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THE LISTE N IN G  POST
Overheard about This Issue

Aluminum S u l f a t e  manufactured at the water treating plant 
and fed into the water directly in the form o f solution saves 
money in the operation of the Dalecarlia fdter plant supplying 
water to Washington, D .C ., according to Lauter (page 953). A  
detailed analysis of the cost o f the operation is given to show how 
economically this simple chemical conversion o f bauxite to alumi
num sulfate solution can he accomplished in a water treating 
plant.

H an d lin g H y d r o c y a n ic  A c id , whose reputation as a poison has 
placed it almost in a class by itself, has always appealed to chemi
cal engineers as close to the absolute zero of jobs. Yet, in de
scribing its manufacture in considerable detail as carried out in a 
plant producing tons of it, Carlisle (page 959) makes the state
ment, surprising to most o f us, that in the plant described “ not a 
single man has lost his life or had his health permanently im
paired.”  That is a record of which one may well be proud, and 
particularly is it a cause for congratulation of those responsible 
for the design of the plant itself. Even the most enthusiastic 
Californian has yet to claim that the perfect climate o f his state 
is a cure for hydrocyanic acid poisoning!

Cane S u g a r , despite its too well-established reputation as a 
mere sweetening agent-, appears in a new role as a potential raw 
material for chemical synthesis. Cox, Dodds, and Ferguson 
(page 968) describe syntheses in which sugar’s property of sweet
ness has given way to its alcohol groups by allowing it to form 
esters with fatty acids and in which levulinic acid, formed directly 
from sugar, is the parent of a series of interesting and perhaps 
valuable alkyl esters. Again we are reminded that things are not 
always what we have believed them to be, especially when re
search begins to reveal their true nature.

S y n th e tic  R e s in s  possess properties which from their very 
nature are subject to close control as our knowledge o f them 
grows. Kienle and Schlingman (page 971) in continuing their 
discussion of alkyd resins make an opportunity to review the 
general theory of resin formation and to apply this to the property 
of flexibility.

In N itiu c  A c id  M a n u f a c t u r e  from sodium nitrate, the precise 
point of cut in the distillation is o f prime importance in securing a 
high yield of first grade product. T o  make the determination of 
this point exact and easy, Coster (page 980) uses an electric con
ductivity cell which follows exactly to concentration of the dis
tillate. • Not only does this technic avoid delay in sampling and 
testing, but it has wide application in other fields in simplifying 
control procedure.

D e te c t iv e  S t o r y  R e a d e r s  will find in Waters’ paper (page 
1034) on the disappearance of blue dye in old writing, much food 
for thought. Perhaps a Conan Doyle or a Wilkie Collins among 
our readers may develop a good murder plot on the basis given 
here.

S tr a w b e r r ie s , we learn from Fellers and Mack (page 1051), not 
only contain vitamin C but retain it even when frozen to straw
berry ice cream, a comforting thought for a hot day.

C o m p le te  U t i l iz a t io n  of the heat of a flame by burning fuel 
actually within the body o f a liquid to be evaporated is only one 
of the advantages of submerged combustion described by Kobe, 
Conrad, and Jackson (page 984). Applied to viscous liquids and 
those tending to form scale deposits when evaporated in the 
ordinary way, the new technic avoids a vast amount of trouble 
for the operator. Even so troublesome a mess as sulfite pulp 
waste liquor readily succumbs to the efficiency o f submerged 
burners and evaporates with a heat efficiency of better than 90 
per cent, a figure to be reached in ordinary practice only in some 
undiscovered Utopia of engineering where every condition is ideal.

R u b b e r  T e c h n o lo g y  has been advancing by giant strides under 
the impetus of the automobile’s demand for better and better 
tires, and, as improvements have followed one another in con
trolling the fundamental reaction of vulcanization, new methods 
have been quickly adapted to plant practice. Jones (page 1009) 
continues his series on the mechanism o f the reactions involved in 
vulcanization with a discussion of the action of multiple accelera
tors, now so important in the industry.

In  M u c h  the same field, Allen and Schoenfeld (page 994) go into 
the question of the role of gas black in a rubber compound.

W h a t  H a p p en s t o  G a s  forced under pressure into an old oil well? 
The answer to this question vitally affects the use o f gas under 
pressure to put new life into debilitated oil pools and involves the 
possibilities of getting more oil from known areas. Pomeroy and 
his co-workers (page 1014) give us part o f the answer from their 
study of solubility rates of methane in hydrocarbons.

P u r if ic a t io n  o f  R e n z e n e , especially freeing it from thiophene, 
is o f primary importance in its use in chemical manufacture. 
Pease, Keighton, and Munro (page 1012) have applied the modern 
methods of catalytic hydrogenation to this problem with interest
ing results.

U t i l iz a t io n  o f  W a s t e  S u l f i t e  L iq u o r , containing a large part 
of the material o f the original wood treated, has been one of the 
vexing problems of the paper industry. Phillips (page 991) has 
subjected the solid residue from evaporating this waste to de
structive distillation and reports his findings here.

N e w  R e s in s  M a d e  fr o m  G ly c e r o l ,  described by Ushakov and 
Obriadina (page 997), supply a means of modifying the properties 
o f the well-known phenol-aldehyde resins for special purposes. 
These Russian investigators give us not only methods ol making 
the new resins but also a considerable amount of information as 
to their applications.

L im e T r e a t m e n t  of municipal water supplies to reduce corrosion 
of pipe systems is discussed by Hopkins (page 1050), who gives 
figures from the experience of the city o f Raltimore to substan
tiate its value.

G u id a n c e  f o r  U n iv e r s it ie s  in seeking research problems of in
dustrial importance is provided by Rose (page 1028), who in
cludes a number o f suitable subjects related to dyestuffs which 
come within this category.
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#  Here at last is an effective steel for 
combating corrosion at low cost. For 
Plykrome costs only half as much as 
solid Stainless Steel, yet it is just as effec
tive in any application in which corrosion 
resistance is required only on one side.

Plykrome is thoroughly tested. Its pat
ented method of production precludes 
the possibility of any separation of the 
Stainless Steel veneer from the base plate.

Plykrome may be fabricated by any of 
the usual methods without special 
equipment.

For further information and advice on 
the application of Plykrome to specific 
installations, write to the Illinois Steel 
Company.

x.f

Ü

at
LOWER 
COST

m i n u i t s

C o m p a n y
208 S. L A  SALLE ST., C H IC A G O , ILL.

S U B S ID IA R Y  O F  
U N IT E D  S T A T E S  S T E E L  C O R P O R A TIO N

U  S  S  C H R O M IU M -N IC K E L  A L L O Y  S T E E L S  AR E 
P R O D U C E D  U N D E R  L IC E N S E S  O F  T H E  C H E M IC A L  
F O U N D A T IO N , IN C . .  N E W  Y O R K . A N D  F R IE D . 

K R U P P  A .  G . O F  G E R M A N Y
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An Arraco iron jacketed cooling 
kettle with gate type agitator, 4 ft. 
diameter x 7 ft. deep.

A castiron steam jacketed mixing 
kettle with power driven agitator 
built in 11 standard sizes for either 
vacuum or atmospheric operation.

A high pressure jacketed mixing kettle with 1,200 gal
lon capacity used for processing a phenolic compound.

A stainless steel reaction kettle 
equipped with 3 blade stainless 
steel agitators electrically driven 
through a speed reducer.

P r o c e s s i n g  K e t t l e s
BREWERY EQUIP

MENT

‘ DRYERS

♦EVAPORATORS

1MPREGNATORS

*FUMIGATORS

*VULCANIZERS

♦CHEMICAL PLANT  
EQUIPMENT

CHEMICAL CAST
INGS

Fabricated wherever practi
cable from any of the new 
materials o f construction.

T H ESE illustrations show a few of the 
many type and BUFEpK̂ gr Proc

essing K e ttle s . T h ey  serve a w ide 
group of industries for still a wider number 
of processes. Quite naturally they are built 
in a large number of sizes and designs includ
ing cast iron, sheet steel, stainless steel, copper, 
aluminum, nickel clad and lead lined. They 
can be furnished for vacuum, atmospheric or 
pressure operation and employ various heat
ing mediums such as direct fire, steam, hot oil 
and mercury vapor.

Where particular requirements cannot be ful
filled with standard equipment the large variety 
of drawings and patterns which we have on 
hand often permit a modification with a sub
stantial saving in construction costs. Copy of 
bulletin 227 will be sent upon request.

B U F F A L O  F O U N D R Y  & M A C H IN E  C O .
1549 Fillmore Ave., BUFFALO, N. Y.

NEW YO R K  C H IC A G O  ST. LOUIS
295 M adison Avo. 1636 M on a d n ock  B ldg . 2192 R ailway Exchange BIdg.

SAN F R A N C ISC O , 580 M arket S t.
In  C an ada : B U F L O V A K  C O M PA N Y O F  CAN ADA, L IM IT E D , 330 Bay S t., T oron to

A rubber lined castiron kettle with 
cover designed for 90 lb  ̂ working 
pressure.

A jacketed kettle designed for 175 lb. steam pressure 
equipped with a horseshoe type agitator operated 
by a vertical geared m otor drive.
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M on el Metal tubes are installed in these black liquor evapo- 
ratorsf manufactured by Zaremba Company, Buffalo,N. Y.) 
T h e  O r ig in a l  M o n e l  M e ta l  tubes installed in this well 
known plant in 1924 are still in service. Other plants of 
this same company have installed Monel M e w l evaporator 
tubes for black liquor. (Name of plant furnished on request.)

M o n e l  

Tubes
win 9 Year 
Black Liquor

W E L D E D  M O NEL METAL  
T U B IN G  FOR BLACK  

L IQ U O R  EVAPO R ATOR S
In the pulp and paper industry, the cost of 
frequent replacement o f  black liquor evap
orator tubes is an important item. The high 
cost o f  metal tubes resistant to both the 
black liquor and steam has up to now dis
couraged their wide use. Monel Metal tubes 
last for years in this service.

Recent developments in the manufacture 
o f lower-priced welded Monel Metal tubing 
have opened the way for the wide use of 
Monel Metal welded tubing for black liquor 
evaporators. Monel Metal welded tubing 
with thoroughly sound, strong and ductile 
welds is now available in various wall thick
nesses and in a wide range o f  sizes.

The excellent resistance o f  Monel Metal 
to caustic solutions, in combination with 
splendid mechanical and physical properties, 
make M onel Metal welded tubes ideally 
suited for black liquor service. Longer life, 
fewer replacements, reduced maintenance 
costs and improved efficiency are a few o f 
the advantages. Monel Metal welded tubes 
have been used in black liquor evaporators 
since 1924 and have proven far superior to 
the charcoal iron tubes commonly used.

' Complete information regarding sizes avail
able, together with prices, gladly forwarded 
on request.

M O N E L METAL F ILTER C LO T H

In paper mills filter and wire cloth must with
stand both corrosion and abrasion.This prob
lem is further complicated by the necessity of 
protecting the product against discoloration.

Because Monel Metal combines in one 
metal the strength o f steel with great corro- 
sion-resistance and long life, it is employed by 
the most modern paper mills in the country.

Monel Metal woven wire cloth and wind

Monel Metal Is a registered trade • mark 
applied to an alloy containing approximately 
two-thirda Nickel and one-third copper. 
Monel Metal in mined, smelted, refined, rolled 
and marketed solely by International Nickel.

ETAL

ing wire are helping paper mills to produce 
a more uniform and better product at lower 
cost. They are helping to reduce waste...to 
recover a higher percentage o f clay and fibre. 
Monel Metal woven wire cloth is used for:

Cylinder moulds 
Lime m ud filters 
Bleach washers 
Black liquor filters 
B row n stock w’ashers

H igh density thickeners
Cylinder paper machines
Save'alis
Deckers
Salt filters

W o o d  pulp washers Screens

Send for new booklet, “ What Metallic Screen 
and Filter Cloth Offer Your Plant.”

M O N E L METAL PUMP R O D S

The many places in a paper plant where 
pumps are used make it necessary to reduce 
pump rod and shaft costs as much as possible. 
Monel Metal rods help you to do this. With 
Monel Metal you can be sure there’ll be no 
rusting, scoring or pitting o f  the rod. You 
can be sure, also, that the glass-smooth sur
face o f  Monel Metal will reduce friction and

In the Pulp and Paper 
Industry

M O N E L  M E T A L  IS  W I D E L Y  
U S E D  F O R :

Evaporator Tubes 
Cylinder Mould Rods (¡He” ) 

Wire and Filter Cloth 
Winding Wire 

Screens 
Jordan Engine Fillings 
Couch Roll Stay Rods 
Suction Box Stay Rods 

Save-all Trays 
Suction Box Trays 

Table Rolls 
Pump Rods and Shafts 

Valves and Fittings 
Alum and Size Tanks

wear, thereby cutting packing costs. The long 
life o f Monel Metal pump rods and their low 
maintenancecosts more than justify their use.

L ite r a tu r e  on Monel Metal Pump Rods 
available on request.

Vioneo
^ETA’L'

TH E I N T E R N A T I O N A L  N I C K E L  C O M P A N Y ,  INC.
6 7  W A L L  S T R E E T ,  N E W  Y O R K ,  N .  Y.
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THE best of A N Y  product— not 
only candy or jelly— results from 

precise control of temperature. The 
exact control every plant needs un
der conditions today. The close con
trol supplied by  accurate, durable 
Taylor Indicating, Recording and 
Regulating Instruments that act to 
day as sentries of efficient, econom
ical, controlled production in every 
industry.

You probably use some instru
ments now. But our experience has 
proved that in most plants, even 
today, temperature control can be 
made to improve the quality of a 
product still more . . .  to reduce costs 
still further. It  has shown often that 
one more recorder, the replacement 
of an obsolete regulator, a special 
combination or an unusual applica
tion of instruments can save hun
dreds of dollars and make a product 
better.

That is why we offer a special 
Taylor Service designed to discover 
your complete requirements f orTem- 
perature Control— N O T merely to

B E T T E R - T A S T I N G J E L L Y

Exact temperature control is 
vital in m aking both. Now  
Taylor Service can assure it fo r  
YOUR product— and make 
men and equipment more effi
cient under the National Re
covery Act.

sell you individual Taylor Instru
ments.

This Service is for small plants as 
well as large. It  starts with a thor
ough survey and analysis of your 
present plant operation, and your 
existing method of controlling tem
perature and p re ssu re .It  covers

TEMPERATURE and PRESSURE

I N S T R U M E N T S

t v » i n d i c a t i n g  •  R E C O R D IN G  • C O N T R O L L IN Gline ol product* including Tyco« murumcnii. g/ I 11 1/ I V n • • 1»

specification of the proper Taylor 
Instruments and includes recommen
dations for the most accurate and 
e ffic ien t p lant con tro l by  T aylor 
engineers who know every type of 
instrument application. Finally, this 
Service provides for supervising with 
your engineers the installation of 
the temperature control and its prop
er coordination with manufacturing 
processes.

Let us tell you more about Taylor 
Service. Remember, it is easy to get 
the help of a Taylor Representative 
on any temperature or pressure prob
lem. His call places you under nb 
obligation. It costs only the price of 
a stamp on an envelope addresseii 
to Taylor Instrument Companies, 
Rochester, N . Y .
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QUES TI ON . .

QUESTI ON . . 

A NS WE R .

A NS WE R .

What Is This 
New Rotojector? 
What Can It Do 

For Me?
Briefly, the new Rolojector is an advanced centrifugal 
method for separation and clarification. Under continuous 
operation it successfully separates liquids containing up to 
1 0 % solids. It liydraulically ejects its own bowl cake while 
running at full speed with less than 10 seconds out-of-service 
time. It can be fully automatic in operation.

But -we can’ t tell -whether it can serve you profitably or not 
until we know your particular problem. You can sec that the 
Rotojector is a timc-saver. That it eliminates the cost o f bowl 
cleaning. That it does away with expensive, slow settling and 
filtration methods and storage tanks.

In short, that it means more profitable produc
tion methods to any industry that can use it.

What about you ? Isn’t it evident that if you have a separat
ing or clarifying problem in any o f your processes, it will be 
well worth your while to investigate this new and advanced 
Sharpies method further? Send for more detailed informa
tion on the Rotojector. No obligation. The Sharpies Specially 
Company, 2 3 28  Westmoreland Street, Philadelphia, Penna.

S H A R P L E S
R O T O J E C T O R  
CE NT RI F U GA L

" P U T T I N G  C E N T R I F U G A L  F O R C E  T O  W O R K "
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[BUTYL ACETYL RICINOLEATE] .. a new castor oil

derivative with great possibilities
A Tliree years of successful use in the 
industrial field have made it advisable 
to offer our Baker “ P” line of castor 
oil derivatives to the trade.

Listed here are 17 of these new 
Baker alkyl ricinoleates which have 
a wide range of commercial applica
tions. In addition to their well-known 
ability to impart flexibility and stretch 
to pyroxylin compositions, these mod
ern castor oil derivatives have many 
other uses. They may be used as ex
tremely high boiling and low freezing 
solvents, general plasticizers, dispers
ing and grinding media, etc.

Other suggested applications in
clude their use as emulsifiers, deter
gents and “ wetting out” agents. As top- 
cylinder lubricants and agents for low
ering the co-efficient of friction of 
mineral oils, these materials should be 
of great interest to the lubricating

THE BAKER 
CASTOR OIL COMPANY
120 BROADWAY,  NEW YORK,  N. Y.
Plants . . . .  Jersey City and Bayonne, N. J. 
Research Laboratories . . . .  Jersey City, N. J.

field. However, since each derivative 
possesses distinctive properties, the 
particular problem ivill determine the 
proper choice.

Our research department will be 
glad to cooperate with you in recom
mending suitable applications. Just 
write or phone us at the address below.

B A K E R ' S  "P" L I N E

of A lkyl Ricinoleates

P-6-BUTYL ACETYL RICINOLEATE
P -l— Methyl Ricinoleate 
P-2—Ethyl Ricinoleate 
P-3—Butyl Ricinoleate 
P-4-M ethyl Acetyl Ricinoleate 
P-5—Ethyl Acetyl Ricinoleate 
P-8—Acetylated Castor Oil

P-10—Ricinoleic Acid 
P-20—Ricinoleic Acid

P - 7 —m e th y l u n d e cy lin e a te
P -  9 —a ce ty la te d  p o ly m e r iz e d  c a s to r  o il
P - l  1 —m e th y l e s te r  o f  p o ly m e r iz e d  r i c in o le i c  a c id s
P -1 2 —e th y l e s te r  o f  p o ly m e r iz e d  r i c in o le i c  a c id s
P -1 3 —b u ty l e s te r  o f  p o ly m e r iz e d  r i c in o le i c  a c id s
P -1 4 — m e th y l e s te r  o f  a ce ty la te d  p o ly m e r iz e d  r i c in o le i c  a c id s
P -1 5 —e th y l esters o f  a ce ty la te d  p o ly m e r iz e d  r i c in o le i c  a c id s
P -1 6 —b u ty l e s te r  o f  a ce ty la te d  p o ly m e r iz e d  r i c in o le i c  a c id s
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RETESTEO

K
U S A

T D

R E T E S T E D

K
< E X  A X >  

USA

T D

K IMBLE Blue Line Exax Pipettes are 
made from extra heavy tubing of

very uniform bore, automatic-machine-
made, carefully selected to eliminate
pieces with blisters, stones or streaks.

IMPORTANT FEATURES:
1. D esigned to de liver contents accurate ly  and 

at a proper speed.
2. D elivery ends are tapered g ra d u a lly ; tips 

are ground and slightly bevelled.
3. The tops are smoothly finished.
4. Volum etric and other pipettes have joints 

that are carefu lly m ade without constrictions.
5. Expertly ca lib rated  at 2 0 °C  to deliver c a 

pacity by free outflow through tip. No 
d ra in a ge  period allow ed. W here the small 
amount rem aining in the tip is to be added 
ihis is indicated by a frosted band at the top.

6. A ll ca lib ratio n lines are de ep ly  acid -etched 
and filled with a durab le  blue fused-in 
g lass enamel.

7. An entirely new type of calibration lining 
for accurate and rapid  read ing. Short lines 
for interm ediate d ivisions with encircling 
lines at the main graduation points.

8. Retested and retem pered (strain-free).

V O L U M E T R IC  A N D O S T W A L D P IP E T T E S
S iz e Tolerance S ize Tolerance
1 ml. ± 0 .0 1 2  ml. 1 5 ml. ± 0 .0 6  ml.
2 ml. .012 ml. 20 ml. .06 ml.
3  ml. .02 ml. 25 ml. ,06 ml.
4 m!. .02 ml. 5 0  ml. .1 0 ml.
5 ml. .02 ml. 100 ml. .1 6 ml.

10 ml. .04 ml. 2 00  ml. .20 ml.

M E A S U R IN G  A N D  S E R O L O G IC A L  PIPETTES
1/10 ml. 
2/10 ml.

1 ml.
2 ml. 
5 ml.

10 ml.

1 0 .0 0 5  ml. 
.008 ml. 
.02 ml. 
.02 
.04 
.06

ml.
ml.
ml.

KIMBLE STOCKED BY LEADING LABORATORY SUPPLY HOUSES 
THROUGHOUT THE UNITED STATES AND CANADA

GLASS C O M P A N Y
V I N E L A N D ,  N E W  J E R S E Y .
NEW Y O R K  • PHILADELPHIA • BOSTON • CHICAGO • DETROIT
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N E W  S F L — iY O R K  I M 3P
D E C E M B E R

* 9 3 3  g O g
G R A N D  P i  
C E N T R A L  1  1
P A L A C E  | |

FOURTEENTH
EXPOSITION
C H E M I C A L
IN D U S TR IE S

GUARD  
YOUR G U A R D IA N S

The future of industry is safe only if suc
cessfully guarded by those responsible 
for policies and operations.

U n a r m e d  g uards  are f u t i l e .  
Unarmed are executives and opera
ting heads who do not know the 
many new ways of reducing produc
tion costs and improving their prod
ucts by means of the most modern 
methods, materials and machines.

To know—really to know—these 
guardians of industry must see with 
their own eyes, hear with their own

ears what has been developed and 
achieved by research, inventiveness 
ingenuity and controlled imagination.

There is only one opportunity every 
two years actually to see such prog
ress in concrete form, to hear from 
those who know best, what these ad
vances could achieve under any 
specific condition. This is the year 
and this is the opportunity:

14th EXPOSITION OF CHEMICAL INDUSTRIES
Grand Central Palace, New York December 4-9, 1933

Remember the Place Remember the Date

Management International Exposition Company
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Does your process require

D U R IR O N  H E A T IN G  O R  C O O L IN G  C O ILS
■6 Section Unit •20'

G  P i, f i  +  .

»irT l { t r r r t i i ' f l—r S u rfa c e  - Q — mo ,5 ( I  C  O u t le t  R is e r  F o r  (  — ■  '
Given In Table. —-iL jf  1 V.  ____________ _ . a l i t ------------- H e a tin o  U n it .  I --------------- — ------------ ‘ ------

0 „ » . ,  R „ . r  __________ _ « « « ■ + ’  -------------- -------- ----------------------------------------------
Heatiny Unit. I — • *

T Y P E -I  T Y P E - 2  H T Y P E - 3

Cast sections arc readily welded into various forms of heating or cooling units, submerged joints being eliminated and the 
welds are as acid-proof as the casting. Standard sections can be welded into a variety of forms to suit particular requirements

Duriron S-Bend  
Condenser Tubes

E ffective 
C o o lin g  

A rea 
O u ts id e  

(Sq. Ft.)

Duriron Tower

Duriron Bleaching and Denitrating Towers are available in 
sizes from six inches to three feet, inclusive, in diameter, with 
all necessary grids, fittings and connections.

D U R IR O N  is resistant to practically all 
commercial corrosive chemicals. Because of 
this, it has proved in many processes to be 
the most economical to use.

Pumps, valves, pipe and fittings and

Duriron Stirrers and Agitators, with either Duriron or Durimet 
shaft, are available in scraper and high speed offset propeller 
types, either belt or motor driven. Duriron Kettles are avail
able in from 1 to 650 gallons capacity, plain or jacketed. 
Write for Bulletin 157 for complete data.

other items of equipment are also avail
able. All together they make up a com
plete corrosion-resistant system that more 
than pays for itself through its long life and 
durability. It will pay you to learn more 
about it.

THE DURIRON COMPANY, Inc.
422 No. Findlay St. Dayton, Ohio

Manufacturers of

D U R IR O N  - D U R IC H L O R  - DU RIM ET - D U R C O  A L L O Y  STEEL - A LC U M ITE
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THE NEW A L K  ALS

THAT PROVED ITS HIGHER V A LU E

you have your “ yard sticks”  for measuring 
the worth of cleaners and detergents. They
undoubtedly include one or more of the high 

points listed below  which describe M etso. On 
every count— wetting, emulsifying, deflocculating 
and dissolving power M etso has the best balance 
of properties. You get more detergent values from 
M etso than from any commercially available alkali.
Check the list, and then let M etso itself prove 
these claims. W e shall gladly send you a free can 
of this new detergent for the trial.

1. High wetting power. In wetting glass, for instance, 
Metso has higher power than other alkalis.

2. Good deflocculent. Field experience proves 
Metso to have superior merit in preventing re- 
deposition of dirt.

3. Metso emulsifies fat, oil, grease, forming stable 
oil-in-water emulsions.

4. Metso yields solutions of higher pH than other 
alkalis except NaOH, which strength is sustained 
until alkalinity is almost completely neutralized.

5. Metso provides inhibiting effect, which makes it 
adaptable for cleaning soft metals, fabrics, glass.

6. Metso is a free rinser.

P A P E R  M l  L L J *

M etso is pure sodium metasilicate, Na2S i0 3.5H20 , 
originated and developed by us after extended re
search (U.S. Pat. 1898707). It is available in over 
65 cities. Prompt deliveries everywhere.

General Offices and Laboratory 
125 S. Third St., Philadelphia

Chicaso Sales Office 
205 W. Wacker Drive

□ Please send the demonstration sample offered.

□ May I have information on Metso for.-----------

Sold in Canada by 
N A T IO N A L SILICATES, LTD.

Brantford, Ontario

Name......

Company

Address.

FOOD P A C K E R /

METAL P LA N T /

L A U  N DR I E /

P H ILA D E LP H IA  Q U A R T Z  COMPANY

City
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- To Better Hand Control 
with FO XBO RO  

RECORDING  
THERM OM ETERS
<#> Improved regulation of process 
temperatures results in more eco
nomical production and more uni
form product. Automatic control is 
often desirable but hand control can 
be improved easily and economically 
with Foxboro Recording Ther
mometers.

<#> The records taken from these 
instruments show the TR E N D  of 
the temperature changes and thus 
enable the operator to correct varia
tions quickly and accurately.

THE FOXBORO COMPANY, FOXBORO, MASS.
B R A N C H  O F F I C E S  I N  P R I N C I P A L  C I T I E S

The Foxboro Recording Thermometer

Some Typical Uses For Recording 
Thermometers in Chemical Plants

EVAPORATORS DEH YDRATORS
D RYERS CALCINATORS
STILLS CONCENTRATORS
AC ID  COLUMNS TANKS
COATING PANS KETTLES

t O X B O R O
R E G . U . S . P A T . O F F .

THE COMPASS OF INDUSTRY

<#> FoxboroRecordingThermometers 
make hand control easier, closer and 
surer. This results in reduction of 
waste and spoilage, and improve
ment in the quality of product.

#  The premium now placed on 
quality as the result of the “new 
deal” makes it important that you 
should know more about “improved 
hand regulation.” W R IT E  FOR 
F O L D E R  NO. 6 1 5 -N O  OBLIGA
TIO N  OF COURSE.

• > Complete Industrial Instrumentation
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Distillation Units
For many years Foster Wheeler has specialized in the design and construc

tion of distillation units for all kinds of chemical processes. The picture above 

shows a vacuum distillation unit handling reduced crude oil. In addition to 

petroleum equipment, Foster Wheeler has also furnished equipment for distilling 

coal tar and its derivatives, vegetable oils, animal oils, and alcohols.

FO STER  W H E E L E R  CO R PO R ATIO N , 165 Broadway, New York
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BUTYL CELLOSOLVE

--------th e m odern
so lv en t fo r  

Shellac 
Casern 
Em ulsions 
Textile  Soaps 
Cosm etics 
R ust Inhibiting:

— th e m odern  
so lv en t fo r

N itrocellu lose 
Lacquers 

M etal Cleaners 
Resins ^
Gums

— th e m odern  
so lv en t f o r  

Pyroxylin  Plastics 
Photograph ic Film s 
Lacquers 
A rtificia l Leather

— th e m odern  
so lv en t fo r  

A cetylene 
R ayon  (A ce ta te ) 
A rtificia l Leather 
Photograph ic Film s 
P yroxylin  Plastics 
Sm okeless Pow der 
Lacquers
Varnish R em overs 
S potting Fluids 
Oil Dew axing

— th e m odern  
so lven t fo r  

Gums 
A lkaloids 
Essential Oils 
Cosm etics 
D ehydration 
A ntiseptics

— th e m odern  solvent fo r
P yroxylin  Plastics
Varnishes
D yestuffs
A nti-freeze
Form aldehyde Manufacture

th e  m odern  solvent fo r  
Lacquers 
Cellulose Acetate 

jjijKr Varnish Removers
r  Resins

-—th e m odern  
s o lv en t f o r

D egreasing 
Oil Dew axing 
A lkaloid  Extraction 
A cid  C oncentration

m od ern  solven t for  
Textile  Printing 
P yroxylin

5  Lacquers
6  H ydraulic Medium 

V arnish Removers 
W ood  Stains 
Leather Finishes

— the m odern  
so lv en t fo r  

Sm okeless Pow der 
C ollodion
R ayon (C hardonnet) 
A cid  C oncentration 
T extile  Spotting

»  — th e m odern  
3  so lv en t fo r  
L acquers
Q u ick -drying varnishes 
D ry Cleaners' Soaps 
M aking Plasticizers

— th e m odern  
so lv en t fo r  

Fulling Soaps 
Oil P rocessing 
T extile Scours 
Tar Rem overs

------- th e m od ern  solven t tor
Spirit-Soluble D yes 
L eather D yes
M oistu re -p roo f W rapping Seals 
N ail Polishes 
W ood  Stains

— th e m od ern  so lv e n t f o r
A n ti-k n ock  Fuel
M etal D egreasing
M aking R u bber A ccelerators
V itam in  C oncentration
M eta llic Soaps
S courin g  Com pounds

— th e m od ern  so lv en t fo r  
C ellulose Esters 
A lcoh ol-S o lu b le  Resins 
O il-Soluble R esins 
D ye Baths— th e m od ern  so lv en t  

f o r
H igh  Tem perature Coolant
P rinting Pastes
L ow  F reezing D ynam ite
A nti-freeze
Phthalate Resins
E lectro ly tic  C ondensers

— th e m odern  
s o lv e n t f o r  

H ydrau lic M edium  
W oo l L ubrication  
C ork Plasticizers 
T extile  P rinting 
Phthalate R esins

--------th e m od ern  so lv en t
fo r

N on-Shatterable Glass
T extile  P rinting
W ood  Stains
C old  Creams
L otions
Cosm etics
P lasticizers

CAR B ID E  A N D  CARBON  IE I-9 -33
C H EM ICALS C O R PO R ATIO N  
30 E. 42nd Street, N ew  Y ork , N . Y .

P lease send furth er inform ation on 
the fo llow ing so lv en ts :

♦Trade-m ark Reg.

CARBIDE and CARBON CHEMICALS CORPORATION N am e___

A d dress.

30 EAST 42nd STREET, NEW YORK, N. Y.
U nit o f  Union Carbide and Carbon C orporation



I n d u s t r i a l
AND E N G I N E E R I N G

" *  I5 C h e m i s t r y  SE~
H a r r is o n  E . H o w e ,  E d ito r

The Editor’s Point of View

SC IEN CE IN  STA B ILIZATIO N . Efforts to 
stabilize industry, to increase employment, and to 
augment payrolls are guided to some extent by 

landmarks established in the past, but the success o f the 
plan depends in large measure, not on the old, but on 
the new. Industries, like individuals, grow old, and 
with increasing age there is a fixity o f ideas and change 
becomes more difficult to undertake. After a time in
dustries even seek political interference against the 
competition o f younger enterprises and strive to main
tain the status quo. Control, with which goes a certain 
measure o f security, is always more welcome to an in
dustry which has become static than to one bristling 
with new ideas and still plastic enough, not only to wel
come, but to seek, constructive change. The extent to 
which industry maintains research and utilizes its results 
is one measure o f its youth.

Just a little consideration will show how impossible it 
is to proceed far with our sights trained on the past. I f 
there were no other factors, the research laboratories of 
the world, and especially those devoted to chemistry, 
are sufficient to force us to right-about-face. During 
the past four years science has continued its march, 
creating new opportunities, contributing many im
provements, and unavoidably making necessary the 
abandonment o f some processes and equipment. Re
covery acts cannot be interpreted as protecting obso
lescence, and science may be depended upon to continue 
working its changes.

Chemistry is destined to exercise great influence in 
the period just ahead, if for no other reason than be
cause it is fundamental to the processes by which what 
the world offers is changed into what its people want. 
The consuming public becomes more critical of commodi
ties as their abundance and availability increase and 
the improvements demanded generally require chemical 
research. Accelerated consumption may threaten the 
existence o f an important material, and research is en
gaged much more frequently in creating equivalents 
than in finding substitutes.

The scientist hesitates to assume the role o f a 
prophet, but his faith in things that can happen is

951

strengthened by what has taken place within a decade—  
yes, even within a year. Such events appear o f minor 
importance to the average man, yet their aggregate 
motivates industry and supports that acceleration in 
the supply o f goods and services which gives stability to 
prosperity. From whatever angle one may view the 
future, science will be as important, indeed more im
portant, as it has been in the period with which we 
are so familiar. No scientist holds that we have 
achieved the ultimate, though he himself may be unable 
to see from what direction the next move is to come. 
There is every reason to believe that the influence of 
research, which cannot be subject to code, will be o f in
creasing importance as our requirements change and as 
our civilization attains higher levels.

CH EM ISTS U N D E R  TH E  N RA. While the sev
eral groups of manufacturers who comprise the 
chemical industry, specialty manufacturers, and 

builders o f chemical equipment, are perfecting organi
zations and preparing to submit codes for approval, the 
individual chemist in many instances is left wondering 
how he is affected. Title I o f the National Industrial 
Recovery Act is concerned almost wholly with “ trade 
or industrial associations or groups”  and does not touch 
upon professional activity. Furthermore, the Presi
dent’s blanket code, quite generally signed in advance 
of special codes for a particular industrial trade or 
group, does not take into account professional em
ployees. Where industries have prepared a code to be 
substituted for the President’s blanket code provision 
may have been made for professional workers, and it is 
contemplated that the permanent codes, o f which there 
are very few thus far, will take such employees into 
account. In Article I of the code submitted by the 
Chemical Alliance, “ employees”  is defined to include 
all persons and in Article II anyone employed in an 
executive, administrative, supervisory, and/or technical 
capacity, or as an outside salesman is exempt from the 
limitations as to hours.



952 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. 25, No. 9

In these circumstances the individual chemists who 
are interested should look to the codes affecting the in
dustries where they are employed to ascertain their 
status under them.

Several firms o f consultants and analysts employing 
staffs o f workers o f various grades, the majority of 
which are now paid well above anything contemplated 
in the codes, have signed the blanket code referring to 
hours o f work and to payrolls, so that they are doing 
their part. Where the consultant is practicing individu
ally in his own name, it is clear that the President’s 
Reemployment Agreement does not apply. In Section 
4 it is stated that “ The maximum hours fixed in the 
foregoing paragraphs shall not apply to employees (in 
certain places) nor to registered pharmacists or other 
professional persons employed in their professions.”  It 
is hoped that a better situation may eventuate with 
respect to fair and proper charges for analytical and 
testing work, the basis for which quite obviously is a 
sound and uniform method o f costing. I f  the code 
could accomplish this result it would be received with 
acclaim. An involved part o f the problem is that 
touching those activities of staff members o f educational 
institutions, which compete in analysis, testing, and 
even development and consulting work.

It is generally recognized that the N R A  program, 
which has made wonderful strides and has already ac
complished certain miracles, cannot as yet be called 
wholly successful. T o  make it succeed in the full sense 
o f the word is the earnest objective o f millions o f our 
people. No alternative is offered. The plan must be 
carried to success. All are urged to do their utmost to 
achieve it.

A
 M O D E R N  CANU TE. Among technical men 

trends in fixed nitrogen have become so well 
known that further discussion seems out o f place. 

The public, however, continues to be interested and is 
likely to be misled. The press carries accounts of 
efforts to reorganize the Chilean nitrate industry and of 
repeated attempts by the European synthetic industry 
and the Chilean nitrate industry to reach some accord 
intended to control the world nitrogen market and 
avoid a price war. The object seems to be to command 
the waves o f progress and the result will doubtless com 
pare favorably with that achieved by Canute o f old.

It is small wonder that Chile is wellnigh desperate. 
Prior to 1914 she produced more than 60 per cent o f the 
nitrogen consumed in the world. This had dropped to
36.4 per cent by 1924, fell to 9.6 per cent in the fertilizer 
year 1931-32, and will be still lower during the current 
year. Meanwhile prices have dropped precipitously, 
and we find the banks which have loaned money on 
stocks o f nitrate becoming more and more nervous. 
The annual producing capacity for fixed nitrogen in the 
world exclusive o f Chile is estimated at 3,400,000 metric

tons o f pure nitrogen, while the maximum world con
sumption including Chilean nitrate was 1,950,000 tons 
o f pure nitrogen in the 1929-30 year. In the face o f this 
Chile had on hand at the end o f 1932 stocks estimated 
at 2,000,000 tons o f nitrate in Chile, 1,000,000 tons in 
Europe, principally in England, and 350,000 tons in the 
United States. M uch o f this nitrate was mortgaged to 
banks against loans and while Chile has never resorted 
to dumping nitrates, it is conceivable that financial 
difficulties and the action o f the banks may lead to such 
a course. The attitude o f mind is further reflected in an 
article in El Mercurio published in Santiago July 4,1933, 
which, in discussing the new corporation that has been 
formed to take the place o f Cosach which sank under 
the weight o f a debt it could not meet, says that “ it will 
fix prices which if possible will bring in a profit, but it 
will fix prices which above all will permit the sale of 
nitrate.”

