was produced at 750° F. from feed E 
(Mirando kerosene), which distills between 382° and 552° F. 
and contains 48 weight % naphthene rings and 13 weight %  
aromatic rings.

F r a c t io n s  o f  A v ia t io n  G a s o l in e  B o il in g  R a n g e . Table VI 
lists yields of fractions in the aviation gasoline boiling range of 
the naphthas from the naphthenic feeds, along with the composi
tion of these fractions. Composition data for these naphthas 
are given graphically in Figure 4.

Data are presented in Table VI and Figure 4 to show that sam
ple 6 is moderately olefinic with the olefins concentrated in the 
lower boiling fractions. Relatively high naphthene and aromatic 
contents are also observed. Sample 7, which is comparable to 
sample 6 except that .it was produced with greater cracking se
verity, has less olefins and naphthenes and considerably more 
aromatics. The 200-350° F. boiling range fraction of sample 7 
includes many narrow cuts containing greater than 90 volume % 
aromatics.

In contrast to the products obtained from medium boiling 
range feed C, sample 8 derived from high boiling feed D shows a 
high olefin content. Further, the olefin content increases in the 
higher boiling fractions, and the olefin contents far exceed the 
amounts of acyclics present; this indicates that the naphthenes 
are mostly unsaturated. Aromatics concentrations are rela
tively low. Aviation gasoline from sample 8 has an A.S.T.M. 
Aviation octane number with 4.0 cc. of tetraethyllead of 87.0 as 
compared with 91.1 and 95.5 for samples 6 and 7, respectively; 
this illustrates the desirability of high aromatic hydrocarbon con
tent and low olefin content in aviation fuel. Supercharged rich 
mixture octane numbers also are greatly influenced by aromatic 
hydrocarbon concentrations, the higher concentrations being the 
most desirable.

Sample 9 is notable for general good quality in having a low ole
fin content together with relatively high naphthene and aromatic 
hydrocarbon content; it yields an aviation gasoline having an
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Figure -1. Compositions o f  Naphthas Produced from  Naphthenic 
Feed Stocks by Cracking with Fluid Silica-Alumina Catalyst
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T a b l r  VI. C o m p o s i t io n s  o f  N a p h t h a s  f r o m  N a p h t h e n ic  
F e e d  S t o c k s

Sample No.
Sample boiling at 115-200° F. 

Yield, vol. %  on feed 
Aromática, vol. %  
Naphthenes, vol. %
Acyclics, vol. %
Olefins, vol. %

Sample boiling at 200-250° F. 
Yield, vol. %  on feed 
Aromática, vol. %  
Naphthenes, vol. %
Acyclics, vol. %
Olefins, vol. %

Sample boiling at 250-300° F. 
Yield, vol. %  on feed 
Aromatics, vol. %  
Naphthenes, vol. %
Acyclics, vol. %
Olefins, vol. %

6 7 8 9

10.0 8 .5 13.1 8 .6
3 6 1 4

32 29 29 40
65 65 70 56
34 20 58 6

5 .6 6 .4 7 .5 5 .5
44 60 14 30
35 25 45 52
21 15 41 18
28 11 73 8

6 .7 7 .4 7 .5 6 .7
83 93 34 55
10 1 40 38
7 6 26 7

11 2 65 6

T a b l e  VII. Y i e l d s  o f  B e n z e n e , T o l u e n e , a n d  C8 A r o m a t ic s  
f r o m  N a p h t h e n i c  F e e d  S t o c k s

Sample No. 6 7 8 9
Yield, vol. %  on feed

Benzene 0.27 0 .50 0 .15 0 .38
Toluene 2 .46 3 .79 1.07 1.66
C& aromatics 5 .50 6 .93 2 .5 8 3 .7 0

Total 8 .23 11.22 3 .8 0 5.74

A.S.T.M. Aviation octane number of 95.8 with 4.0 cc. of tetra
ethyllead. per gallon. With few olefins to be saturated, there 
would be little gain in octane rating from the hydrogenation of 
this naphtha.

Figure 5 shows the trends of A.S.T.M. Aviation octane num
bers with boiling range for samples 6 and 8. The fractions for oc
tane number determinations were distilled through columns of 
twenty-five plates and show effects of only the more important 
composition changes. In botli samples the octane number im
proves with increasing boiling point above 200° F.

In the higher boiling range sample 6 has fractions which reach 
100 A.S.T.M. Aviation octane number plus 4 cc. of tetraethyllead 
per gallon. This is attributed to the high content of aromatics, 83 
volume % in the 250-300 0 F. fraction, and to the low olefin content. 
In contrast, sample 8 shows but a small gain in octane number for 
the higher boiling fractions, with the best cuts reaching only 91 
A.S.T.M. Aviation octane number plus 4 cc. of tetraethyllead per 
gallon. For sample 8 the aromatic hydrocarbon content is low 
and the degree of unsaturation is high (Table VI). The data of 
Table I show that sample 8 has the lowest A.S.T.M. Aviation oc
tane number of all the samples for which data are given in this ar
ticle; this is in line with the composition data.

A r o m a t ic s . Yields of benzene, toluene, and C8 aromatics (xy
lenes and ethylbenzene) produced from the naphthenic feed stocks 
C and E in samples 6, 7, and 9 (Table VII) are, for comparable 
cracking conditions with the same catalyst, higher than those ob
tained with the paraffinic-type feed stocks. Again a tendency is 
exhibited for increased aromatics yield with increasing cracking 
severity and lower boiling feed stocks. Even though it was 
cracked at the relatively low temperature of 750° F., the product 
from feed E (Mirando kerosene containing 61 weight %  rings) 
showed a relatively' high yield of aromatics.

Yields of benzene, toluene, and C8 aromatics in the case of sam
ple 8, which was derived from high boiling feed D (heavy Coastal 
gas oil) are definitely lower than the corresponding yields obtained 
from paraffinic feed A  (Tinsley gas oil) at the same cracking tem
perature and conversion. These low aromatics yields are no 
doubt due to the relatively mild cracking conditions actually em
ployed in cracking feed D to moderate conversion at 975° F. 
Aromatics yields and concentrations in fractions from sample 8 are 
notably improved above 300° F. (Figure 4).

Benzene yields from the naphthenic feed stocks are low, 
amounting to only 0.15 to 0.50 volume %  on feed. As Figure 4

illustrates, the concentrations of benzene in the fractions ana
lyzed are low.

With the same catalyst and under comparable cracking condi
tions toluene yields from the naphthenic naphthas are higher than 
those from the naphthas obtained by cracking the paraffinic feed 
stocks; these yields range from 1.1-3.8 volume %  on feed and 
average roughly 7 times those of benzene. Narrow fractions 
contain as high as 88 volume %  toluene (Figure 4).

Yields of xylenes plus ethylbenzene amount to 2.6-6.9 volume 
%  on feed. These yields are roughly in a 2/1 ratio to comparable 
toluene yields, the same ratio as found for the paraffinic feed 
stocks. The yields of C8 aromatics from the naphthenic feed 
stocks are, in general, considerably greater than the yields from 
the paraffinic feed stocks. The data plotted in Figure 4 show 
that narrow fractions may contain as high as 98 volume %  C8 
aromatics. The high concentration of C8 aromatics in the avia
tion gasolines from light Coastal gas oil feed stock, with attend
ant absence of the normally low octane number C8 acyclics and 
naphthenes, would contribute to a high, supercharged, rich octane 
number.

T a b l e  VIII. Y ie l d s  o f  N a p h t h e n e s “ f r o m  N a p h t h e n i c  F e e d  
St o c k s

Sample No.
Y'ield, vol. %  on feed 

Cyclopentane
M ethylcyclopentane -f- cyclohexane 
Dimethylcyclopentanes 
M ethylcyclohexane +  ethylcyclopentane 

Total
°  Includes any cyclo-olefins present.

6 7 8 9

0 .3 0 .2 0 .5 0 .1
1.9 1 .6 2 .5 2 .1
1.1 0 .7 1.7 1.7
1.3 1.1 1.7 1 .7
4 .6 3 .6 6 .4 5 .6

Analysis of the C8 aromatics contained in samples 6, 7, and 8 
was made by the Petroleum Refining Laboratory of the Pennsyl
vania State College with Raman spectra measurements (4). The 
analyses showed that, within the limit of error of the determina
tion, the proportion of ethylbenzene in the C8 aromatics was the 
same for each of the three samples (9 to 13 volume %  on the total 
C8 aromatics). Also the proportions of p-xylene (15 to 22%), m- 
xylene (43-48%), and o-xylene (20-32%) were not appreciably 
different in the three samples. The Ca aromatics from a naphtha 
comparable to sample 3 have approximately the same distribu
tion of the four C8 aromatics. Equilibrium data obtained at the 
National Bureau of Standards {12) show that at 975° F. the 
ethylbenzene concentration in C8 aromatics is 14 volume %, the 
p-xylene concentration is 20 volume %, the m-xylene 42 volume 
%, and the o-xylene 24 volume %. These values agree reasonably 
well with the analyses obtained on the Fluid Catalyst-cracked C8 
aromatics.

M ID - B O IL IN G  P O IN T ,  T .

Figure 5. Octane Number Trend with Boiling Point for 
Cracked Naphthas from  Naphthenic Feeds

(A) Sample 6 : light Coastal gas oil feed, 975° F ., 65%  conversion
(B) Sample 8 : heavy Coastal gas oil feed* 975° F ., 65%  conversion
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N a p h t h e n e s . A s in the case of the products from paraffinic 
feed stocks, the naphthene contents of the naphthas from naph- 
thenic-type feed stocks are higher at conditions of low cracking 
severity and higher boiling feed stocks from a given type of feed. 
Very high concentrations of naphthenes in the fractions of avia
tion gasoline boiling range are obtained by low temperature 
cracking of Mirando kerosene, a feed that has 61 weight %  rings. 
The olefin contents of the fractions boiling higher than 200° F. 
in the naphtha from heavy Coastal gas oil feed stock are greater 
than the content of acyclics; this indicates the presence of unsatu
rated naphthenes (cyelo-olefins).

Table VIII furnishes yield data for the main naphthene hydro
carbons identified iu the cracked samples obtained from naphthe- 
nic feed stocks. Cycloparaffin yields necessarily include the cor
responding cyclo-olefins. Cyclopentane yields are low, as was the 
case with the paraffinic feed stocks; they range from 0.1-0.5 vol
ume %  on feed. The data of Figure 4 show that the highest con
centration of cyclopentane measured in a narrow fraction is 28 
volume %  (sample 8).

Yields of methylcyclopentane plus cyclohexane are about twice 
as great as those obtained from the paraffinic feed stocks; they 
range from 1.6-2.5 volume %  on feed. Narrow fractions from all 
of the naphthas studied have relatively high concentrations of 
naphthenes, on the order of 70 volume %, in the 150° to 180° F. 
boiling range (Figure 4). •

T a b l e  IX . C o m p o s i t io n s  o f  C 4 a n d  C s F r a c t io n s  f r o m  
N a p h t h e n i c  F e e d  S t o c k s

Sample No. 6 7 8 9
C< fraction

Yield 011 feed, vol. % 17.7 23.6 14.6 10.8
Butenes, vol. % 31 23 56 9
ISO-C4H8/a-C iH s

Actual 0 .48 0.46 0.55
Theoretical equil. 

Iso-Ci H 10/ n-C< II10
0.59 0 .59 0 .59

Actual 5 .25 5.06 4.27
Theoretical equil. 0 .45 0 .45 0.45

C» fraction
Yield on feed, vol. % 12.5 12.7 11.3 6 .5
Amylenes, vol. % 31 20 58 8

Dimethylcyclopentencs are present to the extent of 0.7-1.7 
volume %  on feed, or in amounts approximately twice as great as 
were found to occur with paraffinic feed stocks. Concentration of 
the dimethylcyclopentanes in narrow' fractions is, how'ever, not 
exceptionally high; it is only about 50 volume % in the most con
centrated fractions.

The yields of methylcyclohexano plus cthylcyclopentane range 
from 1.1 to 1.7 volume %  on feed. Again, these yields are about 
twice as great as the yields of mcthylcyclohexanc plus ethylcy- 
clopentane from the paraffinic feed stocks. The concentration of 
these naphthenes in narrow fractions is generally high, and, in the 
case of sample 9, shows as much as 80 volume %.

P a r a f f i n s  a n d  O l e f in s . The yields and olefin contents of 
cracked C4 and C5 fractions produced from naphthenic feed stocks 
are shown in Table IX. The trends are similar to those previously 
discussed for cracked C( and C5 fractions from paraffinic feed 
stocks. Olefin contents range from 9 to 56 volume %  in the Ct 
fractions and from 8 to 58 volume %  in the C5 fractions. Com
parison of samples 6 and 7 indicates that increasing cracking se
verity reduces olefin content in the C4 and C5 fractions as well as 
in the higher boiling fractions. Sample 8 is highly olefinic in the 
C4 and C6 fractions but even more olefinic in higher boiling frac
tions. Sample 8 is really representative of mild cracking condi
tions at a high cracking temperature. At the other extreme, sam
ple 9, which was produced at low' temperature with otherwise se
vere conditions, is relatively saturated even in the C4 and C8 
fractions.

Cyclo-olcfins (unsaturated naphthenes) are believed to be pres
ent in all of the cracked naphthas here considered. Particularly 
with the samples from naphthenic feed stocks the evidence points

to  large con cen tration s o f  unsaturated  naphthenes. I t  has al
ready been  n oted  th at sam ple 8 has am oun ts o f  olefins far in ex
cess o f  the a cy c lics . O ne narrow  fraction  from  sam ple 8 boiling 
a t 258 0 F . is in d icated  to  con ta in  72 v o lu m e %  naphthenes and 95 
vo lu m e %  olefins (F igure 4 ). T h e  olefin  peaks prev iou sly  de
scribed  for sam ples from  paraffin ic feeds are su pp lem en ted  by  a 
wfell defined p eak  a t 165-172° F . d en otin g  m eth ylcyclopen ten es 
(F igure 4 ).

To demonstrate that the analytical procedure employed in 
these studies is capable of consistent evaluation of naphthene con
tents regardless of the presence of cyclo-olefins, a cracked 205- 
225 0 F. fraction having an olefin content in excess of acyclics con
tent wras analyzed for methylcyclohexane-methylcyclohcxene in 
three ways: (a) untreated, (6) mildly hydrogenated to saturate 
only the olefins, and (c) extracted to remove all olefins and aroma- 
tics. Based on the original fraction the methylcycloliexane yields 
for (a) and (b) were approximately the same, but a marked reduc
tion occurred in (c) due to removal of cyclo-olefins.

CONCLUSIONS

The salient compositional features of Fluid Catalyst-cracked 
light naphthas comprise the olefin content and the concentrations 
of toluene and C8 aromaties. High octane numbers are favored by 
a composition such that the fractions of 200-300° F . boiling 
range contain toluene plus C8 aromaties in a concentration on the 
order of 50 to 80 volume %. Olefin contents of the fractions below 
200° F . boiling point may vary over the range of 10 to 60 volume 
%  and require selections in regard to finishing treatment and use, 
since olefins are desirable in motor fuels but are objectionable 
in aviation fuels.

Naphthas from naphthenic-type feed stocks are characterized 
by high yields on feed together with high aromaties concentra
tions; this reflects higher yields of toluene and Cs aromaties than 
are obtained by cracking paraffinic-type feed stocks under com
parable conditions. Yields of naphthenes and cyclo-olefins tend 
to be higher in naphthas from naphthenic feed stocks, but yields 
of the C 4-C7 paraffins and olefins are reduced.

The Fluid Catalyst cracking process is highly flexible, and the 
cracked naphthas obtained are sources for a number of valuable 
hydrocarbons or groups of hydrocarbons that are useful as raw 
materials for chemical manufacture or for production of high 
quality polymers, alkylates, and solvents. Such hydrocarbons 
are toluene, C8 aromaties, moderately branched C4-C8 paraffins 
and olefins, straight-chain C4-Cs olefins, and C0-C7 alkylnaph- 
thenes and cyclo-olefins. Fluid Catalyst-cracked naphthas are 
less promising as direct sources of benzene, cyclopentane, 
cyclohexane, normal paraffins, and diolefins.
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Optimum Dilution in Viscous 
Liquid Filtration

E. J. REEVES
Magnolia Petroleum  Company, Beaumont, Texas

A useful relation is derived for calculating optim um  
dilution in viscous liquid filtration. This relation is based 
on an empirical equation which was developed for express
ing viscosity o f  filtrate as a function o f  solvent diluLion. 
By using pertinent m athem atical equations, the method 
cun be adapted to dilution filtration o f  any viscous liquid. 
Observed and calculated data are shown to he in good 
agreement.

V ISCOSITY of the liquid subjected to filtering operation is 
one of the major factors governing filtering rates. Assum

ing all other variables constant, the rate of filtration is inversely 
proportional to the absolute viscosity of the filtrate; this sug
gests dilution of viscous liquids with nonviscous solvents in order 
to increase the filter output.

Diluent, Volume Per Cent
Figure 1. Paraflinic Oil Mixtures with Low 

Viscosity Diluents at 54.4° C.
Curve numbers on all figures refer to system numbers in 

corresponding tables.

.In applying this procedure to practical problems, the major 
consideration is not an increase in the total quantity of filtrate, 
but an increase in the amount of the solvent-free material in the 
filtrate. This shows that for raising the efficiency of filtering 
operations dilutions should not exceed a certain optimum, which 
varies with the nature of the material to be filtered. The opti
mum dilution is determined normally on the basis of plant experi
ence; however, it can be calculated mathematically from the 
known properties of the involved materials. The method de
scribed in this paper applies to filtration of petroleum oils in de- 
waxing operations but may be easily adapted to other engineering 
problems of a similar nature by employing pertinent mathemati
cal relations.

The general Poiseuille equation (2) for homogeneous sludges 
may be presented in the following form:

dV
Add y.[a{W/A) +  r] (1)

Integration of Equation 1 for constant pressure filtration gives 
the relation between time and filtrate.

0
V/A

M a/ W \  ,
2 P \ A j  ^

¡xr

P (2 )

Assuming that F represents the fraction of solvent in the total 
filtrate, the rate of oil flow through the filter may be obtained by 
dividing Equation 2 by (1 — F); this leads to the expression

0
V/A{ 1 -  F)

1
R

Æ )  
2 P ( i  -  f A a J

¡xoc
+

¡XT

P(1 -  F) (3)

The solvent fraction and viscosity of the total filtrate in Equa
tion 3 are interdependent variables and should be expressed in the 
same terms in order to permit further analysis of the problem. 
This requires determination of the function connecting the two 
variables.

Up to the present time no satisfactory relation has been found 
which could be employed for this purpose. This work was 
undertaken, therefore, to derive a relation which would hold over 
a reasonable dilution range commonly encountered in commercial 
practice. A large number of blends involving various types of 
commercial products and solvents was prepared and tested:

Oil A 

Oil B 

OilC 

Oil D 

Oil E

6.0

4.0

o
.£•2.0-*■=>
o

° 1 . 0  
£ 0.8
*

O
i ? 2 .0

g  1.0

0.5

dewaxed mid-continent distillate of 160-second S.U.V. 
at 100° F.

solvent-treated and dewaxed mid-continent, neutral of 
105-second S.U.V. at 100° F. 

solvent-treated and dewaxed mid-continent residual oil 
of 103-second S.U.V. at 210° F. 

solvent-treated and dewaxed mid-continent residual oil 
of 98-second S.U.V. at 210° F. 

solvent-treated and dewaxed mid-continent neutral of 
150-second S.U.V. at 100° F.

Oil F = solvent-
treated and dewaxed 
mid-continent neutral 
of 150-second S.U.V. 
at 100° F.
Oil G = solvent-
treated and dewaxed 
mid-continent residual 
oil of 98-second S.U.V. 
at 210° F.
Oil H = solvent-
treated and dewaxed 
mfd-continent residual 
oil of 125-second S.U.V. 
at 210° F.

K

50 100 50 100
Diluent, Volume Per Cent

Figure 2. Paraffinic Oil Mixtures 
with Low Viscosity Diluents at 

37.8° C.

On the basis of this 
information, the most 
pertinent portions of 
which are presented 
in Tables I, II, and 
III, and Figures 1, 2, 
and 3, the following 
relation was found to 
hold for the values 
of F ranging from

203
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T a b l e  I .  P a r a f f i n i c  O i l  M i x t u r e s  w i t h  L o w  V is c o s it y  
D i l u e n t s  a t  5 4 .4 °  C.

Diluents, V iscosity, 
V ol. %  Centipoises

1. Oil A +  methyl ethyl ketone

2. Oil B 4“ toluene

3. Oil C +  50%  methyl ethyl ketone-50%  toluene

4. Oil D  +  toluene

5. Oil A +  toluene

6. Oil C +  50%  toluene-50 %  isopropyl alcohol

90 0 .63
80 0 .77
70 0 .9 2
60 1 .20
50 1.54
90 0 .54
80 0 .6 0
70 0.73
60 0 .92
90 0 .62
80 0 .69
70 1.04
60 1.41
50 1.97
90 0 .5 6
80 0 .7 5
70 1 .10
60 1.55
50 2 .16
90 0 .5 2
80 0.61
70 0 .7 5
60 0 .9 9
50 1.27
90 0 .7 2
80 1.03
70 1 .40
60 1.99
50 2 .8 8

T a b l e  IT. P a r a f f i n i c  O i l  M i x t u r e s  w i t h  L o w  V is c o s it y  
D il u e n t s  a t  37.8° C.

1. Oil D 4* methyl ethyl ketone

2. Oil D +  naphtha

3 Oil E - f  50%  methyl ethyl ketone-50%  toluene

T a b l e  I I I .

A t 37.8° C.
1. Oil F 4- 40%  methyl ethyl ketone-40%  ben

zene-20 %  toluene

3. Oil II 4- 40%  methyl ethyl ketone-40%  ben- 
zene-20%  toluene

5. Oil G 4- 40%  m ethyl ethyl ketone-40%  ben- 
zene-20%  toluene

A t 1 5 .5 °  C.
2. Oil F 4- 40%  m ethyl ethyl ketone-40%  ben- 

zene-20%  toluene

4. Oil H 4- 40%  methyl ethyl k etone-40%  ben- 
xene-20%  toluene

6. Oil G 4- 40%  m ethyl ethyl ketone-40%  ben- 
xene-20%  toluene

Diluents, Viscosity,
V ol. % Centipoises

90 0 .5 0
80 0 .6 9
70
60 l . i o
50 1.68
90 0 .9 8
SO 1.51
70 2 .21
60 3 .31
50 5 .84

‘ 90 0 .5 2
SO 0 .63
70 0.81
60 1.04
50 1.43

i'ITH LOW V is c o s it y
i.5° C.
Diluents, Viscosity,
Vol. % Centipoises

100 0 .4 2
90
80 0^66
70 0 .85
60 1.21
50 1.74

100 0 .4 2
90 0 .5 9
80 0 .83
70 1.22
60 1.90

100 0 .42
90 0 .5 8
80 0 .82
70 1.20
60 1.81

100 0 .5 4
90
80 oiss
70 1.17
60 1.77
50 2 .6 8

100 0 .5 4
90 0 .7 8
SO 1.14
70 1.77
60 2 .9 8

100 0 .54
90 0 .7 6
SO 1.12
70 1.73
60 2 :8 0

T a b l e  I V .  P a r a f f i n i c  O i l  M i x t u r e s WITH LOW V is c o s it y
D il u e n t s  a t  2 0 °  C. c o

Diluents, Viscosity,
Vol. % Centipoises

1. Oil N o. 1 4- heptane 100 0 :47
74.7 1.15
54.2 3.41

2. Oil N o. 1 4- benzene 100 0 .65
74 .8 1.26
49.6 3 .26

3. Oil N o. 2 4" kerosene 100 1.92
74.4 6 .15
61.3 12.47
5 9 .8 14.01

4. Oil N o. 3 4* ligroin 100 0 .66
69.3 2.69
50.4 8.35

T a b l e  V .  N a p i i t h e n i c  O i l  M i x t u r e s WITH L o w V is c o s it y
D il u e n t s  a t  0 °  a n d  2 0 ° c. a)

Diluents, Viscosity,
Vol. % Centipoises

At 0° c.
1. Oil N o. 5 4" heptane 100 0.57

7 5.0 1.39
50 .0 4 .96

3. Oil N o. 6 4- heptane 100 0 .57
74.9 1.54
49.9 6.35

At 20° C.
2. Oil N o. 5 4- heptane 100 0.47

7 5.2 1.01
50.2 2 .98

4. Oil N o. 6 4~ heptane 100 0.47
75.1 1.09
50.2 3 .66

5. Oil N o. 7 4- heptane 100 0 .47
75.1 1.00
50.1 2 .72

0 .5  to 1.0— that is, for the most important fraction of the 
curve:

«  =  (4 )

This equation is somewhat similar in form to the one developed 
by Tausz and Roegiers expressing viscosity of diluted oils in 
terms of viscosity of undiluted oils (S).

Validity of Equation 4  was verified further by employing data 
already available in the literature ( f ). Some of these data are 
presented in Tables IV and V and Figures 4 and 5.

The use of Equation 4 permits elimination of the viscosity fac
tor from Equation 3, which is reduced to the following form:

1 _  F y  r  ß a / W \  ß r l  
R 1 -  F [_2 P \ R  /  +  P j (5)

Equation 5 can be used for determining the optimum dilution 
by differentiating R with respect to F and equating the resulting 
derivative to zero to find the maxima of the function. The first 
derivative is equal to

Sjt
dF

2 P
[

( y  — 1) — y P  1
p y ] (6 )

, K 5 ) + 2 e r

When equating Equation 6 to zero the only equation of interest
is

( y  -  1 ) -  y P - ‘  =  o  (7 )

From this equation it follows that the optimum dilution is 
equal to

F =
Y — 1

(8 )
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Diluent, Volume Per Cent
Figure 3. Paraffinic Oil Mixtures with Low 

Viscosity Diluents at 37.0° and 15.5° C.

J  3'5
.2 -2 .
ao

O  i

3
'S  0.

o

CO0)
.52

2 0 .0  .S-
Ö03

o1 0 .0  ^

5.0

2.0

ot->3-4-3
X

§
"o

1.0

50 100 50 100
Diluent, Volume Per Cent

Figure 4. Paraffinic Oil Mixtures with 
Low Viscosity Diluents at 20° C.

The proof that Equation 6 gives a maximum of the function 
when equated to zero is obtained by determining the partial 
derivative of R with respect to F at values of F above and below 
the maximum point. These points are

F =

+  x (9)

( 1 0 )

The optimum quantity of solvent is determined by substituting 
this value of 7 in Equation 8 :

F =
-4 .48 0.818

7 -  1 -4 .4 8 -1

Optimum composition of the filtrate is, therefore,

(12)

Solvent, vol. %  
Oil, vol. %

81.8
18.2

In actual plant operations, dilutions are not based on wax-free 
filtrate, but on oil charge. Correction for the wax fraction is 
therefore important and can be made by using the relation

S =
F

F +
1 -  F
1 -  v

(13)

Assuming 14 volume % wax in the oil charge, the optimum dilu
tion of the oil charge is

S =
0.818

0.818 + 1 -  0.818 
1 -  0.14

= 0.794 (14)

Thus, optimum filter charge composition is

Solvent, vol. %  
W axy oil, vol. %

7 9.4
20.6

Diluent, Volume Per Cent
Figure 5. Naphthenic Oil Mixtures with Low 

Viscosity Diluents at 0° and 20° C.

The first partial derivative at the point determined by Equa
tion 9 is negative, and that determined by Equation 10 is positive. 
This change in the slope of the curve defined by Equation 5 defi
nitely proves the existence of a maximum.

The use of Equation 8 for solution of practical problems is dem
onstrated by the following example; the laboratory data were 
secured on diluting a wax-free oil with solvent. The table pre
sents the properties of a dewaxed lubricating oil of 126-sccond 
Saybolt Universal Viscosity (S.U.V.) at 210° F. diluted with 
methyl ethyl ketone-benzene-toluene mixture;

Solvent fraction, vol. %
Viscosity at filtering tem p., centipoises

0 .6 0
6 .26

0 .9 0
1.02

Substituting these data in Equation 4 the value of the constant 
y  is

7 =  - 4 . 4 8  (11)

The recommended method was tested in commercial practice 
and found to be satisfactory for establishing operating condi
tions at dewaxing units. Calculated and observed optimum 
dilutions for various lubricating oil fractions are shown in the 
following table;

Optimum Dilution
Lubricating Oil Fraction

M id-continent distillate 145-sec. S.U .V. at 100° F.
Solvent-treated, m id-continent neutral 105-sec.

S.U .V. at 100° F.
Solvent-treated, m id-continent neutral 185-sec.

S.U .V. at 100° F.
Solvent-treated, m id-continent residual 96-sec.

S.U .V. at 210° F.
Solvent-treated, m id-continent residual 120-sec 

S.U .V. at 210° F.
Acid-treated, m id-continent residual 190-sec.

S.U.V. at 210° F.
°  Observed dilutions were determined in commercial operation of a 

methyl-ethyl-ketone dewaxing unit.

Calcd. O bsvd.a
67 67

66 67

68 68

76 76

78 79

82 82
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NOM ENCLATURE

A — area of filtering surface
F — fraction of solvent in total filtrate
P = pressure drop through filter medium and cake
r — filter medium resistance
R =  solvent-free liquors rate per unit area
S =  fraction of solvent in waxy oil charge
v — volume per cent wax in oil charge
V =  volume of filtrate
IF =  weight of dry cake solids
a =  average specific cake resistance
/3 =  viscosity of diluent
y =  slope of viscosity-solvent fraction curve
0 = time
n — viscosity of filtrate 
X =  incremental value of F
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Phase Equilibria in Hydrocarbon
Systems

II. H. REAMER, K. J. KORPI,
B. H. SAGE, AND W . N. LACEY

California Institu te o f  Technology, 
Pasadena, Calif.

T HE volumetric behavior of the metliane-n- 
butane system was studied earlier in this 

laboratory at temperatures between 70° and 
250° F. and at pressures up to 3000 pounds 
per square inch for a number of experimental 
compositions in the one- and two-phase re
gions (9 , 10). Beattie cl al. (2 ) investigated 
three mixtures approximating 0.25, 0.50, and
0.75 mole fraction methane in the single-phase 
area from 167° to 572° F. and up to 5300 
pounds per square inch. The pressure-volume- 
temperature properties of the Separate com
ponents, methane (4-7) and «-butane (I, 3,8), 
were determined by several investigators. 
Since this binary system Is of importance 
industrially and constitutes a part of the 
ternary methane-n-butane-decane system 
which is undor investigation, the experimental 
data on four mixtures were extended to include 
temperatures from 100° to 460° F. at pressures 
up to 10,000 pounds per square inch, the 
measurements being confined to the single
phase region.

VOLUMETRIC BEHAVIOR 
OF METHANE-n-BUTANE  

SYSTEM AT HIGHER 

PRESSURES

F ig u re  1.

2 0 0 0  4 0 0 0  6 0 0 0  8 0 0 0

P R E S S U R E  t;3. P E R  SQ . IN.

Compressibility Factor as AfFected by Pressure at 460° F. 
for Four Mixtures o f Methane and n-Butane

M E T H A N E



Figure 3. Isobaric Effect o f  Com posi
tion on Compressibility Factor at 

460° F.

M O L E F R A C T IO N  M E T H A N E

Figure 2. Variation o f  Compressi
bility Factor with Change in C om 
position at 2000 Pounds Per Square 

Inch

T h e  volumetric behavior o f  four 
experimental mixtures o f  methane 
and n - b u t a n e ,  approximately 
evenly spaced as to m ole fraction, 
was explored at seven temperatures 
from  100° to 160° F. and at pres
sures from  near 100 to 1 0 ,0 0 0  
pounds per square inch absolute, 
to supplement previous measure
m ents for this system. T he ex
perimental data, interpolated to 
even values o f pressure, are pre
sented in tabular form  as m olal 
volumes and compressibility fac
tors. Diagrams illustrating the 
behavior in som e regions are in 
cluded, and the new data are com 
pared with those o f  another group 
o f  experimenters.
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M A T E R IA L S AND M ETH O D

(C ontinued on page SOS)

The methane was obtained through the 
courtesy of The Texas Company from the 
Bowerbank field in the San Joaquin Valley, 
Calif. Analysis of the natural gas from this 
field revealed the presence of less than 0 .1% 
of materials other than methane, mainly car
bon dioxide. The purification (7) was effected 
by passing the gas through a drying and absorp
tion tube at pressures in excess of 500 pounds 
per square inch over calcium chloride, acti
vated charcoal, potassium hydroxide, and 
Drierite (a specially prepared anhydrous cal
cium sulfate). The «-butane, obtained from 
the Phillips Petroleum Company, was stated 
to contain not less than 0.99 mole fraction n- 
butane. This material was fractionated twice 
in a 4-foot, vacuum-jacketed column; the first 
and last tenths were discarded each time, and 
the middle fraction was collected at liquid-air 
temperature in a continuously evacuated am
poule in order to remove traces of noncondens- 
able gases. Checks made on the vapor pres
sure of the resulting sample over a wide 
range of total volumes in the pressure-volume-

» AU TH O RS

B E A T T I E

MOLE FRACTION M ETHANE —O -  D ata  o f B e a ttie
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T a b l e  I . C o m p r e s s i b i l i t y  F a c t o r s  f o r  M i x t u r e s  o f  
M e t h a n e  a n d  r - B u t a n e

Pressure,
L b ./S q . .------
In. Abs. 100° F. 160° F.

— Compressibility Factor—  
220° F. 280° F. 3-10° F. 400° F. 400° F.

F o r  0.1879 M o l e  F r a c t i o n  M e t h a n e

0
200
400

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
0.9539
0.9052

600
800

0.1552 
0.2054 0.2057 0.2383 0.3863

0.8549
0.8062

1000
1250
1500
1750

0.2555
0.3166
0.3776
0.4375

0.2537
0.3126
0.3714
0.4287

0.2671 
0.3233 
0.3781 
0.4322

0.3366
0.3641
0.4065
0.4521

0.5337 
0.4783 
0.4801 
0.5069

0.6184 
0.5912 
0.5903

0.7630
0.7197
0.6912
0.6796

2000
2500
3000
3500

0.4971
0.6146
0.7300
0.8447

0.4852
0.5957
0.7041
0.8107

0.4854 
0.5895 
0.6913 
0.7907

0.5005
0.5976
0.6928
0.7857

0.5420
0.6229
0.7070
0.7915

0.6064 
0.6636 
0.7334 
0.8078

0.6825
0.7158
0.7702
0.8323

4000
4500
5000
6000

0.9564
1.0666
1.1767
1.3931

0.9155
1.0184
1.1215
1.3221

0.8889
0.9877
1.0833
1.2701

0.8764
0.9681
1.0564
1.2311

0.8763 
0.9597 
1.0441 
1.2072

0.8838 
0.9602 
1.0370 
1.1885

0.8989 
0.9681 
1.0378 
1.1771

7000
8000
9000

10000

* 1.6057 
1.8140 
2 .0 2 i l  
2.2238

1.5194 
1.7129 
1.9039 
2.0941

1.4536 
1.6338 
1.8092 
1.9845

1.4038 
1.5727 
1.7381 
1.8980

1.3663 
1.5242 
1.6774 
1.8279

1.3372 
1.4841 
1.6295 
1.7707

1.3165 
1.4532 
1.5884 
1.7221

F o r  0.3960 M o l e  F r a c t i o n M e t h a n e

200 
400 
600 

. 800

0.9048
0.7981
0.6247
0.5267

0.9297
0.8576
0.7818
0.7017

0.9497
0.8966
0.8435
0.7916

0.9609
0.9220
0.8839
0.8477

0.9706
0.9410
0.9134
0.8868

1000
1250
1500
1750

0.3206
0.3038
0.3581
0.4124

0.3574
0.3739
0.4237

0.4738 
0.4277 
0.4314 
0.4647

0.6295
0.5664
0.5436
0.5472

0.7427
0.6945
0.6620
0.6482

0.8146
0.7792
0.7539
0.7375

0.8630
0.8377
0.8191
0.8061

2000
2500
3000
3500

0.4663
0.5715
0.6739
0.7748

0.4726
0.5696
0.6643
0.7581

0.5034
0.5876
0.6727
0.7577

0.5662
0.6258
0.6975
0.7722

0.6507
0.6847
0.7374
0.7986

0.7320
0.7475
0.7851
0.8341

0.7993
0.8062
0.8332
0.8721

4000
4500
5000
6000

0.8744
0.9722
1.0696
1.2596

0.8507 
0.9413 
1.0304 
1.2069

0.8421 
0.9263 
1.0087 
1.1706

0.8482 
0.9245 
0 .9988  
1.1486

0.8651 
0.9326 
1.0012 
1.1380

0.8896 
0.9477 
1.0089 
1.1329

0.9177 
0.9692 
1.0234 
1.1341

7000
8000
9000

10000

1.4464 
1.6283 
1.8088 
1.9878

1.3791 
1.5483 
1.7141 
1.8760

1.3298 
1.4S65 
1.6401 
1.7893

1.2955 
1.4410 
1.5824 
1.7230

1.2734 
1.4070 
1.5411 
1.6723

1.2565 
1.3805 
1.5025 
1.6215

1.2470 
1.3620 
1.4759 
1.5891

F o r  0.6002 M o l e  F r a c t i o n M e t h a n e

200
400
600
800

0.9448 
0.8888 
0.8324 
0.7770

0.9606 
0.9207 
0.8825 
0.8453

0.9715
0.9429
0.9155
0.8893

0.9783
0.9571
0.9370
0.9194

0.9843
0.9686
0.9542
0.9414

1000
1250
1500
1750

0.4688
0.4402

0.7256 
0.6743 
0.6419 
0.6265

0.8114
0.7758
0.7483
0.7314

0.8660
0.8418
0.8228
0.8094

0.9036
0.8862
0.8734
0.8633

0.9296
0.9181
0.9094
0.9035

2000
2500
3000
3500

0.4753
0.5610
0.6481
0.7347

0.5347
0.5987
0.6693
0.7437

0.6286
0.6602
0.7118
0.7715

0.7237
0.7340
0.7674
0.8131

0.8012
0.8042
0.8243
0.8585

0.8581
0.8591
0.8738
0.9003

0.9005
0.9030
0.9159
0.9375

4000
4500
5000
6000

0.8199 
0.9045 
0.9884 
1.1509

0.8199
0.8961
0.9713
1.1199

0.8362
0.9022
0.9696
1.1033

0.8659 
0.9218 
0.9798 
1.0993

0.9001 
0.9469 
0.9971 
1.1026

0.9348 
0.9737 
1.0173 
1.1099

0.9664 
1.0005 
1.0373 
1.1193

7000
8000
9000

10000

1.3100
1.4665
1.6194
1.7712

1.2659 
1.4096 
1.5516 
1.6919

1.2374 
1.3679 
1.4980 
1.6242

1.2196 
1.3388 
1.4579 
1.5754

1.2109
1.3201
1.4282
1.5350

1.2059 
1.3050 
1.4048 
1.5034

1.2071
1.2971
1.3885
1.4797

F o r  0.7997 M o l e  F r a c t i o n M e t h a n e

200
400
600
800

0.9614
0.9229
0.8853
0.8491

0.9728
0.9466
0.9210
0.8984

0.9807
0.9619
0.9448
0.9280

0.9865
0.9733
0.9613
0.9509

0.9899
0.9808
0.9730
0.9661

0.9929
0.9867
0.9814
0.9769

1000
1250
1500
1750

0.6937
0.6564
0.6223

0.8163
0.7810
0.7536
0.7341

0.8771
0.8537
0.8352
0.8210

0.9138
0.8989
0.8872
0.8783

0.9422
0.9325
0.9257
0.9205

0.9602
0.9547
0.9506
0.9483

0.9734
0.9703
0.9687
0.9684

2000
2500
3000
3500

0.6121
0.642S
0.6924
0.751S

0.7244
0.7311
0.7589
0.7998

0.8120
0.8095
0.8250
0.8531

0.8726
0.8706
0.8823
0.9026

0.9177
0.9185
0.9271
0.9439

0.9471
0.9496
0.9600
0.9757

0.9694 
0.9754 
0.98*57 
1.0008

4000
4500
5000
6000

0.8153
0.8807
0.9466
1.0766

0.8485 
0.9032 
0.9573 
1.0707

0.8905
0.9333
0.9792
1.0759

0.9321
0.9669
1.0045
1.0881

0.9677 
0 .9960 
1.0283 
1.1007

0 .9968
1.0219
1.0500
1.1128

1.0199 
1.0423 
1.0677 
1.1243

7000
8000
9000

10000

1.2063 
1.3347 
1.4597 
1.5862

1.1857 
1.3000 
1.4132 
1.5256

1.1777
1.2801
1.3819
1.4829

1.1768
1.2681
1.3606
1.4521

1.1792
1.2613
1.3439
1.4262

1.1834 
1.2575 
1.3324 
1.4051

1.1876
1.2543
1.3228
1.3921

temperature apparatus at 100° F. showed a deviation from the 
mean of less than 0.1 pound per square inch, this being approxi
mately the limit of precision in the pressure measurements.