Courageous steps have been taken by the Chileans to 
regenerate their nitrate industry, which is so vital to 
their country and to their government. But it is futile 
to hurl challenges at the synthetic industry. Improve
ments in technic, reduced costs with large volume pro
duction, and the capacity for world over-production 
would be certain to bring further disaster to Chilean 
nitrate, should an unfortunate price war be undertaken. 
It may be unpleasant to sense the rising tide, but there 
is no likelihood that the waves can be controlled.

CR E D IT  T H E  C E R A M IS T S . A t the Washing
ton  meeting o f  the A m er ica n  C h em ical  Society 
a Sym posium  on Glass was presented, this being 

a jo in t effort sponsored b y  the Glass D ivision o f  the 
Am erican Ceram ic Society and the D ivision o f  Indus
trial and Engineering Chem istry o f  the A m e r i c a n  

Ch em ical  So c ie ty , as was widely publicized at the 
time. Through an inexplicable and unfortunate error, 
in publishing the papers o f  the sym posium  it was not 
stated that the Glass D ivision o f  the Am erican Ceramic 
Society had collaborated. This is particularly unfortu
nate since the success o f  the sym posium  was due in 
largest part to the efforts o f  the mem bers o f  the Glass 
D ivision, m any o f  w hom  are also m em bers o f  the 
A m erican  C h em ical  So cie ty . T h e  w ay for the sym
posium  was made clear b y  the cooperative action o f 
Em erson Poste, then president o f  the Am erican Ceramic 
Society, and Alexander Silverman, chairman o f  the 
Glass D ivision. F. C. Flint, a prom inent mem ber of 
both  societies, did all that any chairman could do to 
assure a worthwhile program , which was carried 
through only after those participating in it had con
ferred in person and agreed upon the scope o f each 
paper.

It is our hope that there may be further occasions for 
joint symposia held by the two societies which have so 
much scientifically in common.



Manufacture of Aluminum Sulfate at the 
Dalecarlia Filter Plant, Washington, D. G.

C a r l  J. L au te r , Dalecarlia Filter Plant, Washington, D. C.

WHEN the Dalecarlia 
rapid-sand filter plant 
was designed in 1925 

for increasing the water supply 
of Washington, D. C., it was 
decided to incorporate in the 
structure an aluminum sulfate 
manufacturing plant based on 
the process patented by C. P.
Hoover. There were about ten 
alum inum  su lfa te  cake alum 
plants erected at this time, but
little actual data on comparative cost were available although 
trends seemed to indicate that the proposition to make liquid 
aluminum sulfate would be more profitable than that using 
commercial alum or making cake.

The process, in short, is to feed quantities of bauxite into 
sulfuric acid diluted to 45° B6. in lead-lined steel tanks, 
allowing the exothermic reaction to proceed to completion 
with little or no external aid, then adding water to dilute 
the sirup to a definite concentration and feeding the same to 
the raw water according to needs as regulated by laboratory 
control.

D a l e c a r l i a  P l a n t

The Dalecarlia rapid-sand filter plant, completed and put 
into service in 1927, has a capacity of 80 million gallons per 
day, handling Potomac River water ranging in turbidity 
from 6 to 2000 parts per million of suspended matter as re
ceived at the point of application of the coagulant, after 
preliminary straight sedimentation in the Dalecarlia Lake. 
The water for the McMillan slow-sand plant, also of 80 
million gallons capacity, is likewise given a preliminary treat
ment at this point with aluminum sulfate when the turbidities 
leaving Dalecarlia Lake are 100 p. p. m. or more. The

combined treatment for these 
two plants on 80 to 120 million 
gallons per day total gives a 
range from 4000 pounds mini
mum to 33,000 maximum of alu
minum sulfate per day.

The rise in turbidity of the 
Potomac River is also very rapid, 
often changing from 50 to 1000 
p. p. m. in several hours; this 
requires a great range in feed
ing facilities of the plant. With 

only the six boiling tanks of 10,000 gallons capacity each, 
it precludes the possibility of using a more dilute solution 
than 7 per cent aluminum sulfate at all times.

D e f i n i t i o n  o f  A l u m  S i r u p

Alum or aluminum sulfate in this article means a sulfate 
containing 17 per cent water-soluble or available alumina. 
This is not the theoretical aluminum sulfate with 18 molecules 
of water of crystallization and molecular weight of 667, but 
one which has a resulting molecular weight of 600. By 
using this formula the product can be more equitably com
pared to commercial filter alum, which is generally specified 
for, and contains 17 per cent of available alumina.

All calculations are made on this basis, and this makes 
prices 10 per cent higher than if computed on the basis of 
theoretical aluminum sulfate with 18 molecules of water; 
yields are proportionately lower.

P l a n t  E q u i p m e n t

The cost of the original equipment for the manufacture 
of aluminum sulfate only, installed in 1927 when prices were 
at high levels, amounted to S56,000 in round figures. This 
was exclusive of any buildings which would have been very

The manufacture of liquid or sirup aluminum 
sulfate (17 per cent alumima) is described as 
made at the Dalecarlia rapid-sand fdter plant, 
which is fed  directly as a dilute solution to the 
raw water for coagulating purposes.

Special points on specifications of bauxite 
and acid are discussed, and the cost of manu
facture based on the results and experiences of 
the past five years is given.

S e d im e n t a t io n  B a s in s  a t  D a l e c a r l ia  P l a n t

953
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little less, if commercial filter alum had been used. In fact, 
storage requirements would have had to be larger, and acid 
would also have been required for pH conditioning of the 
raw water. This fact has been borne out in the past five 
years’ experience on floe formation.

The equipment included one Raymond pulverizer with 
125-h. p. motor, pneumatic conveying machinery w’ith one 
Nash vacuum pump of 600 cubic feet per minute capacity 
and a 22-inch mercury vacuum, three steel storage tanks for

A  Royroond M ill 
B  Nosh Vocuum Purop 
C  A ir  Lo c k  
D  100-Ton B io s  (a)
E  W«igb.Hopper (4Tooa)
F  5 c a l« ^
G  Boiling Took C3)
H Dilu+ioo Took (a)
J  Feed Box
K Acid 5forog«/(4.5oToot) 
L  A c id  Pump*
M AcicJ Mcaa.Took 
N Furoe Scrubber
0  Exbous+ Fon 
P Cyclone.Conveyor 
Q. A  I U.n-' *o  wot-e-t^.

F ig u r e  1. A l u m  M a n u f a c t u r in g  P l a n t

60° B6. sulfuric acid of 150 tons capacity each, three lead- 
lined steel boiling tanks of 10,000 gallons capacity each, two 
bauxite weighing hoppers of 4 tons capacity each, two large 
dial scales attached to the hoppers, two lead-lined centrifugal 
acid pumps with 5-h. p. motors, acid fume scrubber and 
sirocco fan, steel acid-measuring tank, piping for air and 
water, and screw conveyor from hoppers to boiling tanks.

Since this original installation of 1927 about $12,000 worth 
of capital investments were added— namely, an additional 
Nash vacuum pump of 650 cubic feet per minute capacity 
and with a 26-inch mercury vacuum, operated by a 75-h.p. 
motor. This is also used for lime transportation although 
it has been figured in 100 per cent on alum. Two spare 
boiling tanks were lead-lined and one old one relined, the 
screw conveyor was extended for the new boiling tanks, and 
a double pipe line was installed to the railroad siding for acid 
and lime handling from cars.

These added investments practically double the original 
capacity which was around 2000 tons of sulfate annually.

B a u x i t e  H a n d l i n g

All bauxite is received in carload lots and is delivered at 
the railroad siding located about 1500 feet from the plant 
proper.

The ore is unloaded by shovel into a truck from which it 
is dumped on to the hopper directly over the pulverizer. 
After grinding, it passes through the cyclone blower and is 
drawn to the top of the plant tower by the Nash pump. It 
passes through the air lock into a distributor head and flows 
down 10-inch pipes to the storage bins. There are eight 
such bins arranged around the elevator shaft of the tower. 
Each is 25 feet deep and 12 feet square, with conical bottoms 
and of 3200 cubic feet volume. This will give storage for 
100 short tons of ground bauxite per bin, the bauxite averag
ing 75 pounds per cubic foot in this form.

At the present time 7 tons of bauxite are ground per hour, 
but alterations to be made will cut this to perhaps 5 tons in 
order to obtain a more finely ground material for the boiling 
tanks, which will increase the net efficiency of the plant. 
The present ground bauxite runs a little coarse; only 57 
per cent is finer than a 100-mesh sieve and 28 per cent is 
coarser than a 60-mesh.

Careful and repeated laboratory tests made by refluxing 
bauxite with sulfuric acid have shown that, if this bauxite 
is all ground to pass 60 mesh, a 4 per cent increase in the 
yield of alumina is obtained. If it is all ground to pass 80 
mesh, only 4.5 per cent better results follow.

There is, then, some economical or practical point where 
the time of grinding will more than absorb the gain in yield, 
and from the above results it can be deducted that, if all 
material is made to pass a 60-mesh sieve, it will have been 
ground fine enough to meet the purpose of aluminum sulfate 
manufacture. It is also more difficult to handle the finely 
ground “ fluffier”  material in the air-conveying system. 
Trouble of this nature was encountered at the very outset, 
owing partially to purchase of lower grade ores.

B a u x i t e  S p e c i f i c a t i o n s

The first specifications for bauxite called for 50 per cent 
alumina ore with 2 per cent moisture and some limiting 
figures on iron oxide. With this, a material was received 
which ground with much difficulty and to such a consistency 
that it did not flow properly down the 10-inch distributor 
pipes into the bins, even at an angle of more than 60°.

It was' necessary to supplement auxiliary air jets in the 
entire conveying system, and a great amount of time and 
labor was involved in filling the bins and later transferring 
the material to the boiling room. This transfer of bauxite 
to the weighing hoppers was first done by means of air 
conveyors attached to the bottoms of the storage bins. 
After about a year of difficulties due to arching and packing 
of material, this method of transfer was abandoned and the 
ore was then drawn out of the top of the bins by air nozzles, 
connected to the Nash system; this has proved satisfactory 
in every respect.

Next orders for bauxite called for 53 per cent, but this 
has been gradually increased, all present ones now requiring 
57 per cent alumina, with a loss on ignition of not less than 
29 per cent and a moisture content of not more than 1.5 
per cent; an additional clause specifies that ground material 
passing a 60-mesh sieve shall have an apparent density of 
more than 1.

Recently a superior grade of bauxite was encountered 
meeting all of the other requirements and even running less 
than 1 per cent in moisture, but, after grinding at the usual 
rate and fineness, it had an apparent density of only 0.6. 
This was also practically demonstrated when the weighing 
hoppers suddenly overflowed when only six-tenths of the 
usual amount of ground ore was placed in them on the initial 
filling. The figure for density is determined by tightly 
packing a 2-liter beaker and obtaining the weight relative 
to water. It is possible to obtain very close checks by this
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method, and it has imposed no inconvenience or handicap 
on bidders. This low-density bauxite could scarcely be 
handled in the pneumatic system but should offer no handicap 
in bucket or screw type conveyors.

On a lot of South American bauxite running higher than 
<50 per cent in alumina even better yields of alum resulted, 
but prices for this material are prohibitive for inland plants, 
and there are many good deposits of hard bauxite in Arkansas 
which will meet all specifications satisfactorily.

A c id  H a n d l i n g  a n d  S p e c i f i c a t i o n s

Sulfuric acid is contracted for in 500-ton quantities of 
60° B6. and is received in carload lots at the plant siding.

Prior to 1932 cars were unloaded by transferring the acid 
to a small tank truck and hauling it to the storage tanks. 
This was costly, netting about 75 cents a ton of acid.

In 1932 a 3-inch iron pipe line was laid to the tracks, was 
fitted with machined joints and lead gaskets, and carried a 
one-inch air line alongside. These lines are all carried above 
the ground, and air from a 25-kw. compressor is used to un
load the acid. With this it is possible to unload a 50-ton 
car in 5 or 6 hours at a cost of only 6 cents per ton of acid. 
All acid is pumped to the three long steel cylindrical storage 
tanks, which are lying horizontally on concrete saddles, in 
the basement adjacent to the boiler room of the plant. They 
are provided with safety lead plug valves on the inside of the 
tank just over the drains to the pumps. Three-inch Duriron 
plug valves are used on these drains leading to the pumps, 
which deliver the acid to the measuring tanks in the boiling 
room.

Specifications for acid require that it shall be 60° B6. or 
as near to this as temperature will permit for shipping without 
freezing. It shall be arsenic-free, and have no nitrous gases 
in solution or any white suspended matter, which is chiefly 
iron sulfate from dirty cars. It is further specified that a
10-ml. sample of the acid from the car shall require less than 
0.75 ml. of 0.1 N  potassium permanganate to oxidize any 
ferrous salt or sulfur dioxide which might be present. The 
acid generally requires but 0.40 mls of permanganate.

It was necessary to add this last requirement to prevent 
the objectionable odors of hydrogen sulfide and sulfur dioxide 
which often filled the basement when acid was being put 
into the storage tanks or being drawn to the measuring tank. 
This trouble has now been eliminated and the installation 
of ventilator fans in the storage tank room has removed the 
last chance for a repetition of this nuisance.

A l u m i n u m  S u l f a t e  M a n u f a c t u r e

All aluminum sulfate is made by intermittent process or 
batches and is not a continuous process as in the large chemi
cal manufacturing plants making this product.

This description is of what is called a 12-ton batch, since 
it is the yield of sulfate; it is the average batch made. Acid 
is first pumped from the large storage tanks in the basement 
by lead-lined centrifugal pumps, through 2.5-inch lines to 
the measuring tank. This is a steel tank, 6 feet deep and
6 feet in diameter, lined by lead spray. It is located in the 
boiling room at an elevation above the boiling tanks. From 
the measuring tank it flows by gravity into a measured volume 
of water in the lead-lined boiling tank. For this batch 1000 
gallons of water is the customary amount into which 16,000 
pounds of acid are added.

In the meantime, 8000 pounds of bauxite are taken from 
the storage bins to the weighing hoppers in the boiling room 
by the pneumatic conveyors, as previously stated. From 
the hoppers which are suspended above the boiling tanks 
the bauxite is transferred to the desired boiler by a screw 
conveyor operated in turn by a 2-h. p. motor.

With the present grade of bauxite this charge of 8000 
pounds of bauxite, 16,000 pounds of acid, and 1000 gallons 
of water yields 24,000 pounds of aluminum sulfate, giving a 
ratio of 1:2:3 for the bauxite, acid, and alum, respectively.

The actual process of boiling this batch requires about 2 
hours from the time the first bauxite is added, to its comple
tion. The reaction is 'entirely exothermic and requires inter
mittent quenching with a spray of water from quick-acting,
3-inch valves on the rising mass, to prevent the tank from 
overflowing. A small amount of water will stem this sudden 
rise which generally takes place after about one-third of the 
bauxite has been added. No more water is used than 
necessary, and bauxite is added as quickly and regularly 
as conditions will permit. This is to take advantage of all 
of the heat of the reaction and to obtain a higher yield, which 
generally averages 90 per cent of the total available alumina.

After the remainder of the bauxite has been added, the 
boiling continues vigorously for at least 20 minutes, when the 
mass subsides. It is then slowly diluted to about 30° B6., 
at which point it will not solidify when cool. After standing 
12 hours or overnight and being well air-stirred, a sample rs 
analyzed by the White method,1 using barium hydroxide 
titrations, and then diluted up to standard volumes for 
feeding to the raw water. This method of analysis is quite 
rapid and with proper variations is as accurate as gravimetric 
determinations for alumina. The following sheet was de
veloped in this laboratory:

f. of Ba(O H )j =  . . .
A. ( ) ( ) -
B . ( ) ( ) =

C. =  A -  B
D. »  C /0.17
E. -  62.4 (D )
F. =  E  ( )

Sludge loss =

B a t c h  D i l u t e d  t o _

A n a l y s is  D a t a

) (0.0078464) . . g. H*SO< per ml.
)

( ) (0.0081768) = • ........... g. AhO* per ml.
“  g* 17%  alum per ml.
=  pounds 17%  alum per cu. ft.

pounds alum (uncorrected)
______  pounds

Pounds yield corrected =* _____tons
_cu. ft. equivalent t o ____ lb. cu. ft. or_ . %  alum

G. (C) (2.88) «■ ( ) (2 .88) =  ...........  =» HsSO« equivalent AlsOi
H. If acid (A — G) — ( ........... ) g. free acid per ml.

(H) (62.4) (orig. diln.) =  lb. free acid c. p. 1 0 0 % ...
I. If basic (G -  A) ( ........... ) -i- 2.88 =  ( ............) g. per ml.

R e m a r k s :

It is possible to adjust the alum batches to any degree of 
acidity or basicity to obtain optimum floe formation by 
simply varying the amount of the acid in the reaction. A 
solution is generally used which will eventually contain 
about 1 per cent free acid. It is necessary to do this as the 
pH and alkalinity of the raw Potomac water fluctuates from
7.0 to 8.3 for pH and from 25 to 130 for alkalinity. Alum 
dosages vary from 0.7 to 3.9 grains per gallon with an average 
of 1.5 grains for the Dalecarlia plant.

The strength of the solutions used vary from 7.5 per cent 
aluminum sulfate at periods of low turbidity and low dosages 
to 15 per cent at periods of high mud content and higher 
treatment. All alum is conducted from the dilution tanks 
to the water through lead pipes fitted with Duriron plug 
valves. The flow is regulated by measurement over V- 
notch weirs located in an auxiliary feed box.

In addition to the weir float gages, an additional feature 
is incorporated on alum feed control which is believed to be 
original for filtration plant operation. This is a continuous 
recording Leeds & Northrup pH machine, utilizing the flow 
type of quinhydrone cell which gives accurate and direct 
readings of the pH of the treated water about 15 seconds 
after the introduction of the alum and before any carbon

■ J. Am. Chem. Soc., 24, 457 (1902).
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O p e r a t in g  F l o o r  o f  F il t e r  R oo m

dioxide can escape from the water. It has proved a delicate 
check on the treatment and is of special value with this sort 
of a sirup which contains sludge of varying composition, as 
is the case with a tank of alum in the course of its flow from 
a full to an- empty tank. As the solution tanks become 
empty, the concentration of the sludge always increases 
somewhat, and any device recording .only volume of flow 
would not necessarily record concentration of chemical. 
The pH measurement does this perfectly, thereby preventing 
irregularly treated water.

Final filter effluent pH is also controlled by a similar re
corder for hydrated lime application, which operates suc
cessfully with a quinhydrone cell at pH values as high as 8.4, 
when this point is necessary. The Leeds & Northrup Com
pany successfully developed this flow type cell at this plant 
several years ago, using an alcoholic acetone solution of 
quinhydrone in place of the solid quinhydrone with water 
passing over or through it. A considerable saving in lime 
was effected after the installation of this recorder, and similar 
results are anticipated with the alum control cell, in addition 
to its p r im a ry  fu n c t io n  o f 
maintaining a uniform treat
ment at all times.

In the manufacture and ap
plication of this aluminum sul
fate sirup in which improve
m en ts  are being made con
s ta n t ly , a considerable sum 
would have been saved over 
that required if this plant had 
been built with the idea of us
ing only commercial filter alum, 
even if the latter material was 
contracted for on a long-term 
order. This is a difficult policy 
for a government department 
to pursue.

Some trouble was experi
enced with lead linings of the 
boiling tanks, which have all 
been wiped off the books in 
three years. The first three 
tanks put in service in 1927 
w ere  lin e d  w ith  eight 10- 
pound lead sheets; these were 
hung from the top, being cut in 
orange peel pattern and carried 
to the extreme bottom of the

tank. The edges of the lead were clamped down with eight 
vertical steel ribs, 2 inches wide, and these in turn were pro
tected by an 8-inch strip of lead, welded vertically on each 
edge to the lining.

The bottoms were reenforced with a circular disk of lead,
3 feet in diameter, and a heavy lead casting was placed over 
the outlet for the seat of the plug valve with which each 
tank is fitted.

After about one year of boiling the alum mixture, the lead 
began to sag, and, since lead does not contract to its original 
form, these sags increased and caused ridges at the bottom 
of the tank, which had to be cut out and rewelded.

At the point where the lead linings passed over the lapped 
joints of the steel shell, the constant friction of this expansion 
actually caused the lead to part in horizontal cracks. This 
was repaired by welding horizontal bands over these points 
and extended the life of the lining for another two years, at 
which time the frequency of repairs necessitated the installa
tion of the two tanks which had not yet been lined.

These two tanks, and later one of the old ones, were lined
as is shown in Figure 2. The 
operation of installing the lead 
in this manner was somewhat 
tedious, but, by slotting the 
bolt holes and uncoiling the 
prepared lead, it was satisfac
torily applied in con tin u ou s 
horizontal bands.

This method gave the mini
mum of welded joints and at 
no point did the lead support 
more than 3.5 feet of weight, 
th e  w id th  o f th e  band. In 
th e  o r ig in a l tank the strips 
only had one horizontal sup
port and the stress of 16 feet 
was imposed on the top edge, 
a lth o u g h  partially compen
sa ted  fo r  b y  vertical sup
port.

Two of these new tanks have 
been in service for two years, 
and only a few cracks have 
developed at points where the 
lead was not hammered back 
against the tank, just below 
the rings, thereby allowing a 
certain amount of hinge action.

lZ + S h cc+  U a d

j
D eta il o f B o fto m  Scalcili*“ I'

S e c t io n
O utside S c a le - i f - l *  
In s id e  1 Dioqrdm.motfc

F ig u r e  2 . L e a d  L in in g  f o r  A l u m  B o il in g  T a n k
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They promise to give the five years 
of service allotted to them in the 
depreciation charge.

P i p e  L i n e  a n d  H a n d l i n g  
D i f f i c u l t i e s

In the handling of this alum sirup, 
containing from 5 to 10 per cent 
of sludge, it is difficult to apply 
float valves s u c c e s s f u l l y .  The 
sludge will accumulate in any type 
of feed boxes, and air must be used 
to agitate the solution.

The first few months of experi
ence with float valves verified this, 
and feeding was thereafter carried 
out through a secondary lead-lined 
box, 4 feet square and 4 feet high.
This was provided at first with a 
slot orifice, but, here again, sludge 
and one per cent sulfuric acid caused 
trouble. Finally, a rubber stopper 
plug fitted to a lead orifice was 
provided; this proved successful 
and was used up to January, 1933.

At this date all alum feed lines 
were replaced with 3-inch solid lead 
pipe, and a manifold system of 
such pipe with Duriron plug valves 
was installed under the six tanks, 
alum is now fed through a secondary feed box directly from 
the tanks containing the diluted sirup. This feed box is 
simply a small lead chamber, 6 X  12 X  8 inches, with a V 
notch of 60° at one end.

By floats with suitable gages the flow is easily regulated, 
and with the pH control on the treated water as an additional 
check it is possible to obtain an efficiency of almost 100 
per cent in the treatment.

In the feeding of this diluted alum sirup to the water, a jet 
of water is and always has been used with the solution in 
order to prevent clogging of the lines which are about 200 
feet in length and 3 inches in diameter, with only a 1-foot 
drop in this length. Some of this line was originally of cast 
iron, but at the elbows this material did not stand up well; 
this is the part that was replaced with lead. The fiber duct 
has stood up satisfactorily and is still in continuous service.

Twenty years of life for the alum pulverizer is not too great 
an estimate, when it is considered that this machine is not 
used more than 20 days of the year. This machine should 
give 5 years of service for 200 days, which would provide a 
life of 50 years for this plant, whereas only 20 years of life 
are assumed in the depreciation figures. The steel boiling- 
tank shells are also given 20 years; this does not mean the 
lead linings, which are only given 5 years, and should even 
average 7 or 8 years of life.

It was not the purpose of this paper to add any overhead 
charges, insurance, or taxes. These would be constant for 
whatever type of coagulant used, and, since these charges 
vary as to locality, they can readily be calculated on the 
basis of the figures given for capital investment.

C o s t  A c c o u n t i n g  S t a t e m e n t

The following section, devoted strictly to cost accounting, 
is self-explanatory. It gives an accurate picture of the 
experiences of the five years beginning October, 1927, the 
date of the opening of the Dalecarlia Filter Plant, to July 1, 
1932.

There are no cost accounts for buildings or rentals, as

A l u m  B o il in g  T a n k s  a n d  B a u x i t e  H o p p e r s

From this system the

equivalent structures would be re
quired for the handling of any other 
material which could be used as a 
c o a g u l a t i n g  medium for water 
treatment. As a matter of fact, 
storage requirements for g ro und  
filter alum would have to be larger 
than those provided for bauxite and 
acid. The plant at present is ca
pable of manufacturing and han
dling 100 per cent more than is 
made and used at this time, and 
with no further expenditures for 
machinery or buildings.

Interest is centered more in com
parative figures, and it is estimated 
from figures shown below that sav
ings of 10 to 12 thousand dollars a 
year are obtained, or a net figure 
of S5.00 for every ton of alu
minum' sulfate made.

The net cost per ton of aluminum 
sulfate was $13.00.

The January, 1933, price for 57 
per cent grade bauxite was $10.72 
per short ton, delivered at the sid
ing. This is $2.38 a ton less than 
he average on the 5-year opera
tion which included some very high- 

priced bauxite and acid. The January, 1933, price for 60°
B6. acid was S9.38 a ton, delivered, which is $2.63 a ton less
than the 5-year average.

S u m m a r y  o f  I t e m iz e d  C ost  A c c o u n t  o n  A l u m in u m  S u l f a t e  
M a n u f a c t u r e

C o s t  p e r  T o n  o f  
S u l f a t e  M a d e

Prime cost bauxite and acid (materials only on basis o f 1933
costs and yield) $10.00

Manufacturing cost:
Labor:

Unloading bauxite $0,170
Unloading acid 0.027
Transferring bauxite and acid 0.084
Boiling process 0.150

0.100
0.013
0.033
0.180

0.431

0.326

Total 
Power:

Grinding bauxite 
Unloading acid 
Transferring bauxite 
Stirring diluted alum for feeding

Total 
Indirect cost:

Labor:
Maintenance of machinery 
Material replacement

Total
Depreciation on capital investment (on total valuation)
Interest on capital charges (on total valuation as designated)

Total cost per ton alum made
N o t e :  All costs are on the basis o f aluminum sulfate containing 17 

per cent alumina.

P r im e  C o st  o f  A l u m in u m  S u l f a t e

0.760
0.210

0.070
2.210
1 .4 8 0

$15,417

(Materials only)
A l u m

A c i d B a u x i t e A l u m C o s t  p e r
Y e a r A c i d B a u x i t e A l u m C o s t C o s t C o s t T o n

Tona Tons Tons
1927-28 992 552 1421 $17,247 $ 8,019 $ 25,266 $17.80
1928-29 1023 534 1478 13,830 7,270 21,100 14.30
1929-30 1079 550 1518 12,222 7,743 19,965 13.18
1930-31 1693 764 2387 17,824 10,435 28,259 11.80
1931-32 1808 887 2655 18,297 10,150 28,447 10.70

6595 3287 9459 $79,420 $43,617 $123,037 $13.00

A year’s supply has been contracted for, on a basis which 
will give the following figures:
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6595 tons o f acid at $9.39 a ton $62,000
3287 tons of bauxite at S10.72 a ton 35,300

Total cost of amounts used in 5-year period $97,300

On the basis of 1932 and 1933 yields, it is fair to assume 
that the 3287 tons of bauxite will yield 9850 tons of aluminum 
sulfate containing 17 per cent alumina.

Improvement in technic and more rigid specifications have 
brought about these better yields of alum per ton of ore. 
The first year only 2.57 tons of sulfate were obtained from a 
ton of bauxite, whereas the present yield is 3 tons, and often 
slightly better if excess acid is used.

With changes in grinding, requiring all material to pass a 
60-mesh sieve, a 4 per cent increase over present figures 
should follow. Laboratory tests have demonstrated that 
this is the increase in yield.

From the above, the cost of 9850 tons of aluminum sulfate 
is §97,300. The cost per ton on 1932 yield and present prices 
is $9.88. In order to take care of any slight variation in 
prices, the figure used in this statement for materials is
810.00 per ton.

M a n u f a c t u r in g  C ost

(Labor only)
U N LO A D IN G  A CAR OF B A U X IT E

A v. time to unload a 53-ton (117,000-lb.) car, hours 7

Four laborers at $3.50 a day $14.00
One truck, 1 day 1.50
One truck driver. 1 day 3 .20
Tw o men in head house, receiving ore 8 .00

Total $26.70

Net cost per ton of bauxite $0.505
One ton bauxite yields 3 tons 17%  alum; net cost per ton

of alum, therefore $0.170

U N LO A D IN G  A C A R  OF 60° b 6 .  ACID

Av. time to unload a 50-ton car, hours 6
One man to hoop up air line and make occasional in

spection, */; day $2.00
Cost per ton of acid 0 .04
Tw o tons of acid are required to make 3 tons of alum;

therefore cost per ton of alum will be 5/a of cost of acid or 0.027

T R A N S F E R R IN G  B A U X IT E  TO W E IG H IN G  H O PPERS

(Based on a charge of 12,000 pounds of bauxite and 24,000 pounds 
of 60° B 6. acid to produce 36,000 pounds of alum)

Three men for 1 hour at $4.00 a day each $1.50
Cost per ton of alum produced

B O IL IN G  PROCESS

T w o men for 2.5 hours at $4.25 a day each
Alum made, tons
Net cost per ton produced

Total

$2.66
18.0

0.084

0 .150

$0.431

C o st  o f  P o w e r

U N LO AD IN G  B A U X IT E

Av. total time to unload 53 tons, hours 
Pulverizer m otor (1000 kw-hr.) +  conveyor m otor (640 

kw-hr.) *  1640 kw-hr., at I t  per kw-hr.
Cost per ton bauxite
1 ton bauxite yields 3 tons alum; cost per ton alum =

*/a of bauxite

U N LO A D IN G  ACID

Av. total time to unload 50 tons of 60° B 6. acid, hours 
25-kw. pump running about 4 hours; 100 kw-hr. at Id per 

kw-hr.
Cost per ton acid
2 tons acid yield 3 tons alum; cost per ton alum =  2/ j  acid 

cost

T R A N S F E R R IN G  B A U X IT E  T O  H O PPERS

Av. total time to transfer 12,000 lb., hour 
65 kw. for 1 hr. at lfi per kw-hr.
Cost per ton o f bauxite
One ton bauxite yields 3 tons alum; cost per ton alum

S T IR R IN G  ALU M  SO LU TIO N S W H IL E  FEED IN G

Tons used per day, av. o f 5 years
One 12-kw. pump runs about 8 hours a day; 12 kw. for 8 

hr. at l<f per kw-hr.
Cost per ton o f sulfate stirred

Total cost per ton

S16.40
0.31

$1.00
0.02

1
$0.650.11

5 .5

$0.96

SO. 10

0.013

0.033

I n d ir e c t  L a b o r

Men in head house on alum equipment:
(A ) Head operator at S1900 a year, per day
(B) Asst, operator at
(C ) Helper at

T otal at

$1440 a year, per day 
$1220 a year, per day

$4560 a year, per day

Av. tons bauxite received per year (cars) 
A v. tons acid received per year (cars) 
A v. tons lime received per year (cars) 
A v. tons alum made per year 
A v. batches alum made per year

$ 4 .88  
3.66 
3.05

$11.59

800 (16) 
1600 (35) 
2700 (25) 
2400 

200
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U n l o a d i n g U n l o a d i n g U n l o a d i n g B o i l i n g T o t a l .
M a n B a u x i t e A c i d L i m e A l u m T i m e

Days Days Days Days Days
A 16 8 35 32 91
B 16 9 35 32 92
C 0 7 35 60 102

32 24 105 124 285

Practically one-third of these men’s time is taken on the' 
above operations and is accounted for under previous charges.. 
This leaves two-thirds of S4560.00 for maintenance charges, 
on repairs to head house equipment. Handling of lime takes 
about half of the men’s time and must bear its share of the- 
charge. This leaves a charge of one-third of the S4560.00' 
or S1520.00. Assuming a net yield of alum made on the 
5-year basis as 2000 tons, net cost of indirect labor will be- 
S0.76 per ton.

M a t e r ia l  R e p l a c e m e n t s

Total amount of replacements, material costs only 
A v. cost per ton of alum

$ 20 00 . 00«
0.21

C a p it a l  I n v e s t m e n t  in  A l u m in u m  S u l f a t e  M a n u f a c t u r in q - 
P l a n t  a n d  Y e a r l y  D e p r e c ia t io n

T o t a l  D e -
E s t d . PRECIATION

I t e m V a l u a t i o n L i f e D e p r e c i a t i o n  f o r  5 Y e a r s -
Years Value Years

Bauxite pulverizer S 9,184.76 20 S 460.00 1 S 2,300.00
Nash blower and pipe 2,432.27 25 100.00 1 500.00
Bauxite hopper 852.00 25 34.00 1 170.00
Bauxite scales 4,761.91 25 190.00 1 950.00
Screw conveyor 890.00 20 45.00 1 45.00
Screw conveyor 890.00 20 45.00 1 225.00
Boiling tanks 7,841.51 20 392.00 1 1,960.00
Lead linings 4,950.00 5 990.00 1 4,950.00
Acid storage tanks 5,477.47 20 275.00 1 1,375.00
Acid pumps and pipes 1,930.18 5 385.00 1 1,925.00
Air and water piping 2,098.18 10 210.00 1 1,000.00
Acid fume scrubber 1,758.38 10 176.00 1 875.00
Labor on equipment 12,000.00 25 480.00 1 2,400.00
Miscellaneous equipment 754.68 5 150.00 1 750.00

55,821.34 3932.00 19,425.00
Additional equipment:

Nash compressor (1930) 606.00 20 30.00 2 60.00
Nash vacuum pump (1931) 3 ,328.00 20 166.00 1 166.00
Duriron acid pump (1931) 220.00 10 22.00 2 44.00
Duriron acid pump (1932) 422.00 5 84.00 0 0.00
Hoods, tanks 2 & 3 (1931) 860.00 10 86.00 1 86.00
Lead linings 2, 3, 5 (1931) 1,580.00 5 315.00 1 315.00
Acid measuring tank (1932) 75.00 10 8 .00 0 0.00
Duriron valves 1,920.00 10 192.00 3 570.00
Pipe line to railway (1931) 2,700.00 10 270.00 1 270.00
Compressor, 4-floor 650.00 25 26.00 0 o .o a

12,361.00 1199.00 1511.00

Total $68,182.34 $5131.00 $20,936.00

Alum made during 1927 to 1932, tons 9459
Total depreciation $20,936.00
Net depreciation per ton alum $2.21

I n t e r e s t  o n  C a p it a l  C h a r g e s

$55,820 for 5 years at 5%  
1920 for 3 years at 5%  

52 for 2 years at 5%  
837 for 1 year at 5%

Net interest per ton alum

S13.750.00
288.00

5.20
41.80-

$14,085.00

$1.48

0 .180 

SO.326

R e c e i v e d  March 27, 1933. Presented before the D ivision o f Water, Sewage, 
and Sanitation Chemistry at the 85th Meeting of the American Chemical 
Society, W ashington, D . C .f March 26 to  31, 1933.



Manufacture, Handling, and Use of 
Hydrocyanic Acid

P. J. C a r l i s l e

R. & H. Chemicals Department, E. I. du Pont de Nemours & Company, Inc., Niagara Falls, N. Y.

Hy d r o c y a n i c  acid is
a c o l o r l e s s ,  m o b i l e  
liquid with a b o i l i n g  

point of approximately 25.7° C. 
at 760 m m . and a f r e e z i n g  
point of about —14.86° C. (2). 
The specific gravity of anhydrous 
liquid hydrocyanic acid is 0.682 
at 25° C., and of the 97 per cent 
aqueous solution, used in citrus 
fumigation, is about 0.692 at 25° 
C. (-5). The freezing points of 
aqueous solutions are as follows:

HCN
F r e e z i n g

T e m p .

% ° C.
100 -1 4 .8 6
90 —21
80 - 2 3
60 - 1 7
40 - 1 6
20 - 1 3
10 -  8

Hydrocyanic acid has been used in the fum i
gation of citrus trees for control of scale insects 
since 1886. Until about 1917 hydrocyanic acid 
was applied by generating the gas in the orchard 
from sodium and potassium cyanides and sulfuric 
acid. In  1917 liquid hydrocyanic acid was in
troduced commercially in California, and within 
a few  years in that slate the practice of generating 
hydrocyanic acid from cyanide and acid in the 
orchard had been displaced completely by the use 
of liquid hydrocyanic acid. This paper men
tions some of the pertinent properties of liquid 
hydrocyanic acid, and describes one of the fac
tories in California for making it and the methods 
of handling and using this material in the or
chards.

The latent heat of vaporization at the boiling point is ap
proximately 247 gram-calories per gram or about 445 B.t .u.  
per pound (2).

The vapor pressure of hydrocyanic acid has been reported 
by Sinozako, Hara, and Mitsukuri (3), Perry and Porter (2), 
and Bredig and Teichmann (1). The vapor pressure curve 
shown in Figure 1 was plotted from the data of Sinozako, 
Hara, and Mitsukuri (8) because of the temperature range 
covered. The relatively slight discrepan
cies in the results from the above three in
vestigations are not regarded as of im
portance to the chemical engineer.

D e c o m p o s i t i o n  o f  L i q u i d  H y d r o c y a n i c  
A c id

Walker and Eldred (4) have described 
thoroughly the decomposition of liquid hy
drocyanic acid. Pure liquid hydrocyanic 
acid is a very stable substance, but aqueous 
solutions are less stable. A trace of mineral 
acids, notably sulfuric, renders aqueous 
so lu t i o n s  more stable. Any alkaline or 
alkali-forming substance, added to liquid 
hydrocyanic acid or its aqueous solutions, 
greatly accelerates the rate of decomposi
tion. Such substances as ammonia, sodium 
hydroxide, sodium cyanide, and soap be
long to this class while, as noted above, 
even water renders hydrocyanic acid less 
stable. Decomposition and polymerization 
appear to proceed simultaneously, but the 
combined process is referred to simply as 
decomposition.