No modifications were necessary in the equipment described in 
an earlier paper {11).  The four compositions investigated experi
mentally were prepared so as to approximate 20, 40, 60, and 80 
mole % methane. The n-butane was first introduced into the 
evacuated cell from a small steel weighing bomb. The amount 
charged was determined by direct weighings in an analytical 
balance. The required amount of methane was then added to the 
n-butane in the cell by transfer from a high pressure isochorie 
container; the quantity added was determined from the pres
sures in the container before and after the addition. Calibration 
of this container for methane content as a function of pressure 
had been previously made by gravimetric technique. The com
position of the mixtures is estimated to be known within 0.05 
mole %.

The experimental mixtures were then subjected to a pressure of 
approximately 10,000 pounds per square inch, and, under iso
thermal conditions, equilibrium volumes were observed at fifteen 
to twenty randomly spaced pressures down to 400 pounds per 
square inch, or until the two-phase region was reached (9 ) . Each 
mixture was studied in this manner at seven uniformly spaced 
temperatures; this made a total of twenty-eight isotherms for 
the system. The temperature measurements, made with a strain- 
free platinum resistance thermometer calibrated against a 
standard instrument of the same type, have an estimated uncer
tainty of 0.02° F. The pressure readings, made with a pressure 
balance, were accurate to 0.2 pound per square inch. The volume 
readings were reproducible to 0.1 %  except that, when the volume» 
were small, an uncertainty of 0.3% should be expected.

G RAPH ICAL INTERPOLATION O F DATA

The experimental' observations at irregular pressures for each 
isotherm were recalculated to give compressibility factors and 
molal volumes, and then graphical interpolations were made to 
standardized even pressures. These interpolated data were then 
cross-plotted against temperature to test internal consistency. 
Millimeter coordinate paper with dimensions of 50 X 75 cm. 
was used in the graphical treatment of the data. This scale was 
such as to ensure that no graphical uncertainty greater than 
0.05% was thus incurred.

The compressibility factor (Z  =  PV/RT, in consistent units) 
was assumed to approach unity as a limit as the pressure de
creased to zero. This made it possible to extrapolate to pressures 
lower than those studied, provided that the two-phase region was 
not traversed during the extrapolation.

The constants used in the calculations had the following values: 
molecular weight of n-butane, 58.121; of methane, 16.042; uni
versal gas constant, 10.732 (pounds per square inch) (cubic feet 
per pound-mole) per ° Rankine; and thermodynamic tempera-

T a b l e  II. P e r c e n t a g e  D e v i a t i o n  o f  B e a t t i e ’ s  R e s u l t s  
f r o m  T h o s e  o f  P r e s e n t  A u t h o r s , C o m p a r e d  o n  B a s is  o f  

C o m p r e s s i b i l i t y  F a c t o r s
Composition, 

M ole %  
Methane

25.066
50.436
74.895

25.066
50.436
74.895

25.066
50.436
74.895

-P e r  Cent D eviation-
220° F. 280° F. 340° F.

1000 P o u n d s  p e r S q u a r e  I n c h

+ 0 .5 1
+  0.04 +  0 .04

— 0 .57 - 0 .2 0 - 0 .2 4

2000 P o u n d s  p e r S q u a r e  I n c h

- 0 . 5 9
+  0 .1 5 + 0 .6 6

— 0 .55 - 0 .1 9 - 0 .6 0

4000 P o u n d s  p e r S q u a r e  I n c h

- 0 . 4 0
+  0 .39 + 0 .4 8

- 0 .3 7 - 0 .2 6 - 0 .3 1

400° F.

0+ 0.01 
- 0 .3 4

- 0 .7 2  
+  0 .44  
- 0 .4 6

- 0 .2 8  
+  0 .56  
- 0 . 3 0

460°

- 0 .10  
+  0.14 
- 0 .2 6

- 0 .0 3  
+  0 .30  
- 0 .2 6

+0.01 
+  0.57 
- 0 . 2 8
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T a b l e  I I I .  M o l a l  V o l u m e s  f o r  M i x t u r e s  o f  M e t h a n e  a n d  w- B u t a n e

Pressure, 
Lb./Sq. 
In. Abs.

-M ola l V olum e-
1000 F. 160° F. 220° F. 280° F . 340° F. 400° F. 460° F. 

F or 0.1879 M ole F raction  M ethane

200
400
600
800

1.5533 
1.5425 l ^ i o o 2! i.725 3! 834

47.075
22.335
14.063

9.946

1000
1250
1500
1750

1.5350
1.5216
1.5120
1.5017

1.6870 
1.6632 
1.6467 
1.6291

1.9480
1.8864
1.8387
1.8017

2 .672 
2.3120 
2.1513 
2.0509

4 .578
3 .282
2.745
2.4846

4 .564
3 .636
3 .112

7.531
5.682
4.548
3.833

2000
2500
3000
3500

1.4930
1.4768
1.4617
1.4497

1.6135
1.5848
1.5610
1.5406

1.7705
1.7200
1.6810
1.6480

1.9865
1.8976
1.8333
1.7820

2.3260 
2.1372 
2.0213 
1.9397

2.798
2.4488
2.2553
2.1294

3 .368
2.826
2.5340
2.3471

4000
4500
5000
6000

1.4363 
1.4238 
1.4136 
1.3947

1.5223
1.5051
1.4918
1.4655

1.6210 
1.6011 
1.5804 
1.5442

1.7393 
1.7078 
1.6772 
1.6288

1.8790
1.8291
1.7910
1.7257

2.0385 
1.9687 
1.9134 
1.8275

2.2180
2.1233
2.0486
1.9363

7000
8000
9000

10000

1.3779 
1.3620 
1.3489 
1.3358

1.4436
1.4240
1.4069
1.3927

1.5147
1.4898
1.4663
1.4476

1.5920 
1.5606 
1.5331 
1.5067

1.6741 
1.6341 
1.5986 
1.5678

1.7624 
1.7115 
1.6704 
1.6336

1.8561
1.7929
1.7419
1.6997

For 0.3900 M ole F raction  M ethane

200
400
600
800

33.000
14.555
7 .595
4.803

36.900
17.020
10.343

6.963

40.730
19.225
12.058
8 .488

44.325
21.265
13.592
9 .776

47.900
23.218
15.025
10.940

1000
1250
1500
1750

1.9260
1.4600
1.4340
1.4154

1.9016 
1.6580 
1.6103

3 .456
2.4960
2.0980
1.9371

4 .997
3.597
2.877
2.4823

6.370
4.766
3.785
3.177

7.515
5.751
4.637
3 .888

8.518
6.614
5.389
4.546

2000
2500
3000
3500

1.4005 
1.3732 
1.3493 
1.3297

1.5715
1.5152
1.4727
1.4406

1.8360
1.7144
1.6357
1.5791

2.2475 
1.9872 
1.8457 
1.7514

2.791
2.3504
2.1083
1.9571

3.377
2 .758
2.4143
2.1986

3 .945
3.183
2.741
2.4591

4000
4500
5000
6000

1.3130 
1.2978 
1.2850 
1.2610

1.4145
1.3911
1.3706
1.3378

1.5358 
1.5016 
1.4716 
1.4232

1.6833 
1.6309 
1.5858 
1.5197

1.8550
1.7776
1.7174
1.6268

2.0518
1.9429
1.8616
1.7420

2.2643
2.1258
2.0202
1.8655

7000
8000
9000

10000

1.2411
1.2226
1.2072
1.1940

1.3103
1.2871
1.2667
1.2477

1.3857
1.3554
1.3293
1.3052

1.4691
1.4299
1.3958
1.3678

1.5603 
1.5085 
1.4687 
1.4343

1.6560 
1.5920 
1.5402 
1.4960

1.7583 
1.6804 
1.6186 
1.5684

For 0.6002 M ole Fraction  M ethane

200
400
600
800

34.460
16.208
10.120
7 .085

38.130
18.273
11.677
8 .388

41.665
20.218
13.087

9 .535

45.130
22.075
14.408
10.603

48.575
23.900
15.697
11.614

1000
1250
1500
1750

1.8773 
1.5109

5.293
3.935
3.121
2.611

6.441
4.927
3 .960
3.318

7 .428
5.776
4 .705
3.967

8.337
6.541
5.372
4.551

9.175
7.249
5.984
5.095

2000
2500
3000
3500

1.4275
1.3480
1.2977
1.2609

1.7780
1.5928
1.4837
1.4131

2.2925 
1.9264 
1.7307 
1.6080

2.873 
2.3308 
2.0307 
1.8443

3.436
2.756
2.3567
2.1037

3.959
3.170
2.687
2.3731

4.444
3.565
3.013
2.644

4000
4500
5000
6000

1.2313
1.2073
1.1874
1.1522

1.3633
1.3244
1.2920
1.2413

1.5250
1.4624
1.4146
1.3413

1.7185
1.6262
1.5556
1.4545

1.9300 
1.8049 
1.7104 
1.5762

2.1560 
1.9962 
1.8772 
1.7067

2.3845
2.1944
2.0476
1.8412

7000
8000
9000

10000

1.1241 
1.1011 
1.0808 
1.0639

1.2027
1.1719
1.1466
1.1252

1.2894
1.2473
1.2141
1.1848

1.3831
1.3285
1.2859
1.2506

1.4837
1.4154
1.3611
1.3166

1.5894
1.5050
1.4401
1.3870

1.7020 
1.6003 
1.5227 
1.4604

F or 0.7997 M ole F raction  M ethane

200
400
600
800

31.970
15.345
9.813
7 .059

35.480
17.263
11.197
8.191

38.925
19.090
12.500

9.209

42.305
20.870
13.742
10.195

45.665
22.623
14.962
11.141

49.000
24.345
16.143
12.053

1000
1250
1500
1750

3 .334
2.629
2.1360

5.429
4.155
3.341
2 .790

6.398
4.982
4.061
3.422

7.254
5.709
4 .695
3.984

8.081
6 .398
5.293
4.511

8.859
7.046
5.847
4.999

9.607
7 .662
6.374
5.462

2000
2500
3000
3500

1.8385
1.5444
1.3863
1.2903

2.4090
1.9448
1.6823
1.5197

2.962
2.3620
2.0060
1.7780

3 .464
2.764
2.3347
2.0471

3.936
3.151
2.651
2.3131

4.369
3.504
2.952
2.5720

4.784
3.851
3.243
2.822

4000
4500
5000
6000

1.2243
1.1756
1.1372
1.0778

1.4108
1.3349
1.2734
1.1868

1.6240
1.5129
1.4286
1.3080

1.8498 
1.7058 
1.5948 
1.4397

2.0750 
1.8984 
1.7640 
1.5735

2.2990
2.0951
1.9374
1.7112

2.5165 
2.2860 
2.1076 
1.8495

7000
8000
9000

10000

1.0351
1.0021
0.9742
0.9528

1.1266 
1.0808 
1.0443 
1.0146

1.2273 
1.1673 
1.1200 
1.0817

1.3346
1.2584
1.2001
1.1527

1.4449
1.3523
1.2808
1.2233

1.5597 
1.4503 
1.3659 
1.2963

1.6744
1.5475
1.4507
1.3740

ture in ° Rankine, 459.69 +  ° F. The smoothed 
volumetric data are recorded as compressibility 
factors in Table I and as molal volumes in Table 
III. It is believed that the values do not deviate 
from fact by more than 0.2%.

D IS C U S SIO N  O F  R E S U L T S

The extent of interpolation and extrapolation 
and the consistency of the experimental data 
are illustrated in Figure 1, which is a graph of Z 
against P at 460° F. for the four mixtures and 
the two components involved. The curves rep
resent the data as they appear in Table I, and 
the circles represent the experimental observations. 
The internal consistency of the tabulated results 
with respect to composition may be seen in Figure 
2, in which the compressibility factor is plotted 
against mole fraction methane at 2000 pounds per 
square inch for seven isotherms; the values taken 
from Table I are represented by circles. Figure 3 
presents the isobaric curves resulting at a constant 
temperature of 460 ° F. when Z  is plotted against - 
composition.

In order to learn how the data obtained by 
Beattie and co-workers compared with the present 
results, their isochoric values were converted to 
the system of units here employed and interpolated 
graphically in terms of compressibility factors to 
comparable physical states. The results are shown 
in Figures 2 and 3. To eliminate the possibility 
of errors in interpolation, both sets of results were 
interpolated to the chosen states by two different 
methods, the results of which checked within 
0.05%. In spite of the fact that each set of data 
is internally consistent, rather large discrepancies 
between them are apparent. The deviations found 
in this comparison are recorded in Table II. It 
may be seen from the tabulation and from Figures 
2 and 3 that the deviations are all positive for the 
mixture near 50 mole %, and predominantly nega
tive at the other two compositions studied by 
Beattie.
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Emulsion Polymerization of 
Diene Hydrocarbons

H. W. Starkweather1, P. 0 .  Bare, A. S. Carter, F. B. Hill, Jr., V. R. Hurka,

C. M ighton, P. A . Sanders, H. W. Walker, and- M . A. Youker

E. I. DU PONT DE NEM OURS & COM PANY, IN C ., W ILM IN G TO N , DEL.

T l ,c  results o f  an exploratory study o f the emulsion poly
m erization o f  conjugated dicnc hydrocarbons to yield rub- 
berlike polymers are summarized. Sucli polymerization 
variables are discussed as purity o f  reagents, nature and 
am ount o f a second m onom er, emulsifying agents, alkali 
concentration, catalysts, catalyst activators, m odifying 
agents, temperature, and yield. An investigation o f  the 
influence o f  some 2 1 1  different com pounds copolymcrizcd

L ESS than a century ago Williams obtained isoprcne by the 
thermal decomposition of natural rubber. This discovery 

was an essential step in a series of researches in several different 
countries which has culminated in the production of over a million 
tons of synthetic rubberlike products in a single year. The 
chemist, like the rubber tree, is able to produce various types of 
rubber as aqueous emulsions, although the actual processes of 
manufacture are undoubtedly far different. Liquid butadiene, 
isoprene, 2,3-dimethyl-l ,3-butadiene, and chloroprene have been 
polymerized to rubberlike materials without the addition of 
other chemicals, but the chemist and chemical engineer have been 
more successful in producing uniform products by commercially 
practical methods since the emulsion processes for polymeriza
tion were developed.

This paper is an attempt to summarize the results obtained in 
investigating the emulsion polymerization of conjugated diene 
hydrocarbons in these laboratories from 1935-42. During the 
past four years other commercial and academic laboratories have 
investigated certain phases of this problem in more detail than is 
presented in this paper.

Before discussing the properties of the products obtained from 
specific polymerizable compounds, it seems advisable to consider 
certain factors, such as purity of reagents, monomer-water ratio, 
etc., which may have a marked effect on the rate of polymeriza
tion or properties of the products.

PURITY OF REAGENTS

The purity of all materials used to prepare the emulsions must 
be carefully controlled since the addition of almost any compound 
is likely to accelerate or to retard polymerization or to affect the 
quality of the product. In preliminary work at least, all mono
mers should be freshly distilled, preferably at reduced pressure, 
in order to minimize polymerization during distillation. The 
effect of exposure to air and possible formation of peroxides must 
be considered. Many of these peroxides are not only hazardous, 
but may have either a favorable or an unfavorable influence on 
polymerization. It is also advisable to use distilled water in 
preliminary experiments since the presence of even minute traces 
of impurities, such as copper or iron, may alter the polymerization.

1 Deceased May 18, 1916.

with butadiene reveals wide differences in the polymeriza
tion rate and properties o f the copolymers, depending upon 
the structure o f the second m onom er. Such vinyl com 
pounds as m ethacrylic acid esters, methyl vinyl ketone, 
dim ethyl vinyl ethynyl carbinol give with butadiene po
tentially useful copolymers. Convenient form s o f  equip
m ent for the small scale preparation, com pounding, and 
testing o f  new types o f elastomers are described.

In one series of experiments the shift from distilled water to the 
tap water available reduced the product yield from 90 to 40%.

While oxygen is generally considered to be a catalyst for poly
merization, the presence of an excessive amount of oxygen may 
retard or actually inhibit polymerization. Carbon dioxide has a 
retarding effect on the polymerization rate in many systems, and 
results may be influenced by contamination of samples stored in a 
dry-ice box.

RATIO OF M ONOM ER TO WATER

The concentration of the monomer in the emulsion may have a 
marked influence on the rate of polymerization. For example, the 
yield obtained by polymerizing a butadiene-methyl methacrylate 
mixture in sodium oleate emulsion, under otherwise identical 
conditions and with the ratio of monomers to all components 
except water the same, increased from 36 to 62 to 85% when the 
monomer content of the emulsion was increased from 20 to 30 to 
45%, respectively. Although more concentrated emulsions may 
polymerize faster, their greater viscosity results in poor heat 
transfer, and control of polymerization at a fixed temperature 
becomes more difficult.

PREPARATION OF EMULSIONS

Uniformity of initial monomer emulsions is important in order 
to obtain reproducible polymerization cycles and uniform quality 
of polymer. In small scale laboratory work it is usually sufficient 
to agitate the polymerizing vessel during polymerization. Fre
quently it is advantageous to form the emulsifying agent in situ 
(lY) rather than to use a prepared material. When working with 
fatty acids, rosins, or long-chain amines, we dissolve the oil- 
soluble material in the monomer and dissolve the water-soluble 
alkali or acid in the aqueous phase. A uniform, well-dispersed 
emulsion is readily obtained when these two solutions are mixed 
and agitated in the preliminary stages of the polymerization proc
ess. Although we have not observed pronounced differences as a 
result of using a preformed emulsifying agent instead of that 
formed in situ, the micellization of the agent could be different. 
Variations might be expected, therefore, in certain polymeriza
tion systems.

210
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M E T H O D  O F  A D D ITIO N

Experience has shown that misleading results may be obtained 
by failure to add everything to the polymerization system in the 
proper sequence. If the different monomers are mixed for some 
time before emulsification, there is a possibility of a Diels-Alder 
type of reaction taking place to a sufficient extent to alter the 
properties of the product or to reduce the yield. The addition 
of a catalyst activator to the aqueous solution too long before its 
use in the polymerization system may result in a retardation rather 
than an activation of the polymerization rate. In investigating 
the copolymerization2 of butadiene and methyl vinyl ketone, it 
was discovered that the addition of the ketone to the aqueous 
solution of soap and catalyst a short time before the butadiene 
was added resulted in the formation of almost no polymer. When 
the two monomers were added simultaneously to the aqueous 
solution, a good yield of high grade product was obtained.

E M U L S IF Y IN G  A G E N T S

The primary purpose of the emulsifying agent is to assist in 
the formation of a stable oil-in-water emulsion which will not 
break during polymerization but will give a latex capable of being 
readily broken or coagulated after polymerization is completed. 
However, it is well known that emulsifying agents not only serve 
as such, but also affect the rate of polymerization and the quality 
of the resulting elastomer. Typical emulsifying agents for use 
in alkaline systems include the alkali metal and ammonium salts 
of fatty acids, rosin, modified rosins, napththenic acids, alcohol 
sulfate esters, and various aliphatic and aromatic sulfonic acids. 
In acidic emulsions the hydrohalides of long-chain amines may be 
useful. Other nitrogen-containing compounds, such as the 
quaternary ammonium halides and substituted betaines, have 
given good results under various conditions.

Mixtures of 75 butadienc-25 styrene were polymerized in the 
presence of DD mercaptan (Lorol mercaptan from Cn-Cn al
cohols) in potassium persulfate-activated systems containing 4 
or 5% of some of the more promising emulsifying agents. The 
following results indicate that various types of emulsifying agents 
maybe used successfully:

with 75 butadiene-25 styrene mixture, in potassium persulfate- 
potassium ferricyanide activated systems, indicate that a mix
ture of 4% oleic acid and 2% Nancy wood rosin gives desirable

Polym erization

pH
Tem p., Tim e,

hr.
Produ

Y ield“ ,
3 50 12 70
6 50 12 90

>10 50 12 95

>10 40 20 96
>10 40 20 84
>10 40 20 93
> 10 40 17 92

Emulsifying Agent, %  
Patty alcohol sulfate, 5

Aliphatic (av. CisJ sodium
sulfonate, 4 

Sulfated methyl oleate, 4 
Sodium naphtnenate, 4 
Sodium oleate, 4

_“ Throughout this paper the term "product yield”  is used to denote the 
yield based on original weight o f m onom eric material em ployed without 
correcting for the emulsifying agent or stabilizer included in the finished 
elastomer.

Satisfactory emulsions are obtained by using some of the 
commercially available soaps, such as Ivory and Palmolive, as 
well as sodium oleate. The merits of the Rubber Reserve soap 
are well known. Nancy wood rosin soap alone may give interest
ing polymers but is not very satisfactory for persulfate-activated 
butadiene systems, owing to the slow rate of polymerization. 
The rate of polymerization may be greatly increased by hydro
genating the rosin or subjecting it to hydrogen exchange.

Combinations of rosin soaps with fatty acid soaps appear to be 
advantageous when employed in certain preferred polymerization 
systems. The use of the rosin soap tends to reduce the precoagu
lation during polymerization, to improve the mill behavior of 
the polymer, and to result in polymers that are more uniform with 
respect to tensile properties. The following results, obtained

1 Although the authors believe that the term "interpolym er”  better 
describes a polym er in which x  and y  m onomer units exist in the same mole
cule, they conform  to the custom ary "cop o lym er" term inology throughout 
this paper.

results:

Oleic Nancy
W ood

Ratio, Total Product
A cid“ , Rosin: Emulsifying Yield  at 40°C .

% Rosin, % Total Acid Agent, % for 20 Hr., %
0 4 1.0 4 25
4 0 4 93
3 1 0 .25 4 9
3 2 0 .40 5 90
4 1 0.20 5 95
4 2 0 .33 6 97
4 3 0.43 7 93

° Commercial red oil was used.

If neither rosin nor fatty acid is desired in the finished product, 
the sulfonic acid type of emulsifying agent may be preferred. 
Conditions of coagulation may be such as to convert the sulfonic 
acid to an innocuous insoluble salt or to leave it in a highly soluble 
form that can be washed out of the polymer.

Some materials that are relatively ineffective as emulsifying 
agents in preparing the initial emulsion are quite effective as dis
persing agents for preventing flocculation of the emulsion during 
polymerization. An example is the condensation product of a 
naphthalene sulfonic acid and formaldehyde (.9, 13) such as that 
sold commercially as Daxad 11. The use of such an agent may 
permit decreasing the percentage of soap required.

CON CEN TRATIO N  O F  E M U L S IF Y IN G  A G E N T

The rate of polymerization may be markedly influenced by the 
concentration of the emulsifying agent. For example, monomer 
conversions of 50-69% have been obtained by polymerizing 
butadiene for 64 hours at 10° C., using 25% sodium oleate. In
creasing the sodium oleate to 50% has given monomer conver
sions of 62-76%, depending on the catalyst, in 40 hours. By 
contrast, when 4%  soap was used, several hundred hours were 
required for comparable polymer yields.

The effect of variations in concentration of sodium oleate upon 
two different butadiene-styrene systems is shown by the following 
data; in each case 0.75 part excess sodium hydroxide, 1 part 
Daxad 11, and 1 part potassium persulfate were used:

Butadiene-styrene ratio 
Potassium ferricyanide, %  
M ercaptan, %
Hours o f polymerization
Product yield, %

4 %  Na oledte 
6%  Na oleate 
8%  Na oleate 

10% Na oleate

70:30
0

P in en e ,1 
32 at 40° C.

88
97

102

76:25  
0 .1 5  

D D , 0 .76  
10 at 50° C.

90
97

105

E FFEC T O F  A L K A L IN IT Y

The rate of polymerization is also influenced by the pH of the 
emulsion. The relations between the yield and varying amounts 
of excess sodium hydroxide for 75 butadiene-25 styrene mixtures 
polymerized in the presence of varying amounts of potassium 
persulfate in emulsions containing 4 parts oleic acid, 2 parts rosin, 
1 part Daxad 11, 0.15 part potassium ferricyanide, and 1.75 part 
pinene mercaptan are shown in Figure 1. For each concentration 
of persulfate, there is a concentration of sodium hydroxide which 
appears to give the optimum results.

Figure 2 indicates that the rate of polymerization of a 75 buta
diene-25 styrene mixture in sulfonated petroleum oil emulsions 
is influenced by the concentration of the emulsifying agent and 
the amount of excess caustic in much the same manner as in the 
fatty acid soap systems; but in these cases the optimum rates are 
obtained with somewhat lower concentrations of excess caustic. 
It appears that at least 4%  emulsifying agent is required to give 
a stable emulsion with a suitable polymerization rate. The 
emulsion contained, in addition to the sulfonated petroleum oil, 
1 part Daxad 11, 0.75 part DD mercaptan, 1 part potassium per-
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0 .25  0.5 0 .75  1.0 0 .2 5  0 .5  0.75  1.0
% E X C E S S  NaOH %  E X C E S S  NaOH

20  h o u r s  a t  40° C .  13 h o u r s  a t  50° C .  -

Figure 1. Effect o f  Excess Sodium  Hydroxide with 
Varying Persulfate on Polym erization o f  75 Butadiene- 
25 Styrene in Oleate-Hosinate Emulsion (Numbers on 

Curves Refer to Per Cent Potassium Persulfate)
0.1 0 .2  0 .3  0 .4  0.5 0 .6  0.7 0B  0.9 1.0

%  E X C E S S  NaOH

Figure 2. Effect o f  Excess Sodium Hydroxide 
on Polymerization o f  75 Butadienc-25 Styrene 
in Sulfonatcd Petroleum Oil Emulsions for 20 
Hours at 40° C. (Numbers on Curves Refer to 

Per Cent Sulfonated Petroleum Oil)

Q 2 5  0.5 0.75  1.0 1.25 1.5
%  k 2 s 2o 8

Figure 3. Effect o f  Persulfate on
Polymerization o f  Butadicne-Sty- 
rcnc in Aliphatic Sulfonate Emul

sion for 13 Hours at 40° C.
Butadiene 75 Excess N aOH 0 .1 5
Styrene 25 Daxad 11 1
W ater 150 D D  mercaptan 0 .7 5
Aliphatic (Cie) K jF e(C N )« 0 .1 5

sulfonate 4 KiSjOa x

0.2 0 .4  0.6 0 .8  1.0 1.2
%  T E R T IA R Y  BU TYL  HYDROPEROXIDE

Figure 5. Effect o f  tert-Butyl Hy
droperoxide with Varying Ferro- 
cyanide on Polymerization o f 
Butadiene-Styrene in Oleate
Emulsion for 16 Hours at 40° C. 
(Curve Numbers Refer to Per Cent 

K 4Fe(CN)6.3II20 )
Butadiene 75
Styrene 25
W ater 150
Oleic acid 4
Excess NaOH 0 .75
Daxad 11 1
D D  mercaptan 1
ieri-Butyl hydroperoxide x
Potassium ferrocyanide y

i s 170'  \ v .  /
< 1 6 0 -  \  „ . /

1 5 0 -  *  \  o o °  /<n ° o X 8°/
I  1 4 0 -

3  1 3 0 -  „ ° §°

5  1 2 0 -  *

110-
10 0 1 i t t i i i i i t t t t i i i i

6  7  8  9  10 II 12 13 14 15 16 17 18 19 2 0  21 22
•NO OF CARBON ATO M S IN MERCAPTAN CHAIN

Figure 6 . Effect o f  Chain Length o f  Mer

2 4  6  8 10 12 14 16 18 2 0  22 
T IM E  IN H O U R S

Figure 4. Effect o f  Potassium 
Ferricyanide on Polymerization 
o f 75 Butadiene-25 Styrene at 
50° C. in  Emulsion Containing 5 
Parts Palmolive Soap and 0.5 Part 

DD Mercaptan
Curve No. 
K 1S1O*

KiFe(C N )« 
Excess NaOH 
Daxad 11

1
0.6

2
1.25

3
0 .6  or 

1.25 
0 .1 5

4
0 .6  or 

1 .25 
0 .1 5  
0 .25  
0 .25

captan on  Plasticity o f  Copolymer from  75 
Butadiene-25 Styrene Mixture with 0.75 Part 
Mercaptan (100% Basis), 20 Hours at 40° C.

O — product yield o f 85 to 95%
X  "  product yield o f 70 to 85%
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sulfate, and 0.15 part potassium ferricyanide. The addition of 
2% rosin improves the stability of the emulsion, but, even here, 
the use of less than 4%  sulfonated hydrocarbon results in an ex
cessively slow polymerization cycle.

CATALYSTS

The use of catalysts or polymerization initiators is essential in 
order to obtain suitable polymerization rates. In practice oxygen- 
yielding compounds have been found more effective and more 
adaptable to control than oxygen itself. Although the term 
“catalyst”  has been applied to such compounds, they are not 
catalysts in the true sense since they are usually consumed. 
Compounds such as benzoyl peroxide or fatty acid peroxides, 
which are soluble in the oil phase, can be used as catalysts but in 
practice have given less favorable results than the water-soluble 
types. Hydrogen peroxide can be used but salts of per acids 
such as persulfates and perborates have given more consistently 
satisfactory results. The choice of catalyst depends upon the 
other components of the polymerization system. In general, 
persulfates have been favored in the work covered by this report, 
but some interesting results with feri-butyl hydroperoxide also 
have been obtained.

There is usually an optimum concentration of catalyst, which 
may vary with the different systems. The following data, ob
tained by polymerizing a mixture of butadiene and methyl meth
acrylate for 16 hours at 60° C. in alkaline-sodium oleate emulsion 
catalyzed with ammonium persulfate, indicate that 1%  functions 
as a more effective catalyst than either smaller or larger amounts 
in this particular system:

Ammonium 
Persulfate, %

0
0.25
0 .5

Product 
Yield, %

6
50
85

Ammonium 
Persulfate, %

1.0
1.5
2 . 0

Product 
Yield, %

97
95
58

Similar variation in polymerization rates with variations of 
potassium persulfate is shown by a more complicated butadiene- 
styrene system in Figure 3. It is possible that the lower yield 
with higher concentrations of persulfate may have been due to a 
variation in the pH of the emulsion, caused by the decomposition 
of the persulfate.

CATALYST ACTIVATORS

The acceleration of polymerization by a primary catalyst such 
as a persulfate may be greatly increased by the use of a secondary 
catalyst or activator. As will be discussed later, compounds 
such as the mercaptaris, used as modifying agents, may also affect 
the polymerization rate. For diene hydrocarbons certain iron 
and copper complex compounds, such as complex metal cyanides, 
have been found to be especially effective activators;

Typical data follow which illustrate the favorable influence of 
potassium ferricyanide upon the polymerization rate of a 75 
butadiene-25 styrene mixture in a system containing 4 parts 
oleic acid, 0.75 part excess sodium hydroxide, 0.75 part DD mer
captan, 1 part Daxad 11, and 1 part potassium persulfate;

Potassium
Ferricyanide, _________

%  12 hours
0.005 °
0 .025 «
0 .05  «

Product Yield 
at 40° C .t %

16 hours
70
80
90

Potassium
Ferricyanide,

%
0.1
0 .1 5
0 . 2

Product Yield 
at 40° C „  %

12 hours 16 hours

70
74

91
93
92

1 Low yield of polym er, too soft and tacky to mill.

Figure 4 shows results obtained by polymerizing 75 butadiene-25 
styrene in a 33% emulsion containing 5 parts Palmolive soap and 
0.5 part DD mercaptan, with and without excess sodium hydrox
ide and Daxad 11. The ferricyanide considerably accelerates 
the polymerization, and in this soap system the addition of 0.15% 
appears most desirable. Several of these products had accept-

able properties even when obtained in essentially 100% product 
yields.

Potassium ferrocyanide also has a marked effect upon polymeri
zations activated with feri-butyl hydroperoxide (Figure 5). 
These results indicate that there is an optimum concentration for 
both potassium ferrocyanide and feri-butyl hydroperoxide.

M ODIFYING AGENTS

The term “ modifying agent”  or “ regulator”  is used to designate 
compounds which, when present in small amounts during poly
merization, markedly increase the plasticity and solubility of the 
resulting elastomers. They are important tools for improving 
the processability of the product. Mercaptans (32), thiuram 
disulfides (3, 7), xanthic disulfides (17), sulfur (25), selenium (33), 
substituted phosphines (21), carbon tetrachloride (2), and various 
nitrogen compounds such as hydrazines (1), amines (19), Schiff 
bases (11), nitroso compounds (31), and diazoamino compounds 
(/,, 5, 6) have been used to modify diene hydrocarbon polymers 
and copolymers.

Mercaptans as a class are probably the most useful modifying 
agents, and an elastomer of almost any desired plasticity may be 
obtained from many different monomers by using the proper con
centration of a suitable mercaptan. There appears to be a direct 
relation between the concentration of the mercaptan and the 
plasticity of the resulting elastomer. Unfortunately the more 
plastic products may yield vulcanizates which are inferior in 
resilience, tensile strength, tear resistance, and other properties. 
Since the effect of mercaptans of various chain lengths is not 
identical, a study was made of mercaptans produced from twenty- 
one different readily available petroleum oils. The data in 
Table I were obtained by polymerizing mixtures of 75 butadiene- 
25 styrene in 40% emulsions containing 4 parts oleic acid, 1 part 
rosin, 0/75 part excess sodium hydroxide, 1 part potassium per
sulfate, 1 part Daxad 11, 0.15 part potassium ferricyanide, and 
0.75 part of the mercaptan (active ingredients). One hundred 
parts of the elastomers were compounded with 50 parts MPC 
black, 2 parts stearic acid, 2 parts sulfur, 5 parts zinc oxide, and 
1.25 parts 2-mercaptothiazoline.

The Williams plasticity numbers (29) of elastomers modified 
with different samples of mercaptans are plotted against the 
number of carbon atoms in the mercaptan chain in Figure 6. Al
though experimental variations and inequalities in yield make it 
difficult to draw' exact conclusions, primary mercaptans con
taining 11 to 14 carbon atoms appear to be most effective in the 
persulfate-catalyzed fatty acid soap systems used.

Although aromatic mercaptans were not especially effective 
as modifying agents, interesting results W'ere obtained with 
certain cyclic mercaptans, such as pinene mercaptan and men- 
thene mercaptan, and with branched-chain mercaptans, such as 
Sharpies 3B mercaptan (20). Table II gives results obtained 
with a ferricyanide-activated 4% sodium oleate emulsion of a 
75 butadiene-25 styrene mixture polymerized at 40 ° C. In each 
case the tensile data show the unfavorable influence of an excess 
of mercaptan.

Table III show's results obtained in comparing DD, menthene, 
and 3B mercaptan in 36% emulsions containing 5 parts Palmolive 
soap and 0.6 part potassium persulfate, and polymerized at 50 ° C.

The mercaptans not only affect the plasticity of the product 
but also the rate of polymerization. Figure 7 shows data ob
tained with 40% emulsions containing 4 parts oleic acid, 0.75 
part excess sodium hydroxide, 1 part Daxad 11,1 part potassium 
persulfate, and 0.15 part potassium ferricyanide. No attempt 
was made to exclude air from this system, and whether the mer
captan affects induction period or actual polymerization rate 
remains to be determined.

It was considered that a combination of mercaptans might be 
even more suitable than a single mercaptan. Thus, it might be 
possible to combine the greater modifying action of 3B mercap-



214 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 39, No. 2

T a b l e  I. E f f e c t  o f  M e r c a p t a n s  M a d e  f r o m  H y d r o c a r b o n s  o n  7 5  B u t a d ie n e - 2 5  
S t y r e n e  P o l y m e r i z a t i o n , w i t h  0 .7 5 %  M e r c a p t a n  f o r  2 0  H o u r s  a t  4 0 °  C .

Stress-Strain Data

Oil
Av. C 
Chain

Product
Yield,

% . M odification

Cure, 
min. at 
142° C.

Stress 
at 300% , 

lb . /  
sq .in .

Tensile 
strength, 

lb . /  
sq. in.

Elonga
tion at 
break,

%
Dependip 7 .6 81 Fair 60 1360 3150 510
Octane 8 85 Fair 45 1410 4120 570
H F V M  & P naphtha 9 .5 80 Fair 60 1700 3270 450
Oleum spirits 9 .8 85 Fair 45 1080 3010 570
T ydol N o. 1 10.9 85 G ood 45 1070 3420 620
Deobase 10.9 89 Very good 45 1140 2900 540
Perfection kerosene 11 83 G ood 60 1480 3270 500
Fortnite LT B 11.1 90 G ood 45 1450 2930 465
No. 30 white oil 11.7 94 Very good 45 1160 2760 525
Bayol D 1 1.8 92 Very good 60 1420 2440 430
T yd ol N o. 2 12 85 Good 45 1020 3280 620
No. 9 refined 12.1 90 G ood 45 1280 3380 540

C ontrol (D D M ) 1 2.5  _ 94 Very good 45 1250 3210 560
Pure N o. 1 12.8 93 Very good 45 1220 3410 56P
Penn No. 1 13.1 95 Very good 60 1510 3320 500
Penn No. 2 13.3 92 G ood 45 2050 3840 440
Penn No. 3 14.1 92 Fair 60 1880 3010 400
N o. 40 white 16 92 Fair 45 1330 3590 495
Penn No. 4 18.1 82 Poor 45 2060 3780 435
N o. 50 white 19 78 Poor 30 1740 3860 480
N o. 70 white 2 2 .5 69 Poor 30 2470 2710 315

inert solvent. The antioxidants may 
serve to terminate polymerization, but 
in certain cases other agents or inhibitors 
are also added.

C O A G U LA T IO N

tan with the accelerating action of DD mercaptan. The results 
obtained (Figure 8) indicate that the single and mixed mercaptans 
give distinct sets of nearly parallel curves; although the mixed 
mercaptans have a greater influence on plasticity at low yields, 
the single mercaptans are more effective in increasing the plas
ticity at higher yields. It is possible that the acceleration of poly
merization with mixed mercaptans accounts for these results. 
If the rate of diffusion of the modifier to the point where poly
merization is in progress is involved, acceleration of polymeriza
tion might explain the anomaly of less modifier being more effec
tive under certain conditions.

A study of the mechanism of the action of modifying agents 
offers a promising field for academic research. Some of these 
modifying agents may function by terminating polymer chain 
growth or introducing easily rupturable linkages and, thereby, 
result in products of lower molecular weight. Other modifying 
agents may act by preventing cross linking or by interfering with 
cyclization. The utility of a given compound as 
a modifying agent depends upon the nature of the 
monomer, the emulsifying agent, the pH of the 
emulsion, or the method of catalysis.

T E M P E R A T U R E  O F  P O L Y M E R IZ A T IO N

The rate of polymerization can be increased by 
raising the temperature, but our general experience 
has shown that the quality of the elastomer is 
improved by polymerizing at lower temperatures.
In some cases freeze resistance is increased by 
raising the temperature of polymerization, but 
proccssability, tensile strength, and elasticity are 
generally improved by polymerization at lower 
temperatures.

A suitable coagulation process should 
be complete, yield a readily washable 
coagulum, and have no adverse effect on 
the properties of the product. Coagula
tion of most of the emulsions discussed 
in this report may be brought about by 
adding salts of bi- or trivalent metals 
such as barium, magnesium, or alumi
num, or by the addition of sodium 
chloride brine or acidified brine, or by 
cooling or heating. An acidic coagulant 
is advantageous for coagulation of soap 
latices since it converts the soap to free 
fatty acid or rosin and a highly soluble 
salt. When practical, cooling or heating 
are preferred methods of coagulation 

because they involve no contamination of the finished product 
with coagulant. For example, neoprene latices containing sodium 
rosinate and Daxad 11 are acidified with sufficient acetic acid to 
precipitate the rosin and are then coagulated by freezing on a 
rotating drum. The resulting film is washed with water to remove 
sodium acetate. In this laboratory an acidic sodium chloride 
brine is commonly used to coagulate butadiene latices made with 
fatty acid or rosin soaps.