Liquid hydrocyanic acid is n o r m a l l y  
colorless, and absence of color can be taken
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F ig u r e  1. V a p o r  P r e s s u r e  o f  
H y d r o g e n  C y a n id e  (3 )

as assurance that the liquid is 
in satisfactory condition at the 
time of observation. A sample 
of liquid which eventually de
composes usually remains color
less over an i n d u c t i o n  period 
the length of which varies with 
temperature, pressure, and the 
n a tu re  o f  any  f o r e i g n  sub
stances which may be in the 
liquid. The first and unerring 
i n d i c a t i o n  of decomposition 
is a faint yellow color which, 
under o r d i n a r y  conditions of 
s t o ra ge ,  gradually deepens in 
intensity, finally passing through 
yellowish brown, dark brown, 
and br o w n i s h  black sh ades .  
During the e a r l y  s ta ges  the 
odor of ammonia f r e q u e n t l y  
can be d e t e c t e d ,  and in the 

later stages a black substance is precipitated, the so-called 
azulmic type of compound, which has substantially the same 
ultimate analysis as hydrogen cyanide itself and which is re
ferred to here as hydrocyanic acid polymer. Gases are liber
ated consisting largely of ammonia and carbon monoxide with 
smaller amounts of nitrogen, oxygen, hydrocarbons, and hy
drocyanic acid. Mixed in the hydrocyanic acid polymer can 
be found also colorless crystals of ammonium cyanide.

The phenomena of decomposition are 
strongly e x o t h e r m i c  and the process is 
autocatalytic. If the liquid is s tored at 
atmospheric temperature under such condi
tions that the heat of r e a c t i o n  is com
pletely dissipated by radiation, it is pos
sible for the polymerization reaction to 
occur almost completely, with little gas 
formation and little increase of pressure in 
the container. However, if the heat is in
completely dissipated, the increased tem
perature may accelerate the decomposition 
r e a c t i o ns ,  the process quickly gathers 
momentum, and the liberated gases may 
cause a sudden rise of pressure to more 
than 1000 pounds per square inch with 
possible rupture of the container. Several 
cases of such phenomena are reported in 
the paper by Walker and Eldred (4).

Various stabilizers for liquid hydrocyanic 
acid have been d i s c o v e r e d ,  and many 
samples of stabilized product have been 
preserved satisfactorily over periods of a 
few years. Sulfuric acid to the extent of 
about 0.005 per cen t  b y  w e ig ht  is the 
stabilizer commonly used in the factory 
descr ibe d  here and is quite effective for 
the conditions encountered in the citrus

1
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fumigation industry 
of California. Never
th e le s s ,  f r e q u e n t  
checks are made on 
the color and acidity 
of liquid hydrocyanic 
acid in storage, and 
any liquid displaying 
the slightest yellow 
color is given a pro
tective a d d i t i o n  of 
sulfuric acid and is 
“ reworked”  by pass
ing it back thr ough  
the factory purifica
tion process. Traces 
of a l k a l i n e  s u b 
stances are so potent 
th a t  p r a c t i c a l l y  
e v e r y t h i n g  used in 
handling or testing 
the liquid in the labo
ratory and plant, after 
c le a n i ng ,  is rinsed 
with sulfuric acid solution. Laboratory glassware is some
times soaked for hours in acid solution before using, especially 
if stability tests are involved. In the factory, if a unit is 
started in operation after a period of idleness, it is first rinsed 
thoroughly with dilute acid solution. Shipping drums are 
always washed, inspected internally, tested at 10 to 15 pounds 
per square inch pressure, and rinsed with dilute acid solution 
before they are filled.

A peculiarity of polymerized or “ decomposed”  hydrocyanic 
acid is introduced by the fact that the volume of the solid, 
black product formed is greater than that occupied by the 
original liquid and by the tendency of the black mass to ex
pand in directions of greatest resistance rather than in di
rections of least resistance. In the laboratory the lower por
tion of an open glass bottle of decomposed hydrocyanic acid 
was literally pushed off even though there was ample room for 
expansion in the upper part of the bottle. In the early days 
of the factory, in a vertical shell-and-tube condenser in which 
cooling medium flowed through the tubes and hydrocyanic 
acid vapor was condensed at atmospheric pressure in the 
space surrounding the tubes (the reverse of present practice), 
the black decomposition or polymerization product accumu
lated on top of the bottom tube sheet to a depth of several 
inches, and expansion of the material produced huge bulges 
in the aluminum shell wall and, in some cases, rupture. It 
also contaminated the liquid hydrocyanic acid, producing 
off-color and an unstable product. Other difficulties in the 
shape of plugged pipe lines, condenser tubes, and partially 
obstructed still plates were caused by the polymerization 
product. These difficulties, of course, have long since been 
eliminated.

T o x i c i t y  o f  H y d r o c y a n i c  A c id

The toxicity of hydrocyanic acid to most forms of life is 
too well known to require discussion here. Naturally in the 
early days of the factory many of the problems were associ
ated with the safety and health of personnel. While in former 
years operators were occasionally overcome, in this factory 
not a single man has lost his life or had his health permanently 
impaired.

T h e  M a n u f a c t u r i n g  P r o c e s s

C y a n i d e  S o l u t i o n .  Cyanide is dissolved in vertical steel 
cylindrical tanks approximately 9 feet in diameter and 4.5 feet 
high. Each tank is equipped with a perforated steel basket

supported 18 inches 
above th e  b o t t om .  
T h e  b a s k e t  is ap
proximately 8 feet in 
d i a m e t e r .  Tank 
c o v e r s  are of wood 
and contain openings 
fo r  c h a rg in g  the 
basket with cyanide. 
The tank is charged 
with 1250 gallons of 
w a t e r  and  5000 
pounds of sodium cya
nide. Rapid solution 
is effected by circula
tion caused by differ
en ce  b e t w e e n  the 
specific g ra v i t ie s  of 
cyanide solutions and 
of water. The time 
r e q u i r e d  is 2 to 4 
hours, depending on 
the te m pe ra t ure .  
The solution contains 

approximately 32 per cent sodium cyanide.
The solution is transferred by a 2-inch, all-iron centrifugal 

pump to a stock tank where it is diluted with water to a con
centration of about 23 per cent sodium cyanide. Mixing is 
effected by a small mechanical agitator. This solution is 
pumped to a feed tank from which it flows by gravity through 
a flowmeter to the hydrocyanic acid generator.

S u l f u r i c  A c i d .  The 66° B6. sulfuric acid flows from a 
steel storage tank to a cast-iron egg and is lifted by air pres
sure to elevated steel feed tanks. The acid then flows by 
gravity through a flowmeter to the hydrocyanic acid genera
tor.

The flow of cyanide solution is adjusted to give any desired 
rate of hydrocyanic acid production. The sulfuric acid flow 
is adjusted to maintain about 0.5 per cent by weight of free 
sulfuric acid in the residue or sodium sulfate solution from 
the generator. Residue samples are tested at frequent inter
vals for free sulfuric acid and for hydrocyanic acid content, 
and, if necessary, the rate of flow of sulfuric acid is adjusted. 
It is important that a slight excess of sulfuric acid be main
tained at all times in the generator. If even for only a 
few minutes there is a slight deficiency of sulfuric acid with 
respect to the cyanide solution, the alkaline condition results 
in the liberation of ammonia which induces polymerization 
of hydrocyanic acid, which, once started, is certain to result 
in a temporary shutdown for cleaning and acidifying the 
stills and condensers. Polymerization products catalyze 
further polymerization of hydrocyanic acid, and at certain 
points in the stills and condensers the products accumulate 
and impart a yellowish brown color to the hydrocyanic acid 
after it is liquefied. Such discoloration is accompanied 
by poor stability and is a serious matter which must be cor
rected at once. Discolored hydrocyanic acid must be re
worked by acidifying it with sulfuric acid and passing it 
back through the generators, stills, and condensers.

Sulfur dioxide has been found to be a powerful stabilizer 
for hydrocyanic acid and the difficulty just described has 
been to a considerable extent eliminated by the practice of 
adding a small amount of sodium bisulfite to the sodium cya
nide solution (about 4 pounds of bisulfite per batch of cya
nide solution). The small percentage of sulfur dioxide thus 
maintained in the vapors passing through the system has to a 
large extent eliminated the above difficulty.

T h e  H y d r o c y a n i c  A c i d  G e n e r a t o r .  The generator con
sists of two parts, called, respectively, the mixer and the

F i g u r e  2 . G e n e r a t o r  U n i t s
A still is visible in the left background.
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steamer (Figure 2).
All internal surfaces 
are c o v e r e d  w it h  
antimoniallead. The 
mixer co ns i s t s  of a 
steel fu n n e l  whose 
diameter at the top 
is 5 f e e t .  T h e  
height of the funnel 
is a p p r o x i m a t e l y
4 feet 8 inches, and 
the diameter of the 
bottom stem or dis
charge is 6 inches.
The cover c o n t a in s  
connections for cya
nide and acid s o l u 
tions, vapor o u t l e t  
pipes, sight g lasses,  
thermometer well ,  
etc., and also carries a 
mechanical agitator.
Supported near the 
top of the funnel is a 
shallow lead mixing 
basin, 36 inches in diameter and 4.5 inches deep. To the 
periphery of this basin is secured a lead apron. The verti
cal shaft of the agitator carries a three-bladed propeller, 
20 inches in diameter, which rotates at a speed of 90 r. p. m. 
in the mixing basin. The cyanide and acid solutions are 
led through the cover through lead pipes extending to a 
point just above the propeller and at the middle of the mixing 
basin. The solutions are mixed very quickly, overflow from 
the basin and down over the apron, and spill on to the sloping 
wall of the funnel. Rapid mixing of the cyanide and acid 
solutions is important since it prevents local overheating and 
hydrolysis of hydrocyanic acid and makes possible a high 
hydrocyanic acid recovery efficiency. As the solution flows 
down the wall of the funnel in a film, about 80 per cent of the 
hydrocyanic acid is liberated and escapes through a lead vapor 
outlet pipe. The solution leaves the funnel by way of a 6- 
incli elbow and flows into the steamer, the function of which 
is to remove the remainder of the hydrocyanic acid.

The steamer consists of a horizontal, lead-lined, steel 
trough about 12 feet long whose cross section is approximately 
that of an equilateral triangle with 2-foot sides. The outlet 
end is equipped with a discharge connection made adjustable 
for regulating the depth of liquid to be maintained in the 
steamer, which usually is 10 inches. The flat cover is 
equipped with two sight glasses, six thermometer wells, six 
connections for admitting steam through perforated lead 
pipes which lie in the bottom of the trough, a 4-inch vapor 
outlet connection, and near the liquid inlet end an opening 
for admitting return liquors, which will be referred to later.

Cyanide and acid solutions, as they enter the mixing basin, 
are joined by a third stream of dilute aqueous hydrocyanic 
acid solution which consists of liquid from the bottom of the 
hydrocyanic acid still and solution from a water scrubbing 
tower to be referred to later. The hydrocyanic acid in these 
solutions is thus recovered, while the water introduced dilutes 
the reacting solutions to an extent which avoids difficulty from 
crystallization of sodium sulfate in the residue solution. The 
temperature rise in the mixing basin is very rapid and serves 
to expel about 80 per cent of the hydrocyanic acid as the re
acting solutions flow down the wall of the funnel. As the 
solution then flows through the steamer, the steam is regu
lated to give a progressively increasing temperature which, at 
the liquid discharge of the steamer, is about 103° to 104° 
C. Normally the residue solution contains 0.02 to 0.05 per

cen t  by w e i g h t  of 
h y d r o c y a n i c  acid, 
co r r e s p o n d in g  to 
a loss of about 0.2 to 
0.5 per cent referred 
to the cyanide input. 
Steam consumption is 
about 1230 pound s  
per hour.

The total exposure 
time of cyanide and 
acid solutions in the 
mixer and s t eam er  
is about 2.5 minutes. 
T h e  p r in c ip l e  o f  
q u ic k  m ix in g  and 
short exposure time 
makes it possible to 
employ 66° Bd. sul
furic acid in this con
tinuous unit with low 
losses by hydrolysis 
of hydrocyanic acid 
at the temperatures 
involved. The g e n 

erator is usually operated at a rate of about 650 pounds of 
hydrocyanic acid per hour but a rate of 800 pounds per hour 
has been reached at times. This happens to be about the 
limit of capacity of the still. It is probable that the ca
pacity of the generator is considerably higher, but this has not 
been determined.

In the remainder of this paper, operating data are based on 
a production rate af 650 pounds of hydrocyanic acid per hour.

V a p o r  S y s t e m  P r i o r  t o  S t i l l s .  All vapor piping from 
the generator to the stills consists of antimonial lead. The
4-inch vapor pipes from the mixer and steamer enter a 6-inch 
manifold which carries the vapors to a lead pipe cooler. The 
latter consists of a vertical bank of five 15-foot lengths of 6- 
inch pipe connected by return bends. Cooling water trickles 
downward over the pipes. Vapors enter the cooler at the 
bottom and leave by the upper pipe. A  drain at the inlet to 
the bottom pipe conducts condensate back to the liquid inlet 
end of the steamer. Leaving the top of the cooler the enriched 
hydrocyanic acid vapor enters a separator (where some liquid 
is separated and returned to the inlet end of the steamer) and 
then passes to a still.

Neglecting gaseous impurities, vapors entering the cooler 
at 94° C. consist of about 40 per cent by weight hydrocyanic 
acid and 60 per cent steam. They leave the cooler at 80° C. 
and contain about 60 per cent hydrocyanic acid and 40 per 
cent steam. Cooling water, in summer at 22° C., is used at 
a rate of approximately 6 gallons per minute.

S t i l l s .  One of the stills is shown in Figure 3. It consists 
of three parts separated by adapter or spacer sections, a 
lower boiling or exhausting section, an upper or rectifying 
section, and above the latter a tubular reflux condenser. 
Vapors enter the still at about 80° C. and (neglecting non- 
condensable gases) consist roughly of 60 per cent hydrocyanic 
acid and 40 per cent steam by weight. The exhauster section 
below the feed inlet is made of monel metal and is 18 inches 
in diameter. The boiling section proper in the bottom is 18 
inches deep and is equipped with a copper steam coil with 
heating surface of 11 square feet. Above this are five plates 
of the bubble cap type, each plate containing ten 3-inch bubble 
caps.

The rectifier section above the feed consists of seven plates 
3 feet in diameter, with twenty-two 4.75-inch aluminum caps 
per plate. The rectifier section is made up of seven cast- 
aluminum sections. The bottom of each section forms a

F ig u r e  3. S t i l l , C o n d e n s e r s , D is s o l v e d -G a s  E l im in a t o r , M ix in g  
T a n k s , a n d  a  P o r t io n  o f  t h e  St o r a g e  S y s t e m  f o r  H y d r o c y a n ic

A cid
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plate and the part above it simply consists of a spacer. The 
height between plates is 6 inches. Each spacer section is 
fitted with two sight-glass openings on opposite sides, and 
thermometer wells are included at convenient points.

Mounted directly above the rectifier section is an aluminum 
reflux condenser 3 feet in diameter X  8 feet high containing 
two hundred eighty-three No. 16 gage aluminum tubes 
I 5/16 inches o. d. with a cooling surface of approximately 740 
square feet. The condenser is capped by a cast-aluminum 
dome.

F ig u r e  4 . D r u m -F il l in g  St a t io n  a n d  P a r t  o f  
St o r a g e  S y s t e m

The average cooling-water temperature in summer is about 
22° C., the rate of flow through the reflux condenser is 150 
gallons per minute, and the exit temperature is 25° C. The 
vapor temperature at the outlet of the reflux condenser is 
maintained at 32° C., and, when these vapors are liquefied, 
the liquid consists of 97.5 to 98 per cent by weight hydrocyanic 
acid. The liquid from the bottom of the still contains only 
a small percentage of hydrocyanic acid, but, as mentioned 
before, it is used for diluting the reacting solutions in the 
generator. The reflux ratio is slightly above 1:1. Steam 
consumption in the heating coil averages 33 pounds per 
hour.

Vapors from the reflux condenser pass through 6-inch, 
welded monel metal piping to the final condensers which 
consist of two units, the first cooled by water and the second 
by alcohol brine. All condensers are constructed of alumi
num.

The water-cooled condenser might consist of a duplicate 
of the still reflux condenser. However, simply because the 
equipment was available, the present unit consists of two 
tubular exchangers mounted vertically, one above the 
other, with a 10-inch spacer section between them. Each 
exchanger consists of a 3-foot diameter shell, 5 feet in length, 
containing two hundred eighty-three l s/i6-inch o. d. No. 16 
Stubs gage aluminum tubes. Cooling water at a rate of 90 
gallons per minute passes through the exchangers in series, 
entering at 22° C. and leaving at 25° C. About 30 per cent 
of the hydrocyanic acid is liquefied in this unit. Vapors 
pass downward through the tubes and at the lower end pass 
to the bottom of the brine condenser.

The brine condenser consists of one exchanger similar to 
those just described. Both vapors and brine enter this unit 
at the bottom, vapors flowing through the tubes and the 
brine surrounding them. The brine at a rate of 107 gallons 
per minute enters at a temperature of —4.5° and leaves at 
—3.0° C. Vapors escaping the brine condenser pass to a 
water scrubbing tower where the last traces of hydrocyanic 
acid are removed. The solution from this tower is added to 
the still effluent and is used for diluting the reaction mixture 
in the generator.

D i s s o l v e d  G a s  E l i m i n a t o r .  Liquid hydrocyanic acid 
leaves the two condenser units through 2-inch brass pipes 
through separate sight boxes, where the color is observed. 
The sodium cyanide contains varying percentages of sodium 
carbonate which may occasionally amount to as much as 
2.6 per cent. At 0° C. and one atmosphere pressure, one 
volume of liquid hydrocyanic acid dissolves about eight vol
umes of carbon dioxide, and the liquid from the condensers 
usually contains about one volume of carbon dioxide per 
volume of liquid. In the early days this liquid was drummed 
immediately, and later, when drums which had been allowed 
to become very warm were opened, a sudden release of the 
dissolved gas occurred which caused the drum to behave more 
or less like a geyser.

Removal of the gas is effected by passing the liquid through 
a small tubular exchanger, heated with hot water to a tem
perature barely below the boiling point. The liquid is dis
charged from this exchanger into a sight box which also acts 
as a separator. The escaping gas is passed to a small brine- 
cooled condenser from which the condensate joins the main 
stream from the large condensers and the gas passes to the 
water scrubbing tower. The warm liquid is passed through 
a brine-cooled exchanger and then flows into the mixing 
tanks.

M i x i n g  T a n k s .  Liquid hydrocyanic acid is allowed to 
accumulate in one of these aluminum tanks until approxi
mately 1000 pounds have entered. The concentration is 
checked by a specific gravity determination, the correct 
amount of water is added to bring it to the standard shipping 
concentration of 97 per cent, and about 0.005 per cent by 
weight of sulfuric acid is added as stabilizer. The solution 
is thoroughly mixed by means of a 2-inch centrifugal pump. 
When the concentration is finally adjusted and the batch is 
approved by the laboratory, the pump transfers the solution 
to an elevated aluminum tank which serves as a supply for 
the drum-filling equipment.

D r u m - F i l l i n g  S t a t i o n .  The drum-filling station is 
shown in Figure 4. The drums are approximately 15 inches 
in diameter and 26.5 inches in height. They are made of 
18-gage steel and are heavily tinned inside and out. The up
per head of each drum is equipped with a filling opening, a 
vent connection (used when the drums are employed on the 
vaporizing applicators to be described later), and a pressure- 
relief valve which is set to blow off at 7 pounds gage pressure. 
Each drum is charged with 100 pounds of 97 per cent hydro
cyanic acid. (Recently an 80-pound drum also has been used 
and a liquid outlet is placed on the side near one end.)

Ten drums are filled at a time. Ten brass measuring tanks 
are mounted at a convenient height. By means of a manifold 
and three-way valves, liquid is allowed to flow by gravity from 
the supply tank upward through the measuring tanks, each 
of which when full delivers 100 pounds or slightly less. Vent 
pipes from the measuring tanks are gathered into a header 
which carries vented vapor from all hydrocyanic acid tanks 
in the factory to the water scrubbing tower.

Below each measuring tank is mounted at floor level a 3- 
inch iron roller which operates on the principle of a cam. 
A guide bar is also mounted at a height of about one foot 
above the floor. An empty drum, which has been thoroughly 
washed, slightly acidified with dilute sulfuric acid solution, 
and tested for leaks, is placed on the roller and against the 
guide bar under each measuring tank. A motion of a hand- 
operated lever then causes the roller to lift the drum until 
the filling opening presses tightly against a rubber gasket on a 
special fitting attached to the bottom of each three-way valve. 
When ten drums are placed in position, the three-way valves 
are adjusted so that the liquid flows from the brass metering 
tanks into the drums. Any rush of vapor caused by the 
flow of liquid into the warm drums passes off through vent
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lines into the common vent-gas header. When the measuring 
tanks are completely drained, the three-way valves are closed 
and the drums lowered and closed. They are then passed by 
means of a roller conveyer at floor level over a scale where 
they are weighed. They then pass to an automatic topping- 
off scale where the net weight of hydrocyanic acid is carefully 
brought up to 100 pounds. The drums are then placed in 
the storage system.

S t o r a g e  S y s t e m  f o r  L i q u i d  H y d r o c y a n i c  A c i d .  Part 
of the storage system is shown in Figure 4. Each drum is 
stored in a separate compartment. Each compartment con
sists of an 18 X  36 inch tile in a vertical position and with the 
bell end upward. The storage system was made by placing 
the tile as close together as possible on leveled ground on 
which a layer of crushed rock was spread. A  3-inch wood 
cover fits inside the bell of each tile, resting on the shoulder, 
and is flush with the upper edge of the tile. The spaces be
tween the tiles are filled with earth to a point about 4 inches 
from the top, and the remaining space is filled with cement. 
The tops of the tile, their covers, and the cement, therefore, 
make a working floor which is flush with the platform of the 
drum-filling station. In the bottom of each tile is placed a 
heavy wooden T  which supports the drum.

Drums are placed in and removed from the tile by means 
of a special lifting device which clamps around the drum just 
below the upper chime. A drum is placed in a special rubber- 
tired buggy, also equipped with one of the special clamps, and 
is easily lifted and transported over the top of the storage 
system to the trucks in which it is shipped to the orchards. 
This storage system obviously is constructed with the 
thought of safety uppermost. The system just described 
has the obvious advantage that only 100 pounds of liquid are 
stored in each container, and, in case of a bad leak or in case 
one drum should in some way catch fire, the situation would 
be more readily controlled. Over a period of about 12 years 
there has never been a fire or an accident in this storage system.

T r a n s p o r t a t i o n

The product is delivered to customers by a fleet of trucks 
equipped with special bodies. These bodies are of steel and 
wood construction. The side walls extend upward to a height 
well above the tops of drums but leave a generous space for 
free circulation of air. A  solid partition with a closed window 
is provided behind the driver’s seat. The trucks are driven 
by experienced and reliable drivers, and the speed is rigidly 
regulated within specified limits. The driver is always 
accompanied by an assistant who also is capable of driving. 
Both are equipped with gas masks and with first-aid equip
ment. They are thoroughly acquainted with the material 
which they are handling and are well grounded in a knowledge 
of the proper procedure in case of emergencies. The drums 
are loaded into the trucks, one layer deep, a cake of ice is 
placed on top of each drum and the whole is covered with 
several thicknesses of canvas. This procedure is especially 
desirable on some of the longer hauls during the hottest part 
of the year. There has never been an accident during the 
transporting of hydrocyanic acid during the 14 years this 
factory has operated.

Most of the fumigation in California is done by associa
tions and by contracting fumigators. Most of these have 
special storage rooms where the liquid can be kept cool until 
it is removed to the orchard for actual use. Deliveries are 
made frequently so that there is no necessity for storing the 
liquid in the customer’s storage room for more than a day or 
two.

S p e c i f i c a t i o n s  o f  H y d r o c y a n i c  A c id  f o r  C i t r u s  
F u m i g a t i o n

The liquid hydrocyanic acid shipped from the factory de
scribed herein for citrus fumigation is of the following quality:

Color
Concentration, %  H CN  
Free HjSC^, %  
Dissolved vol. gas per 

vol. liquid

S p e c i f i c a t i o n  
Water white 
96.5-97.5 
N ot over 0.01

N ot over 0.25

A c t u a l  T e s t s  
Water white 
Not less than 97 
About 0.005

About 0.15

The hydrocyanic acid concentration of the product is 
checked in the field at frequent intervals by county and state 
inspectors. The determination involves only a measurement 
of the specific gravity and temperature, and reference to a 
chart such as that given by Walker and Marvin (5).

F u m i g a t i o n  o f  C i t r u s  T r e e s

Hydrocyanic acid is used for control of scale insects. In 
Southern California the principal scale insects controlled by 
fumigation are the black, red, purple, and citricola scales. 
Because of the necessity for fumigating at the proper stage in 
the life cycle of the insect, because of calendar differences in 
the life cycles of the above varieties, and because of different 
climatic conditions in different localities, fumigation, while 
seasonal in each locality, is being conducted over a major 
part of the year in some part of the citrus belt. The least 
active season is from April 1 to July 1; the most active season 
from July 1 to December 1.

F ig u r e  5. A Row op T r e e s  B e in g  F u m ig a ted  w ith  
a V a p o r iz e r

Most fumigation is performed at night since there is much 
less danger of injury to the tree. In fumigating a tree, a 
canvas tent is pulled over the tree and liquid hydrocyanic acid 
is applied to the space under the tent in carefully measured 
dosages. The tent is then allowed to remain on the tree for 
about 45 to 60 minutes. The hydrocyanic acid is applied in 
two ways, by atomizing the liquid and by vaporizing it. 
Atomizing applicators are known as pumps, and vaporizing 
applicators as vaporizers.

The atomizer or pump is carried by hand through the or
chard by a member of the crew, known as the gun man. It 
consists essentially of a 3- or 4-gallon tank, a very accurate 
liquid-measuring device, and a pump for forcing the measured 
charge of liquid through a short delivery pipe to an atomizing 
nozzle which is thrust under the canvas wall of the tent. The 
tents are marked with a scale which measures the tents from 
the ground up over the top of the tree and down to the ground 
on the other side. A member of the crew known as the taper 
quickly measures the distance around the tent and, by con
sulting a chart which he carries announces the correct dosage. 
The proper amount of liquid hydrocyanic acid is then atom
ized under the tent. The nozzle is designed to give an ex
ceedingly fine, misty spray which results in almost instantane
ous evaporation of the liquid. This is important since contact 
of liquid hydrocyanic acid with foliage burns the latter 
severely, and also because it is desirable to produce as quickly
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as possible the maximum concentration of hydrocyanic gas in 
the tented space. The above method is satisfactory during 
the warmer part of the season. However, on cool nights 
when hydrocyanic acid is evaporated less quickly, there is a 
tendency for some liquid to fall to the ground or to condense 
on the ground or on the lower foliage of the tree or on cover 
crops which may be growing in the orchard. For these 
reasons the vaporizer is used to a large and increasing extent.

The vaporizer is drawn through the orchard by a horse or 
may be motor-mounted. This is a two-wheeled, rubber- 
tired vehicle on which are mounted a water boiler heated by 
an oil burner with the necessary small oil supply tank and 
connections. The water boiler contains a copper coil which 
acts as a vaporizer for the liquid hydrocyanic acid. At a 
convenient point is mounted a measuring device somewhat 
similar to that on the atomizing machines. Provision is 
made for placing two 100-pound shipping drums of liquid 
hydrocyanic acid on the vehicle and for connecting them to 
the measuring pump. The latter forces the liquid through 
the copper coil in the water boiler where it is converted al
most instantaneously into a warm vapor which then passes 
through a length of special, flexible hose which is placed under 
the edge of the tent. The boiler is operated at a pressure

of 20 pounds gage, and, after a tree has been “ shot,”  the hose 
is flushed out with a small amount of steam from the boiler 
before being withdrawn from under the tent. This is to 
prevent unnecessary exposure to hydrocyanic acid escaping 
slowly from the hose while the vaporizer is being taken from 
tree to tree. Figure 5 shows a row of trees being fumigated 
with a vaporizer.
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Rotary Vacuum Filtration of Crystal Sugar
C h a r l e s  A . G o d e f r o y , C om m unity Center Club, C rockett, Calif.

A theoretical method for determining the efficiency of the rotary vacuum filter in the 
purging of crystal sugar is given.

DURING the past few years there has been considerable 
investigation to determine the suitability of the 
rotary vacuum filter for the purging of crystal sugar. 

This investigation has taken the form of actual operation 
tests and, although the data obtained have indicated that the 
use of the rotary vacuum filter in the purging of sugar might 
be feasible in all but the lowest grades, no installations for 
this purpose have as yet been made. However, the possi
bilities of the rotary vacuum filter in this field have not so 
far been thoroughly determined, owing mainly to the com
plicated nature of the factors determining the efficiency 
of the process and also to the high cost of actual operation 
tests.

In this article the subject is treated 
theoretically by use of a schematic pro
cedure which i l lu s t r a t e s  the actions 
occurring throughout various stage sys
tems with countercurrent washing. By 
use of the schematic procedure g i v e n ,  
actual results may be determined for the 
processing by rotary vacuum filtration 
of any given massecuite under g iv en  
operating conditions w it h  the aid of 
washing data secured from laboratory 
tests.

O p e r a t i n g  E f f i c i e n c y

In the purging of crystal sugar from 
its m a s s e c u i t e ,  the efficiency of the 
o p e r a t i o n  is d e t e r m i n e d  by (1) the 
f i n i s h e d  p r o d u c t  purity and (2) the 
yield. The purity of a s u c r o s e - c o n 

taining substance is the ratio of the sucrose to the total 
solids; the yield is a measure of the efficiency in the sucrose 
extraction process and may be expressed in several different 
manners. In this work yield is expressed as pounds of 
sucrose in finished product per 100 pounds of massecuite 
solids.

In any type of filtration process the purity of the finished 
sugar may be raised to practically any desired value but at 
the expense of the yield. This is evident from the fact that 
an increase in washing, either by water or high-purity sirup, 
raises the finished product purity and lowers the yield. By 
use of the rotary vacuum filter in series with countercurrent 

w a s hi ng ,  the question arises as to the 
optimum n u m b e r  of filters to be used; 
for, the greater the number, the greater 
will be the resultant efficiency in purg
ing. However, in increasing the number 
of stages, the increase in purging efficiency 
for each succeeding stage grows less; and 
as the number of stages is increased in
definitely, there is a maximum value for 
the purging efficiency which is approached. 
In this article the relative magnitudes of 
purging efficiency for various stage per- 
f o r m a n c e  are illustrated by yield vs. 
purity curves in various and infinite stage 
operation for a typical low-grade sugar 
under typical operating conditions.

The general operating scheme appli
cable for rotary vacuum filtration of crystal 
sugar is shown in Figure 1. In operation, 
as illustrated in the single-stage diagram,

n/ruccwn <-dilutinc
J/ffUP

HNUHCD r/LT/t/tTC 
PRODUCT J/ffUP

F i g u r e  1 . O p e r a t in g  D i a g r a m s
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the massecuite flows first into a mingler where it is diluted 
with part of the filtrate sirup to lower its consistency and to 
give good workability. The use of this sirup as a diluent also 
gives greater efficiency in operation owing to a quantity of 
higher purity wash liquor going through the cake and subse
quently raising the purity of the mixed liquor in the feed. The 
greater the amount of this recirculated sirup used, the greater 
will be the purging efficiency; however, as the amount is 
raised, the beneficial effect of each succeeding amount grows

m / m
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JMGirJTmc 
c/?rjrÄL mc/?oj£ m

*  SOLUTION
jo i/o jf /y
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F i g u r e  2 . S o l id s  F l o w  D ia g r a m s

less so that it is practical to use only approximately the same 
weight of recirculated solids as massecuite solids. This 
gives a feed of good workability and the beneficial effect of 
using more diluting liquor is too small to be of any conse
quence. As the drum rotates, the section immersed in the 
feed contained in the shell is coated with sucrose crystals 
as the feed liquor is drawn through the drum screen by 
vacuum. When any given portion of the sucrose cake 
reaches the wash at top of drum, the excess liquor has been 
drained off and that remaining is determined by the tem
perature and moisture content and is dependent upon a 
large number of complicated factors, most of which are 
dependent upon the properties of the massecuite. As the 
sugar passes under the wash, which here is taken as a satu
rated solution of the finished product, the liquor in the 
cake is displaced in a complex manner by the wash liquor 
to a degree varying with the amount of wash used. It is 
by varying the amount of this wash liquor that the yield 
vs. purity curve may be established for a given set of condi
tions.

In obtaining the yield vs. product purity curve for a 
massecuite of any given characteristics, the method used 
involves the establishing of simultaneous equations through
out the system in order to tie up the numerous factors 
affecting operation. The properties of the massecuite are 
then substituted into the equations along with certain 
operating characteristics as desired and others determined 
by laboratory test data.

F a c t o r s  D e t e r m i n i n g  O p e r a t i o n

The factors determining operation may be broken up into 
two classes: (I) massecuite characteristics and (II) operation 
characteristics. Under massecuite characteristics the factors 
are: (1) purity of massecuite, (2) percentage sucrose crystals, 
(3) temperature, and (4) character of sucrose crystals. 
Under operation characteristics the factors are: (1) amount

of sirup recirculated, (2) temperatures in system, (3) amount 
of wash used, (4) moisture in sugar cake after drainage, and 
(5) percentage of total wash used that remains in cake after 
drainage. Strictly speaking, the moisture in cake after 
drainage and the percentage wash remaining after drainage 
are, in part, functions of the massecuite characteristics. 
However, since these two factors are dependent upon nu
merous complex fundamental factors, it is much more logical 
to term them operation characteristics and to determine 
their values by laboratory test data. For use in the simul
taneous equations the nomenclature is as follows on a basis 
of 100 pounds of massecuite solids:

P =  purity of substance, sucrose/total solids 
Y  =* sucrose crystals in mass, %  of total solids
M =  moisture in sugar cake after drainage, %
K  =  sirup solids recirculated, lb.
T — temp, of sugar cake, ° C.
E =  wash solids remaining in cake, %  of total 
F =  dissolved solids in cake after drainage, lb.
W =  wash solids, lb.
Q =  massecuite solids, 100 lb.
R =  filtrate sirup solids, lb.
S =  finished product solids, lb.

The factor F, denoting the dissolved solids in the sugar 
cake on drum after drainage, is a function of the percentage 
sucrose crystals (Y) and of the temperature (T) and moisture 
(M) of the sugar cake. For a temperature range of 50° to 
70° C. the following relation holds true very closely for 
pure sucrose solutions and is used in the calculations of this 
work with negligible error:

0.075 +  0.0447TF =  (7 )
- jg  -  1 .0 7 5  -  0 .0 4 4 7 7 ^
100

Factor E, denoting percentage of total wash solids re
maining in cake after drainage, must be determined by 
laboratory test data. To determine accurately the char-

F i g u r e  3 . Y i e l d  vs. P r o d 
u c t  P u r i t y  f o r  L o w -G r a d e  

S u g a r

acteristics of processing crystal sugar by the rotary vacuum 
filter, the effect of grain and liquor characteristics on factor 
E  must be established. This has not as yet been attempted. 
In establishing E  for use in obtaining the graphs in this 
article, the following empirical equation was devised from 
test data on typical low-grade sugar:

E

In order to obtain a clear conception of the actions oc
curring throughout a given system, the solids flow diagrams 
(Figure 2) are used. These diagrams also furnish a basis on
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which to establish the necessary simultaneous equations. 
The various parts of Figure 2 represent sections of the sys
tems wherein changes in purity of liquor are taking place. 
Section A shows the inside of the drum; section B  gives the 
mingler and shell portion of the system; and section C 
represents that portion of the system undergoing washing.

F ig u r e  4 . E f f e c t  o f  N u m b e r  
o f  St a g e s  o n  Y ie l d

For establishing the relations among the various factors 
in n =  stage performance, simultaneous equations are ob
tained from the following:

1. Sucrose balance on section A in each stage
2. Sucrose balance on section B in each stage
3. Sucrose balance on section C in nth stage

In illustration of the equations used to determine the 
finished product purity (P s) and the filtrate sirup purity 
(Pr) from which the yield {7.) is calculated, the following are 
those used in single stage:

Derived from sucrose balance on I  a,

\k  +  q - y - f  +  m  ( r a ) j p . ,  +  -
( K +  Q +  W  -  Y  -  F)Pn (1) 

Derived from sucrose balance on I B,

QPq +  K P r =  V +  (K  +  Q -  Y ) P , b (2)

Derived from sucrose balance on Ic

7 + [> -  m  ( » ) ]  p:  -  [ Y + F -  <:r> ( w ) ]
(3)

Yield formula,

In these formulas purity (P) is in the fractional form and the 
subscripts denote the substance under consideration either 
directly or indirectly. In illustration, the symbol P s  denotes 
the purity of the finished product, and the symbol P iB denotes 
the purity of the liquor leaving the section I b.

In applying the foregoing procedure to determine the 
effect of number of stages on the purging efficiency, the 
following typical massecuite and operation characteristics 
are assumed and the wash (17) is varied for various stage 
operations:

P q ~  0 .9 0  M  =  6 . 5  K  =  1 0 0 .0
Y = 5 0 .0  T =  6 5 .0

From the calculations as indicated, Figure 3 shows the 
manner in which the yield varies with the product purity in 
various stage operation. Figure 4 was derived from values 
taken from Figure 3 in order to bring out more clearly the 
effect of number of stages on purging efficiency. From 
Figure 4 the optimum number of stages for a given product 
purity may be determined when installation, operation, and 
sugar reprocessing costs are known.

s
10 1.S SO i j  10 i j

n o u  T o re  in  cake ■ t  tn t

F i g u r e  5 . E f f e c t  o f  
M o i s t u r e  i n  C a k e  o n  
Y i e l d  f o r  S in g l e  S t a g e

Another application of the theory given is the determination 
of the effect of moisture in cake after drainage on the yield for 
a given product purity. This was calculated and is illustrated 
in Figure 5 for single-stage operation. These curves are of 
particular interest as they illustrate the effect of varying drain
age (as determined by the cake moisture content) on the yield, 
other factors remaining constant; and, while drainage is the 
greatest problem in the use of the rotary vacuum filter on 
crystal sugar, there are no Specific data on the effect of the 
fundamental factors determining the degree of drainage.