Y IE L D

Every manufacturer of elastomers knows that the properties 
of his product are greatly affected by the yield at which the prod
uct is isolated. However, it is frequently possible, by the proper 
use of modifiers and by polymerizing at sufficiently low tempera
ture, to polymerize to a yield of 90% or better and still'obtain a 
good-processing polymer which yields suitable vulcanizates. 
The maximum yield obtainable without adversely affecting the

S T A B IL IZ E R S

Elastomers made from diene hydrocarbons 
must be protected from oxidation during milling 
and processing. For this reason it is advisable 
to add an antioxidant, preferably in the form 
of an aqueous dispersion, to the latex wdien the 
optimum yield is reached (27). Such a dispersion 
may be prepared from any antioxidant by 
grinding with a suitable dispersing agent or 
emulsifying a solution of the antioxidant in an

T a b l e  II. C o m p a r is o n  o f  P i n e n e  a n d  DD M e r c a p t a n s

Stress-Strain Data®
Polym eri Stress Tensile

zation Product Williams at 300% , strength, Elonga
Tim e, Yield, Plasticity- lb ./ lb . / tion

%  M ercaptan Hr. % Recovery sq. in. sq. in. break, %
N one 24 60 337-161 2550 3580 380
None 49 93 369-138 1845 190
0.25 D D 24 88 271-180 2640 3465 350
0.75 D D 20 95 134-173 1420 3180 500
1.5 D D 20 96 82-5 995 2215 540
1.0 pinene 22 92 230-220 1620 3610 500
2.0 pinene 20 93 156-145 1280 3210 530
4.0 pinene 20 98 107-100 850 2215 380

°  On 2 -M T  (2-mercaptothiazoline) tread stocks cured 45 minutes at 142° C.

T a b l e  I I I . C o m p a r is o n  o f  DD, M e n t h e n e , a n d  3B M e r c a p t a n s

Stress-Strain Data®
Polym eri Stress Tensile Elonga

zation Product W illiams at 300% , strength. tion at
Tim e, Y ield, Plasticity- lb . / lb . / break,

%  M ercaptan Hr. % R ecovery sq .in . sq .in . %
0.5 D D 15 86 106-24 1510 3130 490
0.5 D D 18 90 135-107 1670 3580 490
0.5 D D 21 95 144-116 1760 3090 430
0.3 menthene 19 76 102-25 1420 2980 500
0.3 menthene 21 93 130-104 2185 2840 350
0.4 menthene 19 84 90-12 1450 2640 450
0.1 3B 19 56 133-144 1645 3380 . 470
0.2 3B 22 71 96-11 1620 2900 440
0.3 3B 19 74 60-9 1450 2840 490
0.3 3B 22 78 65-9 1645 3065 460

® On tread stocks cured 45 minutes at 142° C.
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POLYMERIZATION T IM E , H O U R S

Figure 9. Polymerization Rate o f  Buta
diene in Oleate Emulsion at 10° C. in Pres
ence o f  Octyl Mercaptan and Am m onium  

Persulfate
I. 1 c/o am m onium  persulfate, 2 %  octyl mercaptan
II. 0.5 %  am m onium  persulfate, 1 %  octyl mercaptan

simple rotation in the water bath is sufficient. If, upon removal 
from the water bath, the tube is suspected of containing appreci
able amounts of butadiene, it is cooled to about 0° C. before 
being opened. After coagulation, the polymers are washed on a 
6 X 2  inch (15.2 X 5.1 cm.) wash mill with one corrugated roll. 
The washed elastomer is dried first on a corrugated mill and 
finally on a smooth 6 X 2 inch mill with differential speed rolls.

The samples are compounded on these small mills and cured 
at conventional temperatures and pressures in small presses. The 
apparatus used in determining the tensile properties of these 
samples was described by Williams and Sturgis (80).

Since elastomers containing butadiene are notoriously inferior 
in gum stocks, black stocks were used in compounding. The 
usual cure was 30 minutes at 153° C., and the formula generally 
employed wa,s :

Elastomer 100 Sulfur 2
Phenyl-0-naphthylamine 2 M ercaptobenzothiazole 1
M P C  black 50 Zinc oxide 5
Stearic acid 2

In some recent work more active accelerators, such as 2- 
mercaptothiazoline, were employed. With some samples tensile 
strength measurements were made at temperatures ranging from 
-4 0 °  t o +100° C.

Resistance to swelling in solvents is usually determined by 
weighing the sample in air and in water at room temperature 
before and after emersion in the solvent.

Several more practical methods for the determination of freeze 
resistance have been developed since this work was started, but 
valuable preliminary information was obtained by using a modi
fication of the T-50 method described by Gibbons, Gerke, and 
Tingey (S). In this modification the temperature at which each 
10% retraction occurred is reported; that is, a T-10 of —40° C. 
means that a sample stretched 240% of its original length when 
frozen at —70° C. and then released to allow free retraction, 
retracted 10% of the elongation when warmed to —40° C. The 
T-20 is the temperature at which it retracted 20%, etc.

The hardness (Shore durometer Type A) and the Schopper 
rebound were measured with a pile of three slabs.

Elastomers which gave interesting results in those preliminary 
tests were evaluated further by conventional rubber testing 
methods.

ELASTOM ERS FROM BUTADIENES

The sodium-catalyzed polymerization of 1,3-butadiene was 
used extensively in formulating the numbered Bunas in Germany 
and SKA and SKB in Russia (26). Less attention has been given 
to the emulsion polymerization of butadiene alone, and it is 
generally assumed that the presence of another polymerizable 
compound is essential in order to prevent excessive cross linkage 
or to give the preferred 1,4 addition and obtain the best products.

_ ) ________1________I________I________!_______ L_
0.5 1.0 1.5 2.0 2 5  3.0
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O 
?  70

180
170
160
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Figure 7. Effect o f  Mercaptan Concentration 
on Polymerization o f  75 Butadiene-25 Styrene 
in Oleate Emulsion for 20 Hours at 40° C.

/i , DD m ercaptan; B, No. 30 white oil mercaptan; 
C, pincne mercaptan

product is influenced not only by the character of the modifying 
agents added to the system, but also by the nature and amount 
of impurities in the poiymerizables, since impurities are fre
quently negative modifiers.

LABORATORY PROCEDURE

Glass equipment appears to be most satisfactory for use in 
laboratory polymerization. With materials having boiling points 
appreciably above the temperature of polymerization, it is 
possible to carry out the emulsion polymerization at atmospheric 
pressure. Since butadiene boils at —5° C., it is necessary in this 
case to use closed systems. It has been found satisfactory to 
use thick-walled Pyrex tubes (approximately 3 X 40 cm.) en
closed in holders made from perforated metal tubes and rotated 
end to end (35 r.p.m.) in a water bath at the desired temperature. 
These tubes are closed with neoprene stoppers which have been 
treated with caustic solution to remove cxtractable material. 
In filling the tubes, the water and water-soluble ingredients are 
placed in the tube, and the mixture is frozen by placing the tube 
in an acetone-solid carbon dioxide bath. Liquid butadiene and 
butadiene-soluble materials are then weighed into the tube, and 
the tubes are sealed and warmed to the desired temperature.

After the aqueous phase has been thawed, the tube can be 
shaken rapidly, if necessary, to form the emulsion, but usually

FigureO. Effect o f Yield on Plasticity o f  Compounds 
Modified with Combinations o f Mercaptans

Curve N o. 1 2 3  4 5 6
D D , %  0 .5  . .  0 .0 5  0 .0 5  0 .0 5
Mentnene, %  0 .3  . .  . .  0 .3  0 .4
3B, %  . .  . .  0 .3  . .  0 .3
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Figure 10. Freeze Resistance o f  Butadiene-Dim ethyl- 
butadiene Elastomers

Curve No. I II III IV V VI
1.3-ButadienA %  100 40 30 20 10
2.3-Diraethyt-l,3-butadiene, %  . . .  60 70 80 90 100

The present commercial processes do involve the use of another 
polymerizable compound with the butadiene, but it is possible to 
improve the elastomers obtained from butadiene alone by suit
able emulsion technique. However, to obtain high-quality 
butadiene polymers in emulsion, it is necessary to polymerize at 
lower temperatures than are commonly used commercially. The 
following data show the results of tests on straight butadiene 
polymers made in a 4%  sodium oleate emulsion containing per
sulfate and octyl mercaptan, and polymerized at 10 ° C. :

Ammonium Octyl Product Stress at Tensile Elonga
Persul- M ercap- Yield, 300% , L b ./ Strength, tion at
fate, %  tan, % % Sq. In. L b ./S q . In. Break, %

1 2 38 820 1500 420
48 630 2940 640
66 850 2180 460
80 1450 250

0 .5  1 30 480 1900 620
45 820 2090 460
52 1130 1600 350

In both systems the product isolated at an intermediate yield 
is superior to that at either the highest or the lowest yield. As 
Figure 9 shows, the polymerization rate is far slower than that 
used in commercial systems, but it is possible to modify the sys
tem so as to obtain faster polymerization rates. For example, 
a 92% yield was obtained in 64 hours at 10 ° C. by using a system 
containing 25 parte oleic acid, 0.5 part excess sodium hydroxide, 
1 part Daxad 11, 0.5 part sodium persulfate, 1 part DD mercap
tan, 4 parts methanol, 0.1 part potassium ferrocyanide, and 200 
parts water per 100 parts butadiene. The product, compounded 
in a typical channel black stock, gave a vulcanízate having a ten
sile strength of 2500 pounds per square inch and an elongation at 
break of 650%. This shows that high yields of good quality 
butadiene polymers are possible.

Isoprene gave reasonably good polymers, although in general 
they were inferior to those from butadiene. A 90% yield of 
isoprene polymer was obtained at 30° C. and it gave vulcanizates 
with a tensile strength of 1950 pounds per square inch at 480% 
elongation. Practical road tests indicate that, in spite of these 
comparatively poor tensile properties, a tread of polyisoprene 
would give more than half as much service as a Grade A rubber 
tread.

2,3-Dimethyl-l,3-butadiene gives better milling elastomers 
than either butadiene or isoprene, but loggy vulcanizates which 
have a greater tendency to freeze. They have good tensile 
strength, as indicated by the following data obtained with poly
mers formed in an alkaline oleate emulsion containing persulfate 
and cured 30 minutes at 153 ° C .:

Polym erization Product Stress at Tensile E longa
T em p., Tim e, Yield, 300% , L b ./ Strength, tion at

°  C. hr. % Sq. In. L b ./S q . In. Break, %
100 4 50 1410 2720 460

60 65 100 1900 2900 390
50 17 72 1810 3030 420
30 90 72 2040 2660 350

The polymerization of mixtures of 1,3-butadiene and 2,3- 
dimethyl-1,3-butadiene produces elastomers which are superior 
in stress-strain properties to those obtained from butadiene alone 
under similar conditions :

Buta Polymerization Product Stress Tensile Elonga
diene, Tem p., Tim e, Yield, at 300% , Strength, tion at

% ° C. hr. % L b ./S q . In. L b ./S q . In. Break, %
10 50 67 105 1810 2770 390
10 30 18 76 1610 2800 430
20 30 18 81 1700 2940 430
30 30 18 82 1920 2580 350
60 30 90 88 1410 2550 430
60 50 16 86 1470 1900 350

The freeze resistance of these dimethylbutadiene-butadiene 
copolymers, as indicated by retraction during gradual warming 
in the T-50 apparatus, shows a definite improvement as the buta
diene content is increased. This is shown by the curves of 
Figure 10.

Even more freeze-resistant elastomers can be obtained by 
polymerizing mixtures of isoprene and butadiene (Figure 11). 
Tensile data follow on elastomers cured 30 minutes at 153° C.:

Buta Iso
Polym eri

zation Tim e Product Tensile Elonga
diene, prene, at 35° C., Yield, Strength, tion at

%  . % Hr. % L b ./S q . In. Break, %
0 100 64 35
0 100 112 69 1330 4ÍÓ

50 50 64 54 1580 540
50 50 112 87 1300 230
75 25 64 61 1840 490

100 0 64 67 1600 430

These results were obtained with a system containing 4 parts 
oleic acid, 1.5 parts ammonia, 1 part Daxad 11,1 part ammonium 
persulfate, and 2 parts octyl mercaptan. Milled blends of the 
separately formed polymers from butadiene, isoprene, or di- 
methylbutadiene do not show the superiority in freeze resistance 
of the corresponding copolymers. This difference in freeze re
sistance is believed to be an indication of the formation of poly
mers which contain in a single chain, units of both polymerizing 
monomers.

This work has served to demonstrate that high quality' poly
mers can be made from diene hydrocarbons alone by polymeriza
tion in emulsion, and that some advantage may be expected from 
copolymerization of different hydrocarbons. The emulsion poly
merization of these diene hydrocarbons is worthy of more de
tailed investigation, and the development of the proper system 
may result in an elastomer superior to GR-S for general use.

COPOLYMERS OF BUTADIENE AND VIN YL COMPOUNDS

Although good elastomers can be made from butadiene alone, 
thus far it has been easier to make a good quality product from 
mixtures of butadiene with other polymerizable compounds. The 
first work was that of Tschunkur, Meisenburg, and Bock using 
styrene and vinyl naphthalene {16, 28). Many other types of 
compounds copolymerizable with butadiene were studied later 
by various investigators, but it is not possible to give here a com
plete bibliography of the extensive literature on the subject. In 
general, the second polymerizable components are vinyl com
pounds which contain an activating group such as a second vinyl, 
a nitrile {12), a carboxy'l {10), or a phenyl group. Activation 
may also be accomplished by unsymmetrical substitution of two 
or more halogen atoms on a double-bonded carbon {23). Many 
of these vinyl compounds have been investigated, but only a few 
have given sufficiently attractive products or are sufficiently 
available commercially to be considered for the manufacture o f 
synthetic rubbers. Table IV summarizes the properties of 
butadiene copolymers with vinyl compounds having different 
activating groups.

In this series of tests the second monomer was used on an 
equimolar rather than an equal weight basis, the ratio being 4.3 
moles of butadiene per mole of the second vinyl compound. The 
mixed monomers were polymerized in an emulsion containing 5-
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T a b l e  IV . P r o p e r t i e s  o p  B u t a d i e n e  C o p o l y m e r s  w i t h  V a r io u s  M o n o m e r s

(Structure is CH 2= C R R i)
N o

Second
M onom er

R  group 
Ri group
2nd monomer, %  by wt.

Hours at 30° C. 
Product yield, %

Tested at 25° C.
Stress at 300% , lb ./ 

sq. in.
Tensile, lb ./sq . in. 
E longation at break,

Tested at 70° C. 
Tensile, lb ./sq . in. 
Elongation at break,

%

Vol. increase, %

T-10, ° C. 
T-50, ° C. 
T-80, ° C.

A crylo-
nitrile
H
C N

18.0

M eth- M ethyl Butyl M ethyl
acrylo- M eth- M eth- a-Chlor- a -M ethyl-
nitrile acrylate acrylate acrylate Styrene styrene
C H , CH i CH j Cl
CN CO2C H 1 CCbCiH» CO2CIÎJ 

2 2 .4  30 38 34

H CH*
C«Hs CeHt
3 0 .8  33.6

Polym erization Data
05 65 40 65 48 50 88 90
55 88 100 93 90 87 83 85

Stress-Strain Data (Cured 30 M in. at 141° C.)

900 1380 740 620 1900 650 350
2320 2000-2500 2970 2720 2900 2290 3220 2410

470 400-500 450 600 650 340 650 800

850 1160 1030 1330 1470 650 2010 1700

250 150 260 470 590 200 620 860

Kerosene Absorption (48 Hr. at 100° C.)
>200 42 62 135 203 64 150 195

Freeze Resistance
- 6 5 - 4 0  - 3 3 - 4 6 — 55 - 1 2 - 4 9 - 4 7
- 3 4 - 3 0  - 2 3 - 3 7 - 4 6 0 - 4 1 - 3 8
- 2 1 - 2 3  - 1 1 - 2 6 - 3 6 +  6 - 3 2 - 2 9

parts oleic acid, 1.06 parts sodium hydroxide, 1 part Daxad 11, 
1 part ammonium persulfate, 0.5 part octyl mercaptan, and 116 
parts water. Comparison with the results obtained on butadiene 
alone shows that the addition of the second monomer increases 
the rate of polymerization in all cases. When the second mono
mer contains a nitrile group, the rate is further increased by the 
introduction of alkyl groups.

The kerosene resistance is increased by the presence of chlorine 
or, especially, nitrile radicals. The introduction of additional 
alkyl groups tends to decrease the kerosene resistance, and the 
greater the chain length of the alkyl group, the greater the loss 
in kerosene resistance.

The introduction of a methyl group decreases the freeze resist
ance, but the elastomers containing the butyl group are more 
freeze resistant than those containing the methyl group.

TEMPERATURE, °G

Figure 11. Freeze Resistance o f 
Butadienc-Isoprcne Elastomers

Curve N o. '  I II  I I I  IV
1,3-Butndiene, %  100 75 50
Isoprcne, %  . . .  25 50 100

The compounding formula was as follows: copolymer 100, 
phenyl-0-naphthylamine 2, stearic acid 2, zinc oxide 5, MPC 
black 50, sulfur 2, and mercaptobenzothiazole 1.

Table V summarizes data pertaining to the polymerization of 
mixtures of butadiene with a number of other polymerizable 
compounds. In testing a new compound, the general procedure 
was to form a 40% emulsion of a mixture of 70 parts butadiene

and 30 parts of second component in an alkaline sodium oleate 
system with a suitable catalyst, usually a persulfate, and to 
agitate the emulsion at 30 ° or 40 0 C. for 65 hours. The emulsion 
was then treated with an antioxidant and coagulated. The co- 
agulum was washed on a mill with one corrugated roll and milled 
to constant weight. In some cases, indicated b y /, an acid sys
tem was used with C-cetylbetaine as emulsifying agent. Many 
of these experiments were carried out before the present modifiers 
or catalyst activators were developed. The products, therefore, 
do not necessarily represent the best that can be obtained from 
the particular compounds.

Figure 12. Relation between Composition 
o f  M onom er Mixture and Copolymer for 

Butadicne-Acrylonitrilc

The second monomer is considered to have inhibited polymeri
zation when the product yield was 25% or less of that which 
would have been obtained from the same amount of butadiene 
alone. Product yields 75-110% of that to be expected from the 
butadiene are considered normal; lower yields indicate retarda
tion, and higher yields acceleration. In all cases where poly
merization was accelerated, copolymers are believed to have 
been formed. When possible, this was confirmed by determina
tion of a characteristic element such as chlorine or nitrogen. 
Some combinations with normal or even retarded polymerization 
rates gave products which contain appreciable amounts of a 
second monomer.
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T a b l e  V . E l a s t o m e r s  f r o m  B u t a d i e n e  w i t h  V i n y l  C o m p o u n d s

Polyineri- Mill

80 70 60  50
Vo BUTADIENE

40 30

Figure 13. Effect o f  M onom er 
Katio on Yield o f Elastomer for 
Butadiene—Methyl Methacrylate 
in Am m onium  Oleate Emulsion

These results indicate that minor changes in 
the structure of the second monomer can have 
a pronounced effect upon its ability to form an 
interpolymer with butadiene, possibly as a re
sult of differences in the firmness of the electron 
bondage. For example, high yields of elastomer 
were obtained from mixtures of butadiene and
2-nitro-2-methylpropylmethacrylate; mixtures of 
butadiene and 2-nitrobutyl methacrylate failed 
to yield significant amounts of elastomer in either 
acid or alkaline systems. A similar influence of 
structure on ease of formation of polymers is 
found in the case of crotonic anilide and metha- 
crylic anilide. Mixtures of crotonic anilide 
(CHGr— C H =C IIC O N H C isH i) and butadiene gave 
only small amounts of cheesy product in cither 
acid or alkaline emulsions; butadiene and metha- 
crylic anilide [CH i=C (C H ,)CO N H CeH t] gave 
high yields of elastomer.

STRUCTURE OF COTOLYM ERS

The polymerization of mixtures of different 
polymerizable materials may result in the forma
tion of elastomers consisting of long chains, each 
of which contains a variable number of units of 
each of the monomeric materials; or it may re
sult in the formation of a mixture of polymers, 
each made up of units of only one of the poly
merizable compounds. A given elastomer may 
contain mixtures of both types of polymers. In 
this laboratory it has been the custom to refer to 
the first class of elastomers as interpolymers and 
to the second as copolymers, although the term 
copolymers is used commonly to cover both classes.

It is often difficult to determine precisely which 
type of polymer is present. In some cases it is 
possible to determine the presence of a particular 
type by visual examination, physical separation, 
and analysis. In other cases simple extraction 
with solvents and analysis may serve to show 
the presence of different types of products. Com
parison of the physical properties of the products 
formed by polymerization of mixtures with those 
formed by mill blends offers some indication of 
the presence of true interpolymers. Freeze resist
ance is believed to be a significant means of de
termining the difference between true interpoly
mers and mixtures. In certain cases determination 
of the index of refraction gives valuable informa
tion.

Second M onomer
A cyclic monoenes

1.1-Dichloroethylene 
1-Brom o-l-cbloroethylene
1-Fluoro-l-chloroethylene 
cts-1,2-Dichloroethylenc 
irans-1,2-Dichloroethylene
1.1.2-Trichloroethylenc
1.1.2-Trifluoro-2-chloroethylene
1.1.2.2-Tetrachloroetkylene
2-Chloro-l-propene
3-Chloro-l-propene 
2 -M ethyl-3-chloro-l-propene
1.1-Dicnloro-2-m ethyl-l-propene
1.1.3-Trichloro-2-m ethyl-l-propene
2.4.4-Trimethyl-2-pentene

A cyclic dienes
1-M ethyl-l,3-pentadiene
2-M ethyl-l,3-butadiene
2.3-D im ethyl-l,3-butadiene
1-Cbloro-l,3-butadiene
2 -C h loro -l,3-butadiene 
2-Fluoro-l,3-butadiene
1-Cbloro-2-m ethyl-l ,3-butadiene
2-Cbloro-3-m etbyl-l,3-butadiene
3-Cbloro-2,4-beptadiene
2.3 -D ich loro-l, 3-butadiene
1.2.4-Tricbloro-l,3-butadiene
1.1.2.3.4-Pentacblor-l ,3-butadiene/
2-M ethyl-l,3-pentadiene
3-Chloro-2,5- di methyl- 1,5-hexadiene
1.3-Dichloro-2,4-hexadiene 
3-Chloro-l,3,4,5-hexatetraene
5.6-D ichlorohexa-l-en-3-yne
3.5.6-Trichloro-l ,3-hexacfiene 
2,5-Dim ethyl-l,3,5-hexatriene

A cyclic hydroxy com pounds 
Allyl alcohol 
2-Chloro-2-propen-l-ol
1-H ydroxy-3-cnloro-2,4-hexadiene 
D im ethylvinylethynylcarbinol
2-Ethoxy-l-butene
3-M ethoxy-2-chloro-l-propene 
3 -M ethoxy-2 -m ethy l-l,l-a ich loro-l-

propene
1-D ivinyl ether
2-Chloroallyl ether 
l8obutyl vinyl ether/
2 -M ethyl amyl vinyl ether/
D ivinyl sulfide
l-M ercapto-3-chloro-2,4-hexadiene 
Tetramethallyl silicate/
M ethyl glycol vinyl ether/ 
D iethyldiethoxyethvlene/
2.3 -D iethylthio-l, 3-butadiene

Oxo compounds 
C hloroacetone/
Crotonaldehyde
a-Chlorocrotonaldehyde
1-Buten-3-one (m ethyl vinyl ketone)
2-ChloEO-l-butan-3-one 
M esityl oxide 
Phoronc 
Divinylform al
1.1-Diethoxy-2-propene 
Dichlorovinyl ethyl ether/
Biacetyl
Hexyl ketone dim er/

M onocarboxylic acids 
Acrylonitrile 
M ethacrylonitrile 
a-Chloroacrylonitrile 
o,/3-Dichloroacrylonitrile
3 -C yano-l-propene/
1-Cyano-2-butene
2 -C yano-l-ch loro-l-propene/ 
2 -C yano-3-ch loro-l-propene/ 
l-C yano-3-chloro-l-propene
1-Gyano-2-m ethyl-l-propene
2-C yano-4-m ethyl-l,3-pentadiene
1-Cyano-l,3-butadiene
2 -C yano-l,3 -butadiene/
1-A cetoxy-l,3 -butadiene/
2-Acetoxy-l,3-butadiene
1-Acetoxy-3-chloro-2,4-hexadiene
1 .1-D ichloro-2-m ethyl-3-acetoxy-l- 

propene
Vinyl formate 
V inyl acetate 
Vinyl cliloroacetate/
M ethyl methacrylate 
Ethyl methacrylate 
n-Propyi methacrylate 
n-B utyl methacrylate 
Butyl methacrylate 
n-Octyl methacrylate 
Vinyl methacrylate 
Allyl methacrylate 
M ethallyl methacrylate
3-Chloro-2-butenyl methacrylate
2-N itropropyl methacrylate

zation Appear Tensile Elonga-
R ate0 ance1» Strength* tiond

Acc* Fair Good Good
N  orm « G ood Poor VG
Inh Soft
R et Tough Poor Fair
Ret Tough Fair Good
N orm 0 Tough Poor Poor
R et” Coherent Fair Fair
Ret Tough Poor Fair
Ret Thready Fair VG
Ret Coherent Fair VG
Ret Soft
N orm « Flaky Fair Fair
R et Sticky
Norm Poor Poor Poor

Norm Good Poor VG
Norm G ood Fair VG
Acc* G ood G ood Good
Ret* Crum bly
Acc* Fair Fair Fair
Acc* Poor P oor Fair
Inh
A cc* Flaky Fair Poor
Norm • Fair Poor VG
Inh
Acc* G ood Poor Poor
Ret Poor Poor
Acc* G ood Fair Good
Ink
Inh
inn
Norm* G ood
Acc* Good Fair Fair
Inh Soft Poor Fair

Inh
Inh Slime
Inh
Acc* v g ‘ " VG* G ood
Inh
Ret* Crumbly Good VG*

Inh
Ret Tender Poor Poor
Ret* Fair Poor Poor
Ret Soft Poor G ood
Ret Poor Fair
Inh
Inh
Norm Poor Poor Poor
Inh Poor Poor Poor
Inh
Inh

Inh
Inh
Inh *
Acc* G ood VG* VG*
Norm* Crum bly Poor Poor
Inh
Ret Tender Poor Poor
Ret Poor Fair
Ret Fair Poor VG
Ret Soft Poor Fair
Inh
Norm Poor Poor Poor

Acc* G ood VG Good
Acc* Coherent G ood Good
Acc* D ry VG Poor
Acc* G ood G ood Poor
Inh Sirupy
Inh
Inh Sirupy
Inh
Inh Soft
Inh Powdery
Inh
Norm Poor G ood Fair
A cc Poor P oor Poor
Inh
Ret Gumm y
A cc * G ood Fair Good

Ret Crum bly Fair Good
Inh
Inh
Inh
Acc* G ood VG* VG*
Acc* G ood G ood Fair
Acc* G ood G ood G ood
Acc* G ood G ood Good
Acc* G ood G ood Good
Acc* Tender Poor Poor
Acc* G ood Poor Poor
Acc* G ood Poor Poor
Acc* D ry Poor Poor
Norm* G ood Poor Poor
Inh
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T a b l e  V . E l a s t o m e r s  f r o m  B u t a d i e n e  w i t h  V i n y l  C o m p o u n d s  (C ont'd)

Second M onom er

Polym eri
zation
Rate®

Mill 
Appear

ance &
Tensile 

Strength c
Elonga

tion<*
Monocarboxylic acids (Cont'd)

2-Nitro-2-methyl propyl m ethacry
la te / Acc« G ood VG VG

2-Nitrobutyl methacrylate 
Ethylene glycol monomethacrylate 
Methoxy methyl methacrylate

Inh
Inh
A cc« Good Fair Fair

Ethyl thiom ethacrylate/ A cc« Good Poor VG

Polycarboxvlic acids 
Dimethyl fum arate/
Diisobutyl fumarate 
Diallyl fumarate 
Dimethallyl fumarate 
D i(3-chloro-2-butenyl) fumarate 
1,2-Dicyanoethylene 
2-M ethyl-2-nitropropyl fum arate/ 
Dimethyl m aleate/
Dimethallyl maleate 
Diethyl methylene m aleate/ 
Diisobutyl maleate 
Ethyl cyanoacetate 
a-Cyanosorbic a c id /
Methyl a -cyanosorbate / 
2-M ethyl-2-nitropropyl m aleate/ 
Di-2-nitrobutyl fum arate/

Hydroxy carboxylic acids 
Diallyl carbonate/
Dimethallyl carbonate/
Acrolein cyanohydrin acetate 
3-Cyano-3-ncotoxy-l-butene/ 
Cyanomethyl methacrylate 
d-Cyanoethyl m ethacrylate/ 
Methacryl isoth iocyanate/ 
Methacrylurea 

' Diethoxym ethylurea/
Vinyl thiolacetate
Dimethyllyl m ethallyloxy succinate/

A cc«
A cc«
Acc®
A cc«
A cc«
Acc*
A cc«

G ood 
Tacky 
Crum bly 
Crumbly 
Flaky 
Crum bly 
Fair

Good
Poor
Poor

Poor
Good
Good

VG
G ood
Poor

Poor
Poor
G ood

Ret Soft
A cc« Crum bly
Ret Good Fair VG*
Acc« Fair Poor Poor
Inh
Ret Resinous
Inh
A cc« Fair Poor
Inh

Norm Poor Poor Poor
Ret Poor Poor
Inh
Ret Good Poor VG*

A cc« Crumbly G ood Fair
A cc« Poor Poor Poor
Inh
A cc« Crumbly Fair Poor
Norm Poor Poor Poor
R ot« G ood Fair G ood
R et Poor Poor Poor

The presence of an element, such as nitrogen or 
chlorine, which can readily be determined quantita
tively is frequently helpful in studying copolymers. 
For example, a butadiene-acrylonitrile copolymer 
was dissolved in benzene (5% cement) and, at 
40 C., diluted with 58 grams ethyl alcohol per 100 
grams cement. The mixture was cooled to 28° C. 
and, upon standing, separated into two layers. 
The solvents were removed by evaporation, the 
product of higher molecular weight was redis
solved, and the treatment repeated. The original 
elastomer was separated into four fractions of 
different solubilities. The data obtained with 
these fractions indicate there is comparatively little 
difference in the chemical composition of the vari
ous fractions, i.e., the product is essentially a 
true intcrpolymer. The least soluble fraction does 
contain slightly less nitrogen than the most soluble 
fraction. The viscosities of cements made from 
these fractions, as determined in a Gardncr-Holdt 
bubble tube, indicate a wide difference in molecu
lar weight:

B ubblc-Tube Vis-
Relative %  of Nitrogen cosity of 9 .6%  :

Solubility Original Content, % zene Cements,
100 7 .3 1 % 9

1 23 7 .30 2
2 23 7 .24 3 .7
3 18 7 .34 12
4 36 6 .99 300

Inh
N orm «
Ret«
A cc
Inh
Ink
Ret
Norm
A cc«
Inh
Inh

A cc«
Acc«
Acc«
Inh

Acc

W axy
G ooa
Poor
Soft

Soft
Poor
Poor

Poor
G ood

Flaky

Amines
iV-Allyl maleic half-am ide/ 
Monomethacrylurea 
AVDimethylcrotonamide 
Dim ethallylam ine/
Methacryl dimethylamide 
A -M ethyl maleic monoamide 
Ar-Butyl maleic monoamide 
N -M ethyl m ethacrylam ide/
Ar-Stearyl m ethacrylam ide/
Methallyl isothiocyanate 
Dimethylamine hexylraethacrylamide 
A-(j3-Dimethyl aminoethyl) meth

acrylamide 
Dimethylaminoethyl m ethacrylate/ 
Diethylam inocthyl m ethacrylate/ 
2-Cyanoisopropyl m ethacrylam ide/ 
2-Propene phosphonic bisdimethyl- 

amide

Isocyclic com pounds 
Methylenecyclohexane 
/3-Pinene 
Dipentene 
Cyclopentadiene/
Styrene
p-M ethylstyrene
a-M ethylstyrene
p-M ethyl-a-m ethylstyrene
a-Chlorostyrene
2,5-Dichlorostyrenc
0-N itrostyrene/
3-M ethyl-0-nitrostyrene/
3-/3-Dinitrostyrene/
m -Nitrostyrcne/
m-Chloro-/3-nitrostyrene/
0-Nitro-0-m ethylstyrene
1-Phenyl-l ,3-butadiene/ 
Dicyclopentadiene
2.3-D iphenyl-l, 3-butadiene
2.3-D i(p-fluorophenyl)-l,3-butadiene

Isocyclic hydroxy com pounds 
a-Ethoxystyrene 
Cinnamyl alcohol 
p-Methoxy-/3-nitrostyrene 
Cyclohexyl methacrylate 
Pentachlorophenyl methacrylate

Isocyclic oxo compounds
0-Carvone
1-Phenyl-l-buten-3-one/
1.3-D iphenyl-l-propen-3-one/ 
l-Phenyl-5-chloro-l-penten-3-one 
l,5-D iphenyl-l,4-pentadien-3-one 
I-Phenyl-1,3-hexadien-5-one 
l-Phenyl-5-m ethyl-l,4-hexadien-3-one 
Cinnamic aldehyde-m ethylamine 
l-(p -N itrophen yl)-l-bu ten -3-on e/
1.4-Diphenyl-2-butene-l,4-dione 

{Continued on page 220)

G ood

Poor

Poor
Poor

P oor
Poor
Fair

Poor

Poor

Good

Poor
Poor

Poor
Poor
Poor

Poor

Ret G ood Poor G ood
Norm Tender Poor G ood
Norm Fair Poor Poor
Norm Poor Poor Poor
A cc« Fair VG VG
Norm « Coherent VG VG
A cc« Fair VG VG
Acc« Fair VG VG
A cc« Dry Poor G ood
A cc« G ood VG VG
Inh
Inh
Inh
Inh
Inh
I nil
A cc« Crum bly
Ret G ood Fair V G ’
A cc« Good Good VG
Norm « G ood VG VG

Inh
Inh
Inh
A cca G ood ‘ Good Good
Inh

Inh Sticky
Acc« Good VG* G ood
A cc« G ood Good Fair
Inh
A cc« Fair Good Good
Inh
A cc« Good Fair Fair
Inh
Inh
A cc« Crumbly Fair Fair

Results obtained by polymerizing, in both 
acid and alkaline systems, a number of different 
mixtures of butadiene and acrylonitrile indicate 
that the composition of the copolymer is chiefly 
dependent upon the composition of the monomer 
mixture even if the polymerization rates vary 
widely. These data (Figure 12) indicate a linear 
relation between the compositions of the mono
mer mixture and the resulting copolymer. Ac
cording to these results, a monomer mixture 
containing a little over 35% acrylonitrile should 
give a quantitative yield of elastomer of the 
same composition as indicated by the insection 
of the dotted line for a uniform copolymeriza
tion and the experimentally determined relation. 
Copolymers made from higher butadiene-acrylo
nitrile ratios contain a higher acrylonitrile con
tent than the monomer mixtures; those made 
from low butadiene-acrylonitrile ratios contain a 
lesser portion of the nitrile. While this generali
zation holds for this particular combination of 
monomers, it is not necessarily applicable to all 
other combinations. In fact, with some mix
tures one monomer may polymerize to yield a 
product containing little or none of the second 
material.

P R O P E R T IE S  O F  C E R T A IN  C O P O L Y M E R S

The proportion of the second monomer in the 
starting mixture markedly affects both the rate 
of polymerization and the properties of the re
sulting polymer. Improvements in certain prop
erties obtained by a selected ratio of monomers 
may be accompanied by deficiencies in other 
properties. For example, a higher retention of 
tensile strength at elevated temperatures may 
coexist with poorer freeze resistance (Table VIII). 
Certain of the second monomers listed in
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T a b l e  V .  E l a s t o m e r s  f r o m  B u t a d i e n e  w i t h  V i n y l  C o m p o u n d s  (Cont’d,)

Second M onom er
Isocyclic carboxylic acids 

a-Cyanostyrene 
/3-Cyanostyrene
l-C yano-4 -phenyl-l, 3-butadiene 
1-Cyano-l ,4-diphenyl-l ,3-butadiene 
Vinyl benzoate/
Ethylene glycol dicinnamate 
Methyi-4-m trocinnam ate 
M ethyl a-cyano-/3-phenyl acrylate
1-Phenyl-4-cyano-4-carboethoxy-l ,3- 

butadiene
Methyl-o-cyanocinnamate 

59° isomer 
92° isomer

Isocyclic amines 
A m inostyrene/
Crotonanilide 
M ethacryl anilide 
Methacryl p-nitroanilide 
M ethacryl-m -toluididc 
o-Cyanocinnamic anilide, irans t  

(m .p. 186-187° C.) 
o-Cyanocinnam ic anilide, cis f  

(m .p. 130-135° C .) 
''•Cyanocinnamic anilide m-nitro- 

anilide
M ethacryl p-hydroxyanilide 
M ethacryl p-aniside

H eterocyclic compounds
2-Vinylpyridine 
5-Ethyl-2-vinylpyridine 
fl(a-Furyl) acrylic acid 
Furyl acrylic acid 
M ethyl /3-furyl acrylate 
Allyl 0-furyl acrylate 
Furfuryl methacrylate 
fl-Furyl acrylonitrile/
Ethyl a -cyano-£-furyl acrylate 
Furoic anilide
0-Nitrofurylethylene
1-Furyl-l-buten-3-one 
l-Furyl-5-inetliyl-l,4-hexadien-3-o
1-Furyl-3-phenyl-l-propen-3-one 
Chlorovinyl ethylene oxide 
Ethylene sulfide
Propylene sulfide 
Indole
2-M ethylindole
Ar-M ethyl maleicimide
Ar-B utyl m aleicim ide/ 
Ar-Cyclohexyl maleicim 
JV-Methyl citroconicim ide

tyl malei 
clohexyl maleicimide

Polym eri Mill
zation Appear Tensile Elonga-
R atea ance1' Strength® tion<*

Ret W axy-brittle
Acc* Fair Fair
Norm Poor Fair
R et
Inh
Acc®

W axy-brittle

Noncoherent
Ret Noncoherent
Acc®t Poor Poor

i-
Acc® Good Fair Good

Norm G ood Poor Fair
Acc* Good Good Good

Inh Powder
Inh Cheesy
Acc®
Inh
Ret*

Flaky G ood V G ’

Hard Good VG*

Norm* Fair Poor Poor

Ret* Fair Poor Poor
Inh

Inh
Inh ...

Acc Good VG VG
A cc Good VG VG
Inh
Inh
Acc* Good G ood G ood
Acc* Dry Poor Poor
Acc* G ood
Inh
Inh
Norm* Poor
Inh
Acc* G ood Good Good

e Inh
Acc® G ood Good G ood
Inh
Inh Powder
Inh Plastic
Inh
Inh
Inh
R et Soft
Ret* G ood Fair VG*
Ret* G ood
Inh Powder
Inh
Inh

Ar-A llyl maleicamide 
AT-Vinyl succinimide 
Terpene peroxide

a A cc ■» accelerated; Norm  =» normal; R et “  retarded; Inh — inhibited.
G ood means the band on the mill was smooth and unbroken; Fair, the band was some

what broken and rough; Poor, the band was difficult to maintain. Certain of the poor- 
milling polymers are described more specifically.

c Poor, less than 1500 lb ./sq . in .; Fair, 1500-2000 lb .; G ood, 2000-3000 lb .; Very G ood, 
above 3000 lb.

d Poor, less than 2 50 % ; Fair, 250 -350% ; G ood, 350 -4 5 0% ; Very G ood, above 450% . 
* Product contains anprcciable.amounts of second monomer.
/  Polymerized in acia emulsions.

Table V, such as methyl and butyl methacrylate (24), methyl 
vinyl ketone (IS), dimethylvinylethynylcarbinol (22), in com
bination with butadiene and isoprene, have been studied in 
more detail, and some of the results are described in the follow
ing sections. The copolymers were compounded according to 
the basic formula: copolymer 100, phenyl-/3-naphthylamine 2, 
stearic acid 2, zinc oxide 5, MPC black 50, sulfur 2, mercapto- 
benzothiazole 1.

M e t h a c r y l a t e  C o p o l y m e r s . When mixtures of butadiene 
and methyl methacrylate were polymerized in an ammonium 
oleate emulsion containing 0.8 part excess ammonia and 1 part 
ammonium persulfate, the polymer yield obtained in 40 hours at 
30 ° C. was found to increase considerably with increase in methyl 
methacrylate-butadiene ratio (Figure 13). The variation in 
properties with monomer ratio is shown by the data of Table VI.

In a practical road test a tire made from a 70 butadiene-30 
methyl methacrylate elastomer was only slightly inferior to a 
high grade rubber control. These polymers made with methyl 
methacrylate compare favorably with those made with styrene 
in vulcanizate properties, and are actually superior in process- 
ability and oil resistance.

Data obtained in determining properties, such 
as freeze resistance, kerosene absorption, Schopper 
rebound and Shore durometer hardness, of vul
canizates of elastomers formed from mixtures of 
butadiene or isoprene with methyl methacrylate 
or butyl methacrylate are plotted in Figures 14 to 
18. Butyl methacrylate is superior to methyl 
methacrylate in imparting freeze resistance and 
resiliency, but methyl methacrylate tends to give 
harder, more oil-resistant vulcanizates. TheT-10 
results indicate that the tendency of the polymer 
to become brittle at very low temperatures in
creases with increasing methyl methacrylate con
tent. The T-50 and T-80 results indicate that 
the presence of small amounts of methyl methac
rylate actually improved the retention of “ snap” 
at intermediate temperatures. Butadiene is 
superior to isoprene in imparting freeze resistance, 
oil resistance, and resiliency.