In rendering this theoretical treatise, the author believes 
that the schematic procedure given can be used to advantage 
in any future investigations to determine the feasibility of the 
rotary vacuum filter or similar equipment in the processing 
of crystal sugar.
R e c e i v e d  April 17, 1933.
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II. Properties of Alkyl Esters of Levulinic Acid1
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O
NE of the products of the 

action of hot, dilute hy
drochloric acid on cane 

sugar is levulinic acid,

C H r

O

- è — C H r

o

- C H r ¿ o : H

As Thomas and S c h u e t t e  (7) 
have shown that as much as 42
per cent of the theoretical yield of pure levulinic acid— i. e., 
285 grams per kg. of cane sugar— can be obtained by conduct
ing the reaction at 162° C., commercial production of the acid 
and its esters becomes a promising possibility. Furthermore, 
it has been shown elsewhere (2) that substantially higher 
yields of the esters of levulinic acid can be obtained by 
esterification of crude levulinic acid and purification than 
by a succession of more tedious operations— isolation, purifi
cation, and esterification of levulinic acid.

The reaction of sucrose and hydrochloric acid yields, in 
addition, formic acid equivalent to the levulinic acid and 
about 22 per cent of the original weight of the sugar as the 
so-called artificial humic acid. Recovery and utilization of 
these by-products are essential to commercialization of the 
levulinic acid reaction.

Some of the difficulties which lie in the path of development 
of levulinic acid production are the still comparatively low 
yield of the acid, difficulties in distillation owing both to 
high boiling points and to the accumulation of “ tars,”  and 
the corrosive action of the mixtures at the high temperatures 
and pressures necessary for the reaction.

Recent reports on levulinic acid esters have been those of 
Sah and Ma (-5), Schuette and Cowley (0), Cowley and 
Schuette (1), and Cox and Dodds (2).  Authors to date 
have concerned themselves with the physical and chemical 
constants of the esters and not with useful applications. 
The objective has been the development of uses for these 
esters and, as means to that end, certain practical properties 
of the levulinic esters have been examined.

The esters studied are twelve in number, as described in 
another paper (2), and the mixed esters derived from esteri-

1 The first paper of this series appeared in I n d .  E ng. C h e m . ,  News Ed., 
10,149 (1932).

Practical properties of thirteen aliphatic esters 
of levulinic acid are given: boiling point, weight 
per gallon, solubility of the esters in water, 
solubility of water in the esters, stability of the 
esters to water, solubility of gums and resins, 
miscibility with organic solvents, and dilution 
ratios.

fication of Pentasol,2 a commer
cial mixture of amyl alcohols. 
The data given in the com
munication dealing with the 
preparation of these esters (2) 
are v a p o r  press ure ,  boiling 
point, specific gravity, surface 
tension, and index of refrac
tion. Herein are given data 
of solubility relations to water, 

organic solvents, and resins, of stability of the esters to 
water, and also some general observations.

P r o p e r t i e s  o p  E s t e r s  o f  L e v u l i n i c  A c id

The alkyl esters of levulinic acid, up to the hexyl series, 
are colorless liquids boiling in the range 196.0° (methyl) 
to 253.4° C. (Ar-amyl). The lower esters (methyl, ethyl, 
and propyl) have pleasing melon-like odors; the butyl 
and amyl series have only faint, but still pleasant odors. 
The taste of the esters is intensely burning and bitter. The 
boiling points shown in Table I are those observed by Cox 
and Dodds {2) in the vapor pressure apparatus of Ramsay 
and Young (4) at exactly 760 mm. pressure. The boiling 
point of the mixed amyl levulinate was determined in the 
same way.

The indexes of refraction (Table I) are those given by Cox 
and Dodds (2). The weights per gallon of the esters are 
derived from the specific gravities reported in the same 
paper.

The solubility of the esters in water was determined by 
adding water with shaking to a measured amount of the ester 
until opalescence just disappeared. The solubility of water 
in the esters was determined by the reverse operation. The 
data relating to water solubilities are given in Table I.

The stability of the esters toward water has been observed 
by determining the increase in free acidity produced by 
exposure of the esters to an excess of water. Specifically, 
free acidity in the technical ester was first determined. 
Then one cc. was boiled for one hour with 50 cc. of water 
and the free acidity redetermined. A  second one-cc. sample 
was heated for 5 days at 40° C., and the increase in free

1 Pentasol and alcohols of the amyl series were supplied by  the Sharpies 
Solvents Corporation.

A l k y l  L e v d l i n a t e

Methyl
Ethyl
Af-propyl
l8opropyl
iV-butyl
Isobutyl
«ec-Butyl
AT-amyl
Isoamyl
Methylpropylcarbinol 
Diethylcarbinol 
2-Methylbutyl 
Mixed amyl

T a b l e  I . P h y s ic a l  a n d C h e m ic a l  P r o p e r t ie s o f  A l k y l  L e v u l in a t e s

S t a b i l i t y  t o  W a t e r

I n d e x  o f S o l u b i l i t y A C ID IT Y  A F T E R :
B. P . A T  760 M M . R e f r a c t i o n S p . G r . , W t .  p e r Ester in Water in i n i t i a l Boiling 5 days at

H g ( O b s d . ) a t  20° C 2 0 ° /4 °  C. G a l . water ester ACID ITY for one hr. 40 C.
° C. Lb. Cc. per 100 cc. % % %

196.0 1.42333 1.0495 8 .74 Completely miscible 5 .7 7 .4 7 .9
205.8 1.42288 1.0111 8.42 12.5 7 .5 2 .6 4 .3 6 .0
221.2 1.42576 0.9896 8 .24 2 .8 3 .4 0.2 0 .9 0.9
209.3 1.42088 0.9782 8 .15 5 .9 3 .6 0 .5 1.2 1 . 1
237.8 1.42905 0.9735 8.11 0.93 2.12 0 .9 1.6 2 .0
230.9 1.42677 0.9677 8 .06 1.2 2.06 1.5 2 .8 2.9
225.8 1.42499 0.9670 8 .06 1.6 2.06 2 .3 2.9 3 .2
253.4 1.43192 0.9614 8.01 0.26 1.45 0 .4 1.0 1.0
248.8 1.43102 0.9603 8 .00 0.25 0.99 0 .6 1.2 1.0
239.6 1.42808 0.9557 7 .96 0 .40 0.79 3.1 3.3 3 .3
239.0 1.42890 0.9591 7 .99 0.50 0 .55 3 .5 3 .7 3.7
247.2 1.43100 0.9607 8 .00 0 .30 1.12 0 .4 0 .9 1 . 1
246 (approx.) 0.9589 7 .99 0.29 0.89 0 .8 1.2 1.2

967
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acidity measured. These data of initial free acidity and 
also the results of hydrolysis at 100° and at 40° C. are shown 
in Table I.

The qualitative solubilities of some resins and gums in 
levulinic acid esters have been observed by treating approxi
mately 0.5 gram of the substance with the 5-cc. portions of 
the esters. As these solubilities are similar for each group 
of isomers, the esters (Table II) are grouped in their re
spective series— methyl, ethyl, the propyl (C3), butyl (Cj), 
and amyl (C5) esters.

T a b l e  II. Q u a l i t a t i v e  S o l u b i l i t y  o p  C o m m e r c ia l  G u m s
a n d  R e s in s  in t h e  E s t e r s  o f L e v u l i n i c  A c id

R esin M ethyl® E thyl Cz C 4 C6
x-M anila — — — X X
Montol X + + 4* +
Kauri X X — X X
Pontianac chips X X — — —
Rosin + + + + +
Bone-dry shellac — — — —
Bakelite (viscous) Gels Gels + + +
Rezyl — + + + +
Sarpee — — — — —
Ester gum, unoxidized - f + + + +
Ester gum, oxidized X + + + +
Albertol copal X + + + +
Albertol X 4- + + +
Amberol X X + + +
Cumar + + + + 4-
Dammar — — — — X
Varnish type glyptal + + + X +
Vinylite 80 Gels Gels Gels Gels Gels
Urea formaldehyde — — — — —

e  T o l u e n e B u t y l  A l c o h o l K e m s o l i n e
Diln. %  Nitro Diln. %  N itro Diln. %  Nitro
ratio cellulose ratio cellulose ratio cellulose
2 .40 7 .8 2 .35 8 .2 Immiscible
2 .85 7 .2 3 .25 7 .4 0 .45 6.9
3.00 7 .3 3.85 8 .0 0.75 5.9
2 .80 7 .8 5 .05 6.1 0 .60 6.3
3.15 7 .7 6 .40 6 .4 1.0 5.3
2 .95 8 .0 6 .00 6 .8 0 .85 5.6
2 .75 7 .7 5.55 6 .5 0 .85 5.7
3.25 7 .4 7.50 7 .2 1.15 5.1
3 .00 8 .2 7 .50 7 .6 1.0 5.3

>inol 2 .80 9 .7 7.75 6 .5 0 .93 5.5
3 .10 7 .9 8 .00 6 .5 0.85 5.6
3.00 8 .0 7 .85 7 .5 1.0 5.3
2 .80 8 .0 7.25 7 .5 1.1 5.0

a +  =  com pletely soluble; — =  insoluble; X  = partially soluble.

In general, it was found that the esters are completely 
miscible with the simple alcohols, immiscible with ethylene 
glycol and glycerol, and miscible with ethers, aldehydes, 
ketones, esters, acids, chlorinated aliphatic hydrocarbons, 
aromatic h y d r o c a r b o n s ,  the Cellosolve group, and fatty 
oils. Methyl levulinate differs from the above generalization 
in being completely miscible with ethylene glycol and im
miscible with fatty oils. Ethyl levulinate is also immiscible 
with ethylene glycol.

The tolerance of levulinic acid ester solutions of 1/2 second 
nitrocellulose for dilution with (1) toluene, (2) Ar-butyl 
alcohol, and (3) Kemsoline (a commercial petroleum-dis-

tillate diluent) have been determined by the Hercules Powder 
Company’s method for dilution ratios (S). These data are 
given in Table III.
T a b l e  III. D i l u t i o n  R a t i o s  o f  S o l u t i o n s  o f  1/2 S e c o n d  

N i t r o c e l l u l o s e
A l k y l  L e v u l i n a t e

Methyl
Ethyl
iV-propyl
Isopropyl
Ar-butyl
Isobutyl
sfc-Butyl
iV-amyl
Isoamyl
M  ethy lpropy lea 
Diethylcarbinol 
2-M ethylbutyl 
Mixed amyl

D i s c u s s i o n  o f  R e s u l t s

An examination of the various data pertaining to the 
properties of the esters of levulinic acid reveals that the 
better characteristics for most present commercial uses of 
such materials are found in the members of the butyl and 
amyl series. Generally these esters are more stable toward 
water, have lower solubility relations to water, and better 
dilution ratios of nitrocellulose solutions than the lower 
homologs. Their solvent pow'ers seem to be as good as 
those of the lower esters.

L i t e r a t u r e  C i t e d

(1) Cowley and Schuctte, J. Am. Chcm. Soc., 55, 387 (1933).
(2) Cox and Dodds, Ibid., 55, 3391 (1933).
(3) Gardner, “ Physical and Chemical Examination of Paints,

Varnishes, Lacquers, Color,”  5th ed., p. 730, Institute of 
Paint and Varnish Research, Washington, 1930.

(4) Ramsay and Young, J. Chetn. Soc., 47, 42 (1885).
(5) Sah and Ma, J. Am. Chcm. Soc., 52, 4880 (1930).
(6) Schuette and Cowley, Ibid., 53, 3485 (1931).
(7) Thomas and Schuette, Ibid., 53, 2324 (1931).
R e c e i v e d  March 29, 1933. Presented before the Division of Organic 
Chemistry at the 85th M eeting of the American Chemical Society, Wash
ington, D . C ., March 26 to 31, 1933.

III. Technology of Sucrose Octaacetate and Homologous Esters
G e r a l d  J. C ox, Jo h n  H. F e r g u s o n , a n d  M a r y  L. D odds

THE fact that sucrose has 
been considered prima
rily as a food, condiment, 

or confection by the layman, 
or as an example of an abundant 
disaccharide by the chemist, 
has in most cases fa r  o v e r 
shadowed its possible use as a 
polyhydric alcohol. The pro
d u c t i o n  of esters from this
compound, utilizing as it does these same alcoholic properties, 
therefore seemed to offer a starting point for the development 
of a group of industrially useful organic products.

The comparatively lowT cost and high available tonnage 
of sucrose obtainable in such a high state of purity as is 
commonly found upon the consumer’s table also contributed 
to the belief that such a source material or some of its de
rivatives could be used both extensively and advantageously 
in industrial processes.

With this idea in mind, and cognizant of the extensive 
commercial use of the esters of allied substances— for ex
ample, cellulose acetate— the lower saturated aliphatic 
acids were considered as possible reactants for the production

A simplified convenient method for the prepara
tion of sucrose octaacetate in high yield is de
scribed, together with analogous processes for  
making sucrose octapropionale and sucrose 
octabutyrate. Properties of value in the indus
trial application of these esters of sucrose are 
given.

o f  s i m i l a r  c o m p o u n d s  of 
sucrose.

The investigation to be re
ported, therefore, is concerned 
with some of the phases of pro
duction of the most promising 
m e m b e r  of th e  series— i. e., 
s u c r o s e  octaacetate— together 
with the properties that might
apply commercially to its use. 

Mention is also made of the properties of the two next 
highest members of the homologous series— i. e., sucrose 
octapropionate and sucrose octabutyrate.

Schutzenberger (3) was the first to acetylate sucrose but 
was able to obtain only a gummy mass from the process. 
Later Herzfeld (1) was able to obtain a crystalline product 
and likewise listed some of its physical characteristics. 
The octapropionate and octabutyrate are new compounds.

S u c r o s e  O c t a a c e t a t e

L a r g e - S c a l e  L a b o r a t o r y  P r o d u c t i o n  i n  G l a s s .  The 
preparation of sucrose octaacetate in 6- to 8-pound lots 
was carried out, using the apparatus shown in Figure 1.
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The yield secured in this process was 2600 to 2730 
grams, or 88 to 92 per cent of theoretical.

S e m i - P l a n t  P r o d u c t i o n .  The compound was also 
made successfully on a semi-plant scale, using a copper 
still of 20 gallons capacity. The amounts of reactants 
were proportionately the same as those used in the labo
ratory production. The working up of the product, 
however, was slightly different. After the reaction was C e n t r if u g a l  M a c h in e s

T h e L i e b i g  c o n 
denser, A, is g r o u n d  
into the neck of a 12- 
liter balloon flask, B.
T h ro u g h  the 2-inch 
(5-cm.) condenser runs 
sleeve C, c a r r y i n g  
stirrer D t u r n e d  by 
motor E through the 
rubber-tube universal 
joint, F. The sleeve 
is made of heavy glass 
(4-mm. wall), braced 
at G with three glass 
points, and supported 
at H by a clamp and 
rubber stopper. The 
flask is heated by oil 
bath J  and e l e c t r i c  
plate K.

Four  t h o u s a n d  
grams of commercial 
acetic anhyride (90 per 
cent) and 150 grams 
of freshly fused sodium 
ace ta te  were placed 
in the 12 - l i t e r  flask 
and heated to boiling 
with stirring (145° C. 
oil-batli temperature).
The electric plate was shut off as the reaction was rapid and 
exothermic. Fifteen hundred grams of granulated sucrose were 
added down the condenser at the rate of about 100 grams per

minute. After all the sucrose 
had been added, the e l e c t r i c  
plate was again turned on to 
continue rapid boiling of the 
reaction mixture. More acetic 
a n h y d r i d e  (500 g r a m s )  was 
poured down the condenser to 
wash into the r e a c t i o n  vessel 
any sucrose that had adhered to 
the sides. Boiling of the mix
ture w as then continued fo r
10 minutes and th e  c u r r e n t  
again shut off. When refluxing 
ceased (in about 15 minutes) 
the solution was heated with 75 
grams of decolorizing c a r b o n  
(Nuchar) and filtered while hot 
into a 12-liter flask. The solu
tion was evaporated in vacuo in 
a boiling water bath until the 
d i s t i l l a t e  came over only in 
occasional drops. The hot sirup 
was poured into about 12 liters 
of tap water contained in 
a 2 4 - l i t e r  stoneware jar 
and stirred v i g o r o u s l y  
with a h e a v y  pa d d le .
The water was poured off 
and renewed, and stirring 
was continued until the 
sucrose acetate became a 
stiff mass. By allowing 
this mass to stand over
night in water, it became 
crystalline.

A f t e r  the crystalliza- 
tion, the water was poured 

off and the hard mass was broken and ground in a mortar.
It was then washed with tap water on a 12-inch (30.5-cm.) 
stoneware vacuum filter until the washings were entirely 
neutral to litmus paper. The final product was then dried 
in air.

xuinnom xta-in i luuh

c o m p l e t e  and after 
the d i s t i l l a t i o n  of 
acetic acid had been 
made, the sirup was 
dissolved in toluene 
and heated to boiling 
with solid hydrated 
lime. All free acid 
was completely neu
tra l i zed  b y  this 
m e t ho d  before the 
boiling p o i n t  of the 
solution was attained. 
The mixture filtered 
readily, and practi
cally all the color was 
re ta in ed  in the 
residue, leaving the 
toluene so lu t i o n  a 
v e r y  l ight  a m b e r  
color. It is possible 
either to use this solu
tion directly in order 
to i n c o r p o r a t e  the 

compound into other materials of a resinous nature, or by 
concentration of the toluene solution to crystallize and use 
the acetate as a solid. Although the acetate is of crystalline 
form, it was found to change into a clear, transparent, color
less glass after fusion and cooling. This property alone 
suggests its use in plastics, resins, and like materials, together 
with a variety of possible combinations in various specialized 
commercial processes.

The melting point of the crystalline solid was found to be 
68° to 69° C., although the observation varied considerably 
with the rate of heating, owing to the high viscosity of the 
compound at its melting point. Decomposition and subse
quent charring occurred at about 285° C., but the compound 
has been distilled unchanged at 260° C. in the vacuum 
produced by a Cenco Hyvac oil pump. The density using 
the glasslike resinous form wTas found to be 1.28 at 20° C. 
Its viscosity at 100.2° C. was equal to 29.54 poises.

A sample of the product was recrystallized from alcohol 
five times and its optical rotation measured in chloroform. 
The average result was [ a =  +59.79°. In comparison 
to this result is the value [a]“  =  +59.6°, given by Hudson

F i g u r e  1 . A p p a r a t u s  f o r  
P r e p a r a t i o n  o f  S u c r o s e

OCTAACETATE
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T a b l e  I. S o l u b i l i t i e s  o f  S u c r o s e  O c t a ä c e t a t e ,  O c t a p r o p i o n a t e ,  a n d  O c t a b u t y r a t e  a t  25° C.
S u c r o s e  O c t a  S u c r o s e  O c t a  S u c r o b e  O c t a  S u c r o s e  O c t a  S u c r o s e  O c t a  S u c r o s e  O c t a 

a c e t a t e 0 p r o p i o n a t e b u t y r a t e S o l v e n t s a c e t a t e 0 p r o p i o n a t e b u t y r a t e

+ + + Butyl carbitol + + +
+ + +

Partial + + Benzene + + +— + + Xylene + + +
+ + + Toluene + + +
4*. + +

Partial 4- + M ixed amyl chlorides + + +
+ + + Chloroform + + +

Ethylene dichloride + + +— b — +  c Ethylene chlorhydrin + + +— b — +  e Chlorobenzene + + +
+ + + Benzyl chloride + + +

+ + Castor oil Ppta. _ +
+ + + C od liver oil — Partial +
+ + 4* Cottonseed oil — Partial +
+ + + Boiled linseed oil — Partial +
+ + +

Turpentine — + +
+ + + Gasoline — Partial +— + +
+ + + Benzyl benzoate + + +
+ + + Benzaldehyde + + +
+
+

+
+

+
+ ° +  =  com pletely soluble; — *= insoluble.

+ + + o Swells.
+ + + c Emulsifies.

S o l v e n t s  
M ethyl alcohol 
E thyl alcohol 
Butyl alcohol 
Isobutyl alcohol 
Isopropyl alcohol 
Isoam yl alcohol 
M ixed amyl alcohols 
Diacetone alcohol

Diethylene glycol 
Propylene glycol 
Acetone

M ethyl acetate 
Ethyl acetate 
Butyl acetate 
Am yl acetate 
Mixed amyl acetates

Ethyl ether 
Isopropyl ether 
Dichlorethyl ether 
Dioxan

Cellosolve 
M ethyl cellosolve 
D iethyl cellosolve 
Butyl cellosolve

and Johnson (#). The refractive index of the fused form of 
the substance was n2o =  1.4660.

Some electrical properties of sucrose octaacetate are as 
follows:

60 C y c l e s  10s C y c l e s  
Dielectric const. 4 .3  4 .5
Power factor, %  12.3 5 .8
Resistivity =  1.5 X  108 megohm-cm.

10* C y c l e s
4 .7
1.7

The amount of free acid (acetic) contained in the crystals, 
after washing and drying, averaged in most cases about 
0.03 per cent. The stability of the compound to water, made 
by boiling one gram with water for one hour, showed by 
titration that 0.25 per cent of all available acetic acid was 
split off by hydrolysis. In water at 40° C. for 5 days the 
hydrolysis amounted to 0.20 per cent of the available acetic 
acid. The solubility of the compound in water was 0.14 per 
cent. It is intensely bitter; between 0.001 and 0.002 mg. 
in one cc. of water can be detected by taste. The solubility 
in other solvents is listed in Table I.

S u c r o s e  O c t a p r o p i o n a t e  a n d  O c t a b u t y r a t e

Sucrose octapropionate and the octabutyrate were pre
pared in a somewhat similar manner. The first, a low-

melting crystalline solid, was found to form, after fusion, a 
semi-hard glass readily crystallizable when submerged in 
water, although its solubility in this solvent was less than 
0.01 per cent. Its melting point was 45.4° to 45.5° C. and 
its viscosity measured at 48.9° C. was 47.8 poises. The 
density at 20° was 1.1849.

Sucrose octabutyrate, which is an uncrystallizable viscous 
sirup, exhibited a decidedly oily character. Its viscosity 
measured at 25.9° C. was 32.7 poises. The Saybolt viscosity 
at 210° F. (98.9° C.) was 120 seconds, and at 100° F. (37.8° 
C.), 2400 seconds. The density measured at 20° C. was 
1.1232. Its solubility in water was similar to that of the 
octapropionate— i. e., less than 0.01 per cent.

The solubilities of the esters of sucrose previously men
tioned, as shown in Table I, were found by observing the 
behavior of 0.5 gram of solute in 5 cc. of solvent.

Further investigations on the properties and applications 
of these compounds are being undertaken.

L i t e r a t u r e  C i t e d
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Flexible Alkyd Resins
R. H. K ie n l e  a n d  P. F. S c h l in g m a n , General Electric Company, Schenectady, N . Y.

isPREVIOUS publications
(S) have described three 
general classes of alkyd 

resins— namely, heat-noncon
vertible, heat-convertible, oxy
gen-convertible. It has been 
shown that hard, soft, or balsam
like resins could be prepared in 
each class. Recently another 
physical property, flexibility, has 
been improved so that now resins
are possible possessing flexibility down to a temperature of 
approximately 5° C. To a degree, flexible alkyd resins were 
available before; Callahan (1) obtained certain flexible effects 
in the heat-convertible alkyd resins by using definite dibasic 
aliphatic acids, and it is well known that the oxygen-convert
ible resins (8) become more flexible as the oil-glyceride content 
of the alkyd resins is increased. However, these flexible proper
ties, thus induced, are only temporary, as all these modified 
resins when aged at the higher temperature— e. g., over 100° 
C.— rapidly lose their flexibility and become fairly rigid owing 
either to continued polymerization or oxidation. It has been 
possible not only to produce flexible alkyd resins but to con
trol the degree of flexibility as well within the temperature 
limits specified. With this controlled flexibility a certain 
plasticity was observed to have been simultaneously intro
duced allowing compounding on rubber rolls, calendering, and 
pressing of the more flexible forms.

T h e o r y  o f  F l e x i b l e  R e s i n  F o r m a t i o n

■t In the theory of resin formation originally suggested by 
Kienle and Hovey (9) and developed in detail by Kienle 
(7), it was shown according to postulates 1 and 2, that when
ever the reactivity of an organic reaction was (2,2)— that is, 
where the individual reacting molecules each possessed two

The general theory of synthetic resin formation 
reviewed. The development of permanently 

flexible alkyd resins, their preparation and prop
erties are given. These newer alkyd resins are 
shown to have industrial possibilities as film- 
forming materials in the paint and varnish in
dustry, and as a celluloid substitute or as an 
artificial rubber in the plastic industry.
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(2,2) were heat-nonconvertible, 
owing to the fact that molecular 
union could give only long chains. 
Intertwining (i. e., crisscrossing) 
between molecules of high mo
lecular weight was not possible, 
and therefore a gel structure did 
not occur. The glycol phthalates 
(10), styrenes (15), glycol-dibasic 
acid aliphatic esters (4), and 
vinyl resins (16) all substantiated 

this viewpoint. The work on rubber (IS) and cellulose (12), 
both naturally occurring flexible bodies, further suggested 
that, if a long chain could be synthesized, flexibility, elasticity, 
etc., should result. Such molecules, according to the x-ray 
measurements, should be built up from unit molecules having 
a small cross section compared to their length; that is, long 
side chains and cyclic members should be absent. The poly
esters derived from dihydric alcohols and dibasic aliphatic 
acids or their anhydrides satisfy these requirements; indeed 
Carothers (6) has shown that flexible, elastic fibers can be 
prepared from these bodies if the esterification is so carried
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possible points or positions of primary valence linkage—  
an amorphous or resinous substance resulted; unless, as 
Carothers (S) and co-workers have shown, the total number of 
primary valence bonded atoms between any two such suc
cessive linkages equaled five, six, or seven. In the latter case 
cyclic compounds are formed which result in crystalline com
pounds. It was further brought out in the theory of resin 
formation that the resins formed from reaction reactivities of

F i g u r e  2 . V a r i a t i o n  o p  S a p o n i 
f i c a t i o n  V a l u e  a n d  E s t e r  V a l u e  
a s  F u n c t i o n  o f  M o l e  P e r c e n t a g e  

C o m p o s i t i o n

out that a long total chain length is built up. The ordinarily 
prepared dihydric alcohol-dibasic aliphatic polyesters are 
waxes or amorphous white solids (5), although when molten 
they are distinctly transparent, heat-nonconvertible poly
mers.

Taking into account postulate 3 of the resin formation 
theory, if these long-chain molecules were attached through 
primary valence linkage to heat-convertible resin molecules—  
e. g., glyceryl phthalate— flexible heat-convertible resins 
should result. The mole ratio between the rigid heat-con
vertible phase of the resin (e. g., the glyceryl phthalate) and 
the long-chain, heat-nonconvertible phase (e. g., the dihydric 
alcohol-dibasic aliphatic ester such as glycol succinate) 
should determine the flexibility and plasticity; the higher the 
latter, the more flexible and plastic the resin. Experiments 
have proved these contentions (11). Heat-resisting, flexible 
alkyd resins were prepared in this manner, and, what was 
perhaps more important, the resins showed that a method was 
now available whereby the flexibility of alkyd resins could be 
controlled as desired.

An extended study of flexible alkyd resins has been made. 
Modifications have been prepared by varying the dihydric 
alcohol to include such glycols as diethylene glycol, triethylene 
glycol, tetramethylene glycol, hexamethylene glycol, etc., as 
well as by varying the dibasic aliphatic acid or anhydride to 
include such acids as adipic, sebacic, maleic, etc. Further
more, oxygen-convertible, flexible alkyd resins have been
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made by introducing into the resin molecule oxidizable fatty 
acids, drying oils, natural resins, etc. In other words, all 
previously known forms of alkyd resins have been prepared 
in flexible form.

These studies have shown that the structure of the flexible 
resins are not quite as simple and straight forward as sug
gested above. However, the general theory is basically 
correct; but, in any given flexible series— i. e., with any fixed 
dihydric alcohol-dibasic acid flexibilizer— there seems to be 
a definite mole ratio of flexible to rigid resin phase beyond 
which, while the resulting cured resin is increasingly more 
flexible, the flexibilization does not continue as entirely 
within the molecule. Rather it increases because of the pres
ence of the free flexible phase or low resin polymers thereof, 
either in solid solution in the resin or, speaking more strictly, 
as heavily solvating the pure resin molecules. In the case of 
glycol succinate, this mole ratio appears to be about 4:1; 
in the case of glycol adipate it is about 3:1. Whenever 
resins of higher mole ratio than the above are prepared, cured, 
and swollen in solvents, such as chloroform or dioxan, it 
was found that glycol succinate or glycol adipate could be 
precipitated from the decanted swelling agent by adding 
inert solvents, such as benzene or water. Such was not found 
to be the case with the resins of lower mole ratio. Facts 
such as these, augmented by analytical, solubility, physical, 
and electric loss data and further supported by x-ray investi
gations made both on the pure resins and resins treated with 
sundry oxides, lead to the suggestion that the average flexible 
alkyd resin molecule in any homologous series of flexible 
resins of various ratios builds up gradually to a unit cell struc
ture as portrayed in Figure 1. As preparation of the resin
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proceeds, cross-tying between molecules probably takes 
place, brought about by the polyvalent acids or anhydrides 
effecting a three-dimensional molecular rigidity accompanied 
by the attending phenomenon of gelation. With the resins 
of low mole ratio the average length of the flexibilizing chains 
in the resin molecule is probably shorter than given in the 
formula. In the case of the resins of high mole ratio some 
flexibilizing side chains of longer length are undoubtedly 
formed, but the average molecules are built up from molecular 
structural units such as shown in Figure 1, and the entire 
heterogeneous molecular mixture is solvated with dihydric 
alcohol-dibasic acid polyester molecules.

Throughout this work a mole of glyceryl phthalate has been 
assumed to be glyceryl triphthalate: glycerol 184 parts by 
weight, phthalic anhydride 444 parts by weight. A mole of 
the flexibilizing ester has been assumed to be: dihydric al
cohol one mole, dibasic acid one mole— e. g., glycol 62 parts 
by weight, succinic acid 118 parts by weight.

P r e p a r a t i o n

One of the preferable ways to prepare this type of alkyd resin 
is to place all ingredients in a three-neck, round-bottom flask, 
heated by means of an oil bath. The flask should be equipped

with a stirrer, thermometer, and short air-cooled reflux condenser. 
After the ingredients are molten, the stirrer is started and the 
temperature slowly raised to 190-200° C. The temperature is 
maintained at this point, water slowly escaping from the reflux 
until a small drop of resin on a clean 200° C. hot plate gels in 
40 to 50 seconds. The reflux condenser is then removed or the 
resin poured into an open beaker and further heated until a 10- 
to 15-second cure is reached. At this point the resin may he 
cut with solvents, poured into shallow pans for A-stage resin, or 
poured into pans and placed in suitable ovens to cure for B- 
and C-stage resin according to the requirements. To cure, tem
peratures from 125° to 200° C. can be used but 150° is preferred. 
B-stage resin is obtained after 12 to 36 hours of curing and is that 
stage when the resin is just thoroughly gelled. Thoroughly 
cured or C-stage resin takes from 3 to 12 weeks to form in thick
ness of 0.25 to 0.5 inch, depending on the temperature and oven 
ventilation.
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Typical flexible resin formulas are the following:

M o l e  R a t i o
M o l e  

P e r  C e n t F o r m u l a

Parts by weight
1:1 50 Glycerol

Phthalic anhydride
184
444

50 Glycol, ethylene 
Succinic acid

62
118

4:1 20 Glycerol
Phthalic anhydride

184
444

80 Glycol, ethylene 
Succinic acid

248
472

Other methods for preparing the resins are: open cooking 
with stirring, reflux throughout, reflux followed by vacuum 
treatment, and cooking under a current of inert gas. There 
are some differences observable between the various methods 
but, in general, the final cured resins are equivalent. The 
principal requirement is to keep the initial temperatures be
low 190° C. until the glycol has sufficient time to react 
thoroughly. This is necessary because of the high vapor 
pressure of glycol. Unless the glycol is thoroughly reacted 
and combined in the resins, quite different resins result.

In the preparation of flexible resins modified with drying
oil acids, oils, or natural resins, the order of the addition of 
ingredients in some cases becomes important. Also it is 
generally advisable with these resins to use higher tempera
tures, especially when reacting the oils or oil acids. There
fore, the usual procedure is to react the oils with the poly- 
hydric alcohols and some of the acid or anhydride under reflux 
at about 220° to 230° C., then, when clear, to add the re
mainder of the acid phase and proceed as before.

S t u d y  o f  t h e  A S t a g e

The flexible alkyd resins are interesting from the scientific 
as well as from the technical aspect. Increasing the di
hydric alcohol-dibasic acid phase theoretically introduces 
more and longer chains into the resin molecules with pro
gressive flexibilization. Careful study of various series of 
flexible resins with varying amounts and types of flexibilizing 
phase and the effects thereof on the physical, chemical, and 
electrical properties has been started with the idea that this 
would furnish a better understanding of organic compounds 
of high molecular weight. These studies have included both 
curing as well as resin-forming reactions.

In Table I are summarized some of the properties observed 
in a series of increasingly flexible resins, glycol succinate being 
used as the flexibilizing phase. All the resins were clear, 
transparent, and amber colored. They varied in hardness 
from the 1:1 resin, which was similar to A-stage glyceryl 
phthalate, to the 10:1 resin which was soft and sticky like 
natural asphalt.

In the preparation of any series of resins, identical condi
tions of preparation were employed. All the resins were 
carried to a 10-second cure—i. e., just short of gelation.
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T a b le  I. P u o p e r tie s  o f  S e r ie s  o f  F l e x i b l e  A lk y d  R e s in s  
(A  S ta g e )

(Temperature of preparation, T — 200° C.)
M o l e  P e r  C e n t

S a p o n i f i -
M o l e phthal succi F l o w A c i d CATION E s t e r E s t e r i f i 
R a t i o ate nate P o i n t No. V a l u e V a l u e c a t i o n

0 C. %
100 0 120 123 568 445 78.5

i  :‘ l 50 50 123 133 622 489 7S.5
2:1 33 67 67 144 657 513 78.2
4:1 20 80 55 153 694 541 78.0
6:1 14.3 85.7 50 141 723 582 80.5
8:1 11.2 88.8 60 134 729 595 S2.0

10:1 9 .1 9 0.9 55 129 735 606 82.5
0 100 (776)°

° Theoretical for neutral ester.

Table I shows that, as the mole ratio of glycol succinate 
increases, the flow point decreases until the 4:1 ratio is 
reached, whence a more or less constant value is obtained. 
The probable significance of this has already been discussed.

The acid number progressively increases, then decreases. 
The saponification value progressively increases; conse
quently, the ester value and percentage esterification at 
gelation increase. The increase in the latter, although not 
very appreciable, is definite. The decrease in acid number is 
attributed to the fact that in the high ratio resins a high 
percentage of heat-nonconvertible phase is present, increasing 
the mobility, and simultaneously the chance contact between 
reacting groups, thereby improving esterification.

In Figure 2 is shown graphically the variation of saponifica
tion value and ester value as a function of mole percentage 
composition. In both cases a regular and progressive change 
is observed, the difference between the two curves represent
ing the unesterified portion of the resins.

In order to ascertain whether the mechanism of formation of 
the flexible resins is the same as that of the other alkyd resins, 
a kinetic study was.made by following such factors as cure 
time, acid number, insulation resistance, percentage esteri
fication as a function of time. In Figure 3 one of these vari
ables (percentage esterification) has been plotted for three 
resins— namely, glyceryl phthalate, 1:1 flexible resin, and 
6:1 flexible resin. Comparison with glyceryl phthalate 
slvows that the flexible resins are built up in a uniform con
tinuous manner analogous to the other alkyd resins, except 
at different rates depending upon composition. In other 
words, primary valence linkage by esterification of the inter
acting molecules is the fundamental resin-forming reaction.

T a b le  II. C o m p a riso n  o f  S p e c ific  V is c o s it ie s

(One per cent solutions)
Sugar in water 0 .040
Latex 0 .025
Gum arabic 1.00
Starch 0 .05
Nitrocellulose in ethyl lactate 2 .00
Polyvinyl acetate in benzene 5 -22 .5
Rubber in benzene 7 .5 -1 2 .5
Flexible alkyd resins in dioxan 0 .0 3 -0 .0 9

An investigation of the electrical loss and viscosity changes, 
both as a function of time of preparation for the various indi
vidual resins and of increasing flexibility, has been carried 
out. These results will be published in detail later. The 
viscosity studies, at the moment, are probably the more inter
esting in view of the recent work of Staudinger (14) in using 
viscosity as a tool in investigations of high molecular weight 
organic compounds. Dry distilled dioxan was used as the 
solvent in these viscosity studies because of its nonpolar 
character and its good solvency for all ratios of resins.

The viscosity investigations revealed that in all cases it was 
possible to work with solutions up to 10 per cent weight con
centrations. The viscosities of the dioxan solutions were 
lower than anticipated, either because of the good solvent 
power of dioxan or because the actual molecular size of the

resin molecules, at least in dioxan solution, is smaller than 
the solid state would suggest; i. e., they are on the average 
either as given in Figure 1 or very small multiples thereof. 
This is best illustrated by the specific viscosity values of 
one per cent dioxan solutions which varied between 0.03 and 
0.09 for all the resins measured. In Table II a comparison 
of the specific viscosities of other colloids in one per cent solu
tions of suitable solvents is given.

A regular family of viscosity-time of preparation curves 
was obtained for a given resin series shifting on the time axis 
with the composition. In all the cases, as the reaction pro
ceeded, there was but a slight change in viscosity noted until 
gelation was approached, after which a very rapid rise oc
curred. By plotting specific viscosity against percentage 
esterification, the value of the specific viscosity at a common 
percentage esterification near the gel point for all resins— 
namely, SO per cent—was obtained from the curves. These

*7. GLYCOL SU C C IN A TE  
O 25  -30 I S  <00

F ig u r e  4 . P l o t  o f  S p e c if ic  V is 
c o s it y  vs. P e r c e n t a g e  M o l e  Com 

p o s itio n

values are given in Table III and are plotted against percent
age mole composition in Figure 4. The specific viscosity falls 
steadily as the percentage flexible phase increases to about 65 
per cent, then holds steady to about 80 per cent, followed by 
another downward trend. The importance of the 4:1 ratio 
is again demonstrated.