M e t h y l  V i n y l  K e t o n e  C o p o l y m e r s . Mix
tures of butadiene and methyl vinyl ketone can be 
polymerized to give good yields of copolymers 
whose vulcanizates exhibit to an unusual degree a 
combination of kerosene and freeze resistance 
(Table VII). In fact, for a given freeze resistance 
they are superior to butadiene-acrylonitrile poly
mers in kerosene resistance. These particular 
elastomers were made by polymerizing at 30° C. 
in a myristylamine [CH3(CH2)i2CH2NH2]-hydro- 
chloric acid system catalyzed with ammonium 
persulfate and containing no modifier; good 
elastomers have also been made in oleate, or pref
erably Lorol sulfate, systems. Methyl vinyl 
ketone is a strong lachrymator, and it is difficult 
to obtain a vulcanizate of its diene copolymers 
free from the characteristic odor.

D i m e t h y l v i n y l e t h y n y l c a r b i n o l  I n t e r p o l y 
m e r s . (CH3)2 COH—C = C —CH--CID gives excel
lent elastomers when interpolymerized with buta
diene. Typical data (Table VIII) were obtained 
with a system containing 4 parts oleic acid, 1 
part Daxad 11, 0.5 part sodium hydroxide in 
excess of that required to neutralize the oleic 
acid, 1 part potassium persulfate, 0.05 part 
potassium ferricyanide, and 1 part DD mer- 
captan. The data show that good copolymers 
are obtained with 15 to 30 parts of the carbinol. 

It is believed to be significant that the heat build-up reaches a 
minimum when 20-30 parts of carbinol are used. The 70 
butadiene-30 carbinol copolymer is especially interesting; at 
approximately the same state of cure (judged by modulus) as 
the 10 and 15% carbinol copolymers, the tear resistance, heat 
build-up, and tensile strength at 70 ° C. reach an optimum.

The possibility of using three or more monomers in forming an 
elastomer is intriguing and susceptible of an infinite number of

T a b l e  VI. P r o p e r t i e s  o f  B u t a d i e n e - M e t h y l  
M e t h a c r y l a t e  E l a s t o m e r s  

(C ure, 30 minutes at 153° C.)
%  M ethyl Stress at Tensile Elonga Kerosene

M eth 300% , Strength, tion at Absorption0.
acrylate L b ./S q . In. L b ./S q . In. Break, % Vol. %

20 1625 3100 420 208
30 1975 3400 400 217
40 2100 4350 440 110
50 2525 290 • 105
70 1400 210 48

°  Increase in volum e in 48 hours at 100°. C.
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Figure 16. Effect o f  M ethacrylic 
Acid Esters Mixed with Butadiene 
and Isoprene on Kerosene Absorp
tion o f  Vulcanized Copolymers 

(Cured 30 M inutes at 153° C.)
 ......  Butadiene copolymer
 — — Isoprene copolymer

%  M ET H A C R YL IC  AC ID  E S T E R  IN 
IN IT IA L  MONOMER

Figure 15. Effect o f  M ethacrylic 
Aciil Esters Mixed with Butadiene 
and Isoprene on Freeze Resistance 
(T-10 Value) o f  Vulcanized Copoly

mers
 ......  ■ Butadiene copolymer
— — — — — Irtoprene copolymer

%> M E T H Y L  M ET H A C R YLA T E
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%  BU TAD IEN E

Figure 14. Freeze Resistance o f  Buta
diene—Methyl M ethacrylate Elastomers 

as Determined by T-50 M ethod

m ixtures o f  bu ta d ien e  and  m an y  
other p o lym eriza b le  com p ou n d s . 
Several o f  these are su perior to  
those m ade from  bu ta d ien e  and 
styren e in p a rticu la r resp ects ; b u t 
considering  a v a ila b ility  and co s t  o f  
raw m aterials, this w ork  has not 
un covered  an y  bu ta d ien e  c o p o ly 
m ers w h ich  w ou ld  h a ve  been  p re 
ferred ov e r  those  m ade w ith  styren e 
or a cry lon itrile  in the p eriod  o f  
national em ergen cy . T h e  possi
b ility  o f  ob ta in in g  high  grade elas
tom ers from  the diene h yd roca rb on s  
a lon e appears to  ju s t ify  fu rther 
investigation .

.N -BU TY LEST ER -BU T A D IEN E

METHYLESTER

.N-BUTYLESTER' 
, \  ISOPRENE

N-BUTYLESTER

M ETH YLESTER - 
_ BUTADIENE —
VETH YLESTER-ISO PRENE

3 0  4 0  5 0  6 0  7 0  8 0  9 0
%  M ETH ACRYLIC  ACID E S T E R  IN 

IN ITIAL MONOMER

Figure 17 . Effect o f  M ethacrylic Acid 
Esters Mixed with Butadiene and Iso
prene on Resilience o f  Vulcanized 
Copolymers (Cured 30 M inutes at 

153° C.)

variations. T h e  rep lacem ent o f  p a rt  o f  the styren e in  the GR-S 
form ula w ith  d im eth y lv in y le th y n y lca rb in o l w as in vestigated  in 
some d eta il, and  m ixtures o f  75 b u ta d ien e -2 0  s ty re n e -5  d im eth y l
v in y leth yn y lcarb in ol g ave  (.18) e lastom ers su perior t o  GR-S in 
m illability , tensile prop erties, and  low  h eat bu ild -u p  un der flexing, 
but n o t  su perior t o  those m ad e  from  bu ta d ien e  w ith  20 or  30 parts 
o f the carb in o l and  n o  styren e.

CONCLUSION

In  an y  stu d y  o f  p o lym eriza tion , carefu l con sid era tion  m u st be 
given to  fa ctors  such as ty p e  and con cen tra tion  o f  em ulsify in g  
agent, con cen tra tion  o f  m on om er, tem p eratu re, ca ta ly st, and 
certain ad d ed  ch em ica ls w h ich  m a y  h a ve  a  m arked  effect upon 
the results ob ta in ed .

I t  is possib le  to  m ake elastom ers o f  considerab le  u tility  from
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(14)
T a b l e  VII. P r o p e r t i e s  o f  B t j t a d ie n e - M e t h y l  V i n y l  K e t o n e  E l a s t o m e r s

c.
M ethyl Stress Tensile
Vinyl at 300% , Strength, Kerosene

Ketone, Yield, L b ./ L b ./ Elonga Absorp freeze  rtesistance,
% % Sq. In. Sq. In. tion, % tion0, % T-10 T-50
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° 48 hours at 100°C.
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Kerosene absorption, %  vol. increase in 

48 hr. at 100* C. 180 155 130 103
Freeze resistance, ° C.
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T-80 - 3 2 - 3 1 - 2 8 - 1 4 - 1
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Action of Acrylonitrile on Viscose
E F F E C T  O N  T H E  N O R M A L  A G I N G  P R O C E S S

J. P. HOLLIIIAN AND SANFORD A. MOSS, JR.
American Viscose Corporation, Marcus Hook, Pa.

DURING the aging of viscose, the cellulose xanthate becomes 
steadily more precipitable; this behavior is probably due 

largely to the gradual loss of the solubilizing xanthate groups 
(2, 9). Some authors, however, contend that the effect is pri
marily physical or colloidal (6, 9). Whatever the mechanism, 
the effect is of great practical importance inasmuch as viscose 
solutions are always aged to a definite degree of precipitability 
before being spun. This optimum spinning age is generally de
termined by standard tests involving a salting out of the cellulose

xanthate, the results being expressed as salt index, Hottenroth 
number, etc. A number of substances are known which, when 
added to viscose, substantially affect the rate of aging (9). 
The effect of these compounds, however, is entirely a retardation 
of the normal rate of aging, and no immediate increase or change 
in the salt index is observed when they are added. In contrast, 
acrylonitrile and certain related compounds (4) have a marked 
solubilizing action and cause an immediate rise in salt test, as 
indicated by the data of Tables I and II.
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T a b l e  I .  S a l t  I n d e x  a n d  B a l l  F a l l  o f  A c r y l o n i t r i l e -  
T r e a t e d  V is c o s e s

Acrylonitrile 
Added, % 5 hr.c

-Salt Inc 
20 hr.

lex“ , % - 
42 hr. 68 hr. 5 hr.

-Ball Fall*, Sec.-------- *
c 20 hr. 42 hr. 68 hr.

None 4 .1 2 .2 1 .4 0 .7  57 68 71 77
0.25 5 .0 3 .4 2 .4 1 .5  49 63 66 73
0.50 6 .5 4 .4 3.1 2 .1  50 61 66 73
1.0 8 .7 5 .9 4 .0 2 .7  48 58 63 71
2.0<* 11.8 8 .0 5 .8 4 .3  37 53 57 70

a Salt index is the concentration of sodium chloride solution needed to 
coagulate a small quantity o f viscose under standard conditions. On the 
scale used here, 14.0 would represent a freshly prepared viscose, which is 
difficultly precipitable, and 2.0 would represent one that is easily precipitable 
and has aged considerably past the optim um  spinning condition.

b Ball fall is the time required for a steel ball, lA  Inch in diameter, to fall 
through 8 inches of viscose at 18° C. The decrease indicated here represents 
a moderate drop in viscosity. 

c Time at 18° C. after the addition of acrylonitrile.
d This sample developed a green opacity almost im m ediately; microscopic 

examination showed it to  be due to the presence o f insoluble droplets o f some 
oily material. A t 23° C. this insoluble phase disappeared within a few hours. 
The odor of ammonia was noted.

A  num ber o f substances arc known which 
affect the rate o f  aging o f viscose solutions. No 
im mediate change or increase in salt index, how
ever, is ever observed when they are added. In 
contrast, acrylonitrile and certain related com 
pounds cause an im m ediate increase in salt index, 
which can be explained by the following m echa
nism : When acrylonitrile is nddcd to viscose, it 
reacts rapidly with the principal by-product 
sulfur constituents; the latter are converted into 
organic sulfides, and carbon disulfide is released. 
Tbe carbon disulfide evolved causes further 
xanthation o f the cellulose with a resultant rise 
in salt index.

T a b l e  I I .  A p p r o x i m a t e  R a t e  o f  A c r y l o n i t r i l e - V is c o s e  
R e a c t io n

Material Added 
Acrylonitrile, 2 .8%

Acrylonitrile, 2 .8% , 
emulsified with 
sodium oleate

Tim e after 
Addition, M in.

3
4

25
56

2
19

Remarks
Green color starting to develop 
Salt index about 9, rising 
Salt index 14.5
Salt index 14.3; green opacity is 

pronounced, and there is some 
odor of ammonia

Definite green color developing 
Salt index 13.7

An explanation for the solubilizing action of acrylonitrile could 
possibly be given on the basis of a colloidal protective mechanism. 
Thus Scherer and Leonards (If) explain the lowering of the 
viscosity when pyridine is added to viscose on the basis of a 
selective adsorption of the pyridine. Alternatively, a second 
possible explanation for the solubilizing action of acrylonitrile 
could be given on a purely chemical basis, if we assume that a 
reaction takes place between the cellulose and the acrylonitrile 
with the formation of a more soluble cellulosic derivative. A 
third possible mechanism would involve interaction between the 
acrylonitrile and the by-product sulfur, the net result being a re- 
xanthation of the cellulose xanthate. (Viscose solution contains 
sodium sulfide, sodium thiocarbonate, sodium perthiocarbonate, 
and related compounds. This group is spoken of as by-product 
sulfur and arises in part during the xanthation of the alkali cellu
lose. Additional by-product sulfur is also formed during the 
aging process, since the sulfur released by the decomposition of. 
the cellulose xanthate reacts with the “ free”  sodium hydroxide 
to form these compounds. For practical purposes the by-product 
sulfur may be considered to be composed entirely of sodium sul
fide and sodium thiocarbonate.)

As a first attack on the problem, the sulfur relations shown in 
Table III were determined. The total and by-product sulfur 
decrease some 12 and 45%, respectively, whereas the xanthate 
sulfur increases some 25%. These data point at once to a purely 
chemical mechanism for the solubilizing, since it is known that the 
salt index increases with increasing xanthate sulfur content. 
Specifically, it is clear from these data that a part of the by
product sulfur has reacted with the acrylonitrile and has been 
transformed into xanthate sulfur or into some sulfur-containing 
derivative similar in solubilizing action to the xanthate group. 
Further, from the decrease in total sulfur it is clear that some 
volatile sulfur compound must have been formed and subse
quently lost to the atmosphere. As a first assumption it seems 
reasonable to suppose that this volatile substance is carbon 
disulfide, particularly since it is known that, when carbon disul
fide is added to viscose, a further xanthation of the cellulose 
xanthate is readily effected (3, 9, 10, 12).

The next step in the study was the elimination of effects which 
might be due to the presence of cellulose. This was accomplished 
by reacting the acrylonitrile with an artificial by-product solution 
prepared by shaking carbon disulfide with sodium hydroxide. 
Such a solution apparently contains the sulfur entirely as sodium 
thiocarbonate {13) and does not contain the sodium sulfide, poly
sulfide, and the like which are normally present in viscose. How
ever, since viscose by-product sulfur is largely sodium thiocar
bonate, the artificial by-product solution is a reasonable simula
tion of the conditions actually encountered in viscose. When 
acrylonitrile is added to this artificial solution, the same sequence 
of events occur as with viscose. In this case, however, the drop
lets which form during the opaque stage can be separated by 
centrifuging. They were found to be nonvolatile and quite 
viscous, and to have a strong sulfurous odor. Since the proper
ties of the separated droplets were similar to those of an organic 
sulfide, the following equations were proposed to account both 
for their formation and for their subsequent disappearance with 
time:
2CHj=CHCN +  Na.CS, +  2H.0

2NaOH +  (CNCH2CH2)2S +  CS2 (1)

(CNCH2CH2)2S +  2NaOH +  2H.0
2NHj +  (NaOOCCH2CH2)2S (2)

This mechanism suffices to explain all of the phenomena pre
viously noted. The rise in salt index would be due to rexantha- 
tion of the cellulose xanthate by the carbon disulfide evolved in 
reaction 1. The green opacity would correspond to the forma
tion of droplets of water-insoluble thionitrile, as in reaction 1, 
and their disappearance would correspond to the hydrolysis of 
the nitrile to the water-soluble 0,0 '-sodium thiodiproprionate, as 
in reaction 2.

T a b l e  I I I .  S u l f u r  R e l a t i o n s  i n  A c r y l o n i t r i l e - T r e a t e d  
V is c o s e s

Viscose
Control
2 %  acrylonitrile 
Control
2 %  acrylonitrile

Total
2 .39
2 .08
2 .28
2.03

— %  Sulfur“ -  
B y-product

1.33 
0 .7 4
1.34 
0 .71

Xanthate
1.06
1.34
0 .9 5
1.32

° These analyses were carried out 8 hours after the addition o f acrylo
nitrile.

To test the mechanism further, reaction products in quantities 
large enough to identify were prepared by reacting acrylonitrile 
with sodium sulfide, sodium thiocarbonate, and sodium hy
droxide. The general appearance and properties of the reaction.
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products left little doubt but that a thionitrile is formed in the 
first two cases. This reaction, incidentally, affords an easy 
method for the preparation of these organic sulfides in aqueous 
solution. (It will be noted that the monosulfide is the cyano 
analog of mustard gas.) Although it was not possible to deter
mine from these data whether the thionitrile is present as the 
monosulfide or the disulfide, further experimentation (described 
later in the paper) showed that the thionitrile is always present 
essentially in the monosulfide form, as required by Equation 1.

As a further test of the mechanism, a direct determination was 
made for any carbon disulfide which might be evolved (Equation 
1). The diethylamine method (5, 7) was used, which is extremely 
sensitive for carbon disulfide. The general procedure followed 
was to pass a stream of air, which had been carefully cleaned of 
hydrogen sulfide and carbon disulfide, through artificial by
product sulfur solution until all of the carbon disulfide which is 
normally present in the solution had been swept out. Acrylo- 
nitrile is then added, and the air stream is tested on continued 
sweeping for the presence of carbon disulfide. It was found 
possible to demonstrate by this procedure that large quantities 
of carbon disulfide are evolved on the addition of the acrylonitrile.

EXPER IM ENTAL PROCEDURE

Reaction products were prepared by reacting acrylonitrile 
with (a) artificial by-product sulfur solution, (b) 10%  sodium 
sulfide solution, and (c) 6%  sodium hydroxide solution. The 
artificial by-product solution, a, is essentially sodium thiocarbo- 
nate and was selected to afford a test of Equation 1. The reac
tion with sodium sulfide, 6, was included since viscose contains 
considerable sodium sulfide in addition to sodium thiocarbonatc. 
The reaction with sodium hydroxide, c, was included to permit a 
comparison of the sulfur-containing reaction products from a 
and b with those of the ether, CNCH2CH2OCH2CH2CN, which 
might be expected to form to some extent when acrylonitrile is 
added to the alkaline viscose (t).

R e a c t i o n  w i t h  B y - p r o d u c t  S u l f u r  S o l u t i o n . Three 
hundred milliliters of 6.0%  sodium hydroxide were shaken with 
25 ml. of carbon disulfide and a few drops of sulfonated castor oil 
for 4 hours. The mixture was centrifuged, and 50 ml. of acrylo
nitrile were added to 200 ml. of the clear solution. The red color 
changed to a yellowish green in a few minutes. The reaction 
products and the unreacted acrylonitrile were extracted with 
ethyl ether. Anhydrous sodium sulfate was added to the ether 
solution, and after filtration the solution was vacuum-distilled. 
The oily fraction distilled over at 10-15 mm. pressure; the 
temperature was not determined but was estimated to be about 
130° C. About 10 ml. of a yellow oil were obtained. It was 
immiscible with water and fairly viscous, and had an unpleasant 
odor resembling hydrogen sulfide.

R e a c t io n  w i t h  S o d iu m  S u l f i d e . Three hundred milliliters 
of 10% sodium sulfide solution were shaken with 50 ml. of acrylo
nitrile for several hours. The mixture was extracted with ethyl 
ether, and the extract treated as in step a. The distillation 
characteristics and physical appearance of the product were iden
tical with a. About 5 ml. of product were obtained.

R e a c t io n  w i t h  S o d iu m  H y d r o x i d e . The preparation of the 
product was carried out as in step b. The product is a fairly 
viscous oil and is water clear, but becomes slightly yellow near 
the end of the distillation. The distillation behavior is the same 
as in step a. About 3 ml. of product were obtained.

C o m p a r is o n  o f  P r o d u c t s  f r o m  a , b, a n d  c. The general 
appearance of the products from a and b were similar and quite 
different from that of c. The refractive indices of the products 
from a and c at 23° C. were 1.4903 and 1.4389, respectively. 
Recrystallizations from water were not carried out, but the prod
uct from step a was comparable in general properties to the mono
sulfide, (CNCH2CH2)2S, as described by . Nekrasov (<?). The 
nitrogen content of the product from a was found to be 19.8%. 
Since the theoretical nitrogen content of the monosulfide is 20.0% 
and the disulfide 16.3%, the reaction product appears to be the 
monosulfide.

A n a l y s is  f o r  C a r b o n  D i s u l f i d e . The by-product sulfur 
solution used in these analyses was prepared by shaking 6.0% 
sodium hydroxide solution with an excess of carbon disulfide at 
23° C. for 12 hours, followed by an extraction with petroleum 
ether. In carrying out the analyses, a moderately strong stream

of cleaned air is bubbled through 10 ml. of the by-product solu
tion, followed by passage through 20 ml. of diethylamine test 
reagent. The procedure used for cleaning the air and the details 
of the reaction train are those of Hunter (5). Samples were 
withdrawn from the diethylamine test solution and diluted 1 to 10, 
and the transmission was observed in the Evelyn colorimeter. 
The method is extremely sensitive, and considerable difficulty was 
encountered at first in obtaining a satisfactory blank. Satis
factory results were later obtained with the construction of an 
all-glass apparatus.

As illustrative data, in one run the by-product solution gave 
an initial transmission reading of 76.5 (zero point, 100). After 
30 minutes of sweeping, the transmission had risen to 98.0. The 
solution was allowed to remain undisturbed for one hour before 
being rechecked; 98.0 was again obtained. One milliliter of 
acrylonitrile was then added, and the air stream tested as soon 
as possible (which in this case is after the 10-minute sweeping 
required to make any one determination). A transmission read
ing of 74.5 was obtained. After 30 minutes of additional sweeping, 
a reading of 76.5 was obtained; and after 30 more minutes of 
sweeping, 77.0. Hence it is clear that fairly large quantities of 
carbon disulfide are developed.

S U M M A R Y

When acrylonitrile is added to viscose, it reacts rapidly with 
the principal by-product sulfur constituents; they are converted 
into identical organic sulfides, and carbon disulfide is released as 
shown:
2CH2=C IIC N  +  Na.S +  2II..0 — >

2NaOH +  (CNCH2CH2)2S (I)' 
2CH2=C H CN  +  Na2CS, +  2H20  — >

2NaOH.+ (CNCH2CH2)2S +  CS2 (II)

The insoluble thionitrile is suspended in the viscose in the form 
of droplets, which disappear in a matter of hours due to the 
following hydrolysis:
(CNCH2CII2).,S +  2NaOII +  2H-0 — >

2NH3 +  (NaOOCCH2CH2),S (III)

The carbon disulfide evolved in reaction II causes a further 
xanthation of the cellulose xanthate in the viscose, and the salt 
index is immediately raised.
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Tocopherols as Antioxidants for 
Vitamin A in Fish Liver Oils

L. O. BUXTON
National Oil Products Company, Inc., Harrison, IS'. J.

Pure 3 - and 7 - tocopherols, alone and in association with 
vegetable oil lecithin, were studied for the inhibition o f 
vitajnin A destruction and peroxidation in soup-fin shark 
liver and halibut liver oils. Both form s o f  tocopherols 
were found to be effective antioxidants for retarding per
oxidation, a characteristic not possessed by a-tocopherol. 
7 -Tocoplierol was more effective for inhibiting peroxida
tion in the oils studied than was 5-tocopherol, especially 
during the later stages o f vitamin A destruction. 5- 
and 7 -tocopherol at a 0 .1 0 %  concentration markedly 
increased the stability o f  vitamin A in the various oils 
examined. Lecithin at a 1.0% level enhanced the effec
tiveness o f  both  tocopherols for inhibiting vitamin A 
destruction and peroxidation. No difference was observed 
between the antioxidant characteristics o f  pure natural 
7 -tocopherol and those o f pure synthetic 7 -tocopherol.

T HE inherent resistance of natural glyceride oils to oxidative 
changes is due primarily to the presence in the oils of varying 

quantities of substances commonly termed antioxidants. Many 
natural oils, particularly fish liver oils, are notoriously easy prey 
to oxidative changes, regardless of the fact that they also contain 
some natural antioxidants. Fish liver oils are our most valuable 
source of vitamin A; because of the lability of vitamin A to oxi
dative changes, it is important that oxidation be inhibited to the 
fullest degree.

Evidence to date has established that tocopherols and allied 
substances in association with phosphatidic materials are largely 
responsible for the stability exhibited by natural vegetable oils. 
Olcott and Emmerson (5) were the first to show that the tocoph
erols are increasingly effective as antioxidants in lard in the or
der alpha, beta, and gamma. The gamma form was found to 
have about three times the antioxygenic index of a-tocopherol, 
and the activity of 5-tocopherol was intermediate between the 
other two. Esters of the tocopherols were ineffective as antioxi
dants. Olcott and Mattill (7) showed that the antioxidants or 
inhibitols present in the lipid fractions of vegetables and in vege
table oils are so similar to vitamin E (tocopherols) that it was 
impossible to fractionate them.

In a paper on the use of natural as well as synthetic a-tocoph- 
erol as an antioxidant in cottonseed oil, Swift, Rose, and 
Jamieson (11) demonstrated that the «-tocopherols function most 
effectively at lower levels of concentration. These authors also 
showed that a cephalin fraction from cottonseed oil greatly en
hanced the antioxygenic activity of a-tocopherol. Certain acids 
also increase the antioxygenic activity of tocopherols and of the 
corresponding quin ones in autoxidizing fats (5). Published data 
on the antioxidant activity of phosphatides in oils as a whole is 
conflicting. It has been the author’s experience that, when rela
tively pure phosphatides alone are added to antioxidant-free fish 
liver oils, they have no antioxidant activity for inhibiting either 
peroxide formation or vitamin A destruction, even at concentra
tions as high as 5%. When relatively pure phosphatides are 
added to crude fish liver oils, they may or may not exhibit an an
tioxidant effect, depending upon whether the crude oils contain 
natural antioxidant principles which may act synergistically with

the added phosphatides to enchance the stability of the oils. 
Golumbic (4) reported that the antioxygenic o-quinones present 
in vegetable fats but not in animal fats retarded peroxide accu
mulation in the former type of oils after the complete disappear
ance of the tocopherols. Riemenschneider (S) showed that 
various vegetable oils added to lard in amounts of 1 to 10%  ap
preciably increase its stability and that the increase is related to 
the tocopherol content of the oils.

Robeson and Baxter (9) isolated a-tocopherol from Mangona 
shark liver oil and from soup-fin shark liver oil by distillation and 
concluded that the a-tocopherol found in the soup-fin shark liver 
oil was about 0.04%. The Mangona shark liver oil was found to 
contain about 0.01% and was the major antioxidant present in 
the oil. Bird (5) concluded that the natural antioxidants in fish 
oils probably involve several types of compounds. Using halibut 
liver oil, he showed that exhaustive extraction with 80% metha
nol removed only part of the antioxidants, whereas with water or 
dilute aqueous alkali, complete extraction or destruction of the 
antioxidant fraction occurred. It was also reported that a-tocoph
erol at high concentrations is an effective antioxidant for vitamin 
A.

In another report from these laboratories (3) it was shown that 
the natural antioxidants present in various types of fish liver oils 
were either completely removed or destroyed when the oils were 
treated with activated carbon in the presence of a solvent for the 
oil. The present investigation reports the effect of the pure a-, 
5-, and 7-tocopherol isomers, alone and in combination with vege
table oil lecithin, on vitamin A destruction and peroxidation in 
soup-fin shark and halibut liver oils. It was postulated that such 
studies on the relation between the destruction of vitamin A and 
the rate and extent of peroxidation, with and without the added 
tocopherols or tocopherols plus lecithin, should bring to light 
any similarity between the action of the latter type of antioxidants 
and those naturally occurring in the crude fish liver oils. Further- 
more, to date the literature is lacking in information on the ef
fectiveness of a-, 5-, and 7-tocopherols as antioxidants for vitamin 
A as it exists naturally in fish liver oils. This work is not con
cerned with the merits of tocopherols or tocopherols plus lecithin 
as antioxidants for the alcohol form of vitamin A.

M ATERIALS

C r u d e  O i l s . The samples of crude soup^fin shark and halibut 
liver oils used in this work were of known origin and of the highest 
quality. They were filtered before using and were dry and free 
from foreign matter. It was established by numerous stability 
studies, under analogous storage conditions on other comparable 
lots of soup-fin shark and halibut liver oils, that the oils used in 
this investigation behaved in a manner quite representative of 
this type of oil, both as to the rate and extent of peroxidation and 
the rate of vitamin A destruction. The crude oils used can be 
considered as being relatively stable, in so far as fish liver oils are 
concerned. Their analysis is given in Table I.

C a r b o n - T r e a t e d  O i l s . The samples of crude soup-fin shark 
and halibut liver oils were treated with 20%  (based on oil weight) 
of activated carbon (Nuchar X X X ), using cyclohexane as the sol
vent (20% solution of oil in solvent) by the process reported pre
viously (3). The cyclohexane used was a special grade sold by The 
Barrett Company and was devoid of unsaturates, as determined 
spectrophotometrically. The carbpn-treated oil samples were

225



FIGURE 4

FIGURE I

FIGURE 5

FIGURE 2

A VITAMIN A DESTRUCTION 
AT 34.5°C.

Figures 1 and 6
Crude soup-fin shark liver oil C
Carbon-treated shark liver oil C
Same as 2, +  0 .10%  synthetic a-tocopherol
Same +  0.25%  synthetic a-tocopherol
Same +  0.50%  synthetic a-tocopherol
Same ■+■ 1.00%  synthetic a-tocopherol
Same +  1.25%  Vegol (40%)

Curve
Curve
Curve
Curve
Curve
Curve
Curve
Curve

Crude soup-fin shark liver oil C 
Carbon-treated shark liver oil C 
Same as 2, +  1%  lecithin
Same +  0.50%  lecithin and 0.05%  synthetic a-' 
Same +  0 .50%  lecithin and 0.10%  synthetic a-1 
Same +  0.50%  lecithin and 0.50%  synthetic a- 1 
Same +  5 .0%  lecithin and 0.50%  synthetic a-1 
Same +  0.50%  lecithin and 1.25% Vegol (40%)

■tocopherol
■tocopherol
■tocopherol
■tocopherol

FIGURE 3

Crude halibut liver oil A 
Carbon-treated halibut liver oil A 
Same as 2, +  0.10%  synthetic a-tocopherol 
Same -f* 0.50%  synthetic a-tocopherol
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HOURS AT 34.5°C.
Figures 4 and 9

Curve 1. Crude soup-fin shark liver oil C
Curve 2. Same as 1, +  0.10%  synthetic a-tocopherol
Curve 3. Crude halibut liver oil A
Curve 4. Same +  0 .1%  synthetic a-tocopherol

HOURS AT 34.5°C.
Figures 5 and 10

Curve 1. Crude soup-fin shark liver oil B
Curve 2. Same as 1, +  0 .1%  natural 7 - tocopherol
Curve 3. Same ■+• 0 .1%  natural 7 -tocopherol and 1 .0%  lecithin
Curve 4. Same as 3, +  0 .5%  natural 7 -tocophcrol

used immediately after preparation or stored in completely filled, 
closed vials at —18 ° C. until the peroxide and vitamin A stability 
tests were conducted. From a vast accumulation of unpublished 
data on such carbon-treated oils, it can be assumed that the only 
difference between the crude and the carbon-treated oils, in so far 
as this investigation is concerned, is that the latter were devoid of 
natural antioxidants. Partial analytical data on the carbon- 
treated oils are given in Table II.

T o c o p h e r o l s . The synthetic a-, 6-, and y-tocopherols used 
were obtained from Merck & Company. The Vegol (40% grade) 

• and the pure natural a- and y-tocopherols used were secured from 
Distillation Products, Inc. The E value of the Vegol sample at 
2965 A. in cyclohexane was 40.4. The tocopherol isomers were 
used without further purification and can be considered pure speci
mens, since the extinction coefficients checked favorably with 
reported values on similar types of materials.

L e c it h in . The commercial lecithin product called Yelkin 
BSS, obtained from the American Lecithin Company, Inc., was 
used without further treatment. This product is considered a 
refined grade of lecithin. Many different types of lecithin or 
phosphatide preparations were investigated in the course <5f this 
study; the differences were slight and merely a matter of degree.

The samples of crude and carbon-treated shark liver and halibut 
liver oil, with and without the added tocopherols or tocopherols 
plus lecithin, were studied for percentage vitamin A destruction 
and peroxidation by the method outlined previously (10). Placed 
in thoroughly cleaned open vials of uniform size, 2-mm. samples 
of the various oils were stored in a constant temperature oven 
maintained at 34.5° =*= 0.5° C. At definite intervals, as graphi
cally recorded in Figures 6 to 15 and in Table III, three vials of the 
same oil were separately tested for peroxide number and vitamin 
A. The average values of the individual determinations are re-
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T a b l e  I .  A n a l y s i s  o f  C r u d e  S o u p - F in  S h a r k  a n d H a l i b u t
L i v e r  O il s

Soup-Fin Soup-Fin Soup-Fin Halibut Halibut
Shark A Shark B Shark C A B

Sp. gr. at 60° F. 0.912 0.927 0 .930 0.931 0.925
Color

Red 4.1 3 .7 4 .0 2.1 3 .6
Y  ellow 1S.0 23.0 36.0 30.0 70 .0

Free fatty acid, % 0.65 0 .35 0 .2 0 .3 0 .6
Saponification value 177.0 174.5 181.7 170.5 173.0
Iodine value 139.4 157.9 175.9 139.0 142.5
Unsaponified matter, %  
Vitamin A, units/gram

5 .75 6.61 4 .3 11.0 8 .4
71,500 122,000 105,000 94,200 60,000

Peroxide number 0 0 5 .3 1.2 2 .5
Phosphorus, p.p.m . 138 37 29 10 7

T a b l e  II. P a r t i a l  A n a l y s i s  o f  C a r b o n - T r e a t e d S o u p - F in
S h a r k  a n d  H a l i b u t  L i v e r  O il s

Soup-Fin 
Shark C Halibut A Halibut B

Color
Red 0 .4 0 .3 0 .4
Yellow 10.0 10.0 10.0

Free fatty acid, %  
Vitamin A, units/gram

0 .2 0 .25 0 .5
103,000 93,500 60,000

Peroxide number 4 .0 1.1 2 .4
Phosphorus, p.p.m. 0 0 0

corded in Tabic III and in the various figures. The peroxide 
numbers were established by the method already reported (10). 
The vitamin A determinations were made in a spectrophotomet- 
ric grade of 99% isopropanol by means of a Beckman spectro
photometer. The oil constants reported in Tables I and II were 
ascertained by official A.O.A.C. methods. The phosphorus con
tent of the oils was determined by the microcolorimetric method 
of Berenblum and Chain (1).

The data in Table I show that two of the soup-fin shark liver oil 
samples possessed considerably higher iodine values than the 
samples of halibut liver oil. The iodine value of a fish liver oil is 
only a relatively minor element of the picture, however, in so far 
as peroxidation and vitamin A stability of the oil are concerned. 
Other factors, such as the content and types of antioxidants and 
synergists, the types of fatty acids, and the glycerol configura
tion, appear to play a major role in governing the resistance of an 
oil to oxidative changes. Crude halibut liver oils, even though 
more saturated than most lots of crude soup-fin shark liver oils, 
are generally less stable in regard to vitamin A destruction than 
the latter type of oils. This is undoubtedly due mainly to a 
higher concentration or to more potent vitamin A antioxidants 
in the soup-fin shark liver oils. Many unpublished data accu
mulated in the course of this work establish that crude soup-fin 
shark liver oils possess appreciably higher phosphorus contents 
(phosphatides) than do crude halibut liver oils. This may ac
count for some of the stability differences, since the greater quan
tity of phosphatides would act synergistically with other natural 
antioxidants present in the soup-fin liver oils to further enhance 
their stability. The rate and extent of peroxide formation is, 
however, greater in the soup-fin shark liver oils. This behavior is 
unquestionably due, in part at least, to the greater degree and 
type of unsaturation present in the soup-fin shark liver oils. A 
comparison of curves 1 and 3 of Figure 14 illustrates this point.

The individual peroxide and percentage of vitamin A destruc
tion values obtained on the crude and carbon-treated fish liver 
oils exposed to air at 34.5° C., with and without the added tocoph- 
erols or toeopherols plus lecithin, are presented graphically in 
Figures 1 to 5 and in Table III.

RELATION OF VITAM IN A DESTRUCTION TO PEROXIDATION

Curves 1 and 2 of Figures 1 and 3 show the relation between the 
destruction of vitamin A and the rate and extent of peroxidation 
in the blank samples of crude and carbon-treated soup-fin shark 
C and halibut liver oil A, respectively. Here again, as reported 
previously, in fish liver oils treated with 20% carbon (3), the

percentage of vitamin A decrease is directly proportional to the 
peroxide value, up to a point where 60 to 70% of the vitamin A is 
oxidized. This behavior is due to the absence of active vitamin A 
antioxidants in the treated oils. Numerically, the peroxide num
ber at a given percentage of vitamin A destruction in the samples 
of crude and carbon-treated soup-fin shark liver oil C is consider
ably higher than in comparable samples of the halibut liver oil A.

The curves on the samples of carbon-treated soup-fin shark C 
and halibut liver oil A containing added synthetic a-tocopherol 
and synthetic a-tocopherol plus lecithin (Figures 1, 2, and 3) 
clearly establish that, at the same percentage of vitamin A de
struction, a much higher peroxide number is reached in the a- 
tocopherol samples, the increase in peroxide number at a given 
percentage of vitamin A destruction being related to the quantity 
of a-tocopherol added. This is illustrated by curves 1 and 4 of 
Figure 1, in the comparison of the crude soup-fin shark liver oil C 
and a sample of the same oil carbon-treated and containing 0.25% 
added synthetic a-tocopherol. This comparison is made because 
these two oils exhibit about the same vitamin A stability. For 
example, at a value of 19% vitamin A destruction, peroxide num
bers of 58 and 133, respectively, were observed.- At approxi
mately 64% vitamin A destruction the peroxide numbers were 
110 and 180, respectively. Similar results are recorded in Figure 
3 on halibut liver oil A and in Table III on halibut liver oil B. 
The data in Table III show further that, in crude halibut liver 
oil B, pure synthetic and pure natural a-tocopherol exhibit iden
tical effects.

Curves 5 and 7 in Figure 1 and curves 6 and 8 in Figure 2 show 
that a similar relation exists between peroxidation and vitamin A 
destruction in samples of carbon-treated soup-fin shark liver 
oil C containing added synthetic a-tocopherol (0.50% by weight); 
this is compared with a mixed tocopherol concentrate (Vcgol, 
40%, 1.25% by weight, or 0.50% tocopherol), with and without 
added lecithin. At the same percentage of vitamin A destruction, 
however, a somewhat lower peroxide value was noted in the sam
ples containing the mixed tocopherol concentrate.

Figure 4 shows that, when 0.10% by weight of synthetic a- 
tocopherol is added to crude soup-fin shark liver oil C and halibut 
liver oil A, considerably higher peroxide numbers are reached than 
in the blanks at similar levels of vitamin A destruction.

The data in Table III and Figure 5 establish that, at a given 
percentage of vitamin A destruction, the peroxide number of the 
crude soup-fin shark liver oils A and B and the crude halibut liver 
oil B containing 0.10% of added 3- or 7-tocopherol are not ap
preciably higher, and in the majority of instances are lower, than 
under similar circumstances with the crude oils. This was cer
tainly the case when 0.10%  7-tocopherol was added to carbon- 
treated halibut liver oil B (Table III). When 0.50% (5- and 7- 
tocopherol were added to crude soup-fin shark liver oil B (Figure 5) 
and to crude halibut liver oil B (Table III), the peroxide values in
creased rapidly to a high maximum and then leveled off, essen- 
(¡ally as observed with a-tocopherol (Figure 1). At different per
centages of vitamin A destruction in the various oils in Table III, 
lower peroxide values were observed using 7 - as compared to (3- 
tocopherol. In all instances when 3- and 7-tocopheroIs were used, 
alone or with lecithin, the peroxide values were lower at a given 
loss of vitamin A than under comparable conditions with a- 
tocopherol.

Lecithin at a 1.0% concentration in the sample of carbon- 
treated soup-fin shark liver oil C (curves 2 and 3, Figure 2) had 110 
effect on the relation between peroxidation and vitamin A de
struction. However, when 0.50% lecithm was used in combina
tion with synthetic a-tocopherol in this same oil, a lower peroxide 
number was observed at various stages of vitamin A destruction. 
In crude halibut liver oil B (Table III), with and without 0.1% 
added synthetic or natural a-tocopherol, lecithin at a 1% con
centration lowered appreciably the peroxide number at a given 
percentage of vitamin A destruction. Similar results were ob
tained with carbon-treated halibut liver oil B containing 0.1%
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Antioxidant
None

1% Lecithin

0.1% syn. /3-tocopherol

1% lecithin 
0.1%  syn. ß- 
0.1%  syn. 7 -

1% lecithin 
0.1%  syn. 7 - 
0.1%  nat. 7 -

tocopherol
tocopherol

■tocopherol
tocopherol

1% lecithin
0.1% nat. 7 -tocopherol

None

1% lecithin

0 .1%  syn. /S-tocopherol

1%  lecithin 
0.1%  syn. ß- 
0.5% syn. ß-

tocopherol
tocopherol

0.1%  nat. 7 -tocopherol

1%  lecithin 
0.1%  nat. 7 - 
0.5% nat. 7 -

0.5% nat. 7- 
1% lecithin 
0.1%  syn. a -

1% lecithin 
0 .1%  syn. a- 
0.1%  nat. a-

tocopherol
tocopherol

tocopherol

tocopherol

tocopherol
tocopherol

1% lecithin
0 .1%  nat. a-tocopherol

None

1%  lecithin

0-1% syn. /3-tocopherol

1%  lecithin 
0.1%  syn. ß- 
0 .1%  nat. 7 -

1%  lecithin 
0 .1%  nat. 7 - 
0 .1%  nat. a-

tocopherol
tocopherol

tocopherol
tocopherol

1%  lecithin
0.1%  nat. a-tocopherol

Peroxide No.
%  vit. A destr. 
Peroxide N o.
%  vit. A  destr. 
Peroxide No.
%  vit. A destr. 
Peroxide N o.
%  vit. A  destr. 
Peroxide No.
%  vit. A destr. 
Peroxide N o.
%  vit. A destr. 
Peroxide No.
%  vit. A destr. 
Peroxide No.
%  vit. A destr.