T a b le  III. S p e cific  V is c o s it ie s  a t  80  P e r  C e n t  
E s t e r if ic a t io n

M o l e  C o m p o s i t i o n

M o l e  R a t i o
Glycol

succinate
Glyceryl

phthalate TjupAT 80%
0:1 0 100 3.34
1:1 50 50 1.55
2:1 66.7 33.3 0.96
4:1 80.0 20.0 0.88
6:1 85.7 14.3 0.80
8:1 88.8 11.2 0.56

A study was made of the effect of the composition of the 
flexible phase on flexibility. Other glycols, such as diethyl
ene, decamethylene, hexamethylene, etc., were substituted 
for ethylene glycol and all the straight-chain dibasic aliphatic 
acids up to and including sebacic acid were studied. The 
effect of increasing the length of either the dihydric alcohol or 
the dibasic acid molecule was to increase the flexibility for 
any mole ratio. Thus a 2:1 cured glycol adipate resin was 
found to be approximately equivalent to a 3:1 cured glycol 
succinate resin. However, the increased flexibility was less 
than anticipated from similar studies with glyceryl phthalate. 
On the assumption that the length of the introduced chain
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determined the flexibility, it is readily seen that the vital 
factor is not the length of the structural unit, but the average 
length of the actual polyester chain that these structural 
units build— in other words, the actual number of atoms per 
average polymolecule. In the last column of Table IV  this 
value is given for a number of polyesters. The values were 
obtained from data published by Carothers and co-workers

F ig u r e  5 . F l e x ib l e  A l k y d  R e s in s

Left, cast form  of rigid and flexible resin; right, plastic form as 
gasket, roll, and sheet.

(2), the polyesters being prepared in a manner analogous to 
that normally used in preparing the flexible alkyd resins. It 
is seen readily that, although the number of atoms in the 
structural units varies considerably, the average number of 
structural units compensates for this fact so that the total 
number of atoms per average polymolecule actually varies but 
little. This is in agreement with the flexibility as observed 
with the various substituted flexible resins. Values for cellu
lose and rubber were included in Table IV, showing that a 
value of about 600 atoms per average polymolecule, or better, 
is necessary to give real fiber structure, a hypothesis which 
Carothers’ superpolyesters supports.

T a b le  IV. T o t a l  A to m s in  P o ly m o le c u le  C h a in

C o m p o u n d  
Ethylene succinate 
Hexamethylene succinate 
Ethylene adipate 
Decamethylene adipate 
Ethylene sebacate 
Cellulose 
Rubber

T h e  B  a n d  C S t a g e s

The gelled and cured stages of the flexible alkyd resins are 
marked by the progressively increasing flexibility and plas
ticity of the resins as the mole ratio of di-di polyester is in
creased. This is illustrated in Table V, which also gives 
hardness and elasticity data as measured by the Shore hard
ness gage and elastometer, respectively, for both the cured 
and plastic forms. The permanency of these cured flexible 
resins to aging has already been described. Further dif
ferentiation from the earlier modified resins is obtained by 
comparing a cured 2:1 glycol succinate resin with a cured 
glycerol succinic acid-phthalic anhydride resin, formulated

A N
Atom s in A v. struc (A  X  N)
chain of tural units Total atoms

structural per per av. poly-
unit mol. mol.

8 20 160
12 14 168
10 17 170
18 10 180
14 13 182
10 60-100 600-1000
4 10,000 40,000

R e s i n
M o l e C a s t  S h e e t s P l a s t i c  S h e e t s
R a t i o Shore Shore Shore Shore

(Glycol hard elas hard elas
succinate) ness ticity ness ticity

1:1 99 100
2:1 97 100
4 :1 95 33 100
6 :1 83 38 74 43
8 :1 63 95 49 88

10:1 55 95 39 95

to the same acid ratio, with regard to the action of certain 
solvents. When cured pieces of both were submerged in 
chloroform, the former gradually imbibed solvent and 
swelled, while the latter was practically unaffected. Simi
larly, when cured pieces of both were placed in a bottle con
taining equal volumes of chloroform and 25 per cent caustic 
soda solution, the former sank into the chloroform layer, 
swelled, and remained there while the latter floated on the 
chloroform in the caustic soda layer, gradually disappearing 
as saponified. Both of these tests show a marked difference 
between the two resins, the action of the chloroform being 
explained by the fact that it is a solvent for glycol succinate 
and hence wets the resin containing glycol succinate polyester 
chains.

T a b le  V. C o m p a riso n  op C e r t a in  P h y s ic a l  P r o p e r t ie s  o f  
a  C u r e d , F l e x i b l e  R e s in  S e r ie s

R e m a r k s  
Very tough, stiff, hard 
Tough, hard, bendable 
Tough, flexible 
Tough, very flexible 
Rubbery, exceedingly flexible 
Very rubbery

The flexible resins can be cast into sheets or rods and cured. 
In the cured state the harder resins of any given series are 
particularly interesting as they are exceedingly tough, yet 
pliable. Colored, transparent, and pigmented effects can be 
obtained. The cured resins can be milled, machined, 
polished, and even formed by heat and pressure into simple 
shapes. They offer a substitute for celluloid with the added 
advantage of noninflammability.

Cured sheets of the very flexible resins possess the property 
of sound absorbency and vibration dampening. The latter 
property may be observed by dropping a coin on a sheet, say, 
of cured 8 :1 resin. The coin simply lands with a thud and 
rests without further movement.

The cured flexible resins, because of a certain plasticity 
induced by the flexibilization, can be compounded on rubber 
rolls and handled very much like rubber (17). By adding 
fillers and a binding resin, plastic alkyd resin compounds of 
various degrees of plasticity and flexibility can be prepared. 
Such compounds can be sheeted, calendered, and cured. 
They test and act, except in magnitude of stretch and method 
of curing, like ordinary rubber compounds. To cure, tem
peratures over 125° C. are used, the curing time varying from
2 to 100 hours, depending on the size of piece and the tempera
ture. Dry heat is always used. Under no condition should 
a steam autoclave be employed, as high-pressure steam tends 
to hydrolyze the resin. The usual practice is to wrap the 
article with cloth or gauze and cure in an open oven; the 
cloth or gauze, being porous, allows the escape of volatile 
matter vital to the curing. Owing especially to the heat 
resistance and oil-proof characteristics of the alkyd resins, 
these newer plastic forms are finding use as gaskets, and as
oil- and gasoline-resistant materials.

The flexible alkyd resins, both straight and modified, are 
finding use in the paint and varnish industry wherever flexi
bility is a paramount requirement. They are being employed 
as plasticizer resins in lacquers and as the base for certain 
improved heat- and oil-resisting varnish cloth. Undoubtedly 
their use will extend with time.

It is of particular interest that these flexible resins, being 
simply polyesters and not polydienes like natural and syn
thetic rubbers, are so rubber-like in character. This physical 
similarity and chemical difference, in view of what is known 
of their structure, seems to be additional proof of the funda
mental chain structure of the natural rubber molecule.
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In conclusion, it is evident that we now have available 
alkyd resins with definite and controlled flexibility. This has 
been accomplished in a new manner, not by adding external 
plasticizers and flexing agents, but actually by introducing 
these properties into the resin molecule through intentional 
formulation.
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Pressure-Temperature and Low Pressure 
Total Heat Relationships of Petroleum 

Fractions
E. G. R a g a t z , E. R . M cC a r t n e y , a n d  R . E. H a y l e t t , Union Oil Company of

IN AN EFFORT to develop a 
method for predicting the 
dew and boiling lines for 

petroleum fractions, vapor pres
sure charts have been devised by 
various investigators from the 
data of the  pure  compounds, 
particularly the pure paraffins. 
The common aim of these in
vestigators has been to produce 
a chart on which the vapor pres
sures of the pure compounds plot 
as straight lines converging at a 
single p o i n t .  The coordinate 
system described by Maxwell (5)

A  method of identifying the equivalent pure 
cut of a wide-cut fraction has been developed, 
and data have been analyzed to show that the 
critical point for such a cut constitutes the com
mon point of convergence for the dew lines of all 
similar wide-cut fractions of equal gravity. 
This equivalent pure-cut critical point can also 
be used as a guide for the development of wide-cut 
boiling lines and partial vaporization effects. 
Finally, the equivalent pure cut can be used as 
a basis for calculating the total heals of low- 
pressure petroleum fraction vapors.

accomplishes this purpose re
markably well; hence it has been used in the following dis
cussion.

While a family of radiating straight lines drawn on such a 
chart as Maxwell’s represents the pure compound data within 
engineering accuracy, large errors may occur when these 
pure-cut lines are used for estimating the dew and boiling 
lines for petroleum mixtures, since the lines for such mixtures 
cut across the pure-compound lines at various angles, de
pending on the width of the cut (i. e., its boiling range). 
Consequently, some method of evaluating the changes of 
slope of the wide-cut lines must be developed before a vapor 
pressure chart for a pure compound can be accurately applied 
to wide-cut petroleum fractions.

A method of attacking this problem was suggested by 
Bahlke and K ay’s study {2) of the thermal properties of 
two petroleum distillates which differed only in boiling range. 
The heavy loops on Figure 1 are plots of Bahlke and K ay’s 
vapor pressure data for these two distillates. The upper, 
dashed lirfe of each loop is the dew line—that is, the line of 
complete vaporization or initial condensation for the cut in 
question— while the lower, solid line is its vapor pressure 
line, or line of initial vaporization, or complete condensation. 
At any given pressure, the indicated temperature gap be-

California, Los Angeles, Calif.

tween the dew line and the boil
ing point line is the boiling range 
of the distillate for that particu
lar pressure, and points between 
the dew and boiling lines indicate 
various c o n d i t i o n s  of partial 
vaporization. The difference in 
the spread of these two loops is 
brought about entirely by the 
difference in boiling range, since 
the two cuts were of the same 
A. P. I. gravity and molecular 
weight, and hence, for thermal 
purposes, of the same composi
tion.

E q u i v a l e n t  P u r e  C u t s  

When the observed boiling and dew points of the two 
Bahlke and Kay fractions were plotted against boiling range 
for several different pressures, as in Figure 2, and straight 
lines drawn through the respective points, the straight lines 
were found to intersect on the ordinate for zero boiling range, 
thus defining a series of boiling points for a hypothetical 
hydrocarbon of zero boiling range. Furthermore, when 
these hypothetical boiling points were, in turn, plotted on 
the vapor pressure chart of Figure 1, they were found to fall 
exactly along a pure-compound line; that is, they fell on a 
straight line which, when extended beyond the range of the 
chart, passed through the common point of convergence for 
all other pure-hydrocarbon vapor pressure lines. But the 
hypothetical pure cut represented by such a line would have 
the same gravity and molecular weight as the two actual 
cuts from which it was derived; consequently, this zero 
boiling range cut could be considered as the equivalent pure 
cut of the actual wide-cut fractions. Such an equivalent 
pure cut furnishes a basis for the measurement of the effect 
of boiling range on the slope of the dew and boiling point 
curves of a wide-cut fraction, since all wide-cut fractions of 
the same gravity and molecular weight can be considered
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as having been derived from a single equivalent pure cut by 
the spreading out of their dew and boiling lines through 
fractional blending.

C r i t i c a l  I n t e r s e c t i o n s

In order to make use of this conception of a hypothetical 
pure cut, it was necessary to find some property common to 
this cut and to all the wide cuts derived from it, which would 
not be affected by boiling range. Three cuts as closely re
lated as Bahlke and K ay’s two actual cuts and their equiva
lent pure cut could well be expected to have at least one 
point in common in the pressure-temperature plane. The 
dew lines of the two Bahlke and Kay cuts almost intersect 
at one point on Figure 1 (595° F. and 435 pounds per square 
inch absolute); and in confirmation of the above supposi
tion, the point of closest approach of these two dew lines 
was found to lie close to the critical point of the equivalent 
pure cut (located by methods described later). This led 
to the hypothesis that, within engineering accuracy, the 
critical point of an equivalent pure cut can be taken as com
mon to the dew lines of all corresponding fractions of equal 
gravity, regardless of width of cut. For brevity, such points 
have been called “ critical intersections.”

The value of this concept of a critical intersection lies in 
the fact that it extends the range of usefulness of the vapor 
pressure chart to include the wide-cut type of fraction nor
mally encountered in petroleum refining practice. The above 
described critical intersection points appear to bear the same 
relation to the dewr lines of wide-cut fractions that the com
mon point of convergence bears to the dew lines of pure 
compounds; although a different set of critical intersection 
points will be required for the cuts from each given crude 
source, whereas the common convergent for the pure com
pounds remains fixed for all classes of hydrocarbons.

L o c a t i o n  o f  C r i t i c a l  I n t e r s e c t i o n s  b y  t h e  A i d  o f  
L a b o r a t o r y  D a t a

The critical intersection point for a fraction cut from any 
given type of crude can be identified by gravity alone. 
Such an identification, however, requires a preliminary labo
ratory determination of the gravity-dew point relationships 
of a series of fractions cut from the crude in question.

io o o

The required dew point data may be readily 
determined in the laboratory by the aid of the 
continuous dew point still shown in Figures 3 and
4. This still has been reduced to a piece of routine 
laboratory apparatus by means of which dew points 
can be easily obtained by the ordinary operator. 
By suitably controlling its heating and rate of 
feed, the amount of liquid retained in such a still 
can be held constant, and the overhead distilla
tion rate m a i n t a i n e d  eq u a l  to the feed rate. 
Hence, as distillation proceeds, the composition 
of the retained liquid will change until it reaches 
equilibrium with the vaporized feed material .  
After this equilibrium has been a t t a in e d ,  the 
composition of the incoming feed and outgoing 
vapors will be the same, and the vapor outlet 
thermometer will record the dew point of the feed 
material at the still pressure.

This dew point still is readily operable at abso
lute pressures down to 100 mm. For critical inter
section calculations, laboratory dew points should 
be obtained on the desired wide-cut fractions for a 
series of pressures ranging from 100 to 760 mm.

After obtaining the necessary laboratory dew 
point data, the critical intersection and equiva
lent pure-cut values for the wide-cut f ract ion  
can be graphically determined as indicated on 

Figure 5, where the method has been applied to a Los Angeles 
Basin cut.

For this graphical solution, the laboratory dew point data 
are plotted on a Maxwell vapor pressure chart, and a straight 
line is drawn through these points and extrapolated out into 
the critical region. It has already been noted that the critical 
intersection for a wide-cut fraction is practically identical 
with the critical point of an equivalent pure cut which has the 
same gravity as the wide-cut fraction. Consequently, the 
solution of the critical intersection problem involves the 
identification of a hypothetical pure cut having a gravity 
equal to the wide-cut gravity, and 
a vapor pressure curve which in
tersects the wide-cut dew point line 
at the critical temperature of the 
pure cut.

E a t o n  and P o r t e r  (3) h a v e  
r e c e n t l y  published a relationship 
between gravity, atmospheric boil
ing point, and critical temperature 
for pure hydrocarbons. This rela
tionship (which is expressed by the 
curve of Figure 6 with the excep
tion that the extrapolated liigh- 
temperature section has been drawn 
in somewhat higher than indicated 
by Eaton and Porter) can be used 
for identifying the desired pure-cut 
curve.

In applying Eaton and Porter’s data, two pure-cut dew 
lines (i. e., straight lines passing through the pure compound 
convergent of Figure 1) are draw'n in such positions that one 
passes somewhat above, and the other somewhat below, the 
extrapolated wide-cut dew line in the critical region. Critical 
temperatures are then calculated for these two assumed cuts, 
using the atmospheric dew points indicated by the respective 
pure-cut intersections with the atmospheric pressure ordinate, 
together with the observed gravity of the wide-cut fraction, 
for entering the critical temperature plot of Figure C. These 
calculations will give the critical points A -A  of Figure 5. 
But the critical point for the true equivalent pure cut must 
fall exactly on the extrapolated wide-cut dew line; hence, if

F ig u r e  2 . E xt r a p o 
l a t io n  o f  D e w  and  
B o il in g  P o in t s  of 
B a h l k e  a n d  K a y ’ s 
F r a c t io n s  to  Z ero 

B o il in g  R a n g e
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the two assumed p u r e - c u t  curves 
have been drawn fairly close to the 
w i d e - c u t  dew line, a straight line 
drawn between points A -A  will cross 
the wide-cut dew line at the desired 
critical intersection, and a pure-cut 
line drawn t h r o u g h  this point will 
define the equivalent pure cut of the 
wide-cut fraction.

C r i t i c a l  I n t e r s e c t i o n  C u r v e  f o r  a  
Los A n g e l e s  B a s i n  C r u d e

The c r i t i c a l  intersection curve of 
Figure 1 was defined by analyzing ten 
Los Angeles Basin refining crude frac
tions as outlined above. After the 
critical intersection points for these ten 
cuts had been located, a smooth curve 
was drawn through them and divided 
into even  d eg ree s  A. P. I., the 
gravities of the ten cuts furnishing 
a guide for this operation.

While the whole conception of the 
critical intersection relationship is based essentially on a single 
pair of distillates (Bahlke and Kay’s), nevertheless, the con
sistency of the results obtained for the ten Los Angeles Basin 
cuts indicates that the relationship is dependable. Of the ten 

. cuts analyzed, eight fit the critical intersection gravity scale 
within the drafting accuracy of the chart. Cuts 5, G, and 7 
lend particular support to the critical intersection analysis. 
The slopes of the dew lines, the position of the atmospheric 
dew points, and the gravities of these three cuts defied correla
tion until the critical intersection method was developed. 
Yet all these cuts fit exactly into the critical intersection curve.

Two of the Los Angeles Basin cuts (8 and 10) do not fit 
the curve as well as could.be desired, their A. P. I. gravities 
being apparently reversed. The dew point data on which 
these curves are based were determined some time before 
the concept of a critical intersection had been advanced; 
consequently, it was impossible to check the reported gravi
ties. However, there is reason to believe that the reported 
gravities for these two cuts were in error.

C r i t i c a l  I n t e r s e c t i o n , G r a v i t y , M o l e c u l a r  W e i g h t  
R e l a t i o n s h i p s

As it has b een  presented, the 
critical i n t e r s e c t i o n  c u r v e  o f  
Figure 1 is restricted to straight- 
run f r a c t i o n s  from Los Angeles 
Basin crudes. C o n s e q u e n t l y  it 
c a n no t  be applied to f r a c t i o n s  
which are dissimilar from those 
from which it was d e v e l o p e d .
O b v i o u s l y ,  by subjecting other 
types of materials to the same 
sort of analysis that was applied 
to th e  Los Angeles f r a c t i o n s ,  
similar critical intersection curves 
could be developed fo r  th e  ma
terials in question. H o w e v e r ,  
it appears p r o b a b l e  that a dew 
point chart such as Figure 1 can 
be made generally applicable to 
all ty pes  of f r a c t i o n s ,  not by 
developing separate critical inter
section cu r v e s  for various types 
of materials, but by substituting

F ig u r e  3 . D e w  P o in t  S t il l

for all such  c u r v e s  a n e t w o r k  of 
gravity-molecular weight coordinates 
in the critical region. If this were 
possible, the resultant chart w o u l d  
become universally applicable to all 
types of hydrocarbons, the cr i t i c a l  
intersection point for any given frac
tion being then l o c a t e d  f r o m  the 
gravity and molecular weight of the 
fraction alone, without reference to 
its source or composition. An at
tempt to d e v e l o p  such a gravity- 
molecular weight coordinate system 
has not been entirely s u c c e s s f u l ;  
however, the relationships so far de
veloped are sufficiently suggestive to 
warrant their inclusion in this dis
cussion.

Figure 7 is an enlargement of the 
cr i t i c a l  region o f Figure 1. All 
available critical data for both pure 
compounds and equivalent pure cuts 
for petroleum fractions h a v e  been  
plotted on this chart; the equivalent 

pure-cut data noted on Figure 7 include the twelve fractions 
previously discussed, together with eleven additional cuts 
not used in that development.

It is to be expected that a gravity-molecular weight 
coordinate system such as is plotted on Figure 7 would be 
warped and distorted. Nevertheless, in spite of the expected 
warping, lines of constant A. P. I. gravity can be readily 
drawn among the plotted points of Figure 7 with little dis
tortion. While some of the points do not fall exactly where 
they should with respect to the gravity curves, no point will 
be found to be more than about 5° A. P. I. in error. It thus 
appears that, with a little greater precision in the graphical 
analysis method, a set of gravity-critical intersection curves 
could be drawn on the vapor pressure chart which would fall 
well within the desired limits of engineering accuracy.

The molecular weight curves, on the other hand, are not 
as consistent as the gravity curves. Many of the points are 
out of position with respect to the indicated molecular weight 
lines, some being badly in error. This last group includes 
Bahlke and Kay’s fractions, which must be given considerable 
weight in discussing any such general analysis. However, 
consistent difficulty has been experienced in obtaining re

producible molecular weights for 
many of the materials indicated on. 
Figure 7, and it is just as possible 
that the noted molecular weights 
are in error as that the points are 
out of position. Furthermore, ex
treme precision is not necessary for 
ordinary engineering calculations. 
Therefore, if a set of gravity-mo
lecular weight coordinates can be 
established that generally represent 
the critical intersection data with 
reasonable accuracy, the purpose of 
the chart will have been fully served. 
Figure 7, t h e r e f o r e ,  should be 
viewed principally as a suggestion 
to other investigators regarding a 
fruitful field for further correlative 
work.

V a p o r  P r e s s u r e  L i n e s  

After the basic critical inter
section cu rv e  for a p a r t i c u l a r
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class of petroleum fractions has been established, the dew 
line for any desired wide-cut fraction belonging to that class 
of material can be accurately estimated by merely deter
mining one additional dew point for the fraction in question 
and connecting this point with the appropriate gravity point

F i g u r e  5 . G r a p h i c a l  D e t e r m i n a t i o n  o p  E q u i v a l e n t  
P u r e - C u t  D e w  L i n e  f o r  Los A n g e l e s  B a s i n  C u t  7

on the critical intersection curve. The vapor pressure line 
(or boiling line) for such a fraction, however, cannot be so 
readily and surely located.

A t the present time, the only method available for ac
curately locating a vapor pressure line involves the use of 
two widely separated vapor pressure determinations. Al
though laboratory determinations are normally limited to 
relatively low pressures and temperatures, any pressure- 
temperature condition at which the material in question 
has existed as a liquid in equilibrium with its vapor con
stitutes another point on the vapor pressure line. The two 
stabilized gasoline boiling lines on Figure 1 were developed 
by such data taken from a high-pressure stabilizer. The

upper points on these lines are 
the pressure-temperature controls 
carried on the stabilizer bottoms, 
while the 100° F. points represent 
laboratory vapor pressure deter
minations. Straight lines drawn 
t h r o u g h  these  points and ex
tended to a p p r o x i m a t e l y  the 
critical i n t e r s e c t i o n  pressure 
o r d i n a t e  thus established the 
v a p o r  pressure  lines for these 
particular fractions. If the high- 
pressure  points had not been 
available for these fractions, how
ever, a first class approximation 
of their boiling lines could have 

been made by drawing a straight line between the labora
tory determined low-pressure point and a point lying about 
100 pounds per square inch to the right of the respective 
critical intersection points. These wide-cut boiling lines 
have slopes markedly steeper than the corresponding pure- 
cut boiling lines.

P a r t i a l  V a p o r i z a t i o n

As mentioned earlier, points in the area between the dew 
line and the boiling line on the vapor pressure chart represent 
conditions of partial vaporization. Having developed the 
dew and boiling curves for any particular fraction as outlined 
above, this fact can be employed in connection with problems 
involving the pressure or temperature at which a given per
centage of material will be vaporized.

Figure 8 shows the relationships that exist between the 
Engler distillation curve, an atmospheric-pressure flash 
curve, and a high-pressure flash curve. Piroomov and Beis-

F i g u r e  6 . C r i t i c a l  
T e m p e r a t u r e s  o p  
¡ .P u r e  H y d r o c a r b o n s

wenger (6) have shown that the major portion of the flash 
distillation curve is a substantially straight line if there are 
no pronounced tails on the Engler curve. The Engler curve 
of Figure 8 was purposely drawn with a long tail on the 
lower end, and a normal curvature at the upper end to 
illustrate the methods involved in interpreting these two 
conditions. For any particular fraction the intersections 
of its dew and boiling lines with the atmospheric pressure 
ordinate on the vapor pressure chart definitely fix the two 
ends of its atmospheric pressure flash curve, such as are 
represented on Figure 8. Therefore, in constructing the 
flash curve for the subject example, the atmospheric boiling 
point (at D per cent off) should be connected with the atmos
pheric dew point (at 100 per cent off) by a line that is sub
stantially straight except at the lower end, where the long 
tail on the initial section of the Engler curve is to be taken 
care of.

The curvature of the flash curve is in the same direction 
as that of the Engler; and while for the present only ex
perience can dictate the amount of this curvature, we know 
it must be small if the dew and boiling points are to be con
nected by substantially straight lines. The normal curvature 
on the upper end of the Engler on Figure 8 would suggest 
that the straight middle section of the flash curve could be 
continued to the dew point without curvature.' At the 
lower end, however, a slight curvature was introduced into 
the flash curve to correlate with the long tail on this part of 
the Engler.

A  flash curve thus established can be used for determining 
the temperature at which a given percentage of material will 
be vaporized during continuous flash distillation at atmos
pheric pressure; or conversely, the percentage that will be 
vaporized at a given temperature.

300 400 500 600
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F i g u r e  7 . C r i t i c a l  P o i n t - G r a v i t y -  
M o l e c u l a r  W e i g h t  R e l a t i o n s h i p s
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A similar flash curve can be established for any other de
sired pressure in exactly the same manner, since the dew and 
boiling line intersections at the given pressure fix the two 
ends of the flash curve. The effect of increased pressure on 
the curvature of the flash curve of Figure 8 can be most 
easily visualized by considering the extreme case of the 
critical pressure. At this pressure the dew and boiling 
points are identical. The corresponding flash curve is 
therefore represented by a horizontal, straight line located 
at the critical temperature; and there can be no curvature in 
this line. As a generalization, therefore, it can be said that 
an increase in pressure tends to straighten the flash curve 
and make it more nearly horizontal.

Because the Piroomov-Beiswenger method has come into 
general use for predicting high-pressure flash curves, it 
might be well to point out an essential difference between 
their extrapolation method and the one described here. 
When the atmospheric-pressure flash curve is extrapolated 
to higher pressures by the Piroomov-Beiswenger parallel 
shift method, only the central portion is shifted-^for example, 
that part from about 15 to 85 per cent off. Then some 
freedom is allowed in the matter of sketching tails on to the

two ends of the partial flash curve 
thus established. In the authors’ 
method, however, this procedure 
is exactly reversed, the two ends 
of the flash curve being first defi
nitely fixed, and the balance of 
the curve then drawn in to fit 
these points.

L ow -P ressure T otal H eat  
C urves

At low pressures (i. e., atmos
pheric or lower) it is generally 
conceded that wide- and narrow- 
cut vapors alike act substantially 
as perfect gases. This leads to 
a correlative hypothesis—-namely, 

once vaporized, wide- and narrow-cut fractions of the same 
molecular weight and gravity have the same total heat at 
any given temperature when referred to the liquid state at 
a common base temperature. Granting this relationship, 
it is possible to construct a low-pressure total heat chart for 
all wide-cut fractions of a given gravity and molecular weight 
by making use of the latent heat of their common equiva
lent pure cut.

Figure 9 is a typical total heat diagram on which has been 
shown the vaporization of three complementary cuts of given 
gravity and molecular weight, such as Bahlke and K ay’s 
wide- and narrow-cut distillates and their equivalent pure 
cut. The diagram is self-explanatory and illustrates the 
fact that, whatever definition may be assigned to the latent 
heat of a petroleum fraction, all such latent heats can be 
accommodated by a single chart based on the equivalent 
pure cut.

The indicated liquid and vapor sensible heats of Figure 9

F i g u r e  8 . E q u i l i b r i u m  
F l a s h  C u r v e s

can be calculated by appropriate specific heat equations, 
such as those of Fortsch and Whitman (4) and Bahlke and 
Kay (1) for liquids and vapors, respectively. Similarly, 
the atmospheric latent heat of the pure hydrocarbon (the 
equivalent pure cut) can be calculated by means of a number 
of relationships, of which Kistyakowski’s (7) seems to be the
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most reliable for large temperature extrapolations. This 
particular equation involves only molecular weight and atmos
pheric boiling point. In applying it to the construction of 
the total heat diagram for a petroleum fraction, the molecular 
weight used must be that of the fraction; and the atmos
pheric boiling point, that of the equivalent pure cut. The 
latent heat thus calculated is then added to the total heat of 
the liquid at the pure-cut boiling temperature, and a vapor 
sensible heat line passed through the dew point thus estab
lished. The low-pressure total heat of any wide-cut vapor 
of the same gravity and molecular weight can then be directly 
read off the vapor line of the resultant chart.
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P o t a s h  C o m p e t i t i o n  in  N e t h e r l a n d s .  It is reported that 
the Franco-German potash cartel has further reduced prices 
in the Netherlands market by 15 per cent and that a condition 
of the latest reduction is that it will be available only for those 

urchasing dealers, associations, etc., refraining from purchasing 
panish potash. Spanish potash producers have been making 

increasing inroads into the important export trade of the German 
industry, and the action of the latter in reducing prices in Nether
lands is in keeping with its growing concern regarding the rising 
Spanish competition and its determination to combat Spanish 
imports as effectively as possible.

German potash exports have contracted heavily in recent 
years, and while part of the decrease has been due to curtailed 
world consumption, a share of the losses is attributed to increas
ing competition from foreign sources, notably the United States 
and Spain. Whereas total German exports of potash salts 
amounted to 222,704 metric tons in the first 5 months of 1931, 
they fell to 184,800 tons in the corresponding period of 1932, 
and to 136,847 tons this year. Shipments to Netherlands during 
this period fell from 86,000 tons in 1931 to only 4190 tons this 
year, thus moving the Netherlands from third to tenth place as a 
foreign market for German salts.



Application of Conductivity Measurement of 
Nitric Acid Concentration to Plant Control

H. M a r v in  C o s t e r , U. S. Naval Powder Factory, Indian Head, M d .

The electrical conductivity of nitric acid has been 
determined and the effect of oxides of nitrogen on 
conductivity measured. A  system for measuring the 
concentration of nitric acid in the process itself has 
been developed. With the aid of special conductivity 
cells mounted in the acid line and a conductivity 
bridge, the concentration changes occurring through ■

the whole cycle of operation can be followed, step 
by step, by an occasional press of an electric button. 
The conductivity curves and the system have re
sulted from the conductivity measurements and analy
sis of about five hundred samples, in the process, 
drawn from the process, and prepared in the labora
tory.

En c o u r a g e d  by the
success here in deter
m i ni ng  sulfuric ac id 

concentration in the process by 
conductivity measurement of 
its solutions and by the excel
lent results obtained on apply
ing these  measurements to 
plant control (£)> a t t e n t i o n  
was directed to a similar de
velopment and application to 
nitric acid operation.

O l d  M e t h o d
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In the process for the manu
facture of smokeless powder
only about three-quarters of the nitric acid distilled (Figure 
1) from a charge of sodium nitrate is sufficiently strong to 
be made into fortifying acid for use in building up or forti
fying the spent acid after the nitration of cotton. The rest 
must first be concentrated by distillation before it too can be

used. In order to effect 
a s e p a r a t i o n  o f  the  
strong and weak, a cut 
is made during the run 
which diverts the weak 
fraction into a different 
tank from that receiv
ing th e  s t r o n g .  Ob
viously, it is important 
that this cut be made at 
such a time as will secure 
the maximum yield of 
strong a c id .  The old 
practice was to cut at 

so many minutes after prime (the time at which large volumes 
of acid vapors are rapidly delivered to the condensers) but 
this proved very unsatisfactory as acid strength by this 
method varied more than 5 per cent from day to day, result
ing in a loss of strong acid and, therefore, a gain in weak 
which had to be redistilled at an added and unnecessary 
expense.

D e v e l o p m e n t  o f  C o n d u c t i v i t y  M e t h o d

The reciprocal of the measured resistance is the conductance 
of the solution. The values for nitric aeid shown in Figure 2 
were taken from the literature (3) ; those shown in Figures
3 and 4 were determined on chemically pure acid, prepared

C e l l s  M o u n t e d  in  8 -G a l l o n  C h o ck  o f  A c id  t o  D e
t e r m in e  t h e  E f f e c t  o f  Ox i d e s  o f  N it r o g e n  o n  

t h e  C o n d u c t iv it y  o f  N it r ic  A c id

F ig u r e  1. N i t r i c  A c id  C o n 
c e n t r a t io n  vs. T im e in  D i s t i l l a 

t io n  C y c l e

free of oxides and up to a con
centration of 99.92 per cent in 
this laboratory. The cells used 
in these tests were home con
structed, but the conductivity 
bridge was of a standard Leeds
& Northrup type. The con
stant for the cell was deter
mined in the usual manner with 
0.02 N  potassium chloride solu
tion. C o n d u c t i v i t y  values 
plotted are b e l i e v e d  to be 
correct, but no extended tests 
have b een  m a d e  to prove 
them.

Resistance values were de
termined on samples of acid 

drawn from the process. These samples covered the range of 
strength produced through the cycle of operation and, there
fore, contained varying percentages of oxides of nitrogen, 
along with traces of other impurities peculiar to this process.

D2SOOoZ

/ \
j \ \

\
\

\/ \
/ \

\
\ \\

Vi \ V j
O U5 ZO 3 0  4 0  50 t o  70

PER CENT HNOs

F ig u r e  2 . E l e c t r i c a l  C o n d u c t iv i
t i e s  o f  N i t r i c  A c id  

Veley and Manley curve, 3

These results, when plotted, using ohms resistance as ordi
nates and acid strengths as abscissas, gave a curve (Figure 5) 
which indicated values as a method by which cuts could be 
made at definite acid concentrations.

980
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F ig u r e  5 . N i t r i c  A c id  C o n c e n t r a 
t io n  vs. Oilms R e s is ta n c e

Samples drawn from the process of manu
facturing nitric acid from Chile saltpeter and 
measured with laboratory cells at 28 C.

There were, however, a few values for strong nitric acid 
known to contain a high percentage of oxides of nitrogen 
which did not fall exactly on the curve, but, since the oxides 
distill over first and along with the strong acid, they are out 
of the way before the nitric acid concentration falls below 90 
per cent and, therefore, do not militate against the practical 
value of the curve. Nitric acid containing both oxides of 
nitrogen and chlorine, and nitric acid containing only oxides 
of nitrogen, when measured gave practically the same differ
ence in conductivity readings taken before and after air- 
blowing; this indicates that the inflection of the points on 
the curve was caused entirely by the presence of oxides of 
nitrogen. Interest of a general nature led to the investiga
tion of this influence of oxides of nitrogen on the conductivity 
of nitric acid.

In the investigation, samples from the process were drawn 
into 8-gallon stoneware crocks which were placed in a warm 
room and blown with air until the oxide content had been 
reduced to zero. Analysis and conductivity checks were 
made daily. It was interesting to observe the building up in

acid concentration of the samples so long as there were oxides 
of nitrogen present, and the more or less rapid falling off in 
concentration as soon as all the oxides of nitrogen had been 
dispelled.

Oxides of nitrogen increase the conductivity of nitric acid. 
Much time was required and a large number of samples in
vestigated before sufficient data could be collected to measure 
properly this conductivity increase. These values plotted in 
terms of both nitric acid and oxides of nitrogen concentra
tion (Figure 6) supply all the corrections necessary for oxides 
of nitrogen up to 3.5 per cent. Although the data as plotted 
list only tests on nitric acid concentration between 90 and 100 
per cent, there were some tests made on acids of lower con
centration containing oxides of nitrogen, but in these the ox
ides of nitrogen did not appear appreciably to affect the 
conductivity. The influence of oxides of nitrogen is, there
fore, concentrated in a small area and thus has a minimum 
effect on the utility of analysis by this method since a con
ductance minimum between 96 and 97 per cent already pre
cludes the use of any values above this concentration.
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A pplication of C onductivity  M easurem ent  to P lant  
C ontrol

In order to apply the conductivity system to plant control, 
special Bishop conductivity cells (1) with adjustable lava 
head and platinum electrodes were furnished by the Leeds & 
Northrup Company. A special trap to collect the samples

TO W E /IK
CIRCULATORS Nk.------

T O  S T R O N G  
CIR C U L A T O R S

W HERE SAM PLES 
MAY BE D R A W N  
F O R  C H E C K  
ANALYSIS

F ig u r e  7 . F l o w  S h e e t  o f  S y s t e m

P l a n

fcLfcVHTION

C onclusion

This conductivity system is both interesting and effective: 
interesting because each wave of the bridge’s galvanometer 
indicates concentration changes occurring too rapidly to be 
observed by any other method and heretofore unknown; 
effective because it measures the concentration of nitric acid

(1) Bishop, U. S. Patent 933,015 (Aug. 31, 1909).
(2) Costor, Ind . E nq. Chem ., 23, 563-65 (1931).
(3) Cottrell, “ Manufacture of Nitric Acid and Nitrates,”  p. 338,

Van Nostrand, 1923.

R e c e i v e d  March 13, 1933. Permission to  publish granted b y  the Bureau, 
of Ordnance, U. S. N avy Department.

and also act as a reservoir for the cells was developed with 
the aid of the Duriron Company. The standard cells as 
installed were charged with approximately 70 per cent nitric 
acid because of the high boiling point of this concentration. 
A water jacket around the trap and a Leeds & Northrup 
conductivity bridge completed the system (Figure 7). Con
trol of temperature and pressure was also difficult, and a by
pass line had to be added before satisfactory results were 
finally obtained. Plotted data collected from a number of 
test runs furnished the work curve (Figure 8).

L e e d s  &  N o r t h r u p  S p e c ia l  C o n d u c 
t iv it y  C e l l s  w i t h  P l a t in u m  E l e c 
t r o d e s  a n d  A d j u s t a b l e  L a v a  H e a d s  
P r e p a r e d  f o r  N it r ic  A c id  M e a s u r e 

m e n t

in the process itself and, therefore, enables cuts to be made at 
exactly the nitric acid concentration desired.

Although these investigations did not include nitric acid 
produced from the oxidation of ammonia, being limited to 
nitric acid from Chile saltpeter, both the determined values 
and the system are applicable to the concentration measure
ment of nitric acid in any process.

By conductivity measurements the concentration of nitric 
acid between certain limits of concentration can be measured 
with speed, ease, and accuracy unequaled by any other 
method known here.

By applying conductivity measurements to plant control 
cuts can be made at exactly the concentration desired.