D a y s  a t  34.5° C. 0

Peroxide N o.
%  vit. A  destr. 
Peroxide No.
%  vit. A  destr. 
Peroxide No.
%  vit. A destr. 
Peroxide N o.
%  vit. A  destr. 
Peroxide No.
%  vit. A destr. 
Peroxide No.
%  vit. A destr. 
Peroxide N o.
%  vit. A destr. 
Peroxide No.
%  vit. A  destr.

Peroxide No.
%  vit. A destr. 
Peroxide No.
%  vit. A  destr. 
Peroxide No.
%  vit. A destr. 
Peroxide No.
%  vit. A destr. 
Peroxide No.
%  vit. A destr. 
Peroxide No.
%  vit. A  destr. 
Peroxide No.
%  vit. A  destr. 
Peroxide No.
%  v it. A  destr. 
Peroxide No.
%  vit. A  destr. 
Peroxide N o.
%  vit. A destr. 
Peroxide N o.
%  vit. A destr. 
Peroxide No.
%  vit. A destr. 
Peroxide No.
%  vit. A destr.

2 .4  2
C a r b o n - T r e a t e d  H a l i b u t  L i v e r  O i l  B  

6 44.3  63 .8
2 9 45.4 6 5.0

2 ! 5 1 9 32.3 44.9
1 6 48.5 72.9

2.' 5 12.4 46.8 67.3 97.3
10.5 25.1 55.4 78.7

2 .5 6 .7 27.1 33.2 37.8 50.9
8 .1 22.9 33.7 58.8 78.4

2 .5 26.1 36.8 51.1 26.0 38.1
8 .2 11.6 42.7 65.1 81.7

2 .5 11.3 18.4 23.7 29.6 11.2
4 .2 9 .0 22.5 45.5 54.6

2 .5 20.1 6 1.4 125.5
3 .5 20.0 82.7

2 .5 14.1 41.1 47.2 72 A
2 .7 11.2 27.5 85.4

0
T a b l e  I I I .  S t a b i l i t y  o f  F i s h  L i v e r  O i l s  

I 2 3 4 6 7 11 13 15 18 21 24 28 . 32

0
S o u p - F i n  S h a r k  

17.4
L i v e r  O i l  A

3 2.1  46 .4 51.9 52.1 58. S 64.6
3 .4 8 .9 17. S 28 .4 38.3 57.3 7S.4

8 .7 21.1 35.8 42.1 44.1 39.9 44.3 45 3
0 4 .4 9 .8 18.8 28.5 38.5 50.3 73 .3

Ó' ' 24.4 40.5 54.7 59.6 61.7 6 1 .5 60.7 60.7
Ó' ‘

6 .0 7 .3 18.1 26.8 37.2 45.4 52.2 65.3
9 .4 21.1 43.0 50.0 53.7 52.3 5 1.2 52.1 48 ! 6
3 .5 7 .2 11.1 18.3 24 .8 30.9 4 1.0 51.7 65.7

19.4 33.3 48.7 60.4 60.7 58.8 51.3 5 7 .8

o ' ’
5 .2 6 .1 11.5 2 0 .S 30.7 37.1 49.3 64.4
5 .0 18.3 35.9 51.4 54.2 55.1 53.6 48.3 4 ¿ ! 3
0 0 .8 6.7 13.1 20.9 2 6 .8 33 .8 49.2 61.1

Ó’ ' 17.4 34.3 52.1 62.1 63.7 60.9 56.9 60.3
1.2 4 .8 12.5 20.2 28.4 37.3 47.5 62.3

Ó' ’ 3 .8 15.2 35.1 50.1 54.9 56.5 51.0
0 2 .4 7 .9 12.5 19.4 26.6 34 .0

2 .5
H a l i b u t  L i v e r  O i l  B 

12.4  16.3  19 .8  5 1 .5  63.1
4 .4  8 .7  16.2 53.3 66.3

2 .5 15.4 28 .8 5 1 A
10.2 72.3 82.7

2 .5 33.1 44.2 54.2 6Ü 3 68Í0
12.2 21.0 38.7 53.2 65.4

2 .5 19.7 28.6 33.1 36.3 33! 9
7 .5 15.1 26.7 39.8 52.4

Ü 9 13.5 57.0 73.2 175.0 193.5 2 Í 7 .0 229 !o 2 i i  ! 0 2Í(L 0
0 13.5 13.9 23.6 32.6 39.0 49.0 59.8

2 .5 22.9 32.6 45.2 57.5 58.8
8 .7 17.5 35.0 42.7 65.6

2 .5 16.6 20 .8 28.4 31.4 35.0
6 .8 12.2 21.8 36.6 52.5

Ï.Ô 6 .2 25.4 42.2 110.0 122.6 15ÓÍ0 158Í0 150 ! 0 176 !0
2 .2 7 .9 8.7 14.3 19.0 31 .8 35.4 42 .0 59.5

2 . i 3 .0 11.1 13.5 54.0 63.7 76.0 87.8 89.9 95.3
2 .2 6 .9 2 .1 3 .7 6 .0 11.5 11.0 14.2 20 .3

:\ 5 37.5 50.1 77.6 132.8 172.0
7 .8 14.2 38.7 86.7

2 .5 21.9 33.1 45.4 52.0 7 ¿! 6
4 .6 9 .8 18.2 40.6 78.0

2 5 37.7 58.9 71.7 123.1 163.5
6 .7 13.5 35.1 85.5

2 .5 19.1 37.7 48.9 50.5 64 ! 4
5 .0 10.0 18.4 38.6 62.5

natural a-tocopherol and 1% lecithin. Lecithin also had a low
ering effect, but to a greater degree than when a-tocopherol was 
used, on the peroxide number in the oils containing added /3- 
and y-tscopherol at different percentages of vitamin A loss (Fig
ure 5 and Table III). At a 5.0% concentration (curves 6 and 7, 
Figure 2), lecithin, when tested in association with 0.5% added 
synthetic a-tocopherol in carbon-treated soup-fin shark liver oil, 
also lowered the peroxide number at the same percentage of 
vitamin A destruction, especially after about 10% of the vitamin 
A was destroyed.

E F F E C T  O F  S T O R A G E  ON V IT A M IN  A D E ST R U C T IO N

The main object for adding antioxidants to vitamin A materi
als such as fish liver oils is to inhibit vitamin A destruction to the 
fullest practical extent. Figures 0-10 and Table III summarize 
the data on the percentage of vitamin A destroyed during stor
age at 34.5 ° C. of the various samples studied. The percentage of 
vitamin A destroyed in the carbon-treated oils is directly propor
tional to time up to the point where 60-70% of the potency is de
stroyed; this indicates the absence of active antioxidants. The 
crude soup-fin shark liver and the halibut liver oils were consid
erably more stable than the same oils after carbon treatment. 
The former were more stable than the crude halibut liver oils.

All the oils containing the added a-, 0-, and -y-tocopherols or these 
tocopherols plus lecithin exhibited greater vitamin A stability 
than comparable blanks. No appreciable difference (Table III) 
was noted between the stabilizing effect of the synthetic and 
natural forms of a- and 7-tocopherol, with and without 1 %  added 
lecithin, at a 0.1% concentration in crude halibut liver oil B and 
in crude soup-fin shark liver oil A. In all the oils examined con
taining added a-, 0-, or 7-tocopherol in a concentration of 0.10% 
and greater, the tocopherols were effective antioxidants for vita
min A. Under the condition employed, the gamma form was only 
slightly more effective than the beta form for inhibiting vitamin A 
destruction. Both forms are slightly more potent antioxidants 
than the alpha form for vitamin A in fish liver oils.

Lecithin enhanced the antioxidant effectiveness of the pure 
tocopherols and of the mixed tocopherol concentrate in preventing 
vitamin A loss. This is particularly noticeable in the oils con
taining the lower percentage (0.10%) concentration of the pure 
tocopherols and also during the early stages of vitamin A destruc
tion. Lecithin at 5% had a greater enhancing effect than 0.5% 
lecithin on 0.50% synthetic a-tocopherol in the carbon-treated 
soup-fin shark liver C oil (curves 6 and 7, Figure 6). Additional 
unpublished data on the use of lecithin in combination with the 
different tocopherol isomers indicate that the enhancing or syn-



230 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 39, No. 2

200 400

HOURS AT 34.5°C.
Figure 11

Curro 1. Crude soup-fin shark lirer oil C
Curve 2. Carbon-treated shark liver oil C
Curre 3. Same as 2 , 4* 0.10%  synthetic cr-tocoplierol
Curve 4. Same 4” 0.25%  synthetic a-tocopherol
Curve 5. Same 4* 0.50%  synthetic a-tocopherol
Curve 6 . Same 4" 1.00%  synthetic a-tocopherol
Curve 7. Same 4* 1.25%  Vegol (40%)

Figure 12
Curve 1. Crude soup-fin shark liver oil C 
Curve 2. Carbon-treated shark liver oil C 
Curve 3. Same as 2, 4~ 1%  lecithin
Curve 4. Same 4" 0.50%  lecithin and 0.05%  synthetic a-tocopherol
Curve 5. Same 4* 0.50%  lecithin and 0.10%  synthetic a-tocophcrol
Curve 6 . Same 4" 0.50%  lecithin and 0.50%  synthetic a-tocopherol
Curve 7. Same 4* 5 .0%  lecithin and 0.50%  synthetic a-tocopherol 
Curve 8 . Same 4- 0.50%  lecithin and 1.25% Vegol (40%)

400

HOURS
600 800 

AT 34.5°C-
1000

Figure 13
Curve 1. Crude halibut liver oil A 
Curve 2. Carbon-treated halibut liver oil A 
Curve 3. Same as 2, 4" 0.10%  synthetic a-tocopherol 
Curve 4. Same 4“ 0.50%  synthetic a-tocopherol

Figure 14
Curve 1. Crude soup-fin shark liver oil C
Curve 2. Same as 1, 4" 0.10%  synthetic a-tocopherol
Curve 3. Crude halibut liver oil A
Curve 4. Same as 3, 4* 0 .1 %  synthetic a-tocopherol

Figure 15
Curve 1. Crude soup-fin shark liver oil B
Curve 2. Same as 1, 4* 0 .1%  natural 7 -tocopherol
Curve 3. Same 4" 0 .1%  natural 7 -tocopherol and 1 .0%  lecithin
Curve 4. Same 4* 0 .5%  natural 7 - tocopherol
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ergistic effect of lecithin is not proportional to its concentration 
and also depends upon the type of fish liver oil used. Lecithin 
alone exhibits no protective action for the vitamin A at a 1.0% 
concentration in the carbon-treated soup-fin shark liver oil C 
(curves 2 and 3, Figure 6) and in the crude and carbon-treated 
halibut liver oil B (Table III). However, at a 1.0% concentra
tion in crude soup-fin shark liver oil A, lecithin increased the vi
tamin A stability of crude soup-fin shark liver oil A, 50.3% for 
the lecithin-containing oil as compared to 78.4% vitamin A loss 
for the blank oil after 24 days of storage. These results indicate 
that this particular oil probably contains an appreciable amount 
of a natural antioxidant which is capable of acting synergistically 
with lecithin. If the oil does contain such an antioxidant, it is not 
predominantly a-tocopherol, because of the slow rate and type 
of peroxidation displayed. The analysis of crude soup-fin shark 
liver oil A (Table I) shows that it contains appreciably more phos
phorus than the other oils studied. When 0.50% y-tocopherol 
and 1.0% lecithin were added to crude halibut liver oil B, the per
centage loss of vitamin A after 32 days was 20.3 as compared to 
66.3% for the original oil after 7 days (Table III). All the oils 
containing added lecithin and either a-, 0-, or y-toeopherol exhib
ited greater vitamin A stability than analogous blanks contain
ing only the tocophcrols.

A comparison of curves 1 and 4 in Figure 6 shows that vitamin 
A in the sample of carbon-treated shark liver oil containing
0.25% of added synthetic a-tocopherol still decreased slightly 
faster than in the untreated crude oil. Curves 1 and 3 of Figure 8 
indicate that the addition of 0.1% synthetic a-tocopherol to 
carbon-treated halibut liver oil A stabilizes the vitamin A in the 
oil to about the same degree as it does in the crude oil. When 0.1% 
natural a-tocopherol is added to carbon-treated halibut liver oil 
B, it stabilizes the oil to a greater degree than the crude oil (Table 
III). a-Tocopherol is a more effective antioxidant for vitamin A 
in the carbon-treated halibut liver oil A  than in the carbon- 
treated soup-fin shark liver oil C. A concentration of 0.10% of 
0- and y-tocopherol in carbon-treated halibut liver oil B (Table 
III) stabilized the oil appreciably more than when 0.10% of a- 
tocopherol was used and to a greater degree than the crude oil. 
Generally speaking, tocopherols alone or with lecithin are more 
effective as antioxidants for inhibiting vitamin A destruction and 
peroxidation in oils of low unsaturation than in oils of high iodine 
value.

R A T E  AN D E X T E N T  O F  P E R O X ID A T IO N

Figures 11 to 15 and Table III contain data on the rate of per
oxidation. It has generally been thought that, in order to pre
vent vitamin A losses due to oxidation, peroxidation had to be 
inhibited nearly completely. The present data show that, when 
relatively high percentages (0.25% and up) of either a-, (3-, or y- 
tocopherol are added to soup-fin shark or halibut liver oils, rela
tively high peroxide values (100 and up) can be tolerated with 
only minor losses of vitamin A (around 10% and less). In nearly 
all crude fish liver oils and certainly in carbon-treated fish liver 
oils stored under the conditions of this study, when the peroxide 
value reaches a numerical figure of around 70 or 80 substantially 
all of the vitamin A content of the oils has been destroyed. Both 
(3- and y-tocopherol at a 0.10% concentration are more efficacious 
antioxidants of the peroxide-inhibiting type for fish liver oils 
than a-tocophcrol. The results on y-tocopherol establish that it 
is more effective than /3-tocopherol for inhibiting peroxidation. 
At a 0.50% concentration in the oils studied, /3- and y-tocopherol 
failed to inhibit peroxidation even though they stabilized effec
tively the vitamin A contents of the oils. The three tocopherol 
forms were more potent in controlling peroxidation in the halibut 
liver oils than in the soup-fin shark liver oils. During the latter 
stages of vitamin A destruction, in the fish liver oils containing 
0.10% of added y-tocopherol alone and in combination with leci
thin, some irregularities in peroxide values were observed (Table

III). A somewhat similar behavior was observed in soup-fin 
shark liver oil A containing 0.10% of added /3-tocopherol alone 
and with lecithin. In these instances the peroxidation proceeded 
smoothly until the peroxide value reached a rather low maximum 
—around 30 to 60 depending on the particular oil—and then it 
either remains more or less static or decreases. This same be
havior was observed in unpublished work on certain types of 
solvent extract fractions from shark liver oils particularly. No 
such peroxidation behavior was observed with a-tocopherol un
der analogous circumstances.

Lecithin at 0.50% concentration exhibited a slight depressing 
effect on the peroxidation in carbon-treated soup-fin shark liver 
oil C containing added a-tocopherol. In crude and carbon-treated 
halibut liver oil B (Table III) with and without added a-, /3-, or 
y-tocopherol, lecithin at a l.0%  concentration decreased the peroxi
dation rate appreciably. Lecithin also considerably lowered the 
peroxidation rate of crude soup-fin shark liver oil A. In the oils 
containing added a-tocopherol alone, peroxides accumulated 
faster than in the respective crude oils. No similarity was ob
served between the rate and extent of peroxidation in the lots of 
crude and carbon-treated soup-fin shark and halibut liver oils 
and in the same oils containing added a-, (3-, or y-tocopherol alone 
or with lecithin.

S U M M A R Y

Stability studies of vitamin A in soup-fin shark and halibut 
liver oils, with and without added synthetic and natural a- and y- 
tocopherol and synthetic 0-tocopherol alone and plus lecithin, es
tablish that the tocopherols are effective vitamin A antioxidants 
at relatively high concentrations. However, at the same concen
tration the tocopherols, either alone or associated with lecithin, 
are not effective antioxidants for inhibiting peroxidation in such 
oils. Lecithin alone at 1.0% concentration in crude halibut liver, 
carbon-treated halibut liver, and soup-fin shark liver oils exhib
ited little or no activity for inhibiting vitamin A destruction. 
Under similar conditions and when associated with the pure tocopli- 
erols, lecithin had a depressing effect on the rate of peroxida
tion in such oils. The effectiveness of the pure tocopherols as 
antioxidants for vitamin A was enhanced by using them in associa
tion with lecithin. In all instances much higher peroxide num
bers were observed in oils containing synthetic or natural added 
a-tocopherol than in those without them at the same percentage 
of vitamin A destruction. Pure 0- and y-tocopherol at a 0.10% 
concentration in the oils studied decreased slightly the rate of 
peroxidation; however, at a level of 0.50% the peroxidation 
rate was increased the same amount as when a-tocopherol was 
used. No appreciable difference could be noted in the oils ex
amined between the- antioxidant effectiveness of the pure syn
thetic and the natural forms of a- and y-tocopherol in inhibiting 
peroxidation and vitamin A destruction. When 0.1% synthetic 
a-tocopherol was added to samples of crude soup-fin shark and 
halibut liver oil, the rate of vitamin A destruction was decreased; 
however, the rate of peroxidation was markedly increased. Pure 
a-, 0-, and y-tocopherols, alone or in combination with lecithin 
at relatively high concentrations, do not act as antioxidants in 
preventing peroxidation in crude or carbon-treated soup-fin shark 
or halibut liver oils, whereas they are effective antioxidants for 
vitamin A in such peroxide-containing oils. The relations ob
served between peroxide formation and vitamin A destruction in 
crude and carbon-treated soup-fin shark and halibut liver oilsj 
with and without a-, 0-, and y-tocopherols, indicate that the an- 
tioxidative behavior of the crude fish liver oils examined is not due 
predominantly to any tocopherols which may be present.
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BATCH DISTILLATION NOMOGRAPH
I

N THE theory of simple batch distillation of binary solutions 
the following, known as Rayleigh’s equation, occurs:

In y2. L _ ( l n i !  +  «  In 1 — S ') (1)
L i a  — 1 \ .r-> 1 —  X \ )

where Li and Z/2 are the number of moles (or pounds) of original 
charge and residue, respectively, xt and x2 are the mole fractions 
(or weight fractions) of light component in the original charge 
and the residue, and a is the relative volatility of the light com
ponent, which is assumed to be constant over the concentration 
range considered1. In order to solve Equation 1 for Xi or x%, 
trial-and-crror solution is necessary.

It is possible, however, to construct a nomograph which will 
solve Equation 1 without trial and error. Rayleigh’s equation 
may be rewritten as follows:

.. \ I 1 //___ 1 \
(2) 

(3)

i t t -

R i -  x ,> /(«  -  1)1
|_ Xll/(a -  1)
r o — X2)“/(<* — 1)"
L x2i/(«  - 1) J

/ w  -

U  !  (x.)

Therefore, from a graph of ln/(x) against x, for lines of constant 
a, one can subtract ln /(x2) from In /(xi) nomographically to find 
the ratio A2/Li, or the fraction of the initial charge which remains 
in the still. This is demonstrated in Figure 1.

As an example of the use of the nomograph, assume Xi =  0.80, 
a — 2.0, and L2/L i = 0.044; then x2 is found as follows: At 
0.80 on the x scale, go vertically up to a — 2.0, then horizontally 
over to the scale marked x i, scale 3. Connect the point on the Xi 
scale with point 0.044 on the Li/Li scale and continue to scale 
2, marked x2. Then draw a line from this point through the key 
point and continue to scale 1, then horizontally to a =  2.0 and 
vertically down to the x scale. The result is 0.36, which is the 
desired value of x2. This path is indicated by directed lines on 
the nomograph. The nomograph can be used in the reverse 
manner to find Xi, or it may be used to find L2/L i when xi and x2 
are known.

If more precise results are desired than can be obtained with a 
nomograph of moderate size, the values obtained in this way may 
be regarded as the first approximation in a trial-and-error solution. 
If it is desired to take into account variations in a, the nomograph 
may be applied over small enough intervals of concentration so 
that constant values of a may be used over each interval.

M E L V IN  N O R D
Nord and Company, Inc., K eyport, N. J.

- i  — f -  
- 1 - 4

I I
- I — * - #  
_1

Figure 1* Simple Batch Distillation Nomograph 1 Perry, J. H ., Chemical Engineers’ H andbook, 2nd ed., p. 1383 (1941).



J a n u a r y ’ s H E A D L I N E S . . .
Eve nt s of  In t er es t  to C he mi s t s ,  Chemical E ngi nee rs ,  and E x e c u t i v e s — Reviewed by the Editors

f  J a n u a r y  1. Special subcommittee of House Interstate and 
Foreign Commerce Committee recommends comprehensive pro
gram of exploration, conservation, and research to stretch U. S. 
supplies of petroleum.~~A. L. Viles, president Rubber Manu
facturers’ Association, says for first time annual rubber consump
tion topped million-ton mark, with consumption 54% above 1940. 
~'~Gcorge R. Gibbons, senior vice president Aluminum Co. of 
America, says our economic capacity for producing new aluminum 
is four times that in highest prewar year.~~G . G. Suits, vice 
president of GE and director of company’s research laboratory, 
in science forum broadcast says heat from atomic energy piles 
may be used to manufacture important new chemical products.

H J a n u a r y  2. Civilian Production Administration, Division 
of Office of Temporary Controls, says controls over imports of 
tin will continue because of lack of imports. ~~Airline Foods 
Corp. opens centralized laboratory in N. Y. to broaden its 
activities in food research1. ~ ~ J .  Heng Lin, medical director 
American Bureau for Medical Aid to China, announces first 
penicillin plant in China opened Jan. l.~~Standard Oil (N. J.) 
forms new petroleum research organization, Esso Develop
ment Co., in Great Britain 1.~~Government files antitrust suit 
against Standard Oil of California and its wholly-owned subsid
iary, Standard Stations. ~~Standard Oil (N. J.) forms Enjay 
Co. to sell and distribute products handled by chemical products 
department of Stanco Distributors, Inc., and Standard Alcohol 
Co.2~~L arge drug manufacturers favor legislation requiring 
pretesting of streptomycin for purity and potency. ~ ~ C P A  says 
rubber manufacturers are no longer required to obtain permis
sion to consume natural rubber, butyl, and GR-S.~~Anglo- 
American Oil announces formation of petroleum research organ
ization to expand work of its British Laboratories.
H J a n u a r y  3. Bernard M. Baruch gives “ victory dinner”  in 
N. Y. to commemorate adoption Dec. 30, 1946, of U. S. proposals 
by UN Atomic Energy Commission~~USAEC discloses ap
pointment to commission of three expert industrial relations 
consultants, Lloyd K. Garrison, N. Y. attorney, former chairman 
and prior thereto general counsel of now extinct War Labor 
Board; George H. Taylor, also former WLB chairman and now 
professor of industrial relations at Wharton School of Finance and 
Commerce, University of Pennsylvania; and David A. Morse, 
Assistant Secretary of Labor and former general counsel of 
National Labor Relations B oard.~~D u Font’s application to 
build S4,200,000 factory for manufacture of x-ray film at Parlin, 
N. J., approved3.~~M cC arthy Chemical Co. announces plans 
for construction of §3,000,000 chemical plant, 55 miles east of 
Houston, Tex.4~ ~ W a r  Assets Administration recommends to 
Congress that Big and Little Inch pipelines be sold for trans
portation of petroleum or natural gas or a combination of 
both.~"~Representative Mundt introduces bill in House to curb 
industrial and municipal pollution of nation’s streams.
IT J a n u a r y  4. Baruch and five aides on UNAEC resign saying 
their task is completed, but Baruch urges U. S. to continue to 
make bombs, at least until ratification of treaty.
11 J a n u a r y  5. Naugatuck Chemical Division, U. S. Rubber, 
obtains synthetic rubber project from Reconstruction Finance 
Corp. to process synthetic latex at Los Angeles1. ~~M onsan to

1 Chem. Eng. News, 25, 174 (Jan. 20, 1947).
1 Ib id ., 104 (Jan. 13, 1947).
• Ib id ., 244 (Jan. 27, 1947).
* Ib id ., 172 (Jan. 20, 1947).

Chemical announces formation in Seattle of western division to 
supervise its expanding operations on Pacific Coast4. ~ ~ B rig . 
Gen. Robert Wood Johnson asks for appointment of commission 
of five civilians to plan dispersion and protection underground 
of national defense industries for age of atomic warfare6. ~ ~  
Chemical Division, CPA, says potash supplies for April and May 
1947 will be 25% less than for similar period last year.
1f J a n u a r y  6 . J . W . Crosby, president Thiokol Corp., says com
pany plans diversification in 1947 into allied fields, particularly 
organic sulfur chemistry. ̂ ^Possibility that American Institute 
of Chemists become a professional division of ACS explored.
U J a n u a r y  7. Carthage Ilydrocol, Inc., awards contract for 
construction of §16,000,000 plant for manufacture of synthetic 
petroleum products and chemicals from natural gas at Browns
ville, Tex.3~~Synthetic Organic Chemical Manufacturers’ 
Assoc, files protest with Committee for Reciprocity Information 
against further tariff concessions on chemical imports this year.
II J a n u a r y  8. Alden II. Emery, Secretary ACS, at dinner of 
N. Y .  Chapter Alpha Chi Sigma, says survey of service performed 
during war by all physical scientists and engineers is being made.
11 J a n u a r y  9. Pacific Fleet Headquarters announces Prim  
Eugen sank in Kwajalein harbor Dec. 16 after having survived 
both atomic bomb bursts.~~Andrei A. Gromyko, pushing his 
plan for commission on general disarmaments in UN Security 
Council, says U. S. is delaying UN progress on disarmament by 
insisting plan for atomic control be agreed upon first.~~Shell 
Pipe Line Co. announces plans for a 81,250,000 six-inch pipeline 
from its Sheridan recycling plant to its Deer Park refinery.

U J a n u a r y  10. President Truman nominates Warren R. Aus
tin as U. S. representative on UNAEC and recommends liquida
tion of Rubber Development C orp .~ ~ R . R. Williams, director 
of research, Research Corp., receives Perkin Medal for outstand
ing chemical achievement at joint dinner meeting American Sec
tion Society of Chemical Industry, ACS, American Institute of 
Chemical Engineers, and Electrochemical Society in New York5. 
~ ~ J . R. Oppenheimer, University of California, and wartime 
director Los Alamos, N. Mex., atomic energy laboratory, elected 
chairman General Advisory Committee of Scientists for AEC.
1f J a n u a r y  11. Republican leaders pick Senator Hickenlooper, 
of Iowa, to head Senate-House Committee on Atomic Energy7.
1f J a n u a r y  12. Glidden Co., International Minerals and Metals 
Corp., and Phelps Dodge Refining Corp. organize Zinc Chemical 
Co. for production of zinc chemicals with plant in Baltimore3. 
~ ~ W A A  offers sulfa surpluses for sale in both powder and tablet 
form .~~John R. Steelman, assistant to President Truman, says 
Congress will be asked for permanent legislation to protect and 
maintain synthetic rubber industry.
II J a n u a r y  13. Warren R. Austin and Bernard M. Baruch 
confer, and announcement is made U. S. will continue to insist on 
basic principles of Baruch plan for international atomic control, 
including abolition of veto on punishment.
H J a n u a r y  14. John L. Collyer, president B. F. Goodrich, 
urges prompt action by Congress to establish national program to 
maintain war-born synthetic rubber plants in stand-by operation.

i Ib id ., 280 (Jan. 27, 1947).
• Ib id .,  160 (Jan. 20, 1947).
> Ib id ., 213 (Jan. 27, 1947).

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. 39, No. 2

H J a n u a r y  15. Office of International Trade says benzol, 
phenol, and phenolformaldehyde resins go on consolidated license 
procedure for export to group K countries Jan. 228.~ ~ In ter- 
national Emergency Food Council lifts allocations on argols and 
tartaric acid.~~Mathicson Alkali acquires Lake Charles, La., 
government ammonia plant, WAA announces9. ~ ~ O I T  removes 
export controls on rosin and its intermediates. ~~President 
sends to Senate following nominations for USAEC: David E. 
Lilienthal, Robert F. Bacher, Sumner T. Pike, Lewis L. Strauss, 
and Wilson W. Way mack, and Carroll L. Wilson, general manager.
If J a n u a r y  16. Representative Celler introduces bill in Con
gress to create a national science foundation to coordinate Govern
ment’s scientific programs and train young scientists.
II J a n u a r y  17. WAA offers for sale 163-acre site near Lake 
Charles, La., suitable for chemical plant. ~ ~ G O P  steering com
mittee refers tariff and reciprocal trade agreement policy to 
Senate Finance Committee. ~~General Eisenhower warns 
Americans against atomic apathy. ~'~Senate confirms Warren 
R. Austin as U. S. representative on UNAEC.
U J a n u a r y  2 0 . UN Security Council approves U. S. request 
that consideration of international atomic control be postponed 
until Feb. 4 .~ ~ W A A  offers for sale or lease a §1,100,000 alumi
num powder plant in Glassmere, P a .~ ~ D ow  Chemical buys 
government-owned styrene plant in Velasco, Tex., for §35,155,- 
000s.~~Legislation is introduced in House of Representatives to 
continue exclusive public purchase of rubber until permanent 
rubber policy is established. ~~Department of Agriculture 
announces dehydrated guava juice powder, rich in pectin, vita
min C, and fruit flavor, has been developed by scientists at 
Hawaiian Experiment Station.
1f J a n u a r y  2 1 . UN Economic and Employment Commission 
acts on U. S. motion and sets aside plans for study of industrial 
uses of atomic energy. ̂ ^Representative Arends (111.) offers 
resolution for congressional study of nation’s rubber policy to en
courage domestic production and stock-piling for national defense.
11 J a n u a r y  22 . Government begins antitrust suit against GE 
and other defendants on charges of conspiracy to control manu
facture and pricing of hard metal compositions. ~'~Office of 
Technical Services publishes sale list of the first 2 7 0  atomic 
energy papers cleared from security standpoint by A E C .~ ~  
Attorney General Clark announces creation of small business 
unit in Justice Department's antitrust division to “ assist small 
business and promote free competitive system of private enter- 
prise” .~~Senate Committee proposes aid for light-metals 
industry.~~W AA lists three wartime chemicals manufacturing 
installations formally declared surplus by owning agencies— 
Monsanto, Texas City; Q. O. Chemical Co., Newark, N. J.; 
and Midwest Solvents Co., Atchison, Kans. ~~Identical bills 
are introduced in House and Senate to authorize construction of 
§ 6 ,0 0 0 ,0 0 0  research laboratory for Army Quartermaster Corps 
at Boston. ~~Standard Chemical Co. announces plans to build 
chlorine-caustic soda plant at Sarnia, Ont.
H J a n u a r y ' 2 3 . J .  B . Conant, president Harvard University, 
urges two-year colleges with federal-state aid to meet education 
demand between high school and present college training.
1f J a n u a r y  2 4 . Gustav Egloff, at technical conference, North
western University’s technological institute, conducted by 
Chicago Section, ACS, reports important untapped sources of 
uranium oxide in Sweden.~~Senator Hickenloopcr prom
ises Congress wiE keep close watch on activities of USAEC. 
Monsanto announces plans for extension of Texas City plant 
and construction of additional units at other Texas poin ts .~ ~  
OIT ends export curbs on fertifizer materials to Phihppines and 
North and South America. ~ ~ G ly co  Products leases government 
Chemical Warfare Service plant at Natrium, W. Va.

* Chem. Eng. N tro t 25, 314 (Feb 3, 1947).
• Ib id ,  317 (Feb. 3, 1947).

1f J a n u a r y  25. Warren R. Austin at dinner of N. Y. State Bar 
Association in N. Y., says U. S. opposes any change in veto 
rights of great powers on Security Council but points out two 
provisions in charter binding aU signers to punish peace violators. 
~~Benjam in Graham, financial economist of N. Y., says na
tional productivity-over-all industrial output for each man-hour 
of labor was 18% higher in 1946 than in 1940.~~M . II. Trytten, 
director Office of Scientific Personnel, warns that large-scale 
training programs of armed forces in colleges threatens nation’s 
supply of potential scientists. ~ ~ IIen ry  T. Wensel, chief 
scientific branch of research group, War Department General 
Staff, and Ralph E. Lapp, scientific adviser of scientific branch, 
say cheap atomic power will not be available before 1960. 
USAEC names Frank J. Wilson, retired chief U. S. secret 
service, as consultant on measures to prevent “ leaks” .

U J a n u a r y  26. Esso Laboratories develop new synthetic resin 
from petroleum for application to iron, brass, bronze, aluminum 
and highly polished metal in addition to wood and steel. ~ ~  
R. P. Russell, president Standard Oil Development Co., N. Y., is 
designated to receive Cadman Memorial Medal of Institute of 
Petroleum, London, for outstanding research in petroleum science.

1f J a n u a r y  27. H. E. Smith, president U. S. Rubber, says com
pany has acquired interest in North British Rubber Co., Edin
burgh, Scotland. ~~F orm er Secretary of War Stimson, in Har
per’s Magazine for February, says President’s decision to use 
atomic bomb had whole-hearted support of seven of country’s top 
scientists in order to avoid heavy bloodshed.~~U. S. Rubber 
and United Rubber workers, CIO, sign first nationwide employer- 
employee contract adopted in American rubber industry. About 
30,000 workers in 16 plants from R. I. to Calif, are affected. 
President Truman, in letter to Karl T. Thompson, president 
MIT, says final decision to use atomic bomb against Japan “ had 
to be made by the President after a complete survey of the whole 
situation had been made” .'~~Senate passes and sends to White 
House measure permitting alcohol plants to continue sugar pro
duction for a period ending April 30, 1948.~~D ow Chemical 
announces §20,000,000 expansion of Freeport, Tex., plant.

If J a n u a r y  28. David E. Lilienthal tells Senate members of 
USAEC that present security methods must give way to better 
system if U. S. is to guard its atomic secrets.~~Secretary of 
Navy issues directive putting Office of Naval Research under 
Assistant Secretary of Navy for Air.

If J a n u a r y  29. Lewis W. Chubb, director Westingliouse Re
search Laboratories, East Pittsburgh, receives John Fritz Medal 
for notable scientific achievement in 1946.~~Sharples Chemi
cals and Continental Oil form Sharpies Continental Corp. to 
manufacture synthetic organic chemicals from petroleum raw ma
terials. ~~Production experts leave for Germany to find ways of 
getting more penicillin to American-occupied zone, War Depart
ment officials say.~~Diam ond Alkali will lease army’s CWS 
chlorine plant at Pine Bluff, Ark., Fred W. Fraley, vice president 
in charge of sales, says.~~L . E. Johnson, area engineer for AEC, 
says construction of §20,000,000 Knolls atomic power laboratory 
near Schenectady will start this spring.

If J a n u a r y  30. Warren R. Austin begins series of conferences 
with members of Security Council to end deadlock on atom. 
Vannevar Bush, chairman joint research and development board 
of Army and Navy, receives Hoover Medal for 1946 for outstand
ing research.~~James McCormack, formerly of Plans and 
Operations Division, War Department General Staff, appointed 
director of Division of Military Applications, AEC.
1f J a n u a r y  31. Senate Oil Investigating Committee urges 
“ bold steps”  to promote synthetic fuel production. ~~U SA EC  
reports to Congress on possibility of applying nuclear energy to 
propulsion of aircraft and of other peacetime uses.~~W AA 
offers California plant for production of guayule rubber for sale.



During the past three decades much of the history of the development
of major petroleum refining processes has been written in
the Research Laboratories of Universal Oil Products Company.

In these laboratories, scientists whose names rank first in 
hydrocarbon research have discovered and developed to commercial 
utility processes which have enabled the petroleum industry to 
economically produce high quality products.

This achievement has been possible because UOP research and 
engineering technique has provided a sound procedure for translating 
laboratory discoveries into profitable commercial realities.

Only a laboratory devoted to the entire field of hydrocarbon research, 
fully equipped and competently staffed, can be expected to 
provide licensees with a research service of maximum breadth.

UOP licensees have these research facilities at their disposal at all 
times to aid in the solution of both day-to-day and long range 
operating problems. And they can be assured that opportunities for 
commercially practical future developments are greatest where 
hydrocarbon research is most highly developed.
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B E F O R E  o r d e r i n g c o n d e n s e r  t u b e s

REVERE
COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York
M ills: Baltir?iore, Aid.; Chicago, III.; Detroit, M ich.; N ew  
Bedford, Aiass.; Rome, N. Y .—Sales Offices in Principal Cities, 

D istributors Everywhere.

Listen to Exploring the Unknown on the Mutual N etwork 
every Sunday evening, 9 to 9 :3 0  p.m., EST.

C O N S U L T

R E V E R E

USERS o f  condenser tubes naturally are 
interested in obtaining tubes that will 

last long, because that means economy. 
However, the life o f  a tube may depend only 
in part upon the alloy o f  which it is made. 
For that reason Revere is always glad to 
make a thorough study o f  all the conditions 
o f  use when tubes have to be replaced 
oftener than they reasonably should. This 
extra service offered by Revere often adds 
greatly to economy.

For example, there was the case o f  a 
refinery where tubes in a heat exchanger 
were failing within a year. A  study o f  tem
peratures and other operating conditions 
showed that changing to Admiralty tubes 
w ould result in sufficiently longer life to 
m ore than pay for the slightly higher cost. 
During examination o f  the exchanger it was 
found that the tubes showed considerable 
pitting at the inlet side o f  the hot vapors. 
Use o f  a baffle plate at this point was sug
gested. T he superintendent follow ed both 
recommendations, and when last checked, 
the equipment had given 20 months o f  com 
pletely satisfactory service and was still 
in operation.

Revere suggests you g o  over your records, 
and ask for collaboration on any cases o f  
uneconom ical performance o f  condenser 
tubes.
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Each worker is selected on the basis of high standards 

and often of previous experience in his field. 

Mallinckrodt utilizes in the aggregate this wealth of 

knowledge and skill to guarantee quality to you.

N o  wonder Mallinckrodt chemicals represent a degree of 

purity far above the accepted standards of "pure ."
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the best specifies Mallinckrodt.
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40,300 man years of working together are 

the foundation of each grain of 

Mallinckrodt chemicals.

An  astronomical number of man hours over four 

generations have expanded and improved 

Mallinckrodt research and production.

Yet, there is more to Mallinckrodt's skill and  

experience than mere man hours and thousands 

of years spent in the laboratories and  plants which 

make up the Mallinckrodt Chemical Works.

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



? 0 A  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 39, No. 2

M O D E R N  O I L  F I E L D  H A R V E S T

P . f J g O X  2 6 3 4  

H O U S T O N  1 ,  T E X A S

IjHfethe pioneer days w 

strippt dr the hide and tallow 

cattle ;wnd left the Jbeef on 

the da|fs of burning

after it has lifted
" % surface will soon b!

gas in o 

gload of qn to the

¡one forever.
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Equipment and Design

Some new types of plant auxiliaries 
have been developed to decrease 
expenses and increase production.

by Charles Otven Mirmcn

Th e  progressive and shrewd plant manager regularly de
votes a reasonable amount of time in searching for and 

studying new equipment and new methods for improving 
plants and products. Frequently, advancing technology de
velops apparatus or materials which have a remarkably ef
ficient use in fields far removed from the industry. W e have 
recently learned that the chlorinated rubber compound Koro- 
seal is not only suitable for raincoats but can be used in place 
of felt in the hammers striking the wires of the highest quality 
pianos. Compared to Koroseal, the felt used for so many 
years is actually a makeshift now. Moths, moisture, or wear 
have no effect on the Koroseal hammers. Equally remarkable 
changes have taken place in plant equipment lines and auxil
iaries.

M etal filters
The M icro Metallic Company of Forest Hills, N. Y ., offers 

a new filter medium composed of various stainless steels (Fig
ure 1). These filters are made from powders which are pre
pared from stainless steels of the desired composition and 
quality. Bars of 18% chromium-S% nickel with and without 
molybdenum, 20% chromium-12% nickel, and molybdenum- 
nickel alloy are first heat-treated and then disintegrated to 
powders in which each grain has the true alloy composition. 
These powders are sized carefully into several uniform grain 
sizes and are then molded into sheets or special shapes for di
rect mounting into the filter frame. B y this method of prepa
ration it is easy to obtain a medium having mean pore open
ings from 4 to 165 microns. When such filters are subjected 
to a differential pressure of 10 pounds per square inch, 1 square 
foot will pass 2 to 750 gallons per minute, respectively. As 
the all-metal material is strong and rigid, the filter can be 
cleaned by a relatively fast, high pressure backwash. The

pure alloy construction enables this filter 
to handle hot concentrated nitric and 
sulfuric acid and sodium hydroxide 
solutions.

Semisensitive balance
Another useful tool, developed be

cause of the need for peak produc
tion during the war, is a semisensitive analytical balance 
with a pointer and dial reading the correct weight in one 
swing. The Roller-Smith Division of Realty and Industrial 
Corporation of Bethlehem, Pa., developed an attractive bal
ance of the beam, pointer, and dial type which has an accu
racy of 0.1% (Figure 2). The sample is suspended from the 
beam, directly if possible, the beam is unlocked, and a pointer 
reads the weight directly on a graduated dial with the aid of 
a vernier. The sample is enclosed in a case'to avoid drafts, and 
the operator has nothing to do after the sample has been 
placed on the hook. Although this balance is not nearly so 
sensitive as the double-pan and beam analytical balance, it is 
very fast and convenient to use up to its maximum accuracy. 
One could probably weigh 50 grams within ± 2 0  mg.

M otors
A great many years ago Edison commercialized the vari- 

able-speed direct current motor. B y using a controlled sec
ondary circuit to excite the field of the motor, the speed could 
be varied, with good torque, from 10% up to full speed of the 
motor. Our entire power transmission technique in those 
days made speed variation not only convenient but usually 
necessary. When the constant-speed induction motor and 
alternating current circuits were offered because of the better 
over-all efficiency, the greatest (Continued on page 72 A)

Figure 2. Roller-Sm ith Balance with Beam, 
Pointer, and Dial

Figure 1. Fabricated M icro M etallic Stainless 
Steel Filters
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NETTCO
H A S  THE  

A G I T A T I N G  E X P E R I E N C E  
T O H E L P  / # # /

Since grandad  was a boy Nettco 

has worked with thousands of processors 

to develop more efficient agitating equip

ment— to mix products better, faster, for 

less money. Nettco Agitating Equipment 

today, in gear ratios from 1 to 2,000 and 

speeds from V2 to 1750 R.P.M., can be 

econom ically  assem bled from  Nettco  

standardized parts and units to meet your 

exact requirements. For better agitating 

equipment ask Nettco to work with you!

Write for Catalog

Model TAB 

Agitator Drive

NEW ENGLAND 
TANK & TOWER COMPANY
83  T I L E S T O N  S T R E E T ,  E V E R E T T  4 9 ,  M A S S .

factors retarding development were the “snap” with which the 
motor came to full speed and the lack of any speed variation. 
Belts were used extensively then, and frequent troubles arose 
from breaks, slippages, and riding off the pulley. These 
troubles were real enough to force the development of variable 
speed alternating current motors of the slip-ring type. This 
motor serves a useful purpose, but even today its initial cost is 
high and it requires expensive installation and control devices.

During World War I the first synthetic ammonia plant in 
the United States was erected at Sheffield, Ala. The process 
was new, and the flow diagram and quantity flows were not 
definitely known for maximum efficiency or highest produc
tion. The research men insisted that great flexibility and var
iation of the capacity of all pumps and compressors were nec
essary. The problem was solved by generating alternating 
current power in a central power station; this was all con
verted to direct current power and then distributed through 
the plant in massive copper bars to dozens of direct current 
motors. Of course the cost and losses were very high.

A recent electronic development to serve those applica
tions where variable speed, fast stopping, and even reversing is 
required makes use of the older direct current motor but con
verts the direct current from an alternating current supply by 
means of electronic three-element vacuum tubes. The tube 
units are small and light in weight and make a very convenient 
package which may be placed at or near the motor. In the 
modern machine shop each power tool is individually driven. 
Widespread variation with full power at low speeds is essen
tial. In cutting threads, fast revising is required. For all 
these applications the Varitronic units, of Electron Equipment 
Corporation, ;fre finding greater applications with favorable 
results. Direct current motors may be utilized at any point 
in a factory now equipped only with alternating current power 
by using one of these rectifying tube units ahead of the motor.
R ectifiers

There is another consideration to the direct current prob
lem. In many electrochemical processes direct current is re
quired because of its unidirectional energy flow. The manu
facture of caustic soda and chlorine, the refining or recovery of 
all metals by deposition, the production of oxygen and hydro
gen, and chemical oxidations and reductions require a direct 
current flow of thousands of amperes. Until recently there 
was no efficient way of converting alternating current to di
rect current except by the use of one rotating or two mechani
cally connected rotating machines. These devices, the rotary 
converter and the motor-generator set, were both superseded 
by the mercury-arc rectifier, which has no moving parts and is 
used today to furnish most of the direct current for electro
chemical processes.

The position of the Varitronic rectifiers is to serve those uses 
between 1 and 300 kilowatts, usually for direct current motor 
drivers. The cost of the rectifier is approximately 400 to 75 
dollars per kilowatt in the larger sizes. These prices are some
what higher than the cost of mercury-arc rectifiers, but the 
application is simpler and the performance has special advan
tages. Many users select these Varitronic tubes because they 
are available, whereas two to three years are required to ob
tain motor-generator sets. The mercury-arc rectifier is not 
used much in sizes below 300 kilowatts, partly because the 
rectifier requires a vacuum pump to keep the bowd at a very 
low pressure, and this demands attention and maintenance.
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C H E M I C A L  SERVI CE

Buffalo Chemical Pumps such as this Class "C S ”  may 
be “ tailored”  to each job  by the proper lead o r  alloy 
fittings . . . assuring the utm ost service life and 
efficiency for  the particular liquid pum ped. W rite for 
Bulletin 982.

Corrosive liquids, slurry, acids, gritty liquids 
and all kinds of temperatures are continually 
confronting operators responsible for pump
ing performance in chemical installations.

Yet operators can avoid premature wear and 
other pumping "headaches” by ordering the 
right "Buffalo” Pump. For practically every 
liquid handled, there is a husky, high-delivery 
"Buffalo” Pump of the proper alloy, lead or 
rubber construction to give you added years of 
trouble-free service.

Why not write us about your problem, de
scribing liquids pumped, heads, temperatures, 
etc? We’ll be glad to make cost-cutting 
recommendations.

CRAM PED FOR SPACE? A  rugged, com pact Buffalo C lose-C oupled 
Pump may be just your answer. For the many types o f  liquids it handles, 
all perform ance and construction details, simply write fo r  Bulletin 975-B .
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INTEGRATED PROCESSING
2 O F  T H E S E  3 P L A N T S  T O
War Assets Administration invites proposals for the 
outright purchase of any two of these three plants, 
in whole or in part. The third may be purchased 
or leased subject to future defense stipulations. 
Processing units in all three of them are suitable 
for dismantling and re-erection elsewhere.

B E  S O L D  O U T R I G H T  N O W
Submit proposals on whichever plant best meets 

your requirements or contains processing units and 
equipment you need. Credit terms may be arranged. 
Information contained herein is not intended for use 
as a basis for negotiation. The War Assets Administra
tion reserves the right to reject any or all proposals.

W a r  A s s e t s
O F F I C E  O F  R E A L

425  2nd  ST R E ET , N. W.
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UNITS YOU NEED
Functional Units Com prising Distillation, Fractionation 

an d  Catalytic Process Equipment, Easily Convertible to 

M anufacture of Various Chemical Products

PLANT: Plancor 1207 consists o f land, buildings, ma
chinery, and equipment for the manufacture o f Butadiene 
from industrial alcohol. The following buildings, o f  per
manent type construction and with a total floor area o f ap
proximately 156,000 sq. ft., house the functional units 
which comprise the three 20,000-ton units: Two Dow- 
therm furnace buildings, 3 distillation conversion build
ings, 2 catalyst manufacturing buildings, together with 
other smaller service buildings.
UTILITIES: Process water is obtained from the Ohio River. 
Five centrifugal, motor-driven pumps, located in a pumping

station, are capable o f delivering a total o f  78,000 g.p.m. 
at approximately 50 lbs.

Domestic water is obtained from 2 driven wells, each 
equipped with electric-driven pumps.

Process steam is furnished by a high and low-pressure 
plant with a combined total rated capacity o f 700,000 lbs. 
steam per hour.

Electricity and gas supplied by the Louisville Gas and 
Electric Company.
T R A N SPO R T A T IO N : Rail, water and highway transporta
tion available.

PLANT: Plancor 2 2 9  consists o f land, buildings, ma
chinery, and equipment for the manufacture o f Butadiene 
from ethyl alcohol. The production area comprises 4 units 
for conversion, each unit having rated capacity o f 20,000 
short tons per annum; 2 Dowtherm furnace buildings; a 
catalyst building; a water treating building; 2 water pump 
houses; 5 foam houses; a switch room; a machine shop; a 
stores building; totaling 270,000 sq. ft. floor area. All 
structures o f permanent type.
UTILITIES: Water-cooling and fire protection water is 
pumped from the Kanawha River from two identical pump 
houses, each containing 6 electric-driven centrifugal pumps 
with total capacity o f 66,000 g.p.m. and one steam turbine- 
driven, centrifugal pump with capacity o f 11,000 g.p.m. 
A 2,000 g.p.m. treating plant provides treatment for 
boiler water.

Steam boiler plant comprises rated capacity o f  750,000 
lbs. o f  steam per hour at 415 p.s.i. Complete with pul
verized coal, oil and/or gas firing.

Electricity and natural gas supplied by public utilities.

T R A N SPO R T A T IO N : Rail, water and highway transporta
tion available.

PLANT: Plancor 1055 consists o f land, buildings, ma
chinery, and equipment for the manufacture o f  Styrene from 
ethylene secured from others by pipe line. The rated 
capacity is 25,000 short tons o f Styrene per annum. The 
production area comprises 2 Styrene distillation units; 
Tetralin furnace building; one catalyst building; totaling 
approximately 40,000 sq. ft. floor area.

UTILITIES: Available from the adjacent Butadiene plant.

PLANT: Plancor 483 consists o f land, buildings, ma
chinery, and equipment for the production o f  80,000 short 
tons o f Butadiene from alcohol feed stock annually. Pro
duction area includes 4 identical Butadiene productive 
units, each rated at 20,000 tons annual capacity; 2 Dow
therm units. Each Dowtherm building contains two Dow
therm Vaporizers (gas or oil-fired) rated at 24,000,000 
b.t.u. per hour, surge tanks and two Methane gas com
pressors with auxiliary pumps.

The power plant building contains boiler bay, turbine 
bay, powerhouse annex, and there are 11 substations. The 
boiler bay contains 4 boilers, 350,000 lbs. steam per hour 
continuous rating each, at 800 lbs. per sq. in. Steam passes 
either through a 35,000 kw Westinghouse "Topping”  
turbogenerator unit, or through a battery o f reducing 
stations which reduce the pressure from 750 p.s.i. to 165

p.s.i. Designed capacity o f turbogenerator is 43,750 kw 
at 80%  power factor, Yl lb. hydrogen cooling pressure. 
Powerhouse annex receives coal by conveyer or chute 
from main boilerhouse and contains one Combustion 
Engineering, four drum, natural circulation boiler, 200,000 
lbs. steam per hr. total capacity at 450 p.s.i. saturated tem
perature, with tubular air heater, combination forced and 
induced draft fan, Raymond fuel pulverizing equipment and 
2 Allis-Chalmers boiler feed pumps.
UTILITIES: Water for industrial and fire protection pur
poses is pumped from the Ohio River. Drinking water is 
obtained from 2 deep wells.

Electric power and light is obtained from the generating 
station adjacent to the boilerhouse.
T R A N SPO R T A T IO N : Rail, water and highway transporta
tion available.

A d m i n i s t r a t i o n
P R O P E R T Y  D I S P O S A L
W A S H IN G T O N  25, D. C. 901-T
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Standardized Ba iley  Electronic Instrument 
for ind icating, recording a n d  controlling  

the factors listed above.

FEATURES
1. Sustained accuracy and stability insured by  careful 
design and the use of the null balance principle.

2. Trouble free service insured by  sturdy Electronic 
Detector which replaces moving parts and delicate 
instrument suspensions.

3. Comparison of related factors m ade easy by contin
uous records of as many as four factors on a single chart.

4. Maintenance simplified by easy access to all parts 
and by exchangeab le unit assemblies.

5. Attractive control panels assured by identical 
styling of all recording instruments.

6. Panel space saved by installing two controllers 
in one instrument.

7. Choice of three controls— air, on-off electric, modu
lated electronic.

8. Easy installation— no careful leveling or protection 
against vibration.

A sk  for Bulletin 231

B A I L E Y  M E T E R  C O M P A N Y
1 0 2 3  I VANHOE ROAD .  .  .  CLEVELAND 10,  OHI O

G a t d s v o ll f o b  P n a c & U U t f

P R E S S U R E -  D E N S IT Y



Instrumentation
A low-cost resistance-thermometer temper
ature controller is discussed this month.

Th e  economics of instrumentation is a subject which has 
received much less attention than its importance would 

justify. This is not because the importance of the subject is 
not realized, but because facts and figures on which to base a 
discussion of the subject are not readily available. In a paper 
presented at the Texas Agricultural and Mechanical College’s 
Instrument Course last September, C. S. Comstock of Mon
santo Chemical Company discussed this subject. He based 
his discussion on experience and data available from the opera
tion of the Monsanto Texas City styrene monomer plant, 
where nearly a thousand major instruments are employed. 
His paper contains food for thought for those interested in 
instrumentation. In addition to an excellent general dis
cussion of the subject, Comstock presents interesting data on 
the average installed cost and the average yearly cost of opera
tion for an instrument. He indicates that the average

Figure 1. Electromax Temperature Controller

b 1/  Hal pit H . Munch

installed cost of an instrument in this 
plant was about $750 and that the operat
ing cost amounts to about S56 per year.
Taking a 10% yearly depreciation and 
assuming a 20% return on the gross 
investment, he arrives at a total yearly 
cost of $281 for his typical control instru
ment. The instruments considered were 
recorder controllers.

Loir cost controller
In many applications a record is not required. Nonrecord

ing controllers are, in general, much less expensive than re
corder controllers. Their use makes possible a substantial 
saving in instrument costs wherever records are not essential. 
The lower cost is due partly to lower initial cost and partly to 
lower maintenance cost of the simpler instruments. Even 
where a record of the variable being controlled is required, 
using a number of simple controllers in conjunction with a 
multipoint recorder may turn out to be considerably less ex
pensive than using recorder controllers.

The use of several simple controllers in conjunction with a 
multipoint recorder works out well where temperature is the 
variable being controlled. Leeds & Northrop Company, 
Philadelphia 44, recently announced a new line of inexpensive 
temperature controllers designated by the trade name 
Electromax. These instruments, specially designed for ap
plications of the type discussed above, are illustrated in Figure
1. The Electromax controllers are designed for use with 
resistance thermometers as the sensitive elements. Funda
mentally, the instrument is a Wheatstone bridge. Three arms 
of the bridge are within the instrument case; the fourth is the 
resistance thermometer which must, of course, be located 
where the temperature is to be controlled. The power sup
ply for the bridge, and therefore its output, is alternating 
current.

Control mechanism
T o detect bridge unbalance, a vacuum tube amplifier is 

used to operate a single-pole double-throw7 relay. As long as 
the process is at the control (Continued on page 78 A)

Figure 2. . In 
dustrial P lati
num Resistance 
T h erm om eter

77A
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W I T H

BAR-NUN ECONOMY

G u m p  Engineered

A  B A R - N U N  S I F T E R  U S E R  W R I T E S :

“ We are well pleased with our new 
Sifter — besides doing all the work we ask 
of it — about 6,000 pounds per hour—
I believe the maintenance cost will be far 
less than anything used for an equal pur
pose for a long time to come.”

S tatem en ts o f satisfaction  such as the  

above usually  follow  th e  in stallation  o f a 

B ar-N u n  R otary Sifter. S ifting  efficiency  

reaches a new  h igh  degree o f perfection  

in  these m achines. Let us work with you  

to  solve your sifting p roblem !

Gump Engineers, backed by 75 years’ 
. ' A  experience in th e field  o f  processing

^  dry, flaked, granular, and powdered
materials, will be glad to work with 

J  you in selecting the standard Bar-
■  Nun Rotary Sifter best suited to your

specific requirem ents.

B* F, G ump C o ,
ENGINEERS A N D  MANUFACTURERS SINCE 1872 

415 S O U T H  C L IN T O N  S T R E E T ,  C H IC A G O  7, IL L IN O IS

temperature, the thermometer resistance is at the value that 
balances the Wheatstone bridge, so that no signal is fed to the 
amplifier. The relay is then in neutral position. A Wien the 
temperature rises above the control point, the thermometer 
resistance increases and unbalances the bridge. The un
balance voltage acting through the amplifier closes the high 
relay contact and lights a red pilot lamp. In like manner, 
when the temperature drops below the control point, the 
thermometer resistance decreases. The unbalance voltage, 
now opposite in phase to that produced by a temperature 
rise, acts through the amplifier to close the low relay contacts 
and light a green pilot lamp. Small solenoid valves, motor- 
operated valves, and alarms can be operated directly from the 
Electromax relay, which is rated to make or break 0.75 
ampere at 115 volts, 60 cycles. To control heavy electrical 
loads, such as electric furnaces, an auxiliary power relay 
must be used.

For many applications a simple on-off controller such as 
that described above cannot give adequate control. For these 
applications the Electromax is available as a position-adjust
ing type of proportional controller with manual reset, or as a 
duration-adjusting type of proportional controller with auto
matic reset. The first type is more readily used to control 
processes heated by gas, oil, or steam; the second is more 
readily used to control electrically heated equipment.
Desirable characteristics

The Electromax has many valuable features. Because 
there are no moving parts other than the relay contacts, main
tenance is low. Accuracy is Va% of the range. Standard 
ranges are 0° to 1000° F. and 0° to 250° F. Sensitivity is 
±0.5° F. The unit operates entirely from the 115-volt 60- 
cycle line; no dry cells or standard cell are required. Fluc
tuations of ±10% in line voltage do not effect performance. 
Temperature readings may be obtained at any time by turn
ing the control point-setting knob until both red and green 
pilot lamps are out. The instrument has been carefully de
signed to “fail safe”. Practically all possible failures—such 
as an open circuit in the resistance thermometer, slidewire con
tacts, input transformer, power transformer, or relay, or a 
short circuit in the input transformer, power transformer, or 
relay, or vacuum tube failures caused by age or opens—would 
cause the relay to drop to the de-energized position and make 
the red pilot lamp glow continuously.

An ideal primary element to use with the Electromax con
troller is a new type of industrial platinum resistance ther
mometer just announced by Leeds & Northrup. This 25.5 
ohm resistance bulb, which is suitable for use up to 1000° F., 
is pictured in Figure 2. The stainless steel outer sheath 
is 6/i6 inch in diameter; standard lengths are 6 and 12 inches. 
This thermometer is equipped with the standard Leeds & 
Northrup head to protect the terminal block and facilitate 
mounting. In speed of response this resistance thermometer 
is said to be essentially as fast as a miniature pipe-type ther
mocouple. Its accuracy and stability are substantially bet
ter than thermocouples provide. Three No. 14 copper wires 
are required to connect the bulb to the Electromax in con
trast to the compensating lead wires required for use with 
thermocouples. In addition, the price of the resistance 
thermometer bulb is not too much greater than that of a simi
larly protected thermocouple.
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FILTERS DESIGNED TO

SOLVE SPECIFIC

FILTRATION PROBLEMS

E N E R A L  A M E R I C A N  Conkey and 
Peterson filters comprise both vacuum

I : '...3S&3
and pressure filters in a wide range of sizes 
for continuous or batch filtration cycles.

Special features of design and construc
tion are incorporated in the different filters 
which contribute to the end result of efficient, 
dependable performance.

A General American engineer, experi
enced in the design and operation of filtra
tion equipment of all types will be glad to 
work with you toward modernizing your 
existing equipment or installing new units.

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

D R Y E R S  T H IC K E N E R
P R E S S U R E  V E S S E L S  

T A N K S  E V A P O R A T O R S
K IL N S

T U R B O - M IX E R S  T O W E R S

S A L E S  O F F I C E :  10 E a s t 4 9 th  S t „  D e p t. 8 0 0 a , N e w  Y o rk  1 7 .  N . Y  

W O R K S :  S h a ro n , P a ., E a s t  C h ic a g o , Ind.

O F F I C E S :  C h ic a g o , S h a ro n , Lo u isville , O rla n d o , W a s h in g to n , D . C . 

P itts b u r g h , S t . L o u is , S a lt  L a k e  C ity , Cle ve la n d.



METHANOL SYNTHESIS

CHEMICO plants are profitable investments

'-----------  CONVERTER
COLD EXCHANGER

PRIMARY CONDENSER

CIRCULATOR FUTER CHEMICAL CONSTRUCTION

' NEW YORK
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The modern way to produce METHANOL is by high-pressure syn
thesis from hydrogen and carbon monoxide.

CHEMICO offers the N.E.C. High-Pressure METHANOL Synthesis 
Process, generally similar to the well-known and successful N.E.C. 
Synthetic Ammonia Process.

Preliminary recommendations for new plants or for altering exist
ing synthetic ammonia plants for METHANOL manufacture are 
offered without charge or obligation.

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
E m pire S ta te  B ldg ., 350 Fifth A v e ., N e w  Y ork  1, N . Y.
E u ro p e a n  T e ch n ic a l R epr.: C y a n a m id  P rod u cts , Ltd.

B rettenh am  H ou se , L a n ca s te r  P la ce , L on d on  W .C .2 , E n g la n d  
C a b le s : C h em icon st , N e w  Y ork

SYNTHETIC METHANOL 

is best m ade by the 

N.E.C. High-Pressure Process



February 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  8 1 A

The list of Hondrj licensees 
is the Bine Book 
of refinin



I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 39, No. 2

L U B R IC A T IN G -C
P O R T S

SPLIT FLANGE LUBRICANT PRESSURE 
CHAMBERP L U G

CORROSION RESISTING 
ALLOYS a EQUIPMENT

H O W  THE V A L V E  
O PER A T ES

The screw In  the stem forces lubri

cant through the channels of the 

plug into the reservoir and pressure 

chamber at the bottom of the body. 

A  turn of the pressure screw lifts 

the plug hydraulically from the seat 

for easy 'turning, at the same time 

forcing lubricant from the grooves 

over the seating surface. The resil

iency of the acid-resisting packing re- 

turns the plug to its normal position.

L U B R IC A T IN G
P R E SS U R E  SCREW

ST U F F IN G  BO X
G L A N D

Turn-stops prevent exposure of the 

lubricant channels to the liquid.L U B R IC A N T  \  
R E S E R V O IR  ^

P A C K IN G  N

P L U G  T H R U S T  R I N G

B O D Y

CORROSION-RESISTANT 
DURCO VALVES

Top lubricated  
p lu g  va lve

P lunger-re lea se  
p lu g  va lye

This look inside a Durco top 
lubricated plug valve tells the 
story of permanent, through-and- 
through corrosion-resistance.
Every part of the valve in contact 
with corrosive solutions is of Dur- 
iron or Durichlor. These Durco 
high silicon irons have almost per
fect resistance to the corrosive 
action of most commercial corro
sives. Durichlor has much greater 
resistance to hydrochloric acid 
and chlorides.

These valves are especially suited 
for muriatic acid and other corro
sives having no lubricating  
properties.

V alves available : Standard  
straight-way type. Sizes I", IV2 " ,  
2", 2 1/ 2 " ,  3", 4 ", and 6". Also avail
able in 3-way, 2-port and 3-way 
3-port.

For complete details ask for your 
copy of bulletin 617.

D U R C O  A d v .  2 7 -G M

A n g le  ya lve

T va lve

H o rizonta l 
check va lve

Foot va lve

Re lie f control 
va lve
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Economics of materials demands consider
ation in chemical plant construction.

Th e  present tax and labor situation accentuates the need for 
low cost operation in the chemical industry and in other 
fields. A substantial portion of the operating cost is due to main

tenance. This, in turn, depends largely on the materials used for 
the construction of the plant. In general, the chemical industry 
is more concerned with shorter life of equipment than are most 
other industries, because of comparatively rapid obsolescence 
and relatively severe corrosion conditions. The selection and 
specification of suitable and economical materials are important 
functions in connection with new construction and replacement of 
equipment.

Several factors to be considered from the materials standpoint 
are investment, expected life, cost of replacement or repair (in
cluding labor), loss of production because of failure, contamina
tion, and safety. Many expensive materials would be satisfac
tory for a given service, but in most cases cheaper materials are 
used because of the better balance between investment cost and 
service life. Cheaper process equipment is often preferred even 
though costlier equipment presents a more favorable return, par
ticularly if the life required to justify the costlier equipment is 
over five years, or the advantage is not great. In some cases 
this tendency is due to the desire of maintenance personnel to 
keep cost figures low on a monthly basis.

A student’s answer to an examination in a course on corrosion 
serves to illustrate a point in economics. The problem called for 
selection of materials for a variety of equipment handling nitric 
acid and sodium hydroxide. The student knew that tantalum 
was a very corrosion-resistant material, so he specified tantalum 
for all of the process valves. His plant might operate satisfac
torily. but the stockholders would probably be quite unhappy. 
Materials of about 1% the cost of tantalum would have been 
suitable for the chemicals involved. This does not mean that 
tantalum is not used in the chemical industry. In fact there are 
many applications where tantalum is an economical material— 
for example, the heating of c .p . hydrochloric acid.

If valuable chemicals, loss of production, high repair costs, 
contamination, and/or dangerous compounds are involved, it is 
desirable to lean in the other direction as far as materials of con
struction are concerned. This same tendency is often followed 
in the construction of plants for new' processes where numerous 
uncertainties or “bugs”  are anticipated, aside from corrosion dif
ficulties. Economical changes can be made later. For example, 
the original nylon plant contained several items made of stainless 
steel, but they have been replaced by ordinary carbon steel during 
expansion and construction of new plants. The new plastic 
Teflon now costs about 10 dollars per pound, and it is expensive 
compared to older conventional materials. This material, how
ever, found many uses as a gasket material even when it cost 25 
dollars per pound. One example concerns a high pressure high- 
temperature system handling acetic acid. The Teflon paid its 
way, not only on a life basis but also on the basis of less hazard 
to safety and decreased “ down”  time.

The numerous recent developments in materials of construction 
indicate that there w'ill be sharp competition between widely dif
ferent materials for many applications. These materials will re
place many older and so-called standard materials. Personnel 
selecting materials of construction should be thoroughly familiar 
with these developments to ensure the choice of the most economi
cal materials. In addition, designers and others may be re

bff M a rs G. Fontana

quired to ignore traditions in specifying 
materials in order to obtain more servicea
ble and economical plant equipment.
Cooperation

Cooperation between the chemist, 
chemical engineer, and the personnel do
ing the corrosion work is highly desirable.
Cooperation in the early stages of the de
velopmental work may minimize the need for elaborate and ex
pensive corrosion tests, and, more important, quite reliable 
information may be obtained. This is particularly true during 
the semiworks or pilot plant stages. Costly mistakes and difficul
ties during actual plant operation could be avoided in many cases.

An example may serve to illustrate this point. Several re
search chemists and chemical engineers worked out a process for 
attacking an ore with strong sulfuric acid and thus obtained a 
rapid and complete reaction with good yields. The operation 
was carried out successfully in a pilot plant. The corrosion en
gineer was then consulted with regard to recommendations for 
actual plant equipment. The first questions raised concerned 
the material used in the pilot plant and the corrosion indications 
obtained. Only cast iron and steel were used in the pilot plant, 
and the equipment was almost completely destroyed during the 
few runs made. The only interest at the time was to determine 
with least cost, whether or not the process would work. It would 
have required little effort and expense to expose various materials 
in the pilot plant to obtain corrosion data under actual operating 
conditions instead of depending on later laboratory tests which 
did not simulate actual conditions.

Standard expression for corrosion rate
A large number of expressions or units are used in the literature 

to express the corrosion resistance of materials. Most of these 
units indicate penetration per unit of time or weight loss for a 
given area per unit of time. Some of the more commonly used 
expressions are: inches per year, milligrams per square decimeter 
per day, inches per month, grams per hour, grams per square foot, 
ounces per square foot per year, grams per 100 hours, and per 
cent weight loss. In fact, many combinations of units for time, 
fractions, depth, and weight in both the metric and English sys
tems are in use. This situation causes confusion and difficulty 
in interpreting and comparing results reported in the literature. 
In some cases the units are practically meaningless—for example, 
percentage loss in weight. This is a deplorable situation indeed, 
since standardization could be readily accomplished.

The primary purpose of a corrosion rate is to provide the basis 
for an estimation of the life of a given metal under conditions of 
the test. For cases where contamination of the product by the 
metal is involved, the corrosion rate provides an indication of the 
amount of metal dissolved.

Some of the requirements for a suitable expression for corrosion 
resistance or corrosion rate are as follows: (a) The units must be 
familiar to all technical personnel. (6) Calculation of the corro
sion rate, on the basis of laboratory or service measurements, 
should be such that chances of error are at a minimum, (c) The 
units must be readily convertible to life of equipment, preferably 
in years. The units should express the rate of penetration of the 
metal, {d) Decimals are undesirable, (Continued on page 84 A)
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Modem plants save with ILLCO-WAY

De-ionized Water
(the modern lo w -co st  

equivalent of distilled water)

A N O T H E R  I L L C O - W A Y  IN S T A L L A T IO N :  Pure  w a te r  is  p ro 

d u c e d  b y  th is  c o m p a c t  I L L C O - W A Y  D e - io n iz e r  ( 3 6 0  g p h )  in 

p ro g re s s iv e  in d u s t r ia l p lan t. N o  fue l, n o  c o o l in g  w a te r 

requ ired , n o  p e r io d ic  d ism a n t l in g  fo r  c le a n in g .

If you use distilled water in your plant, the 
Illco-W ay De-ionizing process can save you 
thousands of dollars! If the cost of distilled 
water has been prohibitive, you can now have 
uniformly pure water of equivalent quality at 
a fraction of distilled water's cost!

Illco-W ay De-ionized Water—in volume 
up to 500,000 gallons an hour—is produced 
at 1% to 10% of the cost of distillation!

Write today for complete descriptive litera
ture. It will pay you to get the facts about 
this modern, no-fuel, ion-exchange process . . . 
used currently in hundreds of chemical, indus
trial and pharmaceutical plants.

.  „.Mm»« —

I llin o is  Water Treatm ent Co.
8 5 2 -2  C edar  Street 

Rockford, Il linois  

7 3 Ï0 - J 2  Empire State Bu i ld ing  

N e w  York  City

\ H T H E I A B 0

C o r r o s i o n

particularly carried to several places after the decimal point. 
Tabulation of results should be as simple as possible. (e) The 
specific gravity and area of the test specimen should be included 
in the calculation of the corrosion rate.

Let us consider how some of the corrosion rates in fairly com
mon use at present fulfill these requirements, (a) Milligrams per 
square decimeter per day (m.d.d.) has the advantage of eliminat
ing decimals, since very low rates of attack can be expressed as 
whole numbers. However, the specific gravity or density of the 
material is not included. To illustrate this point, let us assume 
the same corrosion rate in m.d.d. for aluminum and 18-8 stainless 
steel. Although the corrosion rates arc the same, the amount of 
aluminum corroded or dissolved is approximately three times the 
amount of corroded 18-8 because of the threefold difference in the 
densities of these materials. In other words, the m.d.d. must be 
converted to a penetration factor before life can be estimated.
(6) Inches per year meets the requirements quite well; it is one of 
the better methods now in fairly common use but has the de
finite objection of too many places to the right of the decimal 
point. Corrosion rates that apply to usable materials for a given 
set of conditions involve a zero to the left and often as many as 
three places to the right of the decimal point. This situation in
volves difficulties in tabulation (pity the typist) and provides 
cumbersome figures in plotting data. Furthermore, errors in 
calculation are readily made because of the decimals, particularly 
where the slide rule is used, as is often the case. These same re
marks also apply generally to inches per month. Inches per 
month has the added disadvantage of requiring a conversion to 
inches per year before estimation of life can be made, (c) Per cent 
weight loss is obviously of little practical value because the size 
and shape of the specimen would be a controlling factor. To take 
an extreme case as an example, it would take considerably longer 
to dissolve a sphere than a thin sheet of the same weight. Also, 
the time factor is not included in the expression. (d) Most of the 
other expressions do not include either penetration, specific grav
ity, area, and/or time.

Mils penetration per year, or simply mils per year (mils/yr.) 
is proposed as a standard for expressing corrosion rates or the 
corrosion resistance of metals and alloys. Mils/yr. appears to 
fulfill all of the requirements for a suitable expression. A mil is a 
thousandth of an inch, and this unit should be familiar to all 
persons interested in corrosion. It can be readily interpreted in
to an answer to the usually all-important question, How long will 
the equipment last? Only whole numbers would normally be 
involved, because a corrosion rate of less than one mil/yr. has 
little practical significance.

The formula for calculating this corrosion rate is as follows:

. 527,000 IF
mds/yr. =  ^ A r f

where W  =  weight loss in grams
D =  specific gravity of test specimen 
A = area of specimen, square inches 
T = the time or duration of test, hours

The specific gravities of metals and alloys are readily available 
from manufacturers’ literature, handbooks, textbooks, and other 
sources. The other values in the formula are directly obtained 
during the corrosion test.

Mils/yr. has been advocated at every opportunity. Favorable 
comments were made on this expression by corrosion investiga
tors during a discussion at the annual meeting of the National 
Association of Corrosion Engineers last May. Mils/yr. has been 
used exclusively at The Ohio State University in the course on 
corrosion, with favorable results. Mils/yr. has begun to appear 
in the corrosion literature. It is hoped that this trend will 
continue, if for no other reason than to facilitate comparison of 
corrosion data in the literature and other sources.
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f o r  A m e r i c a n  I n d u s t r y

( C A R B O N IC  A C ID ,  

D I P H E N Y L  E S T E R )

February 1947

Fundamental research and product development in today’s 

chemical process industries constantly require new chemi

cal tools of varying properties. Perhaps your investigations indicate 

the need for a process material with the characteristics of General 

Chemical Company’s Diphenyl Carbonate. If so, experimental quan

tities of this basic organic chemical are available on request to 

General Chemical Company, Research and Development Division, 

40 Rector Street, New York 6, N. Y.

With Diphenyl Carbonate in commercial production, Gen

eral Chemical Company can supply your needs all the way from 

laboratory research to full scale operations . . .  an important considera

tion when you investigate any material for product development.

g e n e r a l  c h e m i c a l  c o m p a n y

40 RECTOR STREET, N E W  Y O R K  6, N. Y.

Sales and Technical Service Offices: Albany • Atlanta • Baltimore • Birmingham • Boston 
Bridgeport • Buffalo • Charlotte • Chicago • Cleveland • Denver • Detroit • Houston 
Kansas City • Los Angeles • Minneapolis • New York • Philadelphia • Pittsburgh 
Providence • San Francisco • Seattle • St. Louis • Wenatchee & Yakima ( Wash.) 

In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee, Wis.
In  C a n a d a :  The  N ic h o ls  C h e m ic a l C o m p a n y ,  L im ited  • M o n t r e a l • T o ro n to  • V a n c o u v e r

S t r u c t u r a l  F o r mu l a :

A n o t h e r  B a s i c  O r g a n i c  C h e m i c a l

>c = o

P h y s i c a l  P r o p e r t i e s :
A p p e a ra n c e :  white crystalline 

solid, white needles from 
alcohol.

M o le c u la r  W e ig h t :  214.
M e lt in g  Po in t: 78° C.
B o ilin g  Po in t: 302° C.
Spec ific G r a v it y :

Liquid 1.122 at 87° C. 
Solid 1.272 at 14° C.

C h e mi c a l  P r o p e r t i e s :

1, Can be halogenated and ni
trated in characteristic manner.

2. Readily undergoes hydroly
sis and aminonolysis when 
treated respectively with inor
ganic bases, ammonia and 
amines.

S o l u b i l i t i e s :
Insoluble in water.

Quite soluble in acetone, hot 
alcohol, benzene, carbon tetra
chloride, ether, glacial acetic 
acid, and many other organic 
solvents.
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East of the Rockies it's W IXXCO  
WICKWIRE SPENCER STEEL DIVISION 
STERLING ST., CLINTON, MASS.

On the Pacific Coast ifsCALUJICO 
THE CALIFORNIA WIRE CLOTH CORP. 
1001 22nd AVE., OAKLAND, CAL.

O bviou sly  no one type of wire cloth will fill every 

industrial requirement. The  solution to any wire 

cloth problem lies in  a full analysis of the condi

tions under which the screen is to be used and the 

manufacture of a screen that meets the specific 

need.

I f  you  have a problem invo lv ing  wire cloth we 

can probably answer it, for during the past 87 

years W issco and Cahvico W ire  C lo th  have been 

meeting the needs o f over 100 industries.

O ur service covers the precision fabrication of 

wire cloth in a dozen different weaves. And 

whether you  use wire cloth for screening, filter

ing, grading, cleaning or processing, y o u ’ll find 

W issco and Cahvico W ire  C loth  will give long, 

dependable service. M a d e  in  all com m only used 

metals, these famous brands are designed to 

w ithstand chemical action, corrosion, abrasion, 

moisture or h igh temperature.

O ur engineers are ready to help solve you r wire 

cloth problems. Just write to our nearest office.

Slow  Screening

Faster Screening
Shorter Life

Free Book on Wire Cloth
Contains 151 illustrations, charts, 
diagrams, tables o f  wire sizes, 
meshes and weights. F or your 
cop y  write M echanical Speciali
ties D ept., W ickwire Spencer 
Steel, Sterling St., C linton, M ass.

Rapid  Screening

WISSCO CA LWICO
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The Ajax Lo-Veyor is a vibrating type of conveyor 
consisting of an open or enclosed pan or tube, a V- 
shaped trough, a screen or other type carrier driven 
by a reciprocating drive. Pan or tube can Ire made 
airtight to prevent contamination or explosion in 
process operations.

Drive mechanism is the Ajax-Slialer Shaker, a self- 
contained, enclosed m otor driven drive unit consist
ing of 2 revolving weights in automatic balance.

Conveyor pan and drive float on rubber mounted  
springs. Conveyor is sim ple to install . . . requires 
little head room  (averaging less than 1 8 " )  . . . can 
be set on floor, in a pit, on wall brackets or sus
pended from  ceiling.

10 years engineering and field experience in a wide 
range of industries will aid you in reducing material 
handling costs.

Lo-Veyor 
Handles 50 Tons 

of Broken Blass Per Hour 
In Large Pennsylvania 
Plant
The installation detailed above covers an installa
tion of an Ajax Lo-Veyor 4 0  ft. 4 l ong for con
veying broken glass from  a crusher to an elevator. 
Capacity of the Lo-Veyor is 5 0  tons per hour, and it 
operates under difficult abrasive conditions en
countered in handling cullet.

This installation is an integrated part of processing 
operations and is saving space, operating and m ain
tenance costs for one o f Am erica’s forem ost glass 
manufacturers.

It is typical of how A jax Lo-Veyors are being used 
with outstanding success by many o f Am erica’ s 
leading manufacturers.

W rite giving an outline of your specific require
ments.

A ja x Flexible Coupling Co. Inc.
Conveyor and Screen Division  

W estfield, N. Y .
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BwniTilliilililiilifTrT iim * .. ." th e  
controlled bending o f thin metals for use under 

varying conditions of temperature, pressure, vibra- 
f 1 ~  tion and corrosion” — is exemplified in the basic products

of Chicago Metal Hose Corporation.

• R ex-W eld, R ex-Tube and Rex-Flex are branded 
flexible metal hose. Each o f  these—as w ell as C.M .H. Stainless Steel Bellow s, 

Com pensators and allied products—is manufactured with the increased 
product know ledge which the Science o f  Flexonics makes possible.

C hicago Metal H ose C orporation  continues to devote its energies to this 
science. Just as C.M .H . has developed new basic products in the past, so it 

continues that developm ent. These accom plishm ents—and this 
continued progress—have resulted in recognition  o f  C hicago Metal 

H ose as the leader in the design and manufacture o f  
1 flexible metal hose and allied products. For product application

guidance, C.M .H. has data available—derived from  the Science o f  
Flexonics. C hicago M etal H ose C orporation  w elcom es the 

opportunity o f  putting its k n ow ledge o f  this science to w ork  fo r  you.Pho tog raph  by 
courtesy o f Stan d a rd  

O il C om p a ny  of 
California .