L iterature C ited

PER CE N T  H N O j
F ig u r e  8. N i t r i c  A c id  C o n c e n t r a 

t i o n  vs. Ohm s R e s is t a n c e

Work curve



Rotenone
XXVIII .  Preparation of Dihydrorotenone1

H. L. H a l l e r  a n d  P. S. S c h a f f e r  

Insecticide Division, Bureau o f Chemistry and Soils, Washington, D. C.

WHEN rotenone is applied to foliage as an insecticide, 
it is gradually oxidized to inert compounds, es
pecially on exposure to direct sunlight. This loss in 

toxicity is a considerable disadvantage for large-scale opera
tions.

Of the large number of rotenone derivatives which have 
been tested against insects, all have been found to be rela
tively nontoxic with, the exception of dihydrorotenone 
which equals or surpasses rotenone itself as an insecticide. 
This derivative appears also to be considerably more stable 
to oxidation when exposed on foliage than is rotenone (S). 
Therefore a method whereby dihydrorotenone may be ob
tained conveniently in good yield is of considerable practical 
importance.

Dihydrorotenone is formed on hydrogenation of rotenone 
with palladium barium sulfate or platinum oxide catalyst in 
acetone or ethyl acetate solution (4). With either catalyst 
in neutral solution in addition to dihydrorotenone, variable 
quantities of the relatively nontoxic rotenonic acid are formed 
(5). The use of platinum or palladium catalysts is too ex
pensive when large quantities of dihydrorotenone are to be 
produced; moreover, 'with these catalysts a considerable 
proportion of rotenone is reduced to the relatively nontoxic 
rotenonic acid.

Among the catalysts that suggest themselves is nickel. 
This is inexpensive and extensively used commercially for the 
saturation of double bonds. However, a molecule possessing 
such a complicated structure as rotenone may give products 
other than the desired- dihydrorotenone with different nickel 
catalysts, as these catalysts vary in their mode of action. 
For example, hydrogenation of rotenone in butyl acetate at 
95° to 105° C. and 25 to 60 pounds per square inch pressure 
(1.8 to 4.2 kg. per sq. cm .)2 with an active nickel catalyst 
prepared from oxidized nickel wool, turnings, or wire (1) 
gave no dihydrorotenone or rotenonic acid, but it produced 
dihydrorotenol, (6) in quantitative yields. This product, 
like rotenonic acid, is considerably less toxic to insects than is 
rotenone.

With a nickel catalyst prepared from a nickel-aluminum 
alloy (£) (Raney catalyst), however, hydrogenation of rote
none in neutral solution resulted in excellent yields of di
hydrorotenone. The reaction can be carried out at room 
temperature and at atmospheric pressure, and the catalyst 
can be used repeatedly. For example, when 10-gram lots of 
rotenone with 2.5 grams of catalyst were reduced successively 
in ethyl acetate solution, the catalyst was still active after 
the tenth reduction. This method should be a practical one 
for large-scale preparation of dihydrorotenone.

It was also found that dihydrorotenone could be obtained 
readily by the hydrogenation of derris or cubé extracts 
containing rotenone. In these cases the extract, which was 
prepared in the usual manner, was concentrated to a small 
volume, dissolved in a suitable solvent, and then hydro
genated.

1 Parts I  to X X V II  of this series appeared in J. Am . Chem. Soc., Vols. 51 
(1929) to 55 (1933).

* The authors are indebted to  Derris, Inc., for having these experiments 
made.

E x p e r i m e n t a l  P r o c e d u r e

All the hydrogenations of rotenone were carried out at 
35° to 40° C. under atmospheric pressure, and at a concen
tration of 5 to 10 per cent. The solvents used were benzene, 
ethyl acetate, butyl acetate, and acetone. The solution 
of rotenone was placed in the reaction bottle of a Burgess-Parr 
catalytic reduction apparatus, and the catalyst was added. 
The quantity of catalyst can be varied over a wide range 
without altering the final products. The apparatus was 
evacuated and then filled with hydrogen, and the mixture 
was shaken until one mole of hydrogen had been absorbed. 
The solution was then decanted from the solvent, filtered, 
and concentrated to a small volume. A suitable quantity 
of 95 per cent ethyl alcohol was then added. The crystals 
which deposited were in most cases pure dihydrorotenone. 
The yield of dihydrorotenone was: In benzene, 90 to 93 
per cent; in ethyl acetate, 85 to 90; in butyl acetate, 85 to 
90; in acetone, 60 to 70. In the case of acetone, 30 to 40 
per cent of rotenonic and dihydrorotenonic acids were formed.

For the preparation of dihydrorotenone from plant ex
tracts containing rotenone, the following procedure was used: 
When ether was used for extracting the root, the extract was 
concentrated to a thick sirup. This sirup was then dissolved 
in a suitable solvent and hydrogenated until the absorption 
of hydrogen had practically ceased. When acetone was used 
as the extracting solvent, the extract was concentrated to a 
suitable volume and the solution was hydrogenated until 
there was no longer an appreciable absorption of hydrogen. 
Hydrogenation in ethyl acetate of an ether extract of cub6 
root, which assayed 8.6 per cent rotenone, gave 7 per cent 
dihydrorotenone; an acetone extract of another aliquot 
of the same root yielded 8.2 per cent dihydrorotenone. The 
hydrogenation of an acetone extract of derris root containing
1.4 per cent rotenone yielded one per cent dihydrorotenone.

L i t e r a t u r e  C i t e d

(1) Bolton, E. R., British Patent 162,370 (April 26, 1921); Technical
Research Works, Ltd., and Lush, E. J., British Patent 203,218 
(Sept. 6,1923).

(2) Covert and Adkins, J. Am. Chem. Soc., 54, 4116 (1932).
(3) Jones, Gersdorff, Gooden, Campbell, and Sullivan, J. Econ.

Entomol., 26, 451 (1933).
(4) Kariyone, Kimura, and Kondo, J. Pharm. Soc. Japan, 43, 10

(1923).
(5) LaForgc and Smith, J. Am. Chem. Soc., 51, 2578 (1929).
(6) LaForge and Smith, Ibid., 51, 2580 (1929).

R e c e i v e d  June 7, 1933.

F r e n c h  C h e m i c a l , N o t e s . The Société St. Gobain, a leading 
French producer of glass and chemicals, in its recent report on 
1932 results stated that demand for sulfuric acid was appreciably 
less than in previous years because of decreased deliveries of 
domestic superphosphate to French farmers. The acid and 
superphosphate plant in Marennes was closed and the trade 
transferred to a plant in Tonnay.

Sales of nitrogenous fertilizers during 1932 were comparatively 
good, and a new plant was opened in Rouen in addition to the 
sodium nitrate factory in Chauny, which commenced production 
in March as a joint operation of the St. Gobain and the Société 
de la Grande Paroisse.
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Evaporation by Submerged Combustion
I. Experimental Equipment

K e n n e t h  A. K o b e , F r a n k  H. C o n r a d , a n d  E in a r  W . J a c k s o n  

Department o f Chemical Engineering, University o f Washington, Seattle, Wash.

SUBMERGED combustion 
is a method of heating a 
liquid by direct contact of 

the flame from a burner which 
p r o j e c t s  the hot gases of the 
flame directly into and at any 
depth below the surface of the 
liquid.

Since 1886 workers have at
tempted to cause combustion to 
take place in the steam boiler 
where heat t r a n s f e r  from the 
hot gases of the c o m b u s t i o n  
to the liquid could take place 
without h a v in g  a separating 
metal wall. The a d v a n t a g e s  
of such a process are numerous, 
the hot gases and the liquid brings about thermal equilibrium 
between them; in fact, efficiencies of 106.2 per cent of the net 
or 94.5 per cent of the gross heating value are reported for 
gaseous fuels {2). Since the walls of the containing vessel are

Experimental equipment has been constructed 
for the evaporation of liquids by submerged 
combustion. The equipment is constructed of 
metal and is o f such a size that development- 
scale results can be obtained. The evaporation 
of water has been carried out in this apparatus 
with thermal recoveries of 95.2 and 91.2 per cent. 
With the use of this equipment the concentration 
of liquids which are corrosive or offer other 
difficulties in the usual type evaporator has 
been carried out ivith the same high efficiency 
as the evaporation of ivaler alone.

The construction of the burner 
par ts  is sh ow n  in Figure  1 
and u t i l i z e s  s t a n d a r d  pipe 
fittings for all parts. The mix
ing c h a m b e r  c o n s i s t s  of a 
V^-inch (1.9-cm.) pipe, 8 inches 
(20.3 cm.) long. It contains  
two pieces of 3/s-inch (0.95-cm.) 
c o p p e r  t u b i n g  8 inches long; 
one end of each tube is sealed 
off and ‘/ j j - i n c h  (0 .8 -m m .)  
holes drilled in a staggered ar
rangement from the sealed end 
to w i t h in  3 in ch es  (7.6 cm.) 
of the open end. T h e  tubes

The intimate contact of
are then set into the V-i-inch 

pipe, the open ends extending about 2 inches (5.1 cm.) beyond 
the mixing chamber proper as inlets for gas and air, respec
tively. The copper tubes are soldered in holes drilled in the 
cap over the upper end of the mixing chamber. The mix
ing chamber is connected to the combustion chamber (Fig
ure 1) by a velocity tube which consists of a 2-foot (61-cm.) 
(or any suitable length) piece of standard Vs-inch (0.32-cm.) 
pipe. The combustion chamber casing is made from a 2-inch 
pipe, 5 inches (12.7 cm.) long. The upper end is threaded 
into a coupling which has a plug drilled and threaded to 
receive the velocity tube. The lower end of the pipe is 
closed with a cap in the center of which is drilled a one- 
inch (2.5-cm.) hole. The refractory tube is a one-inch com
bustion tube of fused silica. The tube is held in place at 
each end with a refractory cement (such as Smooth-On).

F ig u r e  1. M i x i n g  C h a m b e r  ( A b o v e ) a n d  B u r n e r

no longer used for heat transfer, their temperature is only 
that of the contained liquid. This prevents the deposition 
of scale from salts that have an inverted solubility curve, such 
as calcium sulfate. Corrosion is also minimized and the vessel 
may be constructed of alloys or ceramic ware to prevent at
tack.

The many advantages of submerged combustion led to the 
construction of an experimental apparatus which has been 
used for the evaporation of sulfite waste liquor and other ma
terials which are evaporated with difficulty by the usual 
methods. The calculations of results from the test data make 
it a desirable experiment for stoichiometric calculations on 
combustion.

C o n s t r u c t i o n  o f  B u r n e r

The principles employed in the construction of submerged 
combustion apparatus have been previously discussed (3). 
The construction of a burner using gaseous fuel consists of 
three essential parts: (1) a mixing chamber which will pro
duce a homogeneous gas-air mixture, (2) a velocity tube 
through which the gas-air mixture flows at a rate greater than 
the rate of flame propagation, and (3) a combustion chamber 
containing a refractory surface which becomes incandescent 
and acts as an ignition point for the gas-air mixture.

HEmX
F ig u r e  2 . E v a p o r a t o r  a n d  B u r n e r

The annular space between the combustion tube and the 
pipe is filled with a suitable insulating material, such as 
diatomaceous earth. The end cap is drilled and threaded to 
receive two ’ /Winch (0.48-cm.) screws which hold in place 
the grid. This is a V 16-inch (0.16-cm.) plate in which are
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drilled a number of Vie-inch holes in a position over the end of 
the combustion tube. The purpose of this grid is to break 
up the hot combustion gases into fine bubbles to facilitate 
heat transfer, thus decreasing the depth to which the burner 
must be submerged.

C o n s t r u c t i o n  o f  E v a p o r a t o r

The first evaporator used consisted of a sheet metal 
cylinder, inside diameter 13 inches (33 cm.), and depth 25
inches (63.5 cm.). It lias a clean-out also used as a ther

mometer well at the bottom and at the 
top, a 272-inch (6.4-cm.) opening for 
the burner, and a 2-inch pipe connec
tion for exit gases. It is covered with
2 inches of asbestos-magnesia insulation. 
Figure 2 shows the burner and evapora
tor. Figure 3 shows a recently con
structed evaporator. It is of sixteen- 
gage black iron, welded construction, 
diameter 12 inches (31 cm.), depth of 
body 18 inches (45.8 cm.), depth of cone 
bottom 12 inches. The cover is remov
able and has a 4-inch (10.2-cm.) opening 
for the b u rn er  and tw o  2- in c h  pipe 
couplings for gas r e m o v a l and feed 
entrance. The cone bottom ends in a 
threaded 2-inch pipe on which is screwed 
a cock or gate valve.

O p e r a t i o n  o f  B u r n e r

Carbureted water gas produced by 
the Seattle Gas Company is used as 
fuel. It is necessary to increase the gas 
pressure from the gas main pressure of
3 inches (7.6 cm.) of water to approxi
mately 6 inches (15.3 cm.) of mercury 
(about 3 pounds per square inch or 211 
grams per sq. cm.). This is accom
plished by a small, fin type, rotary com
pressor. The gas is passed to a storage 
tank to eliminate fluctuations in pres
sure, through a needle valve, a standard 
orifice meter and then to the burner.

Air is taken from the building compressed-air line at a 
pressure of 40 pounds per square inch (281 grams per sq. cm.) 
through a needle valve, a standard orifice meter, and then to 
the burner. The volumes of gas and air are indicated by 
the manometer of the orifice meters so that the air-gas ratio 
can be maintained constant. The burner is connected to the 
gas and air nipples with rubber tubing.

To light the burner, it is removed from the evaporator,
the grid over the burner nozzle moved to one side, the gas 
turned on and lighted. The air is then turned on until the 
correct air-gas ratio is obtained. Combustion takes place 
at the end of the combustion tube; thus, it is necessary to 
move the flame back into the tube so combustion will take 
place within the combustion chamber. This is done by in
serting an incandescent piece of iron wire into the combustion 
chamber. The combustion tube is soon heated to incan
descence and acts as a hot spot for the ignition of the gas as 
it leaves the velocity tube. The metal grid is then returned 
to its position over the end of the burner and the burner is 
ready to submerge.

E v a p o r a t i o n  o f  W a t e r

The charge to be evaporated is put into the evaporator; 
the lighted burner is placed in position and throughout the 
run is adjusted so as to remain completely submerged. The

F i g u r e  3 . E x - 
p e iu m e n t a i . E v a p  

o r a t o r  B o d y

burner is kept submerged to such a depth that thermal equilib
rium exists between the liquid and vapors, as indicated by 
thermometers in the liquid and vapor. The evaporator is 
placed 011 scales so that the rate of evaporation is determined 
by weighing at intervals of time. The experimental data 
taken in two runs on water are given in Table I as average 
values of a series of readings.

T a b l e  I. E x p e r i m e n t a l  D a t a
Run 4 5
Tim e of run, min.
Barometer, mm. Hg 
Static pressure of gas, inches Hg 
Static pressure of gas, mm. Hg 
Tem p, of gas entering, ° C. (° F.)
Pressure, gas Venturi:

Inches (mm.) C«Hc (1 :10)
Inches (mm.) H2O 

R oom  temp., 0 C. (° F.)
Skin temp, of evaporator, 0 C. (°  F.)
Weight H :0 :

Used, lb. (kg.)
Evaporated, lb. (kg.)

Temp. H2O in evaporator, 0 C. (°  F.)
Temp, of vapor, 0 C. (°  F.)
Exit gas analysis:

CO2o2
Ns

Fuel gas analysis:
CO2
Illuminants (CjHe)
O2 
CO 
H2 
CH<
C2Hc 
N*

Fuel gas, B. t. u ./cu . ft. (ca l./cu . m.) 505 (4494)
N o t e : Unless otherwise indicated, cubic feet are at 60° F., 30 inches 

Hg, and saturated with water. Heating value of fuel gas taken at 505
B. t. u ./cu . ft., the value given by the gas company. Illuminants are con
sidered to be entirely propylene.

C a l c u l a t i o n  o f  R e s u l t s

Knowing the analysis of the fuel gas and of the exit gas, 
it is possible to make use of stoichiometric relationships 
to calculate efficiencies and check experimentally determined 
values. Sample calculations for run 4 are as follows :

180
755

4
101.6
22.8 (73)

177
756.5

6
152.4 

2 2 .S (73)

2.54 
7.34 

23 
26

(64.5)
(186.4)
(73)
(79)

4 .34
8.15

26
31

( 110. 2)
(207.0)
(79)
(88)

68.5
34.5
87.5  
92 .3

(31.07)
(15.65)
(189.5)
(198.2)

67.5 
44.0  
88.2
90.6

(30.62)
(19.96)
(190.8)
(195.0)

10.1
3.6

86.3

12.4
1.6

86.0

(Basis, one mole fuel ksh)

C o m p o n e n t

COj
Illuminants (CaHç)Oj
CO
Ha
CH ,
C-H«
Ns

C o m p o n e n t

O j
R e q u i r e d  f o r

CO-
OgNj

C H2 C o m b u s t i o n

Mole Atom Mole Mole
0.054 0.054
0.071 0.213 0 .2 Í3 0Í3Í9
0.003 -0 .0 0 3
0.114 0* Ü 4 0.057
0.270 0.270 0.135
0.202 0 Í2Ó2 0.404 0.404
0.007 0.014 0.021 0.025
0.279

1.000 0.597 0.908 0.937
(Basis, 100 moles d r y

C
exit gas) 

Oj
M  oles Atoms M  oles

10.1 10.1 10.1
3 .6 3.6

86.3

100.0 10.1 13.7

Moles fuel gas used:
=  16.9 moles fuel gas used per 100 moles exit gas

0.597
Oxygen balance: 

0.279 X 16.9 
86.3 -  4.7
81.6 X
21.7 -  13.7

Air-gas ratio:
81.6

4.7 moles Nj from fuel gas
81.6 moles N2 from air
21.7 moles 0 2 from air
8.0 moles 0 2 disappeared by combining 

with H2

0.79 X 16.9 
Excess air:

3.6 X 100 
16.9 X 0.937

6.11 moles air admitted per mole fuel gas

= 22.7% excess air
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From the calibration curve of the gas orifice meter the data for 
run 4 show that 80.2 cu. ft. (2.27 cu. m.), or 0.207 mole, of fuel 
gas were used during the run.
Basis, 0.207 mole fuel gas:

0  2072 X 8.0 X "Yq-q* =  0.196 mole H2 burned (from 0 2 balance) 
0.207 X 0.908 = 0.188 mole Hs entered (from gas analysis) 

W a t e r  B a l a n c e .
Water formed, by combustion:

0.207 X 0.908 X 18 = 3.38 lb. (1.53 kg.) H20  formed by 
combustion

We can assume the gas and air used are saturated with water 
vapor at 60° F. (15.5° C.).

0.207 X 6.11 =  1.26 moles air enter with gas 
Water in gas and air:

(0.207 +  1.26) X X 18 = 0.46 lb. (0.21 kg.)
II20  enter in gas and air 

Total water leaving evaporator:
34.5 +  3.38 +  0.46 =  38.34 lb. (17.39 kg.) H20  leave 

evaporator
Since the total pressure is the sum of the partial pressures of the 
water vapor and gaseous products of combustion, a check on the 
data and calculations can be obtained. The vapor pressure of 
water at 87.5° C. is 478 mm. mercury.
Partial pressure of gases:

755 -  478 = 277 mm.
Water that should have been evaporated:

478  0 907
100 X X ^  X 18 = 38.1 lb. (17.28 kg.) H20  should

have been evaporated
H e a t  B a l a n c e .

Healing value of fuel gas:
80.2 X 505 =  40,501 B. t. u. (10,206 Cal.)

Sensible heat (from Eastman’s curves, 1) per mole of gas and
air entering (sensible heat of gas assumed to be that of air).

moles at 73° F. at 60° F. differ- total
(22.8° C.) (15.5° C.) ence 135 B .t.u.

Gas +  air 1.467 286 -  194 =  92 (34 Cal.)
Heat of vaporization of water evaporated:

34.5 X 983.7 =  33,938 B. t. u. (8552 Cal.)
Heat of vaporization of water from combustion:

3.38 X 983.7 =  3325 B. t. u. (838 Cal.)
Composition of exit gases:

0  907 (3.6 +  86.3) = 1 .1 0  moles 0 2 +  N216.9 
0.207
16.9 

38.34
18

X 10.1 = 0.12 mole C 02 

= 2.13 moles H20

Sensible heat per mole in exit gases:
moles at at

198.2° F. 60° F. 
(92.3° C.) (15.5° C.)

C 02 0.12 1600 -  260 =
Oi +  N, 1.10 1175 -  195 =

Superheat of water vapor:
moles at at

198.2° F. 189.5° F.
(92.3° C.) (87.5° C.)

H20  2.13 1410 -  1330

differ
ence
1340
980

total
162

1078
1239 B.t. u. 

(212 Cal.)

differ
ence
80

H e a t  I n p u t .
Heating value of gas
Sensible heat of gas and air above 60°

total 
170 B. t. u. 
(42.8 Cal.)

F. =
40,501

135
40,636 B. t. u. 
(10,249 Cal.)

H e a t  O u t p u t .
Heat of vaporization of water evaporated =  33,938
Heat of vaporization of water from 

combustion = 3,325
Sensible heat in gases, above 60° F. = 1,239
Superheat of water vapor = 170
Thermal recovery =  38,672
Radiation and unaccounted for losses =  1,964

40,636 B. t. u. 
(10,249 Cal.)

Thermal efficiency (percentage of heat input recovered in products):

S p x 100 = 95-2%
Evaporation efficiency (percentage of heat input used to evaporate 

contained water):

USx 100 = 83-c%
O ver-a ll e ffic ien cy :

Making use of the Swindin formula (4), we can calculate the 
over-all efficiency, accounting for the work done on the gas and 
air by the compressors:

//. + IU - AJ
E E¡ X  E '  X  Ec -  BJ

//«
where E 

Hi 
Hi 
Ho 
A  
B 
J
Ei ■■

E e
E c

efficiency of submerged com bustion boiler 
heat in steam
heat in products of combustion 
heat in fuel
work done in compressing air and gas
work contained in gas on cooling to 15.5° C. (60° F.)
Joule's mechanical equivalent o f heat
thermodynamic efficiency of engine using 50:50 steam-gas 

mixture (approx. 0.16) 
mechanical efficiency of engine (approx. 0 .8) 
efficiency of compressor (approx. 0.7)

A J 1 .5  X  1.99 X  533 34
0 .1 6  X  0 .8  X  0 .7  30 ' 2220 B. t. u. (559 Cal.)Ei X  E . X  E

„  (33,938 +  3325 +  170) +  1239 -  2220 -  135

36,317
40,501

40,501 

X  100 =  89.7%

The results from runs 4 and 5 are given in Table II.

T a b l e  II. C a l c u l a t e d  R e s u l t s

Run 4 5
Gas used, cu. ft. (cu. m.) 80.2 (2 .27 ) 106.5 (3.02)
Ratio air to gas 6.11 4.88
Excess air, % 22.7 8 .2
Hj in gas used, mole 0 .188 0.251
Hi calcd. by Oi balance, mole 0 .196 0.194
HtO evaporated (weighed), lb. (kg.) 34 .5 (15.65) 44 .0  (19.96)
HtO output, lb. (leg.)
Calcd. HiO output, lb. (kg.)

38.34 (17.39) 49.03 (22.24)
38.1 (17.28) 44.2  (20.05)

Heating value of gas 40,501 54,792
Sensible heat o f gas and air above

60° F. 135 152

Heat input, B. t. u. (Cal.) 40,636 (10,249) 54,944 (13,846)
Heat o f vaporization of HiO

evaporated 33,938 43,252
Heat of vaporization o f HiO

from  combustion 3,325 4,797
Sensible heat in gases above

60° F. 1,239 1,345
Superheat of HiO vapor 170 136

Thermal recovery 38,672 49,530
Radiation and unaccounted .

for losses 1,964 5,414

Heat output, B. t. u. (Cal.) 40,636 (10,249) 54,944 (13,846)
Efficiency, % :

Thermal 95.2 91.2
Evaporation 83.6 80.3
Over-all 89.7 84.4

D i s c u s s i o n  o f  R e s u l t s

The results in Table II show that submerged combustion 
evaporation has a high thermal efficiency. This is due to the 
fact that the outer wall of the evaporator is at the temperature 
of the liquid and not at the higher temperature of the medium 
supplying the necessary heat. The evaporation efficiency is 
much lower, as the water produced in the combustion of the 
gas must also be evaporated. The efficiency is calculated on 
the basis of the total heat supplied and not as the basis of the 
net heating value of the gas, or that heat ordinarily available 
when the water of combustion cannot be condensed.

It may be seen that the method of submerged combustion 
evaporation will not compete with the usual type of multiple- 
effect evaporation, except for those substances which offer un
usual difficulties, such as highly corrosive solution, highly vis
cous solution, and scale- or sludge-forming solutions. These 
latter solutions can be handled very well with submerged
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combustion evaporation at high efficiency and without the 
difficulty attached to heat transfer through tubes.

The stoichiometric calculations of run 4 check well, but 
those of run 5 do not show as good agreement; errors in gas 
analysis can readily cause all these calculations to show dis
crepancies.

Fused silica is not a satisfactory refractory material as it 
devitrifies at about 1200° C., and the temperature within the 
combustion chamber is practically equal to the theoretical 
flame temperature of the gas, or about 2000° C. Thus the 
temperature of the refractory walls is at least 1400° to 1700° 
C., depending on the operating conditions. The metal grid 
over the end of the burner is slowly burned away by the hot 
gases passing through, but it can easily be replaced. With

these exceptions there has been no noticeable deterioration of 
the burner or evaporator parts, even when normally corro
sive solutions were evaporated.
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II. Sulfite Waste Liquor

T HE p r o b le m  o f  sulfite 
waste liquor disposal or 
utilization has been at

tacked from many standpoints 
but still seeks an economical solu
tion. The industry realizes that 
approximately 50 per cent of the 
pulp wood is being disposed of in 
an uneconomical manner. This 
waste has attracted much atten
tion and its utilization has been 
the subject of many patents. A 
review of these p r o p o s a ls  by 
Benson (8,4) shows that the ma
terial used is not the dilute waste 
liquor of the mill but is a con
centrate which contains from 50 
to 90 per cent solids. The prepa
ration of this concentrate calls 
for an evaporation process.

Sulfite waste liquor has been 
a p o l lu t io n  nuisance because 
no u t i l iz a t io n  has been made 
on a scale large enough to con
sume the entire supply of waste liquor. The result is that 
disposal by dumping in the nearest body of water has been 
the common practice. This has not gone on without objec
tion from neighboring cities or industries who have forced the 
mills to use a less objectionable method of disposal. The 
usual method has been concentration and combustion of the 
organic solids. Since a concentration to at least 50*per cent 
solids is necessary previous to combustion, an evaporation 
process is usually employed.

E v a p o r a t i o n  o f  S u l f i t e  W a s t e  L i q u o r

The evaporation of sulfite waste liquor in tube evaporators 
has been the subject of considerable research and has been 
employed on a commercial scale. The difficulties in the evapo
ration have been pointed out by Badger (2) and by Miller 
(9). These are: (1) the extreme viscosity of the solution,
(2) the serious scale-forming tendencies of the liquor, (3) the 
corrosive nature of the unneutralized liquor, (4) excessive 
foaming, and (5) the escape of volatile substances causing 
trouble in condensing.

Badger (2) carried out his work on neutralized liquor to 
avoid corrosion difficulties. Forced circulation was neces
sary with the viscous solution, and high values of the heat 
transfer coefficients were obtained in this way. No scale de
posit was found on the nickel tubes. Miller (9) used neutral

ized liquor in an evaporator with 
heating rings, which gave natural 
circulation. The cylindrical sur
faces of the h e a t in g  rings are 
mechanically cleaned of scale by 
a scraper continuously operating 
between the rings. The Paulson 
method (3) employs a double- 
effect; stainless-steel evaporator, 
o p e ra te d  under a pressure of 
180 pounds per square inch in 
the first effect and 130 pounds 
per square inch in the secon d  
effect. The pressure operation 
prevents foaming and allows the 
steam from the second effect to 
be utilized for pulp cooking. The 
concentrated liquor from the first 
effect is burned in a W agn er 
furnace for the p r o d u c t io n  of 
steam  to heat the first effect. 
This arrangement is equivalent 
to the installation of a new and 
expensive steam-generation sys

tem in plants already possessing adequate steam plants. 
Kuhles (8) has described a plant in which the waste liquor is 
first evaporated in multi-effect evaporators from 10-12 per 
cent solids to 40-50 per cent solids, then spray-dried to 5-8 
per cent moisture. This dried residue is a fine powder which 
can be burned in a powdered coal burner.

Despite the numerous systems proposed and described as 
operating successfully, it is also known that some such plants 
have failed (1), and that others do not continuously operate 
with the freedom from difficulty that their sponsors have de
scribed. With hopes of overcoming these difficulties the 
concentration of sulfite waste liquor by submerged combustion 
has been attempted on an experimental scale (5).

S u b m e r g e d  C o m b u s t i o n  E v a p o r a t i o n

The concentration of sulfite waste liquor by submerged 
combustion eliminates many of the difficulties inherent in the 
tube evaporator. As previously pointed out (7), whenever 
heat is transferred through a metal wall, corrosion and scale 
formation take place. With a submerged combustion burner 
the heat transfer is directly between the hot gases and the 
liquid so that the formation of solid calcium sulfate at the 
interface now merely results in its precipitation in the liquid. 
The body of the evaporator is at the same temperature as the 
liquid, and, since it is not externally heated, corrosion is

Unneutralized sulfite waste liquor has been 
successfully evaporated by submerged combustion 
without the difficulties encountered by the usual 
tube type evaporators. The evaporation gives 
a product containing 63Zt per cent solids, ivilh 
a thermal recovery in the process of approxi
mately 94 per cent. Higher concentrations of 
solids can be obtained.

In  order to form a thermal cycle in recovery, 
evaporation, and combustion of the sulfite waste 
liquor, the present pulp mill practice must be 
changed to give a waste liquor of over 12 per cent 
solids. Below this concentration the evaporation 
will require more heat than is recovered by the 
combustion of the solid residue.

The application of the principles of sub
merged combustion offers a technical and eco
nomic solution to the problem of sulfite waste 
liquor disposal.
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slight or may be resisted by alloys or ceramic ware. These 
numerous advantages of submerged combustion make it 
appear to be a promising method of attack on this problem.

E x p e r i m e n t a l  P r o c e d u r e

The equipment used for submerged combustion evaporation 
has been described in Part I (6).

S u l f i t e  W a s t e  L i q u o r .  Waste liquor from the pulping 
of hemlock was drawn directly from the digestor before it 
was blown. Analysis showed the following composition:

B p.gr. 1.059 Total solids, %  12.1
Free acid, %  0 .4  Ash in solids, %  13.5
Total acid, %  0 .6  Heating value of dry solids,

B. t. u ./lb . 9150

O p e r a t i o n .  The evaporator was charged with unneutral
ized sulfite waste liquor and the lighted burner submerged in 
the liquid. When the temperature of the liquid had come 
to a constant boiling point, the data for the runs were taken. 
Evaporation took place with no difficulty. Despite the fact 
that gas was being introduced into the liquid, no foaming oc
curred. The free sulfur dioxide in the liquor was evolved at 
the beginning of the run.1 No scale was found in the evapora
tor or on the burner itself. A small amount of carbonized 
material was found adhering to the metal grid near the open
ings for the hot gases, though the amount of material did not 
build up enough to interfere with the operation of the burner. 
From the initial weight of the evaporator and the loss in 
weight as evaporation occurred, the approximate concentra
tion of solids could be calculated. Two runs (6 and 7) were 
made using the 12.1 per cent liquor in which the solids content 
was increased to approximately 33 per cent. The product 
from these two runs was then mixed and concentrated to 63.4 
per cent solids. Further concentration could not be carried 
out in this run, as the depth of liquid in the evaporator 
became too low for operation of the burner in the liquid. 
Higher concentrations of solids could have been reached had 
larger amounts of sulfite liquor been concentrated in runs
6 and 7. The data for all runs are given in Table I.

T a b l e  I. E x p e r i m e n t a l  D a t a
Run 6 7 8
Tim e of run, min. 217 200 130
Barometer, mm. Hg 758 766 766
Static pressure of gas, inches Hg 6 6 6 .5
Temp, of gas entering, ° C.

( °  F.) 2 2 .8  (73) 22 .8  (73) 22 .8  (73)
AP, gas orifice, inches CoH« 3.93 3 .79 3.62
AP, air orifice, inches H2O 7.82 7 .48 7.33
Room  temp., 0 C. (°  F.) 24 (75 .2 ) 25 (77) 25 (77)
W eight of liquor used, lb. 75.5 74.25 55
Initial concn. of solids, % 12.1 12.1 33
Final concn. o f solids, % 33 33 6 3.4
W eight o f water evaporated, lb. 46 .0 41.75 30
Tem p, o f soln. in evaporator,

0 C. (°  F.) 89 (192.2) 8 9 .2  (192.6) 89.5  (193.1)
Tem p, of vapors, 0 C. (°  F.) 88 .3  (191) 8S.3  (191) 91.1  (196)
Exit gas analysis, % :

COa 11.8 12.1 12.1
0 2 1.5 1.6 1.6
N  a 86.7 8 6.3 86.3

Fuel gas analysis, % :
COa 5 .4
Illuminants (CîHe) 7 .1
Oa 0 .3
CO 11.4
Ha 27.0
CH< 20.2
CaHe 0 .7
Na 27.9

Fuel gas, B. t. u ./cu . ft. 505

The data from Table I have been calculated to give a water 
and heat balance as previously shown (6). The calculated 
results are given in Table II.

T h e r m a l  C y c l e

The present mill practice of blowing the digestor and wash
ing the entire blow from the pit is satisfactory when the waste

1 The evolution and recoveryof sulfur dioxide is now being studied further.

liquor is to be run directly into a body of water. If evapora
tion of the waste liquor is to be employed the practice of 
dilution must be abandoned. It is possible to withdraw 
most of the waste liquor from the blow pit, thus securing a 
liquor containing from 10 to 12 per cent solids, instead of 
about 3 per cent as given at present. Since concentrated 
waste liquor containing over 50 per cent solids can be used 
as a fuel, either alone or mixed with fuel oil, a certain amount 
of the heat employed in the evaporation can be recovered by 
the combustion of the concentrate. Thus a thermal cycle 
can be formed.

T a b l e  II. C a l c u l a t e d  R e s u l t s
Run 6 7 8
Time at equilibrium, min. 150 160 120
H :0  output (weighed), lb. 35 .0  39.75 28.75
Gas used, cu. ft. 84 .7  90 .3  67.2
Ratio air to gas 5 .22  5 .0 3  5.03
Excess air, %  8 .1  8 .4  8.4
Ha in gas used, mole 0 .199 0 .212 0.158
H20  calcd. by O2 balance, mole 0 .184 0 .178 0.132
H20  output, lb. 39.01 44.01 31.92
Calcd. HaO output, lb. 40 .0  41 .3  30.7

Heating value of gas used 42,774 45,602 33,936
Sensible heat in gas and air above

60° F. 125 130 96

Heat input 42,899 45,732 34,032

H eat of vaporization of H2O evapo
rated 34,374 39,031 28,218

H eat o f vaporization of HaO from
combustion 3,516 3,751 2,787

Sensible heat in gases above 60° F. 1,151 1,191 853
Superheat of HaO vapor 0 0 35

Thermal recovery 39,041 43,973 31,893
Radiation and unaccounted for losses 3,858 1,759 2,139

H eat output 42,899 45,732 34,032

Efficiency, % :
Thermal 91 .0  96 .2  93.8
Evaporation 80.1  85 .4  82.9
Over-all 84 .3  89 .5  86.3

We may consider the heating value of the dry solids to be 
9150 B. t. u. per pound, the over-all efficiency 85 per cent, the 
temperature of the feed liquor 70° F., and evaporation to oc
cur at 192° F. with a heat of vaporization of 982 B. t. u. per 
pound. The sludge of maximum dilution which will give a 
thermal cycle for the process is calculated.

S =  lb. solids in 100 lb. waste liquor 
(100 -  <S)(1104)

(0.85) (9150)
S = 12.5 lb. solids

Thus if the mill wishes to regain the amount of heat equal 
to that used in the evaporation, it is necessary that liquor be 
recovered from the blow pit which has 12.5 per cent solids. 
Since this concentration of solids is at the upper limit of the 
usual 10*to 12 per cent solids in the liquor from the digestor, 
it is apparent that it will not usually be possible to regain all 
of the heat used in the evaporation process.

D i s c u s s i o n  o f  R e s u l t s

The successful application of submerged combustion evapo
ration to the concentration of sulfite waste liquor has shown 
that this method surmounts the difficulties which confront 
the other evaporation processes. Scale formation, corrosion, 
foaming, and forced circulation present special problems not 
yet entirely solved in present practice. Submerged combus
tion evaporation successfully eliminates such problems. Al
though such an evaporation system does not have the evapo
rator economy of a multiple-effect system, its numerous other 
advantages make it worthy of consideration. The principles 
of submerged combustion can be applied in a different ap
paratus using cheaper fuel, and the result can well be a piece 
of equipment which is both technically and economically su
perior to present practice.
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Efficiencies of Tar Oil Components as 
Preservative for Timber

F. H. R h o d e s  a n d  I r a  E r ic k s o n , Cornell University, Ilhaca, N. Y.

I N THE determination of the fungicidal powers of creosote 
oil fractions by the wood pulp method of Rhodes and 
Gardner, the use of pine pulp gives results consistent 

with those obtained when Norway spruce pulp is used. No 
one compound in coal-tar creosote oil is primarily responsible 
for its preservative power, although diphenyl appears to be 
slightly more toxic to fungi than any other single compound. 
The fractions from water-gas tar oil are much less effective as 
preservatives than are those from coal-tar creosote oil. The 
chlorine derivatives of phenol and creosols and of naphthalene 
are more toxic to fungi than are the compounds from which 
they are obtained.

This investigation is essentially a continuation of that of 
Rhodes and Gardner (2). In this earlier work a method was 
devised for measuring the fungicidal powers of wood preserva
tives by determining the minimum concentration of pre
servative required to prevent the growth of Fomes annosus 
in mechanical wood pulp. The conditions in this test re
semble, in many respects, those under which the preserva
tives are actually used, so that the experimental results should 
be indicative of the results that may be expected in service. 
This method of testing was used in the present investigation 
also.

A possible criticism of the original method of Rhodes and 
Gardner is that the test material was mechanical wood pulp 
from Norway spruce, which is not commonly used for struc
tural purposes. To determine whether or not the apparent 
efficiency of the preservative varies with the specific type of 
wood pulp used, parallel tests were made with creosote oil 
fractions as the preservatives, using Norway spruce and me
chanical pine pulps. The mechanical pine pulp was obtained 
through the courtesy of the Forest Products Laboratory, 
Madison, Wis. The results were as follows:

- L i m i t i n g  C o n c e n t r a t i o n s 0
N O R W A Y  SPR U C E  PU LP

A B
% %

O.S 1.0
0.6 0.8
0.6 0.8

P IN E  PU LP
A B
% %

0.6 0.8
0.6 0.8
0.6 0.8

convenient one, although the conditions of the test differ so 
markedly from those of actual service that, in some cases at 
least, the results may not be directly comparable with those 
that may be expected in practice.

A series of fractions from coal-tar creosote oil was tested 
by the methods of Schmitz and of Rhodes and Gardner. The 
results were as follows:

K i l l i n g  C o n c e n t r a t i o n

F r a c t io n
Method of Rhodes 

and Gardner Method of Schmitz R a t io

1

%  by weight 
o f wood pulp 

0 .9

%  by weight 
of agar medium 

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

10 2 .7 0 .1 5 1 8 :1
Mixture 0 .9 0 .0 5 1 8 :1

O i l  F r a c t i o n

5 
7 
9

°  A, maximum concentration at which any growth of F. annosus occurs; 
B, minimum concentration at which no growth of F. annosus occurs.

It appears that within the limit of experimental error the 
results of the test do not depend upon the specific type of pulp 
used.

Several investigators in this field have made comparisons 
of the relative efficiencies of preservatives by determining the 
concentrations of the various preservative substances that 
are required to inhibit the growth of the wood-destroying 
fungi in a malt-agar medium, or the concentration required 
to kill the fungi in such medium. One such method has been 
described by Schmitz and others (3). This method is a

These results show that in the comparison of the preserva
tive efficiencies of various fractions from coal-tar creosote oil 
the two methods give reasonably consistent results, although 
quantitatively the concentration required to kill Fomes 
annosus in an agar medium is much lower than that to pre
vent the growth of this organism in wood.

C o a l - T a r  C o m p o u n d s

The material used in this series of tests was prepared from a 
typical coal-tar creosote oil that showed the following analysis:

P e r  C e n t  D i s t i l l e d ®
T e m p . R a n g e  ( b y  W e i g h t )

° C.
0-2110 1.2

210-235 14.3
235-270 20.8
270-315 20.5
315-355 20.2
Residue 21.0

Limpid point, 0 C. 27
Sp. gr. (3 8 /1 5 .5 °  C.) 1.065
Tar acids, %  11.6
Tar bases, %  5 .9

° Bulb distillation by A. S. T. M . method D246-27T.

Several gallons of this material were freed from tar acids 
and bases by repeated alternate extraction with a 10 per cent 
solution of sodium hydroxide and a 30 per cent solution of 
sulfuric acid. Two liters of the resulting “ dead oil”  were 
distilled from an iron still provided with a Ilempel fractionat
ing column, and the distillate was collected in ten approxi
mately equal fractions, as follows:

F r a c t i o n

1
2
3
4

D i s t n .
T e m p .
°C.

184-210
210-225
225-240
240-260

D i s t n . D i s t n .
F r a c t i o n T e m p . F r a c t i o n T e m p .

°C . °C .
5 260-290 8 310-320
6 290-300 9 320-340
7 300-310 10 340-385
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The preservative efficiency of each fraction and of a mix
ture of equal parts by volume of the separate fractions was 
then determined by the wood pulp method. The following 
results were obtained:

L im i t i n g L im i t i n g L i m i t i n g
F r a c t io n C o n c n . F r a c t io n C o n c n . F r a c t i o n C o n c n .

% % %
1 0 . 8 - 1 . 0 5 0 . 8 - 1 . 0 9 1 . 4 - 1 . 6
2 0 . 6 - 0 . 8 6 0 . 6 - 0 . 8 10 2 . 5 - 3 . 0
3 0 . 5 - 0 . 6 7 0 . 8 - 1 . 0 Mixture 0 . 8 - 1 . 0
4 0 . 6 - 0 . 8 8 1 . 2 - 1 . 4

The lower fractions from the coal-tar dead oil show very little 
variation in preservative power; the high-boiling fractions 
are less effective than are those of lower boiling points. A 
certain amount of high-boiling material is, however, probably 
desirable in commercial creosote oil because of its effect in 
reducing the volatility of the oil and thus aiding in holding the 
oil more permanently in the wood.

A portion of coal-tar dead oil, prepared as described above, 
was distilled through a Hempel column, and the total dis
tillate passing over between 190° and 310° C. was collected. 
To portions of this distillate, known amounts of m-cresol,
o-cresol, diphenyl, naphthalene, a-methylnaphthalene, and 
/3-methylnaphthalene were added, and the preservative 
efficiency of each mixture was determined. The methyl- 
naphthalenes were purified by washing with concentrated 
sulfuric acid, concentrated solution of sodium hydroxide, and 
water, and were then steam-distilled and, finally, redistilled 
under reduced pressure. The other compounds were pur
chased as c. p . material and were not further purified. The 
preservative efficiencies are given in Table I.

T a b l e  I. P r e s e r v a t i v e  E f f i c i e n c i e s  o f  C o a l - T a r  
C o m p o u n d s

P r e s e r v a t i v e L i m i t i n g  C o n c n .

Dead oil (190-310° C . )
VO

0 .8-1 .0
Dead oil -f- 1%  m-cresol 0 . 8-1 .0

4 - 2 %  m-cresol 
4 - 5 %  m-cresol 
+  10%  m-cresol

0 . 8-1 .0
0 . 6-0 .8
0 . 6 -0 .8

Dead oil +  1%  o-cresol 0 -.8 -1 .0
4- 2%  o-cresol 0 .8-1 .0
4 - 5 %  o-cresol 
+  10%  o-cresol

0 . 6 -0 .8
0 . 6-0 .8

Dead oil +  1%  diphenyl 0 . 8-1 .0
4- 2 %  diphenyl 0 . 6 -0 .8
4- 5 %  diphenyl 0 . 6- 0 ..8
4- 10%  diphenyl 0 .4 -0 ,,6

Dead oil +  1%  naphthalene 
4- 2 %  naphthalene 
4- 5 %  naphthalene 
4 - 10%  naphthalene

0 . 8-1 .0
0 . 8- 1 ,.0
0 . 6- 0 ,.8
0 . 6- 0 ,.8

Dead oil +  1%  a-methylnaphthalene 0 . 8- 1 .,0
4- 2 %  a-methylnaphthalene 0 . 8- 1 ..0
4- 5 %  a-methylnaphthalene 
4- 10%  a-methylnaphthalene

0 . 6- 0 .,8
0 . 6- 0 .,8

Dead oil +  1%  /S-methylnaphthalene 0 . 8- 1 ..0
4- 2 %  /S-methylnaphthalene 0 . 8- 1 . 0
+  5%  /S-methylnaphthalene 
4- 10%  /3-methylnaphthalene

0 . 6- 0 . 8
0 .6- 0 . 8

Pure m-cresol 0 .7 -0 . 8
Pure o-cresol 0 .7 -0 . 8
Pure diphenyl 0 .4 -0 . 6
Pure naphthalene 0 . 6- 0 . 8
Pure a-methylnaphthalene 0 . 6- 0 . 8
Pure /3-methylnaphthalene 0 . 6- 0 . 8

The results indicate that no one of the normal and prin
cipal components of ordinary coal-tar creosote oil is primarily 
responsible for the preservative action of the oil. In general, 
naphthalene and the methyl naphthalenes have about the 
same preservative efficiency as have the lower fractions of the 
normal dead oil, and the addition of these compounds does 
not increase the efficiency of the oil. Phenol and cresol 
are no more efficient as fungicides than are the neutral aro
matic hydrocarbons, and any advantage to be derived from 
the presence of the tar acid in the oil must be due to causes 
other than the increase of the fungicidal power. Of all of the 
compounds studied, diphenyl alone shows more than the

average preservative effect, and even this compound shows 
only slightly more than average efficiency.

F r a c t i o n s  f r o m  W a t e r - G a s  T a r

In view of the fact that the oils distilled from water-gas 
tar are used to some extent as preservative for timber, it was 
thought advisable to make some comparison of the preserva
tive efficiencies of coal-tar oils and water-gas tar oils. The 
raw material used in the preparation of the water-gas tar oil 
was crude water-gas tar obtained from the Ithaca plant of the 
New York State Gas and Electric Corporation. The crude 
tar was distilled to hard pitch in an iron still, and the total 
distillate was collected. This distillate was then redistilled 
through a Hempel column, and the second distillate was col
lected in ten fractions of approximately equal volumes. 
The preservative efficiency of each fraction and of a mixture 
of equal parts by volume of the various fractions was then 
determined, using the wood pulp method. The results were 
as follows:

F r a c  D i s t n . L i m i t i n g F r a c  D i s t n . L i m i t i n g
t i o n T e m p . C o n c n . t i o n T e m p .- C o n c n .

° C. % ° C. %
1 1 3 5 -2 0 6 1 . 5 - 1 . 6 7 2 4 0 - 2 4 7 ‘ 1 . 1 - 1 . 2
2 2 0 6 -2 1 7 1 . 6 - 1 . 7 8 2 4 7 -2 6 0 1 . 0 - 1 . 2
3 2 1 7 -2 2 3 1 . 7 - 1 . 8 9 2 6 0 -2 7 5 1 . 2 - 1 . 3
4 2 2 3 -2 2 9 1 . 7 - 1 . 8 . 10 2 7 5 -3 1 7 1 . 4 - 1 . 6
5 2 2 9 -2 3 2 1 . 6 - 1 . 7 Mixture 1 . 7 - 1 . 8
6 2 3 2 -2 4 0 1 . 4 - 1 . 6

It appears that the oils from water-gas tar are only about 
one-half as effective as are those from coal tar. The fraction 
that distills between 247° and 260° C., which should con
tain most of the diphenyl as well as considerable amounts 
of naphthalene and methylnaphthalene, has definitely higher 
preservative power than any other fraction.

C h l o r i n e  D e r i v a t i v e s  o f  A r o m a t i c  H y d r o c a r b o n  
a n d  P h e n o l s

It is well known that the bactericidal powers of the chlo
rine derivatives of the aromatic hydrocarbons and phenols 
are usually higher than those of the hydrocarbons or the phe
nols themselves. In view of this fact, it is possible that the 
chlorine derivatives of the components of creosote oil may be 
better preservatives for timber than are the compounds from 
which they are derived. Curtin and Bogert- (1) measured' 
the fungicidal powers o f chlorinated naphthalene and of 
the crude products obtained by the direct chlorination of' 
coal-tar creosote oil and of various crude fractions of the tar 
acids from creosote oil. The determinations of fungicidal 
power were made in standard agar-malt sirup gels, so that 
their results may not be directly comparable with those ob
tained by the wood pulp method. They concluded that:
(1) The chlorination of aromatic hydrocarbons of molecular 
weight equal to or greater than that of naphthalene results in 
a decrease in toxicity; (2) the chlorination of the crude cresols- 
or the crude xylenols from coal-tar creosote oil is accom
panied by an increase in fungicidal power; and (3) chlorina
tion of the crude mixtures of high-boiling tar acids from: 
creosote oil, distilling between 270° and 300° C., results in a 
decrease in the preservative efficiency. The decrease in 
toxicity that was observed when high-boiling fractions were 
chlorinated was explained on the basis of the hypothesis that 
the chlorine derivatives are less soluble in water than are the 
hydrocarbons from which they are derived.

We have measured the preservative efficiencies of a few 
pure chlorine derivatives of the aromatic hydrocarbons and 
phenols, and the results of these tests, together with the re
sults of tests made with the hydrocarbons and phenols them
selves, were as follows:
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L i m i t i n g L i m i t i n g

C o m p o u n d C o n c n . C o m p o u n d C o n c n .

% %
p-Dichlorobenzene 1 .3 -1 .4 2-Chloro-5-hydroxytoluene 0 .5 - 0 .6
a-Chloronaphthalene 0 .4 -0 .5 Phenol 0 . 8- 1 .0
0-Chloronaphthalene 0 .5 - 0 .6 o-Cresol 0 .7 -0 .8
p-Chlorophenol 0 .3 -0 .4 Naphthalene 0 . 6- 0 .8
o-Chlorophenol 0 . 6- 0 .7

The present results agree with those of Curtin and Bogert 
in indicating an increase in fungicidal power upon the chlo
rination of the lower phenols, although the relative increase 
was very much less than was found by them. Contrary to 
their results, the writers find that the chloronaphthalenes ap
pear to be better preservatives than is naphthalene itself, 
although the differences are not large. The discrepancies 
between our results and those of Curtin and Bogert are due, 
apparently, to the difference in .the method used for the

determination of preservative efficiencies. The former in
vestigators used the agar plate method, in which the results 
depend to a marked extent upon the solubility of the preserva
tive in water ; in the wood pulp method (and probably also in 
service) slight variations in solubility have relatively less 
effect.

L i t e r a t u r e  C i t e d

(1) C urtin  and B ogert, I n d . E n g . C h e m ., 19, 1231 (1927).
(2 ) R h od es  and  G ardn er, Ib id ., 22, 167 (1930).
(3 ) Schm itz and others, Ib id ., A na l E d ., 2, 361 (1 93 0 ); see also

Schm itz and  Zeller, In d . E n g . C h em ., 13, 621 (1 92 1 ); Schm itz 
and  B uck m an , Ib id ., 24, 772 (1932).

R e c e i v e d  March 6 , 1933. The work described here was done under a fellow
ship maintained at Cornell University by the American Creosoting Com 
pany.

Dry Distillation of Residue of Waste 
Sulfite Liquor

M a x  P h i l l i p s ,  Bureau o f Chemistry and Soils, Washington, D. C.

I N A PAPER recently published from this laboratory (7) 
results of an investigation were presented dealing with 
the dry distillation of alkali lignin in a reduced atmos

phere of carbon dioxide. In this paper the results are given 
of a similar study on the dry distillation of the residue of 
waste sulfite liquor.

Ahrens (1) was the first to make a study of the products of 
the dry distillation of waste sulfite liquor. He neutralized 
the liquor with lime, then evaporated the solution to dryness, 
and subjected the residue to dry distillation. The distillate 
was found to contain acetone and acetic acid, together with 
an oil containing sulfur. The carbonized residue contained 
33.6 per cent ash and 4.37 per cent total sulfur.

Bantlin (2) partly separated the volatile sulfur compounds 
from waste sulfite lye by passing through it a current of air 
and steam. The solution was then evaporated to dryness and 
the residue distilled. A small yield of liquid products was 
obtained and no methanol, while large quantities of hydrogen 
sulfide and mercaptans were evolved.

In view of the rather meager information found in the 
literature with respect to the composition of the distillate ob
tained when the dry residue of waste sulfite liquor is sub
jected to dry distillation, the investigation described in this 
paper was undertaken.

E x p e r i m e n t a l  P r o c e d u r e

P r e p a r a t i o n  o r  M a t e r i a l .  Waste sulfite liquor con
centrated to the consistency of sirup was kindly furnished by 
The Brown Company, of Berlin, N. H. The total solids in 
this product amounted to 51.37 per cent.

The product was evaporated to dryness, dried at 105° C., 
and ground to a powder. This dry material analyzed as 
follows: Ash, 19.03 per cent; sulfur, 6.84 per cent; meth- 
oxyl, 6.54 per cent.

A pparatus. The apparatus described in a previous com
munication (7) was used for these experiments. The distilla
tion experiments were carried out in a manner similar to 
that described in the article on the dry distillation of lignin 
from corncobs (7). For each experiment, 300 grams of the 
dry residue from waste sulfite liquor were used. The air in 
the apparatus was first replaced with dry carbon dioxide and 
then evacuated to 25 mm. pressure. A  small stream of dry

carbon dioxide at the rate of about one bubble per second 
was passed through the apparatus during the distillation ex
periment. The temperature was gradually increased until 
the maximum of 400° C. was obtained. The gases given off 
had a very obnoxious odor. The presence of hydrogen sul
fide and mercaptans could be detected. The distillate con
sisted of a milky, aqueous liquid and an oil. Because of the 
relatively small amount of oil in the distillate, no attempt was 
made to separate it from the aqueous portion of each indi
vidual experiment. In each experiment the weight of the dis
tillate and of the carbonized residue in the retort was deter
mined. No attempt was made to collect the gaseous prod
ucts, and the weight of the latter was obtained by difference. 
The results of ten experiments are given in Table I.
T a b l e  I. P r o d u c t s  o p  D r y  D i s t i l l a t i o n  o p  S u l f i t e  L y e
(300 grams material used in each experiment (222.6 grams calculated on 

ash- and sulfur-free basis) ]
T o t a l  D i s t i l l a t e  

( O i l  +  A q u e o u s  D i s t i l l a t e )
Yield (calcd. C a r b o n i z e d

E x p t .  Weight
on ash- and S- R e s i d u e ®  

Yield free material) W eight Yield
G a s e o u s  P r o d u c t s *  

Weight Yield
Grams % % Grams % Grams %

1 72.0 24.0 32.3 166 55.3 62.0 20.7
2 69.0 23.0 30.9 167 55.6 64.0 21.4
3 69.0 23.0 30.9 168 56.0 63.0 21.0
4 70.0 23.3 31.4 167 55.6 63.0 21.0
5 74.5 24.8 33.4 160 53.3 65.5 21.9
6 71.0 23.6 31.8 165 55.0 64.0 21.4
7 73.5 24.5 33.0 164 54.6 62.5 20.9
8 72.0 24.0 32.3 164 54.6 64.0 21.4
9 73.0 24.3 32.7 161 53.6 66.0 22.1

10 70.0 23.3 31.4 170 56.6 60.0 20.1
Mean 71.4 23.8 32.0 165 55.0 63.6 21.2

°  A composite sample of the carbonized residue was ashed and found to
yield 35.90 per cent ash. 

& B y difference.

E x a m i n a t i o n  o f  A q u e o u s  D i s t i l l a t e

The aqueous distillates from the ten experiments were com
bined. To this Norit was added, the mixture was well shaken 
and allowed to stand at room temperature for 2 hours. This 
was filtered, and the filtrate made up to 1000 cc. in a volu
metric flask; 250 cc. of this solution were treated with 4 per 
cent potassium permanganate until no further reduction took 
place. This was for the purpose of oxidizing volatile reduc
ing substances, chiefly sulfurous acid. The product was 
made acid with sulfuric acid and distilled in a current of steam 
until the distillate coming over no longer reacted acid. The
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distillate was neutralized with sodium hydroxide and concen
trated to a volume of 800 cc. Some tarry matter separated 
out in the course of this operation and was filtered off. The 
filtrate was acidified with sulfuric acid and distilled in a cur
rent of steam until all the volatile acids were driven over. 
The distillate was made up to a definite volume, and an ali
quot titrated with 0.1 N  sodium hydroxide solution, phenol- 
phthalein being used as the indicator. A total of 1498.8 
cc. of 0.1 N  sodium hydroxide was used. This corresponds 
to 8.99 grams acid calculated as acetic acid, or 35.96 grams 
in total aqueous distillate (equal to 1.19 per cent yield cal
culated on the 3000 grams dry sulfite lye residue used, or 
1.61 per cent calculated on the ash-free and sulfur-free 
material).

The above-mentioned solution, containing the sodium salts 
of volatile acids, was evaporated to dryness and a portion of 
the dry residue converted into the acid toluide according to 
the method described by Mulliken (5). It melted at 148.6° 
C. (corrected), and, when mixed with a pure specimen of aceto- 
p-toluide, no depression in the melting point was observed. 
The optical properties of the crystals of the toluide prepared 
from the sodium salt of the volatile acid obtained in the steam 
distillation were found to be identical with those of a known 
and pure specimen of aceto-p-toluide. The volatile acid 
therefore consisted chiefly of acetic acid.

Another 250-cc. sample of the aqueous distillate was made 
slightly alkaline with sodium hydroxide and distilled until 
about 150 cc. of distillate were obtained. The residual solu
tion was acidified with phosphoric acid and distilled in a cur
rent of steam until the distillate coming over no longer re
acted acid. The solution remaining in the distilling flask 
was filtered and exhaustively extracted with ether. The 
ether solution was dried over anhydrous sodium sulfate, and 
the ether removed by distillation. A small amount of sirup 
was obtained. This was subjected to distillation under re
duced pressure. Nothing definite could be isolated from the 
small quantity of distillate obtained.

Acetone Determination. The acetone in the aqueous distil
late was determined by the method of Deniges (3). The 
Messinger method (4) for determination of acetone could 
not be used because of the relatively large amounts of sul- 
furous acid and other sulfur compounds in the distillate. 
Three 25-cc. samples yielded 0.5772, 0.5677, and 0.5697 
gram of precipitate, respectively. This corresponds to 0.0351, 
0.0345, and 0.0347 gram acetone (mean =  0.0348 gram ace
tone =  1.3920 grams acetone in total aqueous distillate, or 
0.046 per cent of the total weight of dry material distilled =
0.062 per cent calculated on the ash-free and sulfur-free ma
terial).

M e t h a n o l  D e t e r m i n a t i o n .  The methanol in the aque
ous distillate was determined by a method referred to in a 
previous communication (0). Two 5-cc. samples gave 0.3837 
and 0.4017 gram silver iodide, and 0.0523 and 0.0547 gram 
methanol (=  10.70 grams— mean value— in the total aque
ous distillate =  0.35 per cent calculated on the 3000 grams 
material distilled and 0.48 per cent calculated on the ash- 
and sulfur-free material.)

E x a m i n a t i o n  o f  O i l .  The oil which had been separated 
from the combined distillates of all the ten experiments 
amounted to 46 grams (=  1.53 per cent yield calculated on 
the 3000 grams material distilled, or 2.0 per cent calculated 
on ash- and sulfur-free material). The oil was diluted with 
approximately three times its volume of ether, and the solu
tion extracted with a 5 per cent solution of sodium bicarbon
ate. This extract was acidified with sulfuric acid and dis
tilled in a current of steam until the distillate coming over 
no longer reacted acid. The total distillate was made up to 
a definite volume, and an aliquot was titrated with a 0.1 N  
sodium hydroxide solution; 311.7 cc. were required for the

total distillate. This corresponds to 1.87 grams acid calcu
lated as acetic (=  4.06 per cent of weight of total oil). The 
distillate was neutralized with sodium hydroxide and the 
solution evaporated to dryness. From a portion of the dry 
residue, the acid toluide was prepared by the method referred 
to above. The toluide obtained was identified as the aceto- 
p-toluide by its melting point, mixed melting point, and by 
the optical properties of the crystals. The volatile acid pres
ent in the sodium bicarbonate extract consisted, therefore, 
principally of acetic acid.

The acid liquid remaining in the distilling flask from the 
steam distillation mentioned above was extracted with ether, 
the ether solution dried over anhydrous sodium sulfate, and 
the ether finally removed by distillation. A small quantity 
of a dark brown oil was obtained. This was distilled under 
reduced pressure, and a very small amount of liquid-came over 
which, on standing, partly crystallized. The amount ob
tained was, however, too small to permit identification.

The ethereal solution of the oil which had been extracted 
with a 5 per cent sodium bicarbonate solution was next ex
haustively extracted with a 5 per cent sodium hydroxide solu
tion. The alkaline extract was acidified with sulfuric acid 
and the solution extracted with ether. The ether solution 
was dried over anhydrous sodium sulfate and filtered, and the 
ether was distilled off. A dark brown oil was obtained. The 
yield was 7.5 grams (=  16.3 per cent of weight of the oil =
0.25 per cent calculated on the 3000 grams material distilled, 
or 0.33 per cent calculated on ash- and sulfur-free material). 
The oil was distilled in a current of steam. In the distillation 
flask there remained some tarry matter from which nothing 
definite could be obtained. The distillate was extracted with 
ether, and, after removal of the ether by distillation, an oil 
was obtained which amounted to 1.5 grams. Under ordinary 
pressure it distilled over at 200° to 210° C. The 3,5-dini- 
trobenzoyl derivative of this substance was prepared accord
ing to the method described in a previous communication (S). 
After three crystallizations from 95 per cent ethyl alcohol, 
crystals were obtained which melted at 138° C. (corrected). 
This agrees closely with the melting point recorded for the 
3,5-dinitrobenzoylguaiacol. The optical properties of the 
crystals also agreed with that of 3,5-dinitrobenzoylguaiacol.

From the original mother liquor of the above, a second crop 
of crystals separated out. These were found to melt at 115° 
C. The melting point of the 3,5-dinitrobenzoyl derivative 
of l-Ar-propyl-3-methoxy-4-hydroxybenzene is 116.2 0 C. (cor
rected) (0). The optical .properties of the crystals agreed 
with those recorded for l-jV-propyl-3-methoxy-i-hydroxy- 
benzene. The phenolic fraction of the oil, therefore, con
tained guaiacol and l-.V-propyl-3-methoxy-4-hydroxyben- 
zene.

E x a m i n a t i o n  o f  N e u t r a l  F r a c t i o n

The ether solution of the oil which had been successively 
extracted with 5 per cent sodium bicarbonate solution and 5 
per cent sodium hydroxide solution, was dried over anhydrous 
sodium sulfate and filtered, and the ether was distilled off. 
A dark brown oily residue was obtained which amounted to 
37 grams (=  80.4 per cent of weight of oil). The oil was 
distilled in a current of steam, and a heavy yellow oil came 
over. In the distilling flask there remained a black, hard, 
tarry residue from which nothing definite could be obtained. 
The distillate was extracted with ether, the ether solution was 
dried over anhydrous sodium sulfate, and the ether was re
moved by distillation. The oily residue amounted to 26.5 
grams (=  57.6 per cent calculated on the 46 grams of oil ob
tained from all the distillation experiments). The oil had 
a rather offensive odor. It was distilled under ordinary pres
sure and the following fractions were obtained:
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F r a c t i o n  W e i g h t  F r a c t i o n  W e i g h t

° C. Grams ° C. Grams
150-160 2 170-1S0 16
160-170 2 Residue 6 .5

The fraction distilling at 170° to 180° C. was redistilled, a 
fractionating column being used. Below 145°, 6.5 grams 
distilled over. The mercury column then rose rapidly, and 
the remainder of the oil distilled over at 170° to 172°. The 
weight of this fraction amounted to 6.5 grams.

The fraction which distilled over below 145° was redistilled, 
and it distilled over at 110° to 130°; as it was evidently a 
mixture, it was not analyzed.

Fraction 170° to 172° was analyzed for carbon, hydrogen, 
and sulfur, and the following results were obtained:

Substance, 0.1595, 0.1179, 0.1103; water, 0.0659, 0.0493,
0.0472; carbon dioxide, 0.1222, 0.0916, 0.0S45.

Found: carbon 20.90, 21.18, and 20.89 per cent; hydrogen 
4.62, 4.68, and 4.78 per cent.

Substance, 0.1669, 0.1452; barium sulfate, 0.S618, 0.74S6.
Found: 71.15 and 71.04 per cent sulfur.
Mean: carbon 20.99; hydrogen, 4.69; sulfur, 71.09 per cent.

The identity of this fraction was not established. Presum
ably it was not pure.

D i s c u s s i o n  o f  R e s u l t s

In studying the results obtained in the distillation experi
ments recorded in this paper, it is of interest to compare them 
with those obtained in the distillation of lignin. In the follow
ing table the results of both series of experiments are pre
sented; those obtained in the distillation of alkali lignin are 
taken from an article previously published from this labora
tory (7):

A q u e o u s  O i l y  C a u o n -
D is- D is- IZED

T IL L A T E  T IL L A T E  R E S ID U E  G a S

% % % %
Alkali lignin 11.7 28 .3  50 .5  9 .3
Residue from  waste

sulfite liquor 3 0 .0a 2 .0 a 55.0  21.2
G Calculated on the ash- and sulfur-free material.

The most striking difference between the two sets of results 
is the fact that the yield of oil from the residue of waste sul
fite liquor is very small as compared with that obtained from 
alkali lignin. In the aqueous distillates, however, the rela
tion is reversed. There is no significant difference between 
the yields of carbonized residue in both cases. The gas given 
off when alkali lignin is distilled is considerably less than 
that produced when the residue of waste sulfite liquor is dis
tilled. In the latter case, the large amount of gas is attributed 
to a considerable extent to the hydrogen sulfide and to other 
volatile sulfur compounds resulting from the decomposition 
of the various sulfur derivatives in waste sulfite liquor. Fur
thermore, under the experimental conditions prevailing dur
ing the distillation, secondary reactions no doubt took place 
between the organic compounds and the sulfur compounds, 
resulting in the formation of mercaptans and products of a 
similar character.

The yield of acetic acid was less in the distillate from alkali 
lignin than that from the residue of waste sulfite liquor, 
whereas the yields of acetone and methanol were somewhat 
greater.

In the oily distillates from both materials, guaiacol and
1 - N -propyl - 3 - methoxy - 4 - hydroxybenzene were identified. 
However, in the oily distillate from alkali lignin, many other 
compounds were definitely identified, which apparently were 
not present in the oily distillate from the residue of waste 
sulfite liquor. This may be accounted for by the fact that the 
chemical nature of lignin is modified considerably when it is 
subjected to the sulfite cooking process and also by the fact

that secondary reactions take place between the sulfur deriva
tives and the primary degradation products of lignin.

S u m m a r y

The dry residue of waste sulfite liquor was subjected to dry 
distillation in a reduced atmosphere of carbon dioxide at a 
maximum temperature of 400° C. The following results, 
representing the average of ten experiments (calculated on the 
basis of oven-dry material) were obtained: Aqueous distil
late, 22.3 per cent; oily distillate, 1.5 per cent (30.0 and 2.0 
per cent, respectively, calculated on ash- and sulfur-free 
material); carbonized residue, 55.0 per cent; gas, 21.2 per cent 
(by difference).

The aqueous distillate contained acetic acid, acetone, and 
methanol. The yield of these three compounds (calculated 
on the basis of the dry material distilled) amounted to 1.19,
0.046, and 0.35 per cent, respectively. When calculated on 
the basis of ash- and sulfur-free material, the yields amounted 
to 1.61, 0.062, and 0.48 per cent, respectively.

The oil was successively extracted with 5 per cent sodium 
bicarbonate and 5 per cent sodium hydroxide solutions. In 
the sodium bicarbonate extract, acetic acid was identified. 
In the sodium hydroxide extract, guaiacol and l-Ar-propyl-
3-methoxy-4-hydroxybenzene were identified.

The fraction of the oil remaining after the extraction with 
5 per cent sodium bicarbonate and 5 per cent sodium hydrox
ide solutions was steam distilled, and an oil was obtained 
which consisted of a mixture of sulfur-containing compounds. 
No definite compound was identified in this mixture.

A c k n o w l e d g m e n t

All identifications of compounds by optical methods were 
made by G. L. Keenan of the Microanalytical Laboratory 
of the Food and Drug Administration of this department.
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Dispersibility of Gas Black
I. Methods of Measuring Gas Black Dispersion

R a y m o n d  P . A l l e n  a n d  F r a n k  K. S c h o e n f e l d , The B. F . Goodrich Company, Akron, Ohio

T HE Deed of a m eth o d  by 
w hich th e  degree o f dis
persion may be m easured  

h as long been fe lt  by th o se  w ho  
mix ga s b l a c k  i n t o  r u b b e r .
Degree of d is p e rs io n  may be 
defined as the completeness of 
wetting of the pigment by the 
rubber or, to e x p re ss  it more 
exactly, the ratio of the pigment- 
rubber i n t e r f a c e  to the total 
available pigment surface. In 
this paper th e  d i s p e r s i o n  of 
channel gas black only will be 
considered.

E x a m i n a t i o n  o p  S u r f a c e s

As mixing proceeds and more 
an d  m o r e  p a r t i c l e s  are wet 
by rubber, the surface appear
ance of the stock will gradually 
change from the dry, dull appear
ance of gas black to the glossy 
appearance of masticated rubber. The high surface gloss is 
enhanced by the intense opacity of a gas black stock and, be
cause the reflection comes only from one plane, the surface 
appears almost metallic (2).

In the early days of the rubber industry and persisting to 
the present day, practical mill room men have judged the 
perfection of mixing by the sheen of the surface of the stock. 
This criterion applies particularly to gas black stocks. If the 
surface of the stock appears glossy and black, like a highly 
polished shoe, it is judged that the pigment is well dispersed. 
This practical method of judging the degree of dispersion is 
useful and reasonably accurate, although it does not tell the 
whole story; it has been mentioned occasionally in the litera
ture. Wiegand (18) states: “ In some cases, practical opera
tives have been able to recognize even small departures from 
proper dispersion by the appearance of the calendered or ex
truded sheet. There is, namely, a loss in smoothness and 
shine. This test is, however, not unambiguous and may 
easily lead to false conclusions.”

In attempting to determine the distribution of the black 
inside of a piece of stock by examination of the surface, gloss 
is a valuable criterion, but there is another equally important 
factor— namely, the number and size of undispersed or almost 
completely undispersed lumps of black. The glossiness is a 
measure of the completeness with which gas black has been 
wet by the rubber; the undispersed chunks, large and small, 
are a measure of the amount of gas black which is still not 
at all or only slightly covered by rubber.

It is not accurate to judge dispersion in any piece of stock 
on the basis of either of these factors alone. For example, a 
piece of stock may have a high gloss but still contain many un
dispersed chunks of black. This indicates that part of the 
gas black has been thoroughly wet by the rubber but much of 
it has only barely started to disperse. In other instances a 
piece of stock may have a dull surface which close examination 
will show is full of small lumps of black, all of which, it may 
be imagined, have started to disperse. Only a small propor

t i o n  of the  b l a c k  has been 
thoroughly wet by the rubber, 
but a large proportion has been 
partially wet.

Many others have recognized 
the i m p o r t a n c e  of the undis
persed or only partially dispersed 
chunks of gas black in judging 
dispersion. Wiegand (18) says 
that “ even moderate departures 
from uniform d i s p e r s i o n  can 
generally be detected with a 20- 
power hand magnifier on a torn 
surface of the mixed stock— that 
is, before the cure.”  Grenquist 
(12) studied the surface lumps 
and related their size and fre
quency to significant physical 
p r o p e r t i e s  of the stock. He 
states: “ The dispersion was de
termined by means of the micro
scope on freshly cut surfaces of 
mixtures vulcanized and unvul

canized * * *. Magnified about 300 times, the aggregates of gas 
black appear like a nonhomogeneous black mass, while on the 
smoother and more homogeneous surface of the rubber the re
flection is so increased that the field remains lighted.”

Grenquist cut his samples “ with very sharp scissors,”  which 
in the authors’ opinion does not give a surface as satisfac
tory as one made by tearing. Grenquist points out that the 
examination of the surface is a rapid method of judging dis
persion and that a large surface can be studied; however, 
he says that “ it is evident that this method is not of use in 
the study of the actual dispersion of the particles, but it 
appears to be excellent for the study of the mixing process.”  
Grenquist characterized the dispersions as: very bad, bad, 
passable, good, very good, excellent.

Shepard (15) also discusses the surface examination of gas 
black stocks. He states that “ the microscope is of distinct 
value in determining the suitability of a black for rubber 
reënforcement. Owing to the difficulty in preparing rubber 
sections for observation with transmitted light, the color 
tones have found little application in controlling the quality 
of blacks.

“ Surface examination by reflected light * * * has been found 
of distinct value in estimating the dispersibility of a black and 
in evaluating various mixing procedures.”  Shepard shows 
two photomicrographs, taken by H. P. Coats, showing poor 
and good dispersion.

The references which have been given show that many 
people who have worked with gas black stocks have seen the 
possibility of judging dispersion by studying the character of 
the surface. B y visual or microscopic examination they have 
used the surface qualities of gloss and lumps as a measure of 
dispersion.

E x a m i n a t i o n  o f  M ic r o s e c t io n s

As a measure of judging the dispersion of gas black, the 
examination of microsections has also engaged the attention 
of many workers. This method is obviously limited to

Previous investigators have used the nature of 
the surface, the appearance of microsections, 
and various physical properties of the slock as a 
measure o f the degree of dispersion of gas black 
in rubber. Here it is shown that a close relation 
exists between the nature of a lorn surface of gas 
black stocks and the appearance of microsections 
of the slocks. The relationship is so close that 
the degree of dispersion which is basically shown 
by microsections may be measured by examining 
the surface. /Is a practical working tool stand
ard samples of gas black slocks have been pre
pared and rated in percentage dispersion.

It is also shown that the character of gas black 
agglomerates in rubber varies from  a hard, rigid 
type to a soft, easily dispersed variety. A  
microscopic study of those agglomerates aids in 
understanding the properties of stocks.

994
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smaller sections and is subject to the criticism that large 
numbers of observations must be made if representative re
results are to be obtained. Pohle (14) has done valuable 
work with microsections. Depew and Ruby (5) show photo
micrographs of sections made by freezing with carbon dioxide 
and cutting on a microtome which illustrate good and poor 
dispersion of c a r b o n  black. Hauser (13) 
mentions that in m i c r o s e c t i o n s  made as 
described by Dannenberg (4) the degree of 
dispersion may be measured either by count
ing the a g g r e g a t e s  or in some cases by 
colorimetric methods.

Green (7), in a paper on the stretching of 
rubber stocks, gave some photomicrographs 
which showed the stretching of agglomerates 
that were presumably of carbon black. In 
a paper (8) on a method of making micro
sections he showed photomicrographs of un- 
dispersed carbon black.

In another paper (9) Green stated, as a re
sult of examining microsections, that “ all gas 
black contains large lumps of undispersible 
material which are probably adamantine,”  
and that “ poor incorporation of gas black will 
show as dense, black lumps.”

Spear and Moore (16) also d e s c r i b e  a 
method of making microsections and show 
p h o t o m i c r o g r a p h s  o f  so m e  c a r b o n  
black stocks, but in their published pictures the agglomerates 
are rather obscure. Grenquist (10) showed some photomicro
graphs and discussed the dispersion of gas black in rubber, but 
he worked only with stocks containing a low concentration of 
black. In another paper (11) Grenquist describes micro
sections made of stretched stock by freezing and cutting on a 
microtome, and he showed the formation of vacuoles chiefly 
around aggregates of black or other pigments.