F L E X O N ”  id e n t i f i e s  
C. M. H. products, which 
have served industry fo r  
more than 44 years.

i CHICAGO METAL HOSE Corporation
M a y w o o d ,  Illin o is  • P la n ts :  M a y w o o d  a n d  E lg in , Illino is



Plant management

Reasons for successes and failures of 
suggestion systems in chemical plants

bff W alter von I*eehmann

O p i n i o n s  vary considerably among production executives 
in the chemical industry in regard to the advantages 

and disadvantages of suggestion systems. Many believe that 
suggestion systems stimulate constructive thinking, bring 
about plant-wide improvements, and foster good employer- 
employee relations because workers receive official recognition 
for ideas submitted and, in addition, a cash award. Many 
chemical plants point proudly to a record of accomplishment 
in which expenditures for suggestion awards represent only a 
small percentage of the money saved by accepting those sug
gestions. The fact that employees submit their ideas to an 
impartial body of experts is said to eliminate the possibility 
that some executive might present a suggestion received as 
his own. Some production executives claim that the sugges
tion system allows better selection of supervisory personnel, 
since the suggestions turned in by workers are indicative of 
mentality, initiative, and ingenuity.

On the other hand, one often hears that a suggestion system 
has killed initiative and constructive thinking because em
ployees expect a cash payment for suggestions which manage
ment thinks should be submitted in the line of duty. It is 
claimed that suggestions are expected from workers anyway; 
frequently production executives are not notified of conditions 
urgently in need of improvement because workers and super
visors prefer to turn in a formal suggestion in order to get a 
cash award.

Other bad features of a suggestion system are the tendency 
of employees to air departmental grievances on a plant-wide 
scale and to put executives “on the spot” by calling plant- 
wide attention to minor irregularities which occur in produc
tion departments. Where a suggestion system is in operation, 
supervisory personnel often claim that it is extremely difficult 
to discuss production problems with workers; in discussing 
future improvements, for example, an employee might submit 
his foreman’s thoughts as his own suggestion, and thereby 
picture the foreman as an incompetent man who has to be 
told what to do.

Some chemical plants have found it difficult to define the 
circumstances under which an employee becomes unqualified 
to submit a suggestion and to determine what constitutes a 
suggestion. The casual observer may think that these prob
lems can be solved easity, but the writer, who has served on 
suggestion committees, often found these decisions difficult. 
An employee whose suggestion is accepted without award is 
naturally inclined to believe that management is taking ad
vantage of his idea; on the other hand, a company should not 
be required to pay for a suggestion which should have been 
made in the line of duty, nor should it grant awards for “why 
don’t you” complaints which do not contain sufficient practi
cal suggestions for effecting the recommended change. Man
agement must always explain why a suggestion is not ac
cepted, and often it is necessary to furnish proof—a time- 
absorbing, uncreative, and sometimes costly task. Occa
sionally management has good reason for rejecting a worth
while suggestion but cannot publicize it. Then it becomes 
necessary either to turn down the suggestion without comment 
or to find a good excuse for not accepting it. One can easily

see how a system designed to help em
ployees and to improve morale may 
accomplish the opposite result at 
times.
Inquiries

A chemical plant that sends inquiries 
to other concerns to benefit from 
their experience before installing a 
suggestion system is likely to receive apparently contra
dictory answers. One company may claim success, another 
failure. In order to untangle this apparent confusion, one 
should look at the inquiries which were made. In many in
stances the questions asked are too general. The term “sug
gestion system”, for example, may be interpreted to mean the 
active participation of all employees in suggesting anything 
which may be of benefit to management and/or to employees; 
it may, however, mean management’s willingness to compen
sate workers only for outstanding suggestions leading to techni
cal improvements. The word “successful” may be taken to 
mean a considerable financial return on the money invested in 
setting up a system, or it may indicate merely that the interest 
of employees in their work was stimulated. A company which 
intends to install a suggestion system must therefore decide 
what the system is supposed to accomplish. The company 
should also establish a broad outline of how the system is to 
be operated. If questions on these points are contained in 
inquiries, answers received are likely to make more sense. 
However, the possibility still exists that two companies oper
ating similar systems may claim different degrees of success 
or failure. This is due to the fact that a system must be exe
cuted properly in order to be successful. Depending upon 
the degree of thoroughness with which a system has been 
installed, the interest displayed by management in making it 
a success, and the proper selection of a board making the 
awards, suggestion systems either work or fail.

Suggestions eligible for consideration must be recorded, 
preferably acknowledged, investigated, judged, and answered. 
These steps require quite an organizatorial setup, the magni
tude of which is sometimes underestimated. Some companies 
have tried to cut red tape by eliminating one or more of the 
steps mentioned; but confusion, dissatisfaction among em
ployees, and accusations that management has little or no 
interest in the suggestion system are the usual results of over
simplification.

Itequircnients
The announcement of a suggestion system should clearly 

state to employees the type of suggestion management intends 
to receive. General statements such as, “Any suggestion 
which will be of benefit to the company or the employee is 
eligible for consideration”, are without value and are likely 
to cause outright criticism, as well as interference by employ
ees in managerial problems. An announcement should in
clude a classifying list of the type of suggestions desired, and 
the suggestions received should fall within these classifications 
in order to be considered. (Continual on page 90A)
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There's a lot more to building 

a sound heat exchanger than 

a ssem b ling  tubes, floa t in g  

heads, and other grotesque 

parts.

V »
It's the intangibles —  research, engineer

ing and special manufacturing facilities 

—  that make a heat exchanger truly fit 

the job. For over fifty years, research and experi

mentation at The Whitlock Manufacturing Company, 

correlated with the findings of others, have made 

substantial contributions to heat exchanger design —  

have eliminated the guess-work in heat exchanger 

performance. Rigorous W M  Standards of manufac

ture, plus modern fabrication and testing facilities 

mean better heat exchangers —  built in conformity 

with ASM E, AP I-ASM E  or your own special codes.

WHITLOCK Exchangers are designed  to fit 

the job.— They m ean trouble-free operation, 

easy  m a in te n a n ce  and long  equipm ent life.

THE W H ITLO CK  M A N U F A C T U R IN G  CO.
M a i n  o f f ic e  a n d  P l a n t ,  8 4  S o u t h  S t . ,  E lm w o o d ,  H a r t f o r d  I ,  C o n n .  

N e w  Y o r k  • C h ic a g o  • B o s to n  • P h i la d e lp h ia  • D e t r o it  • R ic h m o n d  
A u t h o r iz e d  r e p r e s e n t a t iv e s  in  o t h e r  p r in c ip a l  c it ie s  

I N  C A N A D A :  D A R L IN G  B R O S . , LTD., M O N T R E A L

W H I T L O C K
D E S I G N S  A N D  B U I L D S

Bends • Coi ls  • Condensers  • Coo le rs  • Heat  Exchangers  
Heaters  • P ip ing  • Pressure Vesse ls  • Receivers • Reboilers

A H E A D  O F  THE T IM ES FO R  H A LF  A  C EN TU RY

Plant Management

A list which might be used follows:
1. How to save what is now lost or wasted
2. How to economize on time, machinery, materials, etc.
3. How to make a better product
4. How to improve a tool, jig, or fixture
5. How to eliminate hand or machine operations by changes in

tools or patterns
fi. How to handle the work better or more quickly
7. Where machinery can be used instead of handwork
8. How arrangement of machinery, tools, or supplies can be

improved
9. How to use material now being scrapped

10. How to improve the appearance of products and packages
11. How to introduce new features for increasing the usefulness

of products
12. New trade names and slogans
13. How to improve handling of materials or finished products

to eliminate unnecessary transportation
14. How to improve ventilation, sanitation, and other matters

which will promote health, safety, and comfort of em
ployees

15. How to improve methods of filing and handling information
and reports

Suggestions received should be investigated promptly and 
impartially. It is not practical to refer suggestions back to the 
department in which they originated, since this defeats the 
purpose—namely, to give employees the opportunity of airing 
ideas which, in their opinion, are not given sufficient considera
tion. A committee consisting of representatives of manage
ment, workers, and technically trained personnel should pass 
impartial judgment on new ideas. This committee should 
be under the jurisdiction of top management and should be 
provided with facilities for investigating worth-while sugges
tions without having to depend on the judgment of one de
partment head. A definite limit should be established for 
time a member of the suggestion committee can serve.

Sometimes one of the most difficult tasks of a suggestion 
committee is to pass judgment on the originality of an idea. 
This applies especially if a suggestion is received which con
tains a unique thought. In this instance not only will claims 
be received to the effect that the idea was stolen, but the sug
gestion committee will be swamped with suggestions of a 
similar nature which consist of nothing but minor variations 
on the original idea. A suggestion system should be set up so 
that individual employees and even production executives can 
be interviewed and awards granted or refused without necessi
tating detailed explanations of why the action was taken.
A  i r t i n l s

A caution against excessive generosity in granting awards: 
A suggestion should be original and helpful and should include 
a practical method for effecting the proposed plan. In order 
to restrict the number of suggestions to those that will prove 
worth while, some companies define an amount of money 
which the suggestion must allow the company to save before 
an award can be granted. Admittedly, the value of a sugges
tion cannot always be determined accurately by the amount 
of money it saves. Occasionally suggestion systems are 
introduced with the announcement by management that it will 
pay a certain percentage of the money which will be saved 
after an accepted suggestion has been put into operation. This 
procedure is not recommended, although it does seem fair. 
In many instances it is difficult to determine exactly how 
much is saved. Even in the event this can be done, suggestors 
frequently question figures and demand the right to audit 
production records and even accounting records. There is no 
reason why management should have to tie itself down to 
paying a certain percentage of savings. Management would 
do better to hand out money according to its own judgment 
and financial ability and to consider a suggestion award an 
extra bonus given to the employee instead of a fixed payment 
for services rendered.

90 A



How Special Properties of NICKEL A L L O Y  IRON
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These Nickel alloyed iron roll 
¡hells produced by Rice Barton 
Corp., for use in high finish 
dryers, contain approximately 
).00 percent total carbon, 1.40 
percent silicon, 1.50 percent 
Nickel and .40 percent cbro-

O ver th e  years, In te rn a tio n a l N ic k e l has accum ulated  a fu n d  
o f u sefu l in fo rm a tio n  on th e  selection, fabrica tion , trea tm en t 
arid perform ance o f  alloys con ta in ing  N icke l. T h is  in fo rm a 
tio n  and data are yours fo r  th e  asking. W r ite  fo r  ' ‘List A "  o f  

available publications.

Paper mill dryer rolls are one of countless applica
tions that show the advantages derived from using 
Nickel alloy iron in process equipment.

Dryers of the type shown above, made by Rice 
Barton Corporation, must hold steam pressures up 
to 60 pounds. And, since they vary from 2 4 " to 8 4 "  
in diameter, with faces any length from 6 0 " to well 
over 2 0 0 ", these shells require cast iron that assures 
pressure tightness and strength throughout.

In addition, the iron must be readily machinable, 
since each roll is machined inside and out for uniform 
heat transfer and balance. Moreover, in rolls for pro
ducing special fine papers, the metal must be finished 
to mirror-smoothness on the face.

Nickel alloyed iron meets these exacting require
ments. Nickel additions give the iron a dense grained, 
homogeneous structure . . . easy to control in the 
foundry, easy to machine, and adaptable to count
less applications demanding properties superior to 
those of unalloyed iron.

THE INTERNATIONAL NICKEL COMPANY, INC. ¡ Ä T S
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N othing is more precious 
than the Purity o f your products

Of course you won’t take chances 
on the purity of your product — 
that’s the most important reason 
for using stainless steel tubing in 
your processing machinery and 
equipment.

At the same time don’t overlook the costs involved 
in the operation and maintenance of processing equipment. 
No other tubing equals stainless steel in long service life 
and resistance to corrosion in most food and chemical pro

cessing applications — no other tubing is so easily kept clean 
and sanitary without impairment of the tubes themselves.

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

Globe Steel Tubes Co., Milwaukee 4, Wisconsin.

W rite  fo r  B u lle tin  N o . 1 15  a n d  com 

p le te  in fo rm a t io n  on  G lo b e  S e a m le s s  
S t a in le s s  S tee l T u b in g  a n d

W e ld e d  S ta in le s s  S tee l T u b in g .

S T E E L  T U B E S

3011
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¡ f a s t e r . .  S i m p k r . M o r e A c e u m t e . . . .

E L E C T R O N I C A L L Y /
DAI Alirikll" 11 AT/*\n Pi I r\r- minr

E L E C T R O N IC  A M P L IF IE R

In d ica tin g -R e co rd in g  D ynam aste r, M o d e l  Q 1 5 3 1  —  D o o r  O p e n  a n d  Pan e l Sw u n g  O ut. N o te  S im plicity o f  D e s ig n  a n d  Accessib ility.

A high-speed electronic instru
ment operating on the null balance 
principle, the Bristol Dynamaster is 
an ultra-modern development in the 
field of temperature measurement 
and automatic control.

Here’s a greatly simplified design 
in which the only moving part is the 
balancing motor mechanism. Gal
vanometer and relays have been 
entirely eliminated —  instead, an 
electronic amplifier, using standard 
commercial vacuum tubes, provides 
instantaneous action. Because of the 
high input impedance (25,000 ohms) 
the Dynamaster is not susceptible to 
extreme changes in resistance at the 
slide wire contact.

No levelling is necessary . . .  no 
lubrication is ever required . . . and

the Dynamaster is unaffected by 
vibration, corrosive atmospheres, 
ambient temperature changes or line 
voltage fluctuations. Built to give 
longer, more accurate service in 
general plant and process work 
under the severest operating condi
tions, Dynamasters are available 
as Recorders, Indicators and Auto
matic Controllers (air or electric). 
Standard temperature range: 
— 150°F. to +400°F.; also furnished 
for other resistance measurements.

For complete data, write for Bul
letin R900 to The Bristol Company, 
110 Bristol Road, Waterbury 91, 
Conn. (The Bristol Company of 
Canada, Ltd., Toronto, Ontario. 
Bristol’s Instrument Co., Ltd., 
London, N. W. 10, England.)

foq/'/teers process confro/ 
for ¿effer profocfs a/rc/pro f/fs

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

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

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

Electronic O p e ra t io n  . . . H ig h  S p e e d  • • i 

Supe r-Se n s it iv ity  . . .  Extrem e A cc u ra c y  . .  • 

S im p lified  D e s ig n  . . .  N o  Leve lling  . . . N o  

Lubrication . . .  N o  Routine M a in te n a n c e  . . .  

U n a ffe cte d  b y  C h a n g e s  in A m b ie n t Tem 

p e ra tu re s  a n d  V o lta g e .
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G R - 1 2 0

INTERCHANGEABILITY . . . units are standard and interchange- 
able, permitting easy changes in installations to meet changes in 
capacity, temperature range, or other service conditions.

I ^  DEPENDABILITY . . . thoroughly proven by long service in many 
thousands of installations on a wide range of applications.

/ /  LOW MAINTENANCE EXPENSE . . . assured by rugged construc-
"  tion, absence of stuffing boxes and rolled tube joints, free 

expansion and contraction, ready accessibility of all parts, and 
ease of inspection and cleaning.

Write for Bulletin 1614 describing the G-R Twin G-Fin Section in detail.

THE G R IS C O M -R U S S E L L  C O ., 2 8 5  M a d is o n  A vë ., N e w  Y o rk  17, N . Y.

You will find them in the

TWIN C-FIN SECTION
Here is a cooler, heater, condenser and heat exchanger whose many 
advantages have been tested . . . and p ro v e n  . . .  in installations 
totaling more than 40,000 units and by 14 years of performance records.

SIMPLICITY . . .  it is the simplest form of heat exchanger; namely, 
a pipe within a pipe. The inner pipe is the G-FIN element, the 
outer pipe serves as the shell, and the complete unit is in the 
form of a patented and exclusive hairpin design.
STURDINESS . . . units may be furnished for pressures up to 5000 
psi. in the elements and up to 2000 psi. in the shells.
EFFECTIVENESS . . . the large exterior heat transfer surface of the 

^  G-FIN elements enables one element to do the work of 6 to 8 
bare tubes of the same size and length.
SERVICE ADAPTABILITY . . . may be used for a wider variety of 
services than any other type of heat transfer apparatus . . . and 
may be readily converted from one service to another.
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FEATURED CHEMICALSin 'he PFIZER FAMILY

Am m on ium  O xa late

Ascorb ic Acid

B i-C ap  Flour Enrichment 
M ixtures

Bism uth Preparations

Calcium  Gluconate

Citric Acid

Citrate Esters

C ream  Tartar

Fumaric Acid

Gluconic Acid

G lucono Delta Lactone

Iron and  Am m on ium  
Citrates

Iron and  Am m on ium  
O xalate

Iron Gluconate

Iron O xa la te

Itaconic Acid

N iacin

N iac inam ide

O xa lates

Penicillin

Potassium  Iodide

Potassium  O xa la te

R iboflavin

Rochelle Salt

Sod ium  Citrate

Sod ium  Gluconate

Tartaric Acid

Thiam ine

—and mcny other chemicals

w  «  » s , ! r i c s s

ACIDt a r t a r i c

f t
Chas. Pfizer & C° "  ed as rav, material

^ ^ c o u n r r i e ,  Today P * -  Q
"  dcargolsrosupplcm eut
utilizes d o m e s t i c  art, ^

ousanddWcrsmedjt ^  lo lts earUer use

dustrial app',cat ^  food industry. To men-
in pharmaceuticals an > ^  ̂  ̂  in cleaning

tion two of many neweru  ̂ ,ng dyes.
and p o l - g s t a t i c  acid has not

But one essentia behind the product s

changed. That is the p y and uniformity.

p r e P - - o n - i^ en; e; ; MaidenLa„£,New Y ° r̂ : 
Chas. P fi^ r .*  CO. ^  ^  ^  Grand Avenue. Chi-

" V  ’ . . ¿05 Third Street,
(■ - i cago 1®> Uf'n0
W 0  San Francisco 7, Cal.

' j l l a i u t f i t c h t / t  i n g c(o / im n tA Û  P P in ce  4 8 4 9

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

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

•  Long experience, and a searching, technical, 
mathematically exact approach to problems of 
surface evaporation or diffusion, corrosion, 
abrasion, dust condition and possible galvanic 
action,— has enabled Bartlett-Snow Heat Engi
neers to make noteworthy contributions to the 
art of catalyst preparation.

Typical of many, are a stainless steel equip
ment—jacketed—that separates distilled water 
from an impregnated catalytic support, dis
charges the dried material through an enclosed 
plug gate without any dust loss whatever . . . 
Cylinders of special design and construction that 
withstand the high temperatures of producing

oxides . . . Equipment for processing in a reduc
ing atmosphere, at 2000°F., that exhausts the 
hot gases safely, and discharges the processed 
material, first cooled to normal temperatures, 
continuously, at the desired rate per hour.

Whether yours is a problem of crystallization, 
oxidation, or reduction . . .  or merely a simple 
drying, calcination, or heat treatment, call the 
Bartlett-Snow Heat Engineers,—It’s your assur
ance that the equipm ent recommended will 
prove thoroughly suited to all phases of your 
requirement. Our Bulletin N o. 89—more than 50 
pages—and profusely illustrated—contains much 
technical data on heat processing of interest to 
development and operating men. Send for a copy.

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

O N E  C O N T R A C T  • O N E  G U A R A N T E E  O F  S A T IS F A C T O R Y  P E R F O R M A N C E  • U N IT  R E S P O N S IB IL IT Y
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t h e  L a b o u r  c o m p a n y ,  i nc
E lk h a rt I n d ia n a , U . S . A .

TO TURN A COST CURVE

IF  YOU NEED A l i a l l C I U H  nothing else w ill do

Lower cost per gallon oi liquid han
dled is shown in one case history after 
another on the LaBour Type Q cen
trifugal pump. The reason is twofold.

Because the Type Q has an open im
peller operating with generous clear
ances, this pump is slow to wear, and  
its high initial efficiency is hardly im
paired at all over long periods of se
vere use.

Because of the famed simplicity of 
LaBour construction, mechanical diffi
culties are almost completely elimi

n a te d — "d o w n  tim e " and m ainte
nance costs are at a  minimum with the 
LaBour Type Q.

Although the Type Q is not ordinar
ily sold as a  self-priming pump, its 
ability to handle up to 20%  air or va
por without binding gives it a  wide 
range of applications. If you're inter
ested in giving your pumping cost 
curve a  downward turn, by all means 
get complete information on what the 
LaBour Type Q can do for you. There 
is no obligation.
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J l o o k  T w i c e . . . . )
You C a n ’t H a v e  P O S I T I V E  C O N T R O L  

\  W i th o ut  P R E C I S I O N  M E A S U R E M E N T  /

IO O K  first at the meter body— the measuring element— o f a 
J flow controller. Does it have simplicity of design, rugged 

construction and permanence of calibration? Does the pen 
respond instantly to the slightest change in differential? In 
short, will it give continuous precision measurement o f flow?

Look next at the control unit. Has it been designed and con
structed so that it can easily be "tuned-in” to specific require

ments, without guesswork, and will then "line out” control 
exactly at the set point without cycling, drifting or shifting?

N o  controller can be better than its measuring system. That 
is why years of research and engineering have been devoted to 
the development of an instrument that delivers precision measure
ment of flow— at all times. This continuous accuracy of flow 
measurement in combination with the automatic control afforded 
by the Air-o-Line unit makes the Brown Flow Controller out
standing for any process requiring continuous, positive flow 
control.

Look twice . . . for the features of Brown Flow Controllers 
contributing to precision measurement and control . . . and 
remember . . . you can’t have positive control without precision 
measurement. W rite for the Brown Flow Control Catalog 22 2 1 .

THE B R O W N  IN STR U M E N T C O M P A N Y , a division of 
Mitineapolis-Honeywell Regulator Company, 4 4 8 0  Wayne Avenue, 
Philadelphia 44, Pa. Offices in principal U . S. cities and in 
T oron to , Canada; London, England; Stockholm , Sweden; 
Amsterdam, Holland.

CO N T R IBU T IN G  TO  P R E C I S IO N  M E A S U R E M E N T  

PRESSURE-TIGHT BEARING
The connection  between float and lever assembly. 
Chrome-Vanadium steel shaft is lapped to 
clearance o f  .0 0 0 05 " at bearing; surfaces. N o  
stuffing b ox  o r  packing required. Bearing is 
filled with suitable grease for  the particular 
service and pressure.

C O N T R IB U T IN G  TO  P O S IT IV E  C O N T R O L  

NON-BLEED BOOSTER PILOT
Precision manufactured to minimum tolerances 
throughout. N on-b leed  construction permits use 
o f  large intake and exhaust_ ports fo r  rapid co n 
trol valve operation . Uses air on ly when increas
ing valve pressure, thus reducing air consum ption 
to a minimum.

Air-o-Line—THE C O M M O N  D EN O M IN ATO R  O F  PRO CESS CO N TRO L
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FILTER P R E S S E S

Eastern S a les R ep resen ta tiv e  
H e n ry  E. Jacob y, M .  E.

2 0 5  E. 4 2 n d  St., N e w  Yo rk  C ity  17, N .  Y. 

P h o n e :  M U r ra y  H ill 4 -3 5 8 1

W estern  S ales R ep resen ta tiv e  
B. M .  P ilh a sh y  

10  >3 M e rc h a n ts  E x c h a n g e  B ldg. 

S a n  F ra n c isco  4, Calif. 

P h o n e  D o  0 3 7 5

Send  for th is F R E E  pam phlet 
on  in d ustr ia l filtration. It  con 
ta ins v a lu a b le  te ch n ica l data 
and  charts, and  full in fo rm ation  
on all types o f filter presses.

The efficiency of your filtering operations 

is very closely tied to the figures on your 

financial statement. To use the exactly right 

type of filter press for your particular re

quirements . . .  to use a filter px-ess that is 

constructed to the highest standards and 

hence produces the best possible results. . .  

these pxecautions pay out in dollars and cents.

Frequently, manufacturers find that

Speri-y engineers can suggest new filtex-ing 

processes which, by increasing efficiency, 

increase profits as well. W hy not consult 

Sperx-y on your filtx-ation px-oblems? The 

complete facilities of the Sperry Labora

tories are at your service. You may send 

samples of your material for testing . . .  a 

complete and unbiased recommendation will 

he made without obligation oxi yoxxr part.

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

Filtration E ngineers fo r  O v er  5 0  Years
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TO H E L P  YOU C H O O S E  T H E  R I G H T  S T A I N L E S S  S T E E L  
F O R  E A C H  T A S K

Y o u ’ l l  spend less money and get 
better results with Stainless Steel 

equipment — whether you build it 
yourself or have it built outside—if you 
know what to expect from the various 
grades of Stainless available for appli
cation in chemical engineering equip
ment.

For it is well to remember that the 
name “ Stainless Steel”  covers a num
ber of alloys that vary widely in their 
resistance to corrosion, whose strength 
under high temperatures is not the 
same, that have different hot and cold 
working properties, and are unlike in 
their machining characteristics. These 
steels also vary considerably in cost.

Here is where our engineers and 
stainless steel specialists fit into the 
picture. W ith years of experience in 
developing, testing and applying U-S-S 
Stainless Steels of all grades they are 
usually able to tell you exactly what 
particular type of Stainless will do 
the best, most economical job for you 
and what is the best fabricating prac
tice to ensure success.

For ordinary applications, where no 
unusual conditions are involved, our 
new textbook, “ The Fabrication of 
U - S - S  Stainless and Heat Resisting 
Steels”  can be used as a general guide 
to steel selection and fabricating pro
cedure. This book contains the latest, 
most comprehensive information on 
this important subject. Both users and 
makers of Stainless Steel equipment 
will find it practical and helpful.

SH EETS • S T R IP  • P L A T E S  • B A R S  • B IL L E T S  • P IP E  ■ T U B E S  • W IR E  • S P E C IA L  S E C T IO N S

A M E R I C A N  S T E E L  &  W I R E  C O M P A N Y ,  C levela n d , Chicago and N e w  Y ork  
C A R N E G IE - I L L IN O I S  ST EEL  C O R P O R A T IO N ,  Pittsburgh and Chicago 

C O L U M B I A  S T E E L  C O M P A N Y ,  San F rancisco  
N A T I O N A L  T U B E  C O M P A N Y ,  P it ts b u r g h  

T E N N E S S E E  C O A L ,  I R O N  & R A I L R O A D  C O M P A N Y ,  Birm ingham  
United States Steel Supply Company, Chicago, Warehouse D istributors  

United States Steel Export Company, New York

U-S-S STAINLESS STEEL

U N I T E D  S T A T E S  S T E E L
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A n n o u n c i n g  

V O L U M E  I V  o f  t h i s  i m p o r t a n t  ACS M o n o g r a p h

PHYSICAL CONSTANTS
o f  H y d r o c a r b o n s

In Five Volumes

V o lu m e  I V  —  P o ly n u c le a r A ro m a tic  C o m p o u n d s

Organic research chemists, development engineers, and 

physical chemists in the many industries in which aromatic 

compounds are involved will find this volume oí critically 

evaluated data a noteworthy and highly useful addition to the 

literature. It will be indispensable to workers in the petroleum 

and related fields and also to those in the coal-tar, dye, pharma

ceutical and synthetic chemical industries. This monumental 

series, of which this is the fourth volume, will also be of prime 

interest to technical librarians, professors of chemistry, and 

advanced students specializing in organic synthesis.

The organization of Volume IV is the same as that of the three 

preceding volumes. The name and structural formula, together 

with melting point, boiling point, density and refractive index 

values as determined by numerous investigators at widely dif

ferent atmospheric pressures, are given for all known com

pounds whose chemical nucleus consists of more than one ring. 

Ideal values as selected by the author are indicated for each 

compound on which a large number of determinations is re

ported. The material is copiously documented; additional 

data are presented when available.

5 4 0  D o u b l e - C o l u m n  P a g e s $ 1 7 .50

Send today for  new 1947 FREE ca ta log—  "Let's Look It Up"

R E I N H O L D  P U B L IS H IN G  C O R P O R A T I O N
330 W est 42nd Street New  York 18, N . Y.

Alto publishers of Chemical Engineering Catalog, Metal Industries Catalog, Materials & 
Methods formerly Metals and Alloys), and Progressive Architecture — Pencil Points

b y  
G U S T A V  
E G  L  O  F F

Director of Research, Universal 
Oil Products Co., Chicago, III.

American Chemical 
Society  

M onograph No. 78

P H Y S I C A L  C O N S T A N T S  O F  

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

b y  G u s t a v  E g lo flE

To be published in Five Volumes

Volumes of this important Ameri
can Chemical Society Monograph 
already published —

•  Volume I — Paraffins, Olefins, 
Acetylenes, and Other Aliphatic 
Hydrocarbons.

403 pages, $10.00

• Volume II— Cyclanes, Cyclenes, 
Cyclynes, and Other Alicyclic 
Hydrocarbons.

605 pages, $12.50

•  Volume HI —  Mononuclear Aro
matic Compounds.

672 pages, $16.00

• V o l u m e  TV— P o l y n u c l e a r  
Aromatic Compounds.

540 pages, $17.50

• In Preparation.

Volume V  —  Systematizes and cor
relates the physical properties with 
the structures of the Hydrocarbons 
of Homologous series, thus dis
closing possible errors in experi
mental values. Interrelationships 
between other properties of Hy
drocarbons yet unknown.
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This is W hy the Nash is the 
Most Simple Compressor

IN L E T
P O R T

D ISCHARGE
P O R T

D ISC H A R G E

d is c h a r g e
PORT IN LET

PO RT

R O T A T IO N  I S  C L O C K W IS E

There are no mechanical complications in a Nash Compressor. piiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiim
A single moving element, a round rotor, with shrouded blades.

No internal w earing parts.
n

forming a series of buckets, revolves freely in an elliptical casing B
containing any low viscosity liquid. This liquid, carried with the = No va lves, pistons, or vanes. EEE
rotor, follows the elliptical contour of the casing. S M

The moving liquid therefore recedes from the rotor buckets at Ü No internal lubrication. 1
the wide part of the ellipse, permitting the buckets to fill with 
gas from the stationary Inlet Ports. As the casing narrows, the Low m aintenance cost. PI
liquid is forced back into the rotor buckets, compressing the gas, Saves iloor space. |
and delivering it through the fixed Outlet Ports.

Nash Compressors produce 7 5  lbs. pressure in a single stage, Desired delivery temperature B
with capacities to 6  million cu. ft. per day in a single structure. autom atically  m aintained. n
Since compression is secured by an entirely different principle,

Slugs of liquid entering pump
EE

gas pumping problems difficult with ordinary pumps are often 1 1
handled easily in a Nash. w ill do no harm. 1

Nash simplicity means low maintenance cost, with original 
pump performance constant over long periods. Data on these

§ 75 pounds in  a single stage. 1

pumps sent immediately on request. siiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiî

AT A  f i l l  E N G I N E E R I N G  C O M P A N Y
A l l  A  9  H  326  W ILSON, SO. NORW ALK, CONN.
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STURTEVANT EQUIPMENT INCREASES SW ING -SLEDG E  MILLS

for coarse and medium reduction (1 "  
to 20 m esh). Open d o o r  accessibility. 
Soft, m oderately hard, tough or  fibrous 
substances. Built in several types and 
many sizes.

J A W  CRUSHERS

for coarse, intermediate and fine re
duction o f  hard or  soft substances. 
Heavy or  light duty. Cam and Roller 
action. Special crushers for Ferro
alloys. Several types, many sizes.

PRODUCTION AND CUTS COSTS

Sturtevant Equipment is your answer to 
today’s h igh  labor and production costs.

For instance, take the Sturtevant air sepa
rator . . . this versatile m achine increases out
put from 2 5% to 300%  . . . low ers pow er  
costs by as much as 50% , too. In addition, it 
assures accurate fines to 32 5 m esh and finer. 
N o  w onder you’ll find hundreds o f  Sturtevant 
Separators in all types o f industry.

Look into the profit-m aking advantages o f  
other Sturtevant equipm ent . . . blenders, 
grinders, crushers, screens, pulverizers and 
elevators. A ll are designed to increase p ro
duction and cut costs. W rite for com plete  
inform ation and catalog, today.

R ING -R O LL  MILLS

for medium and fine reduction (10  to 
200 m esh), hard or  soft materials. 
Very durable, small pow er. Operate 
in closed  circuit with Screen or  A ir 
Separator. O pen d oor  accessibility. 
Many sizes. N o  scrapers, plows, 
pushers, o r  shields.

M O T O -V IB R O  SCREENS

screen anything screenable. Classi
fied vibrations. Unit construction — 
any capacity. O pen d o o r  accessibility. 
O pen and closed  m odels with or 
without feeders. Many types and 
sizes —  range o f  w ork  ¡4 inch to 60 
mesh.

MI L L  C O M P A N Y
105 Clayton Street, Boston 2 2 , Mass.

D e s ig n o rs  a n d  M an u fac tu re rs  o f

CRUSHERS *GRINDERS*SEPARATORS* C O N V EY O R S  »ELEVATORS • 
LABORATORY EQ U IPM EN T *M EC H AN IC AL  DENS A N D  

EXCAVATO RS-M IXERS

C RU SH ING  ROLLS

for granulation, coarse o r  fine, hard 
o r  soft materials. Automatic adjust
ments. Crushing shocks balanced. For 
dry or  wet reduction. Sizes 8x5 to 
38x20. T he standard for  abrasives.

ROTARY FINE CRUSHERS

for intermediate and fine reduction 
( I "  to }4 ') . O pen d o o r  accessibility.
S o ft o r  moderately hard materials.. Ef
ficient granulators. Excellent prelimi
nary Crushers preceding Pulverizers.
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T H E S E  P R O P E R T I E S  O F

C A L G O N *

M A Y  S U G G E S T  THE A N S W E R  

TO S O M E  OF  YOUR  PROBLEMS

y
Calgon sequesters m any metallic ions 
in the form of soluble complexes.

Calgon exhibits a pronounced dis- 
^  persive action upon finely divided 

metal oxides and salts.

Calgon is distinguished from ortho- 
phosphates and pyrophosphates by  
its ability to coagulate albumin.

4

Essentially neutral when first dis
solved, Calgon reverts slowly to 
orthophosphate with a decrease in 
pH  values.

Continuous research by Calgon, Inc., and its 

sister company, Ilall Laboratories, Inc., is 

developing an ever-expanding group of Cal

gon uses. Our technical facilities are at 

your service. Tell us your problem when you 

write for the comprehensive, Calgon Data 

Book. Maybe we already have the answer.

* T . M . Rrg. U. S. l'at. Off.
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j  -

PRODUCTION A f a s t s t a r t

W a r  A s s e t s  A d m i n i s t r a t i o n
O F F I C E  O F  R E A L  P R O P E R T Y  D I S P O S A L

Offices located at: A T L A N T A  • B I R M IN G H A M  • B O S T O N  • C H A R L O T T E  ■ C H IC A G O  - C IN C IN N A T I  

C L E V E L A N D  • D A L L A S  • D E N V E R  • D E T R O IT  • F O R T  D O U G L A S ,  U T A H  • H E L E N A  • H O U S T O N  

J A C K S O N V IL L E  • K A N S A S  C IT Y , M O . -  L ITTLE R O C K -  L O S A N G E L E S  • L O U IS V IL L E  • M IN N E A P O L I S  

N A S H V IL L E  • N E W  O R L E A N S  • N E W  Y O R K  • O M A H A  • P H IL A D E L P H IA  • P O R T L A N D ,  O R E .  

R IC H M O N D  • ST. L O U IS  • S A N  A N T O N I O  • S A N  F R A N C IS C O  • S E A T T L E  - S P O K A N E  - T U L S A

It’s only in fable that the tortoise wins! And you, as an experi
enced businessman, know the advantage of a fast start in today’s 
race for tomorrow’s markets.

If you are thinking of expanding your production, modernizing 
your facilities, adding a new process, relocating your business or 
starting a new enterprise— look to the War Assets Administration 
first for help in getting that vital headstart.

The War Assets Administration has hundreds of ready-built 
plants for sale or lease . . .  Plants that ran magnificently to win a 
war, and are in prime condition for peacetime running . . . Plants 
large and small . . . Plants you may take over fully equipped—  
or without machinery . .  . Plants you may buy or rent as a whole, 
or occupy in part under a multiple tenancy arrangement.

Right now, when restrictions and material shortages make it 
so hard for you to build the business home you need, one of 
these immediately available surplus plants will help you solve 
that problem.

If  you can qualify as a "small business” , you will find that a 
high priority is available for your purchase of a-plant through the 
Reconstruction Finance Corporation. Our regional offices will 
advise you how to obtain this priority certi
fication. Get in touch with the nearest War 
Assets Administration office listed below.

W rite, phone or call for the P L A N T - 
FINDER, a fully indexed, descriptive cata
log of Government-owned plants.
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. . .  f i r s t  s t e p  

t o w a r d  

p e t r o l e u m - c h e m i c a l  

p r o f i t s

9  As a low-cost source material, petroleum 

offers excellent opportunities for profits from 

the production of ethylene, solvents, styrene, 

butadiene, phenol, alcohols, ketones, esters, 

resins, and other intermediates. Already large, 

the markets for these chemicals are still ex

panding rapidly.

W ith  wide experience in designing and 

building all types of petroleum and chemical 

plants, Lummus is well prepared to help 

chemical producers and petroleum refiners to 

capitalize the demand for chemicals which can 

be produced cheaply from petroleum.

Throughout the world are hundreds of

Lummus-built plants. Lummus engineers will 

w elcom e an o p p o rtu n ity  to presen t the 

performance records of those which are of 

significant interest to you—and to discuss the 

design and construction of facilities for the 

production of chemicals from petroleum.

 -

T H E  L U M M U S  C O M P A N Y
420 Lexington Avenue, New York 17,  N . Y .

C H ICAGO—600 South M ichigan A venu e, Chicago St IH. 
H O U STO N —M eliie Esperson Bldg., H ouston 2, Texas 
L O N D O N —78 M ount Street* London* W .l*  England
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A. R. W I L F L E Y  & SONS,  IN C . ,  D enver ,  Co lo rado ,  U .S .A . ,  N e w  Y o r k  Office: 1775 B r o a d w a y ,  N e w  Y o rk  Cl«y

o n

in ter : 

t e n t

r*siVe acid
s ’ E* c l u

V e » d * b l e

P lu s

t h a t t ‘ k ^ t h  W t t F * - E v  
S ,V es' h o t  a 0  °uhIe o ,s  l i e

»*1 7 *e? 4- C ; n; bie this **»;7 7 iâ
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P E E R L E S S
Hy dr o- F oi l  PUMPS
Aiove huge volumes of water 

against low and medium heads
i

PEERLESS
M I X E D - F L O W  P U M P S

C A PA C IT IE S :

UP TO  220,000  G.P.M. 

Cutaway view of Mixed- 
Flow multi-stage pump 
impeller and bowl construc
tion revealing high efficiency 
impellers utilized for more 
economical water lift.

P R O P E L L E R  T Y P E  P U M P S
Peerless Pumps,embodying the Hydro- 
Foil principle, are also available in the 
propeller type and are capable of han
dling identical capacities of the Peerless 
mixed-flow pump. Request Bulletin 
B-148 on design, construction and 
application data of these two outstand
ing types of Peerless Pumps, for large- 
volume water pumping.

pOMEGA peeden -i
The O M E G A  D isc  Fe e d e r  is e sp e c ia lly  d e s ig n e d  to  fe e d  sm all 

q u a n t it ie s  o f  p o w d e re d  m a te ria ls  w ith  p rec ision  a n d  un ifo rm ity . 

V o lu m e  o f  m ate ria l fed  is m e a su re d  b y  a n  a ccu ra te ly  m ach ined  

g ro o v e  in  fe e d in g  disc. O M E G A 'S  v a r ia b le  sp e e d  d r iv e  perm its 

infin ite  se tt in g s  o f  feed  ra te  o v e r  a  1 0 0  to 1 ra n g e .  • M e ch * 

an ism  is  s im p le  a n d  d e p e n d a b le :  w e ig h  sca le  

a t  a ll tim es show s the a m o u n t  fed  a n d  h o p p e r  

is e a s ily  lifted off to  em p ty  

contents. G e t  a n  O M E G A  

a n d  s im p lify  y o u r  chem 

ica l fe e d in g  p rob lem s! 

Bulletin on request 

•
O M E G A  P R O D U C T S

V o l u m e t r i c  F e e d e r s  
G rav im etric  Feeders • S o lu 
tion Feeders • Lime S la k in g  
E q u i p m e n t  • B u c k e t  
E le v a t o r s  • L a b o r a t o r y  

Stirrers

OMEGA MACHINE CO.
(D iv is ion  of Builders Iron Foundry)

£ 7  C O D D IN G  ST. • P R O V ID E N C E  1, R. I.

O M E G A

D I S C

F E E D E R

To Rapidly Move and Re-move 

Amounts of Water.
PEERLESS M I X E D - F L O W  P U M P S

Most modern principles of aero 
and hydro-dynamic design are 
embodied in Peerless Mixed-Flow 
pump design and construction, 
attaining new high efficiencies in 
large volume water lift and lower
ing overall maintenance and pump
ing costs.

Numerous successful applica
tions of Peerless Mixed-Flow Pumps 
include: drainage; sewer and flood 
control service; de-watering; irri
gation water diversion; flooding of 
agricultural lands; industrial and 
process work including condensers, 
circulation of liquors, etc.

McKee• Eclipse Dowtherm Vaporizer for healing Jacketed Autoclave. Gas-fired or oil-fired models from 33.000to 1,000.000 BTU per hr.

In  heat transfer processes using high tempera
tures, M cK ee-E clip se  D ow th erm  Vaporizers 
offer the follow in g unusual advantages: High 
tem perature v a p or  phase heat up  to  650® or 
700° w ith  pressures o f  on ly  55 lbs.; exception
a lly easy to  con tro l tem perature o f  product, by 
sim ply controlling  tem perature or  pressure of 
vapor generated in  the D ow th erm  unit. This 
prevents over-heating, scorch ing, o r  discoloring 
o f  p roduct and rapid corrosion  o f  metal contain
ers o ften  encountered  when using direct heat

In  the M cK ee -E clip se  D ow th erm  Vaporizer, 
y ou  get a com plete package, consisting o f  boiler 
w ith  com bu stion  cham ber, burner, combustion 
sa fe ty  equ ipm ent, electric-pressure controller, 
low -level fuel cu t-o ff, e tc . W rite  for  bulletin 
g iv in g  fu ll d e ta ils . E C L IP S E  FU E L  E N G I
N E E R IN G  CO. 779 S outh  M ain , R ockford , I1L

r P E E R L E S S  P U M P S
P E E R L E S S  P U M P  D / V . ,  F O O D  M A C H I N E R Y  C O R P .  

Los A n g e le s  31 , C a lif .;  C a n to n  6, O h io ;  Q u in c y ,  III.

FA C TO R Y  B R A N C H E S :  A R D M O RE. P A .; D E C A TU R . IL L .. 
A T LA N T A . G A . ; D A L L A S . TEX A S  

D I S T R I B U T O R S  I N  P R I N C I P A L  C I T I E S

L
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e v e r y t h /n g  f r o m  . . .

VALVES . FITTINGS  

PIPE . P LU M B IN G  

HEATING . PU M PS
c

B etter P ip ing  . . .  th e  Easier W ay 

C rane S upplies  E verything

R A

Naturally, the easier way to better piping is to have 
Crane supply everything. For only the Crane line 
gives you this 3-way advantage:

CRANE CO., 836 S. Michigan Ave., Chicago 5, 111. 
Branches a n d  W h olesa lers S erv in g  A l l  In d u stria l A rea s

Ask piping men in any field. They all have the same 
reasons for standardizing on Crane Equipment. 
Makes the whole job easier, they say, from design 
to erection to maintenance work.
Getting everything from one source means simpli
fied specifying and buying. And getting it from 
Crane assures top quality in all materials for any 
piping installation.

ONE SOURCE OF SUPPLY g iv in g  y o u  the 
w orld ’ s m ost com p lete  selection  o f  valves, 
fittings, p ip e, a ccessories and fabricated p ip 
in g— in brass, iron , and steel— fo r  all pow er, 
process, and general service app lications.

ONE RESPONSIBILITY fo r  all p ip in g  materials 
—always h e lp in g  you  get the best instal
lation, and a v o id in g  needless delays o n  jobs-

ONE STANDARD OF QUALITY in every item — 
quality that keeps w in n in g  new  friend s for  
Crane—assuring un iform  d ep end ability  and 
durability throughout p ip in g  systems.

Typical boiler  
feed  system —  all 
piping materials 

Crane.

(Right) THE R IGHT STEEL V A L V E  for ev
ery service—gate, globe, angle, or check— 
it’s in the complete Crane line. In all sizes, 
with screwed, flanged, or welding ends. 
Shown is the 300-pound class Crane Steel 
Wedge Gate Valve. Complete specifica
tions in your Crane Catalog.
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BIOCHEMISTRY 
OF THE FATTY ACIDS 
and their compounds, 

the Lipids
By W. R. BLOOR, 

Professor of Biochemistry and Pharmacology, 
University of Rochester

This volume presents an exhaustive critical review 
o f the chemistry and functions o f  the im portant 
group o f substances included in  the’ term “ fatty 
acids.”  The part played by fats and lipids in the 
com plicated m echanism  o f digestion and nutrition, 
as well as in the blood and tissues, is discussed in 
great detail. The relation o f  fatty acid m etabolism  
to such pertinent subjects as vitamins, enzymes, the 
reproductive cycle, em bolism , anemia, cancer, dia
betes, syphilis, arthritis, and others, is emphasized. 
In short, this hook provides a m ucli-needcd study o f 
a group o f  organic com pounds, the fats, so closely 
associated in the hum an body with carbohydrates 
and proteins. It will be o f  the greatest value to 
physicians, nutritionists, organic chemists, and 
biochem ists, as well as in the food and pharm aceuti
cal fields. A com plete bibliography is given for 
every chapter.

387 Pages Illustrated $7.00 
American Chemical Society Monograph No. 93

REINHOLD
P U B LIS H IN G  CO RPO RATIO N  

330 W. 42nd Street New York 18, N. Y.

I n  One Automatic O p e r a t i o n
Pulverized and granular materials are easily 
weighed and handled by the automatic 
Schaffer Poidometer. Set up in series, 
Poidometers will exactly proportion a num
ber o f materials for one product. Recording 
devices accurately register the amount.

Self-contained and durable, the Schaffer 
Poidometer is used for bulk materials as 
large as 4 "  cubes. Varying capacities and 
speeds, different belt lengths, and special 
attachments make it highly adaptable.

for more information 
on Schaffer Poidometer features 

W R I T E  F O R  C A T A L O G  3

S C H A F F E R  P O I D O M E T E R  CO.
2 8 2 8  S m a l l m a n  S t r e e t  •  P i t t s b u r g h  2 2 , P a .

P R O CESSIN G

Vol. 39, No. 2

SON
EQUIPMENT

H A M M E R  M I L L S

h is  in s t ru m e n t  re ta in s  

a l l  o f  the a d v a n t a g e s  

o f  the  w e ll  e s ta b l is h e d  

H e rcu le s  m e th o d  w ith o u t  

a n y  o f  its d is a d v a n t a g e s .  

R a n g e  e x te n d e d  to co ve r 

f ro m  7 5  to 1 ,0 0 0 ,0 0 0  

c e n tlp o lse s  C o n s ta n t  tem 

pe ra tu re  jacket built-in. 

A u t o m a t ic  t im e r c a n  be 

fu rn ish e d  u p o n  request. 

W rite  fo r  b u lle t in  N o .  4 5 1 .

U. S. PATENT N O  2 ,2 5 2 ,5 7 2  L ICEN SED  

U N D E R  HERCU LES P O W D E R  C O  PATENTS

F E E D  — WEIGH — CONVEY
C ontinuous full capacity 

production. H ard  iron, 

interchangeable grind

ing  plates. Self-align

ing  bearings. A u to 

matic electro - magnet 

s e p a r a t o r  p r e v e n t s  

tramp metals from enter

ing grinds. Sturdy con

struction. D esigned  by 

experienced  engineers 

whose reputation is 

founded  upon  doing 

things right. Literature 

available. Inquiries in

vited.

R O B I N S O N  M A N U F A C T U R I N G  CO.
Plant :  M u n cy ,  Pa.

SALES REPRESENTATIVE
MERCER-ROBINSON COMPANY, INC. 
3 0  CHURCH ST., NEW YORK 7, N.Y.
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The Latest Word in the
C O N D I T I O N I N G  W A T E R  

and O T H E R  L I Q U I D S
This helpful guide book on conditioning of 
water and other liquids has been prepared by  
leading authorities with more than a quarter 
century of specialized experience in this field.

It clearly explains and compares the many  
different processes and describes the most 
modern and effective methods and equipment 
for softening and clarifying water, and also for 
removing undesired impurities or recovering 
valuable constituents from other liquids. It will 
help you to determine the most practical condi
tioning method for your particular requirements, 
and to check the possibilities for modernizing 
and improving your present process.

Some of the Subjects Covered

are different m ethods of w ater treat
m ent in  use?

do these different m ethods of w ater 
treatment com pare in the results o b 
tained?

W HERE should each  oi the different m ethods 
of Water treatment b e  used?

W IIflT Qre most aclv a n ccd m ethods and 
equipm ent for w ater treatment?

W H i m  Is the m ost effective w ater treatment 
for rem oving hardness . . . alkalinity 
. . . m inerals . . . turbidity . . . g ases  
. . . other im purities?

W H F N  can  an  ex' sting w ater treatment in 
stallation b e  m ade m ore efficient with 
the sam e equipm ent?

your plant operations require water 

treatment or liquid conditioning of any land, 

this 60-page bulletin m ay point the w ay to 

important improvements or economies.

L C  103

LIQUID CONDITIONING CORPORATION 
114 East Price St., Linden, N. J.

Gentlem en:
P lease send me without ob ligation  your 60-page 
bulletin on WATER CONDITIONING, etc.

NAME...............................................................................................

TITLE................................................................................................

CO M PAN Y....................................................................................

ADDRESS.......................................................................................
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S E A L E D  F U M E S

This BARNSTEAD EQUIPMENT 
will Save You TIME • MONEY • WORK

íu o K S I h s K R T E R B O T
Ł 85 P W  

VIRTÎR I B ®

The only practical 1  - k# u right with Y «  Bottle 1 J  a
Thv nto p; ° o t c i
deionized water 
in the small quan
tities need® ork 
laboratory work.
Replaceable car -
ridge ty p e -n o  re
generation need
ed. SimplY turn

°n tWateSend Z
ss.V  2?ior complete inior- 
motion

IhiL
Take l t « i g W ; i £ K  Botto

----------o n lo w .M o n e l
m e t a l  c o n 
struction. Em
bodies all the
best ieatures

i  m o d e m
water baths 
plus several
e x c l u s i v e
B a r n s t e a d
ieatures.S end
1 Bulletin 
N o . 1 0 8  i o r  
lull details-

dmtTiAdudsL

(D sdivahif
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TRADE MARK R tC  U S RAT. O f f

STILL & STERILIZER CO Inc

Less than a 
m i n u t e  to 
measure the 
total  so l i ds
c o n t e n t  ot
w ater. P1«9S 
into any e le c 
trical ou tletNo experience

-  «  f f . . « 3 v

needed. Handy
in ppm- as c';de gives ohms rion table on side ^  ^  Bul.
and micro-mhos.
letin  N o. H 5-

9jnm&dicdtsL 
tdsdivsiML

100 LANESVILLE TERRACE. FOREST HILLS, BOSTON 31. MASS.

PACKAGED HEAT EXCHANGERS
Completely Self-Contained heat transfer systems 
. . . integrated in every respect . . . engineered to 
your specifications. The B&G Industrial Engineer
ing Department is at your service.

C O M P L E T E  L IN E  O F  

H ea te rs  a n d  C o o le r s  In  a n y  d e s ire d  m a te r ia l • F le x ib le - 

c o u p le d  a n d  U n i - b u i l t  C e n t r ifu g a l P u m p s  • Tem peratu re  

C o n tro l V a l v e s  • F o rce d  H o t  W a te r H e a t in g  S y s te m s.

HEAT TRAN SPER  
EQUIPMENT

BELL &  GOSSETT CO., Dept. W-15 
M orton  Grove, III.

For handling concentrated Sul

phuric and other acids, difficult 

to seal by stuffing box packing 

... TABER Vertical Pumps is a 

logical answer,

Since liquid is not in contact 

with the Taber stuffing box  

there is no leakage .

Taber Vertical Pumps are stur

dily constructed for mounting in 

processing or storage tank, and 

to operate in a vessel sealed 

against fumes or gases.

PLEASE W RITE O N  Y O U R  

LETTERHEAD FOR C O N C ISE  TABER

Bulletin V-837
TABER PUMP CO. ESTABL ISH ED  1 8 5 9  

293 ELM STREET BUFFALO 3, N. Y.
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For Every Industrial Use

i t  Impermeable to 
practically all 
acids and caustics 

^  Highly resistant to 
oils and greases

LaMOTTE CONTROL EQUIPMENT
for the

E LE C T R O P LA T E R  and E L E C T R O T Y P E R
A s  an aid in the control of plating baths of

N IC K E L , A C ID  Z IN C ,  T IN , C Y A N ID E  
A C ID  C O P P E R , C A D M IU M ,  B R A S S  and B R O N Z E

LaM otte  Block Comparators
for pH  tests to  accurately control the acidity and alkalinity 
of nickel, zinc, tin or cyanide baths. Inexpensive and easy 
to operate. A  test can be made in a few minutes.

LaM otte  A c id -Copper Analytical Set
for accurately determining and regulating the acid and 
copper content of the bath to  insure uniform results.

Other L aM otte Outfits for determining Chlorides, N ickel Con
tent. Iron Content and positive control o f Cyanide Copper, 
Acid Zinc, Cyanide Zinc, Cadmium, Brass and Bronze plating 
solutions.

Write for further information and Plating Control Reports
If you do not have the L aM otte A B C of pH  Control, a com plim entary 
copy will be sent upon request without obligation.

LaMOTTE CHEMICAL PRODUCTS CO.
O rig inators of the Practical A p p lic a t io n  of p H  Control 

DEPT. F T O W S O N  4, M D .

ALL-NEOPRENE A | | P #¿*tex G LO V E S

Industrial Alcohols
Low cost production depends largely upon 
original plant engineering and equipment de
sign. The process is basically simple — it is the 
engineering and management of equipment 
detail that insures profitable operation.

Specialization, experience in distillery en
gineering, fabrication and construction is in
surance of the finest sort for Hicks clients. Hicks 
plants and special distillery equipment are de
pendable low cost producers of industrial al
cohols and potable spirits from a variety of 
fermentables in the United States and abroad.

Inquiries to us about any distillation project —  
complete plant or redesign of existing plants or 
equipment —  will receive expert attention. 
Write S. D. Hicks & Son Company, 1661 Hyde 
Park Ave., Boston 36, Mass.

C H E M IC A L  6c P R O C E S S  
E N G IN E E R IN G

4  P O P U L A R  S T Y L E S
★  N o .  5 7 6 0 - 5 ,  18”  L O N G  
E X T R A  L O N G  G A U N T L E T  
G A U G E  .030 T O  040 
S IZ E S  10, I I

★  N o .  5 7 3 7 - 2 ,  H '
L O N G  G A U N T L E T  
G A U G E  .030 T O  040 
S IZ E S  9 - 1 0 - n - l l '/ 2-12

★  N o .  5 7 0 5 - 5 ,  1 1 " L O N G  
S H O R T  G A U N T L E T  
G A U G E  .020 T O  025
S IZ E S  9-10-11

★  N o .  5 7 0 2 - 5 ,  lO '/z" L O N G  
L IG H T  D U T Y
G A U G E  .010 T O  .012 
S IZ E S  7-8-9-10-11

R E Q U E S T  S A M P L E S  

A N D  P R IC E S

SE IBERU N G  LATEX PRODUCTS CO.
A K R O N ,  O H I O

200 - 5th A ve . B ld g . ,  N e w  Y o rk  M e r c h a n d is e  M a rt,  C h ic a g o

A  N E W  T E C H N I Q U E
in jorming glass tubes 

to precise internal dimensions!

T  O W  temperature rc-form ation  o f  
b oro -s ilica tc  glass tubing b y  the 

new  Fischer &  Porter G lo -tech  process 
(patents pen din g) retains all the orig inal 
properties o f  the glass. L o w  heat is 
scientifically applied  and the very  m o
m ent the glass reaches a temperature at 
w h ich  it  is sufficiently flu id , reshaping o f  
the internal bore automatically takes place. 
T h e hard , c lear surface and the h igh  co rro 

sion  resistance o f  the glass are, i f  any
th in g , im p rov ed . Furtherm ore p racti
ca lly  n o  strain is  introduced  b y  this 
m eth od , s o  th at annealing does  n o t  alter 
the precise internal dim ensions obtained  
b y  the G lo -te ch  process. R ou n d  o r  square 
tu b in g  from  sm allest cap illary  up  t o  6 
inches internal diam eter can be fash ioned . 
M a y  w e h elp  y ou  w ith  y ou r  applications 
fo r  precision  bore tubing?

FISCHER & PORTER CO. Ha t b o r o d p a .
Precision Bore Tubing, Bused Absorption Cells, All-Glass Rotameters
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G E O R G E  A R M iS T E A D ,  JR.
Chemical Engineer

Engineering.Industrial Safety.Surveys
1 5 1 9  Connecticut A v e n u e  

W ash ington  6, D . C.

M I N E R  L. H A R T M A N N ,  Ph.D.
Registered Patent Attorney

Specialist In Chemical and 
Metallurgical Patent Matters

1151 South Broadway, Lo s  A n ge le s  15

Harvey A .  Sell, Ph.D. Earl B. Putt, B.Sc.

S E IL ,  P U T T  &  R U S B Y
Incorporated 

Consu lting Chem ists 
Specialists In the analysis of 

Foods, Drugs and O rgan ic  Products 
1 6  E. 34th Street, N ew  Yo rk  16, N .  Y. 

Telephone — M U rra y  H ill 3 -6 368

R O B E R T  C A L V E R T

Chem ical Patents
U. S. and Foreign Applications 

Interferences —  Reports 

155  East 44th Street, N ew  Yo rk  17, N . Y. 
Telephone M U rra y  H il l  2 -4 980

E. W .  D . H U F F M A N ,  Ph.D.

M ic roana ly t ica l Laboratories

O rganic, Inorganic —  Quantitative, Qualitative 
Precision Analyses —  Special Analytical Problems

M aje stic  B ldg. Denver, C o lo ra d o  j

S P E C T R O G R A P H IC  S E R V IC E S  A N D  SU P PL IE S , INC. 
Research —  Consulting —  Testing —  A nalysis 

j Composition of M inerals, Structure, Physical Properties, j 
Metals. Chemicals 

Spectrographlc Analysis —  X-Ray Diffraction 
O ptica l Crystallography — Petrography 

M etallography —  M etallurgy 
Spectrographlc Electrodes and Standards to Order 

, Laboratory —  21 M ad ison  Ave.,Saratoga Springs, N .Y. 
Lester W . Strock, Ph.D., Director

G U S T A V U S  J. E SSE L E N , IN C .

Chemical Research 

and Development

857 Boylston Street Boston, Mass.

"T o d a y ’s Research Is Tomorrow’s Industry"

L A  W A L L  &  H A R R I S S O N

Biological A ssa y s  —  Clinical Tests 
Chemical —  Bacteriological —  Problems 

O rgan ic Synthesis 
Pharmaceutical and Food Problems 

Research

192 1  W a ln u t  St. Ph ilade lph ia  3, Pa. j

T E X T IL E ,  P L A S T IC S  T E C H N IC A L  
S E R V IC E ,  IN C .

Research and Development Projects 
In

Textiles, Plastics 
and 

Related Fields

Norristown-Pcnn Trust Building 
Norristown, Penna.

L O U I S  L O N G ,  JR., Ph .D .
Consulting Chemist 

R E P O R T S  S U R V E Y S  R E S E A R C H  

53 State Street Boston, Mass.

T H E  W E S T P O R T  M IL L

W estport, Conn.

Laboratories and Testing Plant of 
The D O R R  C O M P A N Y

Chemical, Industrial, Metallurgical and Sanitary 
Engineers

Consultation —  Testing —  Research —  Plant Design

Descriptive brochure, "Testing that Pays Dividends" 
upon request

C O N S U L T A T I O N  

F U N D A M E N T A L  R E S E A R C H  

M A N A G E M E N T

R A L P H  L. E V A N S  

A S S O C IA T E S

2 5 0  East 43 rd  St., N e w  Y o rk  17 , N .  Y.

C. L. M A N T E L L  

Consu lting Engineer

Electrochemical Processes and 
Plant Design

j 601  W .  26th  St., N e w  Y o rk  1, N .  Y.

M E T C A L F  & E D D Y
Engineers

Industrial W aste Treatment 
W ater Supp ly and W ater Purification 

Stream Pollution Investigations 
Laboratory

Su t le r  B ldg . Boston 16, M a ss .  j

8 W *  1 ^ 0 4 ^ 1  ^

A n M A u n c e M e t t i

o f

i PR OFESSIO NAL SERVICES
may be inserted in this sec
tion. Here you can carry 
your message to the readers 
of the leading publication 
of the chemical process 
industries.

*

Rates upon request 

*

E V A N S
R E S E A R C H  and D E V E L O P M E N T  : 

C O R P O R A T IO N

Organic and Inorganic Chemistry 

Processes . Products

U N U S U A L L Y  E X T E N S IV E  F A C IL IT IE S  

Y O U R  IN S P E C T IO N  IN V IT E D

2 5 0  East 43 rd  St., N e w  Y o rk  17 , N .  Y.

C O N S U L T IN G
R gb b ti T tchnologltl 

Natural and Synthetic Rubber 
R. R. O L IN  L A B O R A T O R IE S  

Complete Rubber Testing Facilities 
Established 1927  

P. O .  Box 372, A k ro n  9, O h io  
Telephones H E  3724, FR 8551

H A R R Y  PR ICE

Chem ical Patents

Suite 2 61 8  Graybar Building 
4 20  Lexington A v e .  
N ew  York  17, N . Y.

I
Founded 192 2

F O O D  RESEARCH 
LABORATORIES, i n c .

Research, A n a ly se s ,  and 

Consultation for the 

Food , D rug  and A l l ie d  Industries

4 8 - 1 4  Thirty-Third Street 
Long Island C ity  1, N e w  York 

Telephone —  ST illw e ll 4 -4814

Descriptive Brochure Ava ilab le  on Request

P R O C E S S  &  IN S T R U M E N T S
C O N S U L T A N T S  IN  

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

H IG H  V A C U U M  E N G IN E E R IN G

6 0  G R E E N P O IN T  A V E .  B R O O K L Y N  22, N . Y.

Established 1891

S A M U E L  P. S A D T L E R  &  S O N ,  IN C .
Consulting and Analytical Chemists 

Chemical Engineers

Chemical Research, M ic ro  & other analyses 
! 2 10  S. 1 3th Street Philadelphia 7, Pa.

"N o th in g  Pays Like Research”

INDUSTRIAL AND  
ENGINEERING CHEMISTRY

A d v e r t i s i n g  O f f i c e  
3 3 0  W e s t  4 2 n d  Street N e w  Y o rk  18, N. Y.



February 1947 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 117A

A L B E R E N E  S T O N E
/  LABORATORY EQUIPMENT

In the manufacture o f G arlock  7021 High Pressure Sheet 
Packing, long fibre asbestos is mixed with rubber binder 
according to a Garlock formula and to exacting Garlock 
standards. The mix is fed into sheeters and is compressed 
under heat into this superior gasketing material.

Expert workmanship and quality control result in a 
compressed asbestos sheet o f great strength and uniform
ity. For satisfactory service use G arlo ck  7021 on pipe 
lines and other equipment handling gasoline, oil, gas or 
steam  at higli tem peratures and extrem e pressures.

ALB EREN E
FUME HOODS

can be 

specially designed  

to reduce the 
possibility of

\ P E R C H L O R IC  A C ID
/ / / .

ER C H LO R IC
S \  I /  I \ M \ / I \

O S I O t f S .

A lb e r e n e  S ton e  C orp ora tion  E ngineers h ave m ade 
studies o f  exp losion s w h ich  h a ve  occu rred  in  fu m e h ood s 
where p erch lor ic  a cid  has b een  used. A s a result o f  these 
studies w e  are n ow  in  a p os ition  t o  o ffe r  certa in  con stru c
tive su ggestions w ith  regard to  the a ltera tion  o f  existing 
hoods or  the d esign  o f  n ew  h ood s w h ich  w e b e lie v e  w ill 
have the e ffe ct  o f  greatly  red u cin g  the p oss ib ility  o f  such 
explosions. W e  are also in  a p os ition  to  con tra ct fo r  the 
execution  o f  th is w ork .

I f  y ou  h a v e  such  a hazard  w rite  to  A lberen e  S ton e 
C orporation  o f  V irg in ia , 419—F ou rth  A v en u e , N ew  Y o rk  
16, N . Y . or  con su lt ou r  nearest b ran ch  o ffice . Y o u r  in 
quiry w ill re ce iv e  p ro m p t  atten tion .

THE GARLOCK PACKING CO.
PALMYRA, N. Y.

In Canada: The Garlock Packing Co. 
of Canada Ltd., Montreal, Que.

Thicknesses from 
* Sheets 
id larger.
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Aluminum Co. of Am erica................................  23
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Barnstead Still «fe Sterilizer C o., Inc...............  114
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Bell <fc Gossett C o ..................................................  114
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Bristol C o ................................................................. 93
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Celaneso Chemical C orp .....................................  59
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N .J ........................................................................ 62
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Consolidated Engineering C orp........................ 51
Crane C o..................................................................  I l l

De Laval Separator C o ........................................  49
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Distillation Products C o., Inc...........................  39
Dorr C o ....................................................................  40
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Ley man M fg. C orp ...............................................  117
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M etcalf <fc E d d y ..................................................... 116
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National Tube C o .................................................. 101
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Nordstrom  Valve C o ............................................  64
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Omega M achine C o ..............................................  110
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Pfaudler C o .............................................................  2
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Porter Co., Inc., H . K .......................................... 13
Powell C o., W m ..................................................... 34
Price, H arry...........................................................  116
Process «fe Instrum ents........................................ 116
Proctor <fe Schwartz, In c .....................................  31
Pressed Steel Tank C o ......................................... 48
Professional D irectory ........................................  116
Pulverizing M achinery C o.................................  120

Quaker Oats C o .....................................................  15
Quimby Pum p D iv ...............................................  13

Reinhold Publishing C orp ............................. 102,112
Revere Copper <fe Brass Inc..............................  68
Robins Conveyors In c .........................................  36
Robinson M fg. C o ................................................. 112
Rockwell M fg. C o .................................................  64

Sadtlcr «fe Son, Inc., Samuel P ...........................  116
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Seiberling Latex Products C o ............................ 115
Seil, Putt «fe R u sby ................................................ 116
Solvay Sales C orp .................................................. 57
Sonneborn Sons, Inc., L ....................................... 18
Spectrographic Services «fe Supplies, Inc  116
Spencer Lens C o ....................................................  102
Sperry <fe Co., D . R ................................................ 100
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Standard Oil Co. (Ind iana)................................ 12
Steel Plate Construction P roducts..................  44
Stone <fe W ebster Engineering C orp .................  6
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Sturtevant M ill C o ...............................................  104

Taber Pump C o .....................................................  114
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Tech Laboratories................................................. 112
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Y oungstown M iller C o ........................................  60
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on process equipment
In spite o f production difficulties, Acm e is still making deliveries on tim e! One o f the 

reasons for this faster service is the comprehensive inventory o f ferrous and non-ferrous 

metals we generally carry. From our stocks of stainless steel, copper, aluminum, monel 

metal, steel, and the many clad materials, it is often possible to start immediate 

production o f equipment ordered. This added Acm e service can mean the saving o f 

weeks or months in delivery. W hy not consult Acm e now regarding your engineering and 

production problems and schedules ?

S. A.



r --------------------------------------------------------------------------
P U L V E R IZ IN G  M A C H IN E R Y  C O M P A N Y  

4 0  C h a th a m  R o a d , Sum m it, N . J.

Please send me a copy of your new illustrated catalog.
Nam e ............................................................................. Position ...............................
Company........................................................................................................................
Company A ddress ...................................................................................................
C ity ......................................................................................  S ta te .............................

M a il th is  cou p o n  w ith  y o u r  c o m p a n y  le t te rh e a d

Sidelights Ç
% l i V \

T R É IM  U  J
■ The British Cast Iron Research Association has announced a 

new kind of cast iron of great corrosion resistance with twice the 
tensile strength and three times the shock resistance of ordinary 
cast iron. (Chemical Trade Journal and Chemical Engineer, p. 728, 
Dec. 20, 1946)
■ A type of resin made from petroleum and natural gas can be 

formed into thin sheets and wrapped around highly perishable 
food products to prevent spoilage during prolonged storage. 
(News release, Standard Oil Co. of N. J., Jan. 1947)

a  The value of Canada’s imports of chemicals and allied prod
ucts during the first 8 months of 1946 increased 18% over the 
same period in 1945. The imports are valued at 61.5 and 52 mil
lion dollars for the two years, respectively. (Chemical Age, p. 784, 
Dec. 21, 1946)
a Electronic stop watches used during the war for measuring 

projectile velocities are now being produced in quantity for ci
vilian use. The counter accurately clocks one millionth of a sec
ond and allows direct reading of results by small neon-light figures 
on the front panel of the instrument. (Review of Scientific In
struments, p. 518, Nov. 1946)
a A hydraulic pump of the positive displacement type, 6 inches 

in diameter, 11 inches long, and weighing only 35 pounds, de
velops 5000 pounds per square inch pressure in continuous duty 
service. A single bank of plungers delivers 3 gallons per minute 
at 1800 r.p.m. and 2 gallons per minute at 1200 r.p.m. (News 
release, Superhydraulic Corp., Jan. 1947)
a The tristate district of Oklahoma, Missouri, and Kansas pro

duced nearly 25 million tons of lead and zinc concentrates worth 
more than 1000 million dollars during the past century. The 
largest annual output of these two metals, mined in 1926, ac
counted for 54.7 and 14.9% of the national total, respectively. 
(U. S. Bureau of Mines Information Circular 7383, Jan. 1947)
B The 4.75 million barrels of crude oil produced daily in this 

country travel through 125,000 miles of petroleum pipe lines to 
refineries and marketing areas. The lines are operated as com
mon carriers irrespective of ownership or destination of the crude. 
(The Lamp, Jan. 1947)
a The world’s tin production, expected to reach 200,000 tons in 

1949, should meet requirements by that year. The 1947 produc
tion schedule aims at 140,000 tons, about 20% below the esti
mated demand. (Chemical Age, p. 3, Jan. 4,1947)
a A flame hardener with six radially placed jets has been de

veloped for hardening the surface of gears, wheels, and other metal 
shapes without hardening- the interior. Vertical travel of the 
flame, directed on work which can be spun or held stationary, is 
hydraulically controlled and adjustable up to speeds of 20 inches 
per minute, and hardening is controllable to a depth of 0.5 inch. 
(Business Week, p. 52, Jan. 18,1947)
■ A giant mechanical brain for solving complex mathematical 

problems is being built in England as an improvement over simi
lar machines at Harvard and the University of Pennsylvania. The 
advantageous features include a greater “ memory”  capacity, abil
ity to receive more complex instructions, and higher speed of 
achieving solutions. (N. Y. Herald Tribune, Jan. 2, 1947)

S e n d  jjG S i y a m  c & p jf, t a d c u f

n e w - H o o J z  c a n t c U n i 

eueSufiJwUf qau caant to- Jznoxa
a b & u t

This va luab le  48-page illustrated book tells you how  

to produce fine and ultra-fine powders; how  to test the 

va lue  of fine and ultra-fine grind ing right in your ow n  

laboratory or pilot plant before starting full production 

schedules; how  to obtain accurate control of particle 

size, blending and dispersion; how  to select the proper 
m echanical pulverizer for your needs.

Send for this catalog today and learn w h y  it is decided
ly  to your advantage  to use a M IK R O -P U LV ER IZ ER  or 
a M IK R O -A T O M IZ E R  in your pulverizing operation.

P U L V E R I Z I N G  M A C H I N E R Y  C O M P A N Y
4 0  CHATHAM RO AD, SU MM IT ,  N. J.

N O W  . . .  2  T Y P E S  T O  M E E T  M O S T  P U L V E R I Z IN G  N E E D S
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P R O C E S S  E Q U I P M E N T
C H E M IC A L  P O R C E L A IN  V A L V E S  • P IP E  • R A S C H IG  R I N G S  

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

New
6  ©  t í  : ■: : 0  ( : ■ !

Lapp Chemical Porcelain has proved to be 
the m ost satisfactory answer to many problem s  
involving the industrial processing o f  corro
sive chem icals. N o w  available is a new, 3 2 - 
page bulletin w hich describes in detail the 
chemical and mechanical characteristics o f  
this material; lists all specifications o f  Lapp 
valves, pipe, raschig rings, tow ers, and other 
pieces; and w hich includes a chapter o f  useful 
inform ation on proper installation and m ain
tenance o f  this equipment. Send the coupon  
for your copy.

C H E M IC A L  A N D  M E C H A N IC A L  C H A R A C T E R IS T IC S

H O W  T O  IN ST A LL  A N D  M A IN T A IN  P O R C E L A IN

S E N D  FOR Y O U R  C O P Y !
Lapp Insulator Co., Inc.
Process Equipment Division 
Le Roy, New York

Please send a copy o f Bulletin 244, describ
ing Lapp Chemical Porcelain.

N a m e ..............................................................................

Po s it ion ...........................................................................

C o m p a n y ........................................................................

S t re e t ..............................................................................

C i t y ...............................................S t a t e ........................

_______' __________________________________________I
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A re  You Contemplating a Process . . . and Puzzled O ver Its 

Commercial Possibilities/ Production Cost Capacity, etc. ?

R E S E A R C H  A N D  T E S T I N G  L A B O R A T O R I E S  T E S T  
Y O U R  P R O D U C T . . .  A N D  G I V E  Y O U  T H E  D E F I N I T E  R E S U L T S !

Some o£ the Evaporator Equipment 
In the Buflovak Testing Plant

In the development of new 
and better processes, Buflovak 
can help you save time and 
money by processing your 
product in full semi-plant scale.

To assist you in the solution 
of processing problems and the 
development of new methods, 
Buflovak operate modern Re
search and Testing Labora
tories. Here practical research 
is conducted on pilot-plant 
units; designed for drying, 
evaporating and processing 
foods or chemicals.

Tests, such as these, give you 
definite results that safeguard 
your investment in New Buflo
vak Equipment, because they 
show unmistakably —  right at 
the start, what will be obtained 
from a given process.

There's a valuable "Know- 
H ow " learned through complet
ing more than 5 0 0 0  processing 
tests. May we share that ex
perience with you?

BUFLOVAK EQUIPMENT DIVISION OF BLAW-KNOX CO
1549 FILLM ORE AVE....................................... BUFFALO U , N. Y .



t h e  l l i i t f l l  I  s h a f t  s p e
G ear  reduction ratios range up to 432 to 1. P '  f ‘

BIGHT w h e r e  y o u  w a n t  i t
Master Gearmotors, available in millions on millions of combinations of

types and ratings, permit you to use a power drive on each 

job that's ¡ust right. . .  a power drive that will add greatly 

to the compactness, appearance, and economy of each of 

your applications. Use Master Gearmotors to increase the 

salability of your motor-driven products . . . improve the 

economy, safety, and productivity of your plant equipment.

G E A B M 0 T 1 B S
THE MASTER ELECTRIC COMPANY • DAYTON 1, OHIO



EVERY PROCESS THROUGH LIGHTNIN PORTABLE MIXERS
i n n H ^  ; * m s m s m r m ^ s  g p r r i ____________________ .

X ¿ i  '- y  “ L IG H T N IN ” FEATURES
1. A ll types o f  m otor enclosures’
2. Universal Clamp
3. Ball-bearing throughout
4. All machinable corrosion re* 

sisting alloys
5. L ow  cost— Long life

2. Paint dip tank irregular shapes easily handled by 
Lightnin Mixers.

3. Large capacity tanks are handled with ease.|J. Unusual application of Lightnin M ix e r*  fo cyclic, 
automatic botch operation.

4. Note Lightnin Mixers ability to fit into odd corners S. For food processing Lightnin Mixers improve heat 6. Lightnin Mixer supported separately for
and different shaped tanks. fronsfer and uniformity. small con tainers.

LIGHTNIN PORTABLES ...H A N D Y  LOW  COST AGITATORS...
Where to use Portable M ixers

1 Whether your requirements call for mixers to operate on a wide range o f tank 
capacities and liquid viscosities or for permanent mounting on single tanks, you 
can adapt “ Lightnin” Portable Mixers to solve your problem efiiclenctly.

L Designed primarily for open tanks up to 8 ft., in depth, these mixers give all 
o f  the benefits o f Process Adapted Agitation. Available in >/8 to 3 H.P., direct or 

igear drive for liquids up to 4000 centipoises at mixing temperature.
Watch these factors:

1. The size o f the batch does not affect the load. You can use a small mixer on . Ii: _
- fa 50 gal. or a 5,000 gal. batch without danger to the motor but mixing action ^

, will be reduced to an unusable degree.
2. Watch the effect o f viscosity. A mixer specified for water-like material 

I  jprobably operates at 80%  full load. Use this on a material like molasses, and you
overload and burn out your motor. Specific gravity also affects load on propellers.

3. Don’t increase the propeller size. Propeller sizes are selected for specific 
viscosities. Increasing the propeller size can also overload and burn out motors.

4. Ask Mixing Equipment Co., whether your present mixer is adaptable to a 
new use or whether a different size mixer will save time and trouble.
The Basis of Our Recom m endations
Twenty-five years o f experience have resulted in an organization, research 
facilities and skill which qualify Mixing Equipment Company as a leading 
authority in the whole broad field o f agitation. Mixing Equipment Company 
offers its services in the solution o f any problem involving controlled recircula
tion o f liquids to produce physical and chemical changes. See table.
M ix in g  Equipment 
Com pany Offers

|r Complete coverage o f indus- 
, trial areas with service for 

individual user and engineers 
or equipment manufacturer.

Assumption o f responsibil
ity for selection o f mixer size,

V; types, performance, charac
teristics within limits o f exist
ing technology.

PORTABLE M IX 
ERS; '/« to 10 
H.P. for rim at- 
t a c h m e n t s  to  
o p e n  t a n k s .  
G e a r  and d i
r e c t  d r i v e s .  
M a n y  exclusive 
c o n v e n ie n c e s .  
Off-center posi
tioning. Extend- 
o d  b e a r i n g  
sea led  against 
oil and  g re ase  
leaks.

LAB M IX E R S  —  
Little brothers to 
"L ightn in " Port-, 
ables. 4  models 
—  Electric and 
A ir  Driven. D e s
cribed in Bulle
tin B77.

T O P  EN TER IN G  M IXERS: 
— A  w ide  ran ge  o f sizes 
for la rge  o r small tanks 
— Va to 5 0  H.P. for verti
cal use on pressure or 
vacuum vessels. Integral 
mounting, all Impeller 
types, Rad ia l Turbines 
and  propellers. Iliustrr- 
tion a b o ve — for open 
tanks.

S ID E  EN TER IN G  M IXERS— 1 »oS 
H.P. for horizontal use. Any «• 
tank. Propeller type only. Mw 
m odels and  drives. In use on tan 
up to 5 ,0 0 0 ,0 0 0  gallons capao

S u s p e n s io n
o f

S o l id s

H m i

T r a n s f e r
B l e n d in g
M is c ib le
L iq u id s

M ix in g
I m m is c ib le

L iq u id s

C r y s ta l
S i ie

C o n t r o l

G a s  
A b s o r p t io n  

n d  D is p e r s i o n

M I X I N G  E Q U IP M E N T  C O .,  IN C .
1062 G arson Ave., R och ester 9, N. Y .
Please send me the literature checked:
[ ; B-66 and B -76 Side Entering Mixers , ,
□  B-68 and 68B Permanently Mounted Mixers to 

Pressure Vessels and Open Tanks . . i
□  B -75— Portable M ixers (E lectric and Air Driven
□  B -77— Laboratory Mixers
□  M i-11— Operating Data Sheet

N a m e ............................. ......................................................
T it le ..............................................................................
C om p a n y ........................................................................

M y d r o g e n a  
l i o n  

A e r a t io n  
H as S c r u b b in g  
C h l o r in a t io n  
G a s  W a s h in g

S t i l ls
E v a p o r a to r s  
R t a c t o r  V e s 

s e ls  
M c a tin g  
C o o l in g

i m p l e  M i x 
i n g  o f  s o l u 
b l e  l i q u i d s  
a s  in  r e d u c 
i n g  c o n c e n 
tr a t i o n

W a s h i n g  o f  
L iq u id s  

¡E x tr a c tio n  
C o n t a c t in g  
¡C a u s t ic  T r c a t -

E m u ls io n s

P r e c ip i ta t io n
E v a p o r a t i o n

S y s te m s

s lu r r ie s  
s la k in g  L im e  

•S u sD e n sio n o f:  
I f il te r  a id ,  

a c i iv a tc d  
; c a r b o n ,  
i F u l le r s  
| E a r th .

C r y s ta ls  
J w h i le  d i s 

s o lv i n g

M I X I N G  E Q U I P M E N T  C O . ,  I N C .
10 62 Garson  Avenue ROCHESTER 9, N EW  YORK