P h y s i c a l  P r o p e r t i e s  I n d i c a t i v e  o f  D is p e r s io n

Aside from hiicroscopic methods, certain physical proper
ties have been recommended to indicate the degree of dis
persion. Wiegand (18) states: “ I think the most sensitive
index (for good dispersion) is tensile strength. Within the 
past year I have had personally an opportunity of observing 
several cases where improved dispersion notably increased 
the tensile, in some cases up to 25 per cent.”  Grenquist 
(12) also related dispersion to tensile. Wiegand further 
stated that “ another way is through irregularity in breaks. 
Although not a refined or quantitative means of measuring 
bad dispersion, it is nevertheless an excellent qualitative 
warning.”  Endres (6) discussed the effect of agglomeration 
on physical properties and showed some photomicrographs 
of special carbon blacks.

Inspired by a paper of 
Stamberger (17) on the 
rate  of d i f f u s i o n  and
settling of different pig
me nts ,  C a r s o n  and 
Sebrell (8) centrifuged 
rubber cements contain
ing d i f f e r e n t  carbon 
blacks and found a rela
tion between the amount 
of black left in suspen
sion and the modulus at 
500 per c e n t .  W h i l e  
their m e t h o d  required 
perfect dispersion of the 
blacks and was indicative 
only of particle size or of

specific surface, it could conceivably be used as a measure of dis
persion in which undispersed agglomerates act as large particles.

Shepard (IS) points out that flex-cracking is related to dis
persion. This property is obviously most valuable as an 
indication of poor dispersion.

It may be concluded that many physical properties are re
lated to the degree of dispersion, and the 
proof of such a relationship would be of scien
tific and practical interest. Irrespective of 
the objectives sought by those who have pre
viously su g g e st e d  physical properties as a 
measure of dispersion, no one is interested in 
measuring dispersion by first measuring some 
physical property, but everyone is interested 
in first measuring the degree of dispersion and 
from that concluding that the tensile, tear 
resistance, flex cracking, or tread wear will be 
satisfactory, if other factors are constant.

R e l a t i o n  b e t w e e n  M ic r o s c o p ic  a n d  
M a c r o s c o p ic  A p p e a r a n c e  o f  G a s  

B l a c k  S t o c k s

If small pieces are torn from two gas black 
stocks and these torn surfaces are examined 
with the naked eye or under a low-power 
m i c r o s c o p e ,  a difference may be found in 
their a p p e a r a n c e .  Two such stocks, so 
selected that there is a difference, are shown 

in Figure 1. One of these is extremely glossy and relatively 
free from large undispersed agglomerates; the other has a dull 
surface, and on the surface are many undispersed lumps.

Comparative examination of thin sections of these two 
samples, magnified several hundred times, illustrates how 
faithfully the characters of the stocks are again shown. 
Figure 2A is a microsection of the better dispersed stock. Al
most no agglomerates of gas black are observed. In the pic
ture of the section from the other stock (Figure 2B), many 
agglomerates of gas black are present. From the general 
lack of smoothness which the stock of Figure 2B possesses, 
the impression prevails that even the gas black which is in 
part covered by the rubber still does not form a coherent 
mixture with it; the mixture has an entirely different char
acter from that shown in Figure 2A. This impression is fur
ther heightened by the appearance of the edges of the two 
sections. In Figure 2A the edges are smooth, straight, and 
coherent; in 2B the edges of the section are jagged, irregular, 
and give the impression that the stock is noncoherent. If the 
torn surfaces of other samples of stock are compared with 
microsections made from them, close relationship between the 
surface appearance and the appearance of microsections will 
be found in each case.

These sections were made by the method developed by one
of the authors (1). This 
method is used because it 
is rapid and effective but 
more p a r t i c u l a r l y  be
cause by its use the co
herent character of the 
stock and the nature of 
the agglomerates can be 
better show n than b y  
methods which employ a 
microtome.

E s t a b l is h m e n t  o f  a  
Q u a n t i t a t i v e  

S t a n d a r d

F i g u r e  1 . T o r n  S e c t i o n s  
o f  Two G a s  B l a c k  S t o c k s  

( X  2)

F ig u r e  2 . M ic r o s e c t io n  o f  t h e  T w o  S t o c k s  o f  F ig u r e  1 ( X  200)
A. Better dispersed stock B. Stock showing gas black agglomerates

T h e i n f o r m a t i o n  
ga in ed  by the m i c r o -
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scopic examination of thin sections or by the examination of 
the surface of a piece of stock is subjective and not strictly 
quantitative. However, in practice and in the actual study of 
mixing procedures, the appearance of either torn surfaces or 
microsections is a dependable method in the hands of an ex
perienced observer. In order to make the method of still more 
service, it was found desirable to express the surface appear-

F ig u r e  3. S t a n d a r d  S a m p l e s  op G a s  B l a c k  S t o c k s

ance in terms of actual numbers. For example, the better dis
persed sample of Figure 1 was rated 90 per cent, the poorer, 70 
per cent. Although it was found possible for one observer, 
examining many samples each day, to duplicate and check his 
judgment, the need for a set of standard samples in the interest 
of accuracy was apparent. The standards which were pre
pared are mixtures of rubber and gas black only (65:35), pre
pared by mixing for different times in the improved Schiller 
mixer (Figure 3). The samples themselves are torn from the 
resulting stocks and for permanency are sealed in nitrogen in 
small, hard-rubber boxes, one of which is shown in Figure 4. 
The face of the sample is inclined at a slight angle to the glass 
top so that the reflection from the glass will not interfere with 
the surface appearance of the sample itself.

The objection may be raised that the percentage dispersion 
expressed by these numbers has no quantitative meaning. 
It is freely admitted that the quantitative basis is not as exact 
as one could wish. However, so far as is known, there is at 
present no rigidly accurate method of determining the amount 
of channel black which is completely covered by rubber.

One method which has been employed to measure more 
exactly the degree of dispersion of black has been to determine 
the ratio of areas covered by opaque agglomerates to the total 
area under observation. This ratio lias been determined for 
these standard samples, but the prepared set does not follow 
these measurements exactly. For example, a drawing showing

F ig u r e  4. H a r d -R u b b e r  Box fo r  
S t o r in g  G a s  B l a c k  S a m p l e

the outlines of the opaque agglomerates in a microsection 
made from the 65 per cent sample is shown in Figure 5. The 
agglomerates in this particular area are approximately 29 
per cent of the total area, instead of the 35 per cent which 
they should be if this ratio were the basis of the standards.

Further consideration of the opaque areas to the total area 
is not warranted for two reasons: (1) The exact composition
of the opaque areas is not known, although, from careful ob

servation of sections of varying thickness, it would be con
cluded that the opaque areas contain from 50 to 90 per cent 
of channel black and from 50 to 10 per cent of rubber. (2) 
If the ratio of areas is used as a basis for quantitative measure
ment, the importance of surface gloss is not sufficiently em
phasized.

When using these standards it has been found that different 
observers can check each other with accuracy. Certain pre
cautions are necessary in preparing the samples of stock which 
are to be compared with the standards:

1. The sample should be torn by gripping firmly on each side 
of a slit cut in the stock and pulling with as little stretching as 
possible. This procedure is recommended because in the 
writers’ experience the character of the stock is shown better 
by a torn surface than by a cut surface. A cutting tool smears 
rubber over the surface of gas black lumps and, furthermore, 
makes a poor piece of rubber stock appear more coherent than 
tearing reveals it to be.

2. The stock from which the sample is torn must not be 
warm.

3. The sheet should preferably be 6 to 8 mm. thick.
4. Uniform procedure should be followed in taking samples 

from the rubber mill; for example, the samples should always 
be taken from the mills at the same stage of the mixing operation.

The use of these standard samples as a means of giving 
a quantitative value to the degree of dispersion of stocks has 
proved useful in studying factory operations. In the next 
paper of this series some of its uses in the study of experi
mental mixing will be discussed.

F ig u r e  5 . O u t l in e s  o f  O p a q u e  
A g g l o m e r a t e s  in  65 P e r  C e n t  

S a m p l e  (X  100)

T y p e s  o f  A g g l o m e r a t e s  i n  C h a n n e l  G a s  B l a c k

It may safely be said that the appearance of a torn surface 
of a gas black stock gives an accurate picture of the degree 
to which the gas black is dispersed; a surface which is full of 
undispersed lumps of black unmistakably indicates that thin 
sections also will show the presence of undispersed agglomer
ates. However, the surface appearance will tell little or 
nothing about the nature of the agglomerates.

In general, there are two types of gas black agglomerates. 
From their behavior during the mixing process they may be 
described by the simple terms “ soft”  and “ hard.”  In Figure 
6A are several typical soft agglomerates. They give the ap
pearance of being in the process of dispersing. The edges 
are not sharp or rigid, and the separate particles in the ag
glomerate are partially covered by rubber. In strong con
trast to these soft, easily dispersing agglomerates, the hard 
agglomerates have sharp, rigid edges. A  picture of one is 
shown in Figure 6B. From the sharp edges and from the 
fact that the particle has actually broken away from the 
rubber, one would conclude that they have only slight compat- 
ability with rubber and that large forces will be necessary to 
break them up and cause their separate particles to be covered
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F ig u r e  6 . M ic r o s e c t io n s  o f  A g g l o m e r a t e s  ( X  200)
A. Soft agglomerates B. Hard agglomerates

by rubber. As a matter of fact, most of these particles are 
eventually dispersed by high shearing forces on further mill
ing, although a small percentage of them are so hard that, if 
broken, they shatter only into rather large particles 1 to 10 
microns in diameter. These hard particles are probably 
the true grit which is present to some extent in most channel 
blacks.

All channel blacks contain some of both types of agglomer
ates; those which disperse easily contain only a small per
centage of the hard variety, while the less easily dispersing 
blacks contain a somewhat larger percentage of this type.

The presence of the two types must be taken into 
consideration in any discussion of the mixing proc
ess because of their effect upon the character of 
rubber compounds, cured and uncured.
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Résinification of Glycerol
S. N. U s h a k o v  a n d  E. M . O b r ia d in a , Institute o f Plastic Compounds, Leningrad, U . S . S. R.

T HE preparation of alde
hyde r es in s  (especially 
a c e t a l d e h y d e ,  croton- 

aldehyde, a c r o l e i n )  has been 
known for a long time and been 
the subject of many researches. 
When obtaining aldehyde resins 
by condensation, it is usual to 
apply a l k a l i e s  and a lk a l in e  
agents as catalysts. When the 
catalysts are not present, pres
sure should be applied.

Among the aldehydes suitable 
for industrial purposes is acro-

New methods are described to obtain resin-like 
products from glycerol by heating with a catalyst. 
The most favorable conditions of résinification 
have been determined experimentally. Good 
catalysts for the reaction are found to be easily 
reduced salts of sulfurous and of sulfuric acids, 
and also these acids themselves. The best 
catalysts are mercurous and copper sulfates.

A description of the properties of the glycerol 
resin obtained and data on its chemical compo
sition are given.

When stored, acrolein easily 
b e c o m e s  an amorphous white 
substance, disacryl, which is in
soluble in water, alcohol, acids, 
and alkalies. Satisfactory meth
ods for the preparation of acro
lein have been d e s c r i b e d  by 
Wohl and Mylo (-5), Witzemann 
U), Moureu {2). Duringthewar 
Moureu, Boutaric, and Dufraisse 
(3) worked out a method of ob
taining cheap a c r o le i n  and of 
completely stabilizing it. Sta
bilized acrolein can be stored and

lein, which is obtained by heating
glycerol in the presence of dehydrating reagents, such as sul
furic acid, potassium sulfate, etc. At first, water separates 
from the glycerol, yielding an unsaturated alcohol containing 
hydroxyl at the double bond (step I of the following reaction). 
The alcohol immediately recombines with water (step II) 
forming an unstable compound which dehydrates, yielding an 
aldehyde alcohol (step III). The latter on further dehydra
tion is transformed into an aldedyde— acrolein:

CH,OH

¿H O H -

CH2OH

CH2OH
I

- CH +  H ,0- 

C3HOH

II
CH2OH

- CH2 —
I /O H  

CH<
X )H

III
CH2OH c h 2

-CH, H20 — >CH
V
C\ 1

ser ves  as a raw m a t e r ia l  for 
special resins known in industry as Orka.

Pure acrolein polymerizes in the cold in the presence of 
inorganic and organic bases. After washing and desiccating, 
the polymerized product is a white powder melting between 
80° and 100° C. It is insoluble in water and in hydro
carbons, but is soluble in most other organic solvents and is 
a suitable substance for the preparation of varnishes.

Acrolein also condenses with phenols in the presence of 
catalysts, yielding a hard resin. Such resins have been 
proposed as suitable insulating materials for electrotechnical 
purposes.

McLeod (I) shows that all alkalies, weak as well as strong, 
convert acrolein, in cold water solutions, quantitatively to 
a polymeric form. To effect this, only traces of alkalies are 
necessary, and during this process heat is evolved.
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Present experiments were based on a direct treatment of 
glycerol to obtain resinous-like products of the aldehyde 
type. It was found that by heating glycerol with some 
sulfate or sulfite, as well as with sulfuric or sulfurous acids, 
glycerol formed resins in considerable quantities. After 
heating glycerol with mercurous sulfate as catalyst, followed 
by desiccation in a vacuum, a dark colored viscous resin is 
formed which is soluble in water, in alcohol, and in a mixture 
of alcohol with benzene, and partly soluble in acetone. 
When heated as a thin layer, the resin forms a glossy flexible 
film, which is insoluble in water, alcohol, and acetone, and 
is also unaffected by weak acids and alkalies.

Such resin-like products are obtained by heating glycerol 
several hours in a round-bottom flask under reflux condenser. 
Soon after the heating starts, the reacting mixture changes 
its color to a milky white, then grayish, and finally vivid 
yellow color. Simultaneously small drops of reduced metallic 
mercury are precipitated at the bottom of the flask. The 
boiling point of the mixture falls from 170° to 145° C. be
cause of the liberation of the water formed during the reaction. 
A  dark brown liquid is obtained with a peculiar odor which 
resembles somewhat that of burned sugar; it is thicker than 
glycerol. The liquid distilled under vacuum gives two 
fractions: one at 35° to 55° C. and a pressure of 25 mm., 
and the other 120° to 145° C. and a pressure of 25 mm. The 
residue is a resin whose weight represents 65 to 70 per cent 
of the weight of the glycerol used. The first fraction is a 
transparent colorless liquid possessing a rather sharp odor; 
the second is a transparent yellow liquid with an extremely 
sharp odor which irritates the mucous membranes. Both 
fractions give reactions characteristic of aldehydes: They 
reduce Fehling solution, react with ammoniacal silver nitrate 
solution, discolor bromine water, etc.

The present experiments were carried out with pure 
glycerol having the following properties: density at 15° C., 
1.252; glycerol content (by acetone method), 95.42 per cent; 
refractive index, 1.4651 at 28° C.

Table I shows the results of the experiments to determine 
the influence of amount of catalyst (mercurous sulfate) on 
the quantity of resin formed after treatment for 12 hours.

T a b l e  I. E f f e c t  o f  V a r y i n g  A m o u n t s  o f  M e r c u r o u s  
S u l f a t e  o n  R e s i n  O b t a i n e d 0

C a t a l y s t  • R e s i n  L i q u i d  P r o d u c t s
E x p t . U s e d  O b t a i n e d  o f  D i s t n .

%  Per cent by weight o f  glycerol
1 4 61 .9  35.9
2 2 58 .7  30.7
3 0 .5  45 .8  40 .4

°  The losses during reaction take place at the expense of the noncondensed 
products.

Thus, glycerol, treated with mercurous sulfate, forms 46 
to 62 per cent of resin when treated with 0.5 to 4 per cent of 
the catalyst.

Other mercury salts were also employed, such as mer
curous nitrate, mercurous chloride, and mercuric chloride. 
The glycerol was treated as before. The reaction lasted 
12 hours; 4 per cent of catalyst was added in each case. 
When condensed, the product was brown at the end of the 
reaction. At the bottom of the retort drops of metallic 
mercury were precipitated. This was weighed to determine 
the quantity of reduced mercury. The condensed product 
was distilled under vacuum. Water distilled over first at 
29° to 45° C. and a pressure of 23 to 25 mm., then glycerol 
at 179° to 183° and a pressure of 22 mm. An insignificant 
quantity of resin-like, dark residue was left. Results are 
given in Table II.

With these catalysts, glycerol gave only insignificant 
amounts of resin. This indicates the importance of the acid 
residue of the salt employed as catalyst.

T a b l e  II. E f f e c t  o f  4  P e r  C e n t  o f  V a r i o u s  C a t a l y s t s  o n  
R e s i n  F o r m a t i o n

F i r s t  H g
F r a c t i o n  G l y c e r o l  R e s i d u e  A b s t r a c t e d  

% % % %
6 .3  8 7 .7  2 .3  S t .98
S .7 8 2 .7  7 A
7 .6  7 5 .7  10.7

E x p t . C a t a l y s t

1 HgNOi-HiO
2 HgCl
3 HrCU

The action of copper sulfate (CuS04.5H20 ) on glycerol 
was studied next. The reaction was carried out under the 
same conditions as with the salts of mercury. When heat 
was first applied, the liquid was light blue; but as heating 
went on, the color changed to green. At the bottom of the 
flask a red residue of reduced copper appeared. This was 
collected, carefully washed with water, alcohol, and ether, 
and dried in a vacuum desiccator. After drying, the residue 
was a fine, rosy red powder; it was insoluble in ammonia 
and in strong sulfuric acid but dissolved quickly in nitric 
acid. When ground in a small agate mortar, the residue 
gave a metallic glitter. Under a microscope glittering 
metallic fragments were seen. An analysis was made of 
this residue according to Schiloff’s iodometric method, based 
on the reaction,

2Cu +  41  =  2CuI +  I2

showed 98.9 per cent copper content. After filtering, the 
condensed product was dried under vacuum at 20 to 25 
mm. Two fractions were distilled: the first at 35° to 56° C., 
the second at 120° to 140° C.

The resin residue was 60 per cent by weight of the glycerol 
employed. Both fractions gave reactions showing aldehyde 
content. The resin has properties analogous to those of 
the resin obtained by condensation of glycerol with mer
curous sulfate.

T a b l e  III. E f f e c t  o f  L e n g t h  o f  R e a c t i o n  P e r i o d  o n  
Q u a n t i t y  o f  R e s i n

(Catalyst used, 4 per cent copper sulfate)

C o n d e n 
s a t i o n

L o s s e s
d u r i n g

C o n d e n  K e s i n

L i q u i d
P r o d u c t

o p T o t a l C o p p e r
E x p t . P e r i o d s a t i o n O b t a i n e d D i s t n . B a l a n c e A b s t r a c t e d

Hours % % % % %
1 6 16.2 72 .5
2 8 61.5 34.5 96.0
3 10 6!2 66.4 31.4 98.0 67\2
4 12 1.0 66.5 41.2 98.7
5 14 0 .1 69.8 28.1 98.0 68 .*8
6 16 62.1 36.6 98.7
7 18 66.3 31.7 98 .0
8 20 2 .5 65.2 31.5 99 .2 68^4
9 30 1 .0 65.4 33.1 99.5 68.2

E f f e c t  o f  C o n d e n s a t i o n  P e r i o d  o n  Q u a n t i t y o f  R e s in

O b t a i n e d

The condensation was carried on in an analogous manner 
under reflux condenser and with subsequent dehydration 
under vacuum. Four per cent catalyst was used in all the 
experiments. The condensation period varied from 6 to 30 
hours. Most resin was formed during the 14-hour reaction 
period. The mean quantity of resin obtained was 68.25 
per cent.

E f f e c t  o f  A m o u n t  o f  C a t a l y s t  o n  Q u a n t i t y  o f  R e s in  
O b t a i n e d

The glycerol was treated again under reflux condenser 
with subsequent dehydration under vacuum. The con
densation period was 14 hours for all experiments, the 
quantity of catalyst varied from 1 to 6 per cent. Results 
are shown in Table IV.

The experiments show that the maximum quantity of 
resin is obtained when using 4 per cent of catalyst, and 
that, as the amount of catalyst employed increases, the 
quantity of metallic copper abstracted (in percentage of the 
total quantity) decreases.
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T a b l e  IV. E f f e c t  o f  A m o u n t  o f  C a t a l y s t  U s e d  o n  Q u a n t i t y  
o f  R e s i n  O b t a in e d

L oss IN
W e i g h t L i q u i d
d u r i n g P r o d u c t C o p p e r

C o n d e n  R e s i n o f T o t a l P p t .
E x p t . C a t a l y s t s a t i o n O b t a i n e d D i s t n . B a l a n c e A b s t r a c t e d

% % % .% % %
1 1 0 .6 62.3 28.2 91.1 75.5
2 2 0 .4 62.0 30.0 92.4 74.0
3 4 1.5 68.3 26.9 96.7 68.8
4 6 0 .8 65.3 28.4 94.5 62.6

T a b l e  V. E f f e c t  o f  S m a l l  A m o u n t  o f  C a t a l y s t  a n d  L o n g  
R e a c t io n  P e r io d

C o n d e n  Q u a n t i t y L i q u i d
s a t i o n L oss i n o f  R e s i n P r o d u c t s T o t a l

E x p t . P e r i o d W e i g h t O b t a i n e d o f  D i s t n . B a l a n c e

Hours % % % %
1 30 0 .2 65.4 34.2 9 9.7
2 32 0 .7 65.4 29.3 95.4
3 34 1 .0 6 5.8 28.9 95.7
4 36 2 .0 66.3 26.7 95.0

On the average the quantity of resin did not vary under 
these conditions.

In order to determine more completely the composition 
of the liquid obtained during the treatment of glycerol, the 
liquid product was treated by heating under reflux condenser 
with one per cent of potassium carbonate at 95° to 105° C. 
during 4 and 8 hours, respectively. After the end of the 
process a viscous yellow resin was formed on the bottom of 
the flask. The aqueous layer was a turbid liquid with a 
faint odor of acrolein; it gave the aldehyde reaction with 
silver nitrate. After being washed and dried, the resin was 
ignited (according to Liebig’s method), and its composition 
determined. It was found to be similar to that of the acrolein 
resin (Orka) generally obtained from pure acrolein:

Resin obtained from  product of distn.

Resin (Orka) obtained from pure acrolein

C H
O  ( b y  

D i f f e r e n c e )

% % %
54.91 7.81 37.28
54.77 7 .84 37.39
54.82 7 .63 37.55
54.54 7 .65 37.81

and titanium sulfate gave a perceptible resin formation. 
In all other cases, glycerol was distilled.

T a b l e  VI. E f f e c t  o f  A lu m in u m  a n d  T i t a n iu m  S u l f a t e s  o n  
G l y c e r o l

M e a n  
A l d e h y d e  

V a l u e  
Sec-

Other experiments were made with 2 per cent of catalyst 
and a condensation period of 30 to 36 hours. Results are 
given in Table V.

E x p t . C a t a l y s t

A1j(S04)i 18Hj0AMSOłb-ISHiO
Ti(SOOr7HsO
TiSOł-7HjO

Loss IN
W e ig h t  L i q u i d  A c id  C o -
d u r i n g  R e s in  P r o d u c t  A s h  e f f i c i e n t  First 

C o n d e n -  O b -  o f  i n  b f  R e s i n  frac- 
SATION TAINED D lSTN . R E 8IN  1 2  t lO n

% % % %
0 .6  55 .4  43.1  1.46 32 31
0 .7
0 .3
0 .3

54.5
49.7
4 9.0

39.1
33.3
26.6

0.97
0.15 26 27

0.6

i .* 3

ond
frac
tion

17.2

5 .3

The considerable loss sustained during the condensation 
of glycerol with titanium sulfate is caused by the difficulty 
of filtering the condensed product (to separate the catalyst).

The quality of resin obtained when condensing glycerol 
with aluminum or titanium sulfates is inferior to that ob
tained in the presence of copper and mercury sulfates. 
These experiments show that salts which are easily reduced 
to metals (as copper or mercury) contribute to the formation 
of resin; with other salts, either no resin or only small quan
tities are formed.

When glycerol is treated under similar conditions by 4 
per cent of sodium sulfate and subsequently dried under 
vacuum, a liquid fraction is obtained (8.9 per cent at 44° 
to 45° C. and a pressure of 40 mm.). During the distillation 
the reaction mass is turbulent and foams; this impedes the 
operation. The resinous-like residue has a sharp, disagree
able odor; when mixed with water it makes it turbid.

In order to confirm the conclusion (drawn from the above 
experiments) concerning the predominant part played by 
sulfuric acid in the formation of resin, glycerol was condensed 
with sulfuric acid as follows: Two experiments were carried 
out treating glycerol under reflux condenser with subsequent 
desiccation under vacuum, and two operations with si
multaneous separation of the aqueous acrolein fraction 
formed during the reaction. The resin was soluble in water, 
alcohol, in a mixture of alcohol and benzene, and also partly 
in acetone.

The solubility of both products is identical. This investi
gation of the resinous-like product obtained from the liquid 
product of distillation confirms the presence of acrolein.

In order to determine the aldehyde content the product 
of distillation was oxidized (using hydrogen peroxide), after 
first determining by titration the quantities of acids obtained 
by oxidation. The results obtained were calculated as 
acrolein. The acrolein content in the distillate varied from 
12 to 15 per cent.

Thus, the quantity of resin obtained does not vary whether 
the glycerol is treated to give an aqueous acrolein fraction 
which is distilled off or whether it is treated under reflux 
condenser.

E f f e c t  o f  O t h e r  S u l f a t e s  o n  G l y c e r o l

Sulfates of different metals were chosen as catalysts: 
aluminum sulfat'e, A12(S0j)3-18H20 ; cobaltous sulfate, 
CoSO.f7H20 ; ferrous sulfate, FeS0.r7H20 ; calcium sulfate, 
CaSO^HiO; sodium sulfate, Na2S04-10II20 ; zinc sulfate, 
ZnS04-7H20 ; manganese sulfate, MnS0.i-7H20 ; cadmium 
sulfate, 3CdS04-8H20 ; nickel sulfate, NiS0j-7H20 ; ti
tanium sulfate T i(S04)2-7H20 ; magnesium sulfate, MgSO<- 
7H20 ; and lithium sulfate, Li2SO.(.

The reaction was carried on under reflux condenser and 
by subsequent desiccation under vacuum; 4 per cent of 
catalyst was used in all the experiments, and condensation 
lasted 14 hours. Of all the catalysts only aluminum sulfate

T a b l e  VII. E f f e c t  o f  0 .5  P e r  C e n t  S u l f u r ic  A c id  o n  
R e s in  F o r m a t io n

CON-
M e TH OD OF D E N - L O SS  

C o n d e n -  b a t i o n  o f  
E x p t . s a t i o n  P e r i o d  W t .

Hour 8 %
Under reflux

condenser 14 1.1
Same as 1 14 1.2
W ith distn. of 

aqueous acro
le in  f r a c 
tion 5 . . .

Same as 3 5 —

L i q u i d  
R e s i n  P r o d u c t  A c i d  Co- 

O b -  o f  e f f i c i e n t  
t a i n e d  D i s t n .  1 2

A l d e h y d e  
V a l u e  

Sec-

1
%

64.7
66.6

66.6
66.3

%
32.0
33.1

33.3
33.7

10.2
10

3 1 32

First
frac
tion

1.8

13.2
14.4

ond
f r a c 
tion

6.8

13.2
14.4

E f f e c t  o f  S u l f u r  D i o x i d e  o n  G l y c e r o l

The sulfur dioxide was passed through the heated glycerol 
for 6 hours at the boiling temperature of the mass (170° to 
210° C.). The reacting mass became gradually darker 
until a dark brown color was reached. When separated 
under vacuum, two fractions appeared: the first at 48° to 
65° C. and a pressure of 80 mm.; the second at 140° to 
160° C. and a pressure of 80 mm. The residue in the flask 
was about 48 per cent resin:

E x p t .

1

F i r s t
F r a c t io n

%
2 .3
3 .1

S e c o n d
F r a c t i o n

%
37.2
38.5

R e s in

%
47.9
48.2
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When using sulfur dioxide mixed with air in the ratio of
1 to 3 by volume, treating the glycerol under similar condi
tions, the quantities of resin obtained were 37.5 and 39.8 
per cent, respectively. If glycerol is previously treated by 
sulfur dioxide at room temperature, and heated further under 
reflux condenser, resin is not formed in appreciable quan
tities.

E f f e c t  o f  C o p p e r  S u l f i t e

Using 2 per cent copper sulfite as catalyst, glycerol was 
again treated in the usual manner by heating (under reflux 
condenser for 4 hours) up to the boiling point of the reacting 
mass (137° to 154° C.), and by separating subsequently 
under vacuum.

T a b l e  V I I I .  E f f e c t  o f  C o p p e r  S u l f i t e  o n  R e s in  F o r m a t io n

L oss i n
W e i g h t L i q u i d
d u r i n g P r o d u c t A l d e h y d e  V a l u e  o f

C o n d e n  R e s i n o f A s h  i n L i q u i d  P r o d u c t
E x p t . s a t i o n O b t a i n e d D i s t n . R e s i n 1 2

% % % %
1 1.3 52.6 41.1 0 .19 14.03 14.11
2 0 .5 52.1 42.3

In order to test the catalytic effect of metals, copper and 
mercury were tried; their catalytic action is best as sulfates. 
When glycerol was treated in the usual manner in the pres
ence of small pieces of mercury or of copper, no resin forma
tion was observed. When dried under vacuum, almost 
pure glycerol was separated.

In order to study the effect of other mineral acids, glycerol 
was treated with hydrochloric and nitric acids. The reaction 
was carried on under reflux condenser and with subsequent 
desiccation under vacuum. No résinification of the glycerol 
took place.

C o m p o s i t i o n  o f  R e s i n

Having established the optima conditions for the forma
tion of resin, the composition of the resin and of the product 
separated were studied; at the same time, attempts were 
made to improve the quality of the resin by increasing its 
hardness in the nonpolymerized state.

An attempt was made thoroughly to combine all the 
aldehyde. After carrying out the usual reaction for 14 
hours, phenol was added (in the ratio of one molecule of 
phenol to one of acrolein) ; heating was continued for 3 and
2 hours, respectively, with subsequent desiccation under 
vacuum. The following phenomena were noticed: If the
reaction takes place at the boiling temperature of the mixture 
(153° to 158° C.) then, during the vacuum-drying, about
7 per cent of water with phenol is separated out first (at 
34° to 55° C. and a pressure of 17 to 18 mm.); no acrolein 
odor is noticed in the product separated. As residue, a 
powder-like, brick-red mass is left which is insoluble in water, 
benzene, and 10 per cent sulfuric acid, but is partly soluble 
in alcohol and 10 per cent alkali.

But, if the temperature of the reaction is held within 
85° to 90° C., during the desiccation under vacuum, water 
and phenol are separated out at first (at 35° to 80° C. and 
a pressure of 20 mm.) and then resin is formed .as usual. 
The quantity of resin obtained was 63.5 per cent, and of the 
separated aldehyde, 21.45 per cent.

When using ammonia as catalyst (3 per cent of the weight 
of phenol), analogous results are obtained. After a 14-hour 
reaction phenol and ammonia were added, and the operation 
was continued for 2 hours at 90° C. When desiccating under 
vacuum, first water with phenol was separated out, and then 
the water-acrolein fraction with formation of resin.

The amounts obtained were as follows:

E x p t . R e s i n  S e p a r a t e d  A l d e h y d e

% %
1 56.5  26.9
2 58 .3  30.2

Thus, by adding phenol during the reaction and by further
heating the mixture at boiling temperature, aldehyde com
bines with phenol, forming a powder-like mass which con
sists of 85 to 90 per cent of the weight of the glycerol em
ployed. On the other hand, if the temperature of the re
action is held at 90° C., then the phenol which did not take 
part in the reaction is separated, and in addition the usual 
formation of resin and of a water-acrolein fraction takes place.

Another attempt to combine the aldehyde contained in 
the separated product consisted in treating the reacting mass 
with alkali for the purpose of polymerizing the acrolein. 
Glycerol was treated with 4 per cent CuS04-5H20, and, 
after heating 14 hours, enough sodium hydroxide was added 
to obtain a 5 per cent solution; then heating was continued 
for 3, 2, and 1 hour, respectively, at the boiling temperature 
of the mixture (134° to 138° C.). In all cases glycerol was 
regenerated during the vacuum desiccation.

T a b l e  I X .  V a c u u m  S e p a r a t i o n

C o n d e n s a t i o n  F i r s t
E x p t . P e r i o d  F r a c t i o n  G l y c e r o l  R e s i d u e

Hours %  %  %
1 3 4 .5  79 .3  7.75
2 2 5 .2  77 .8  7.15
3 1 4 .2  82 .2  5.35

The first fraction wras a colorless, transparent liquid with 
a slight acrolein odor. It separated at 55° to 80° C. and a 
pressure of 14 to 15 mm. The second fraction wras glycerol 
winch separated at 178° to 185° C. and the same pressure. 
The residue was a pow’der-like, brick-red mass. The re
generation of glycerol can be explained thus: Acrolein is
formed from glycerol, it seems, only when the water is 
separated out, but, on the other hand, the addition of alkali 
neutralizes the catalyst before the separation of the water. 
To verify this, a vacuum separation of the glycerol was 
made with 4 per cent CaS0.r5H20  without previous con
densation under reflux condenser.

T a b l e  X .  R e s u l t s  o f  V a c u u m  S e p a r a t i o n

F r a c t i o n  T e m p .  P r e s s u r e  R e s i n  O b t a i n e d

° C. Mm. %
1 4 5 - 55 30 6.38
2 180-183 25 44.00
3 120- 90 32 2.58

Resin .........  . .  46.95

99.91

Thus a considerable amount of resin was formed by direct 
vacuum distillation of glycerol with the catalyst.

T r e a t m e n t  o f  G l y c o l .  Ethylene glycol was treated 
with 2 and 4 per cent of mercurous sulfate and 2 and 4 
per cent of copper sulfate under reflux condenser, followed 
by vacuum separation. In none of the cases wras formation 
of resin observed.

P r o p e r t i e s  o f  R e s i n .  The typical resin obtained from 
glycerol— e. g., when treated with mercurous or copper 
sulfate— is a viscous, dark browTi mass soluble in water, 
alcohol, acetone, and a mixture of alcohol with benzene. 
When heated, the resin becomes nonfusible and is capable 
of forming flexible films. W ien  polymerized to a nonfusible 
and insoluble state, the resin loses from 10 to 15 per cent of 
its weight. If the resin has been dissolved in water and the 
solution distilled with steam, a part of the resin is abstracted 
in a hard state. The precipitated resin is insoluble in water 
(cold or hot), is brittle, and shines when broken. It is 
soluble in alcohol and in alkaline water. The quantity of 
resin precipitated from the aqueous solution varies within
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wide limits from 31 to 59 per cent (data of sixteen experi
ments). The greater the viscosity of the primary raw ma
terial, the greater is the quantity of hard resin obtained.

There is no glycerol in the liquid separated out, but traces 
of aldehydes are to be found. If the resin is isolated from 
the solution by filtering and if the solution is evaporated 
(in a water bath), as residuum a viscous, colored liquid 
soluble in water is obtained. Further separation with steam 
of the filtrate when a certain limit of precipitation has been 
attained (within 31 to 59 per cent of the weight of the original 
resin) does not give any more precipitated resin. But if 
the residue obtained after the evaporation of the filtrate 
is treated with a catalyst (e. g., copper sulfate) and then 
separated under vacuum, after the residue has been dissolved 
in water and distilled with steam, the precipitation of hard 
resin is again observed. Thus, in one experiment, starting 
with 245 grams of resin, there was obtained after the first 
separation of the solution of resin in water (with the aid of 
steam) 91.8 grams of hard resin (37.4 per cent); then, after 
evaporating the filtrate, treating the residue with 4 per cent 
CuS04-5H20 , and separating it under vacuum, there were 
obtained 155.4 grams of resin (the liquid part separated 
contains 2.9 per cent of aldehyde, considered acrolein). 
When separating (with the aid of steam) the aqueous solution 
of this “ secondary" resin, hard resin was again abstracted 
which was 15.5 per cent of the weight of the original glycerol 
used for the reaction. If the same operation is repeated 
with the secondary filtrate, a certain quantity of “ tertiary” 
resin is obtained, and so on. The precipitated resin is dark 
brown, and its temperature of fusibility is between 50° and 
70° C.

The amount of ash in the precipitated resin is about 0.08 
per cent. The resin does not contain combined sulfur 
(determined by fusing with metallic sodium, dissolving, and 
testing for a color reaction with sodium nitroprusside and 
sulfuric acid); it has the properties of aldehydes (reduces 
Fehling solution, reacts with ammoniacal solution of silver 
nitrate). The resin gives a weak acid reaction and is soluble 
in alkali. An elementary analysis_ of the resin (according 
to Liebig) gave the following results:

C II o
% % %

60.76 7 .1 0  32.13
60.55 7 .16  32.39

Thus the empirical formula of the resin is (CsILC^n.
The quantitative determination of the hydroxyl groups 

(6) is based on the reaction between a solution of the substance 
containing hydroxyl groups and magnesium methyl iodide 
according to the reaction CH jM gl +  ROIi =  CH.i +  
ROMgl calculated from the formula:

0.000719 X ec. of CH< X mol, weight of substance 
mol. weight of CIi< X quantity of substance

where 0.000719 =  mol. weight of methane at 0° C. and 760 mm.

Taking as a basis the empirical formula of the resin (C 5II-O2) 
and the molecular weight (99.05), we have, respectively, for 
three determinations 2.06, 1.91, and 2.01, an average of two 
hydroxyls. (This figure has only a relative significance 
because resin is not a definite chemical compound.)

The data obtained make possible the following scheme of 
resin formation: On one' side there is formation of di- and 
tripolyglycerides 'with separation of water from two or three 
molecules of glycerol. On the other side acrolein is formed, 
which, in its turn, acts reciprocally -with glycerol and poly
glycerides. For example, acrolein can condense with ter
minal hydroxyl groups with the formation of a chainlike 
molecule:

CHi=CH—C =CH 2—CH—CH2 CH2—CH—CH2—C -C H = C H 2

<5) ¿H  ¿H  d
—H20  —H20  —H20

Further, the polymerization in the groups C Ii2= C H —  is 
possible until a high molecular combination is obtained. 
To these principal products are admixed polymers of acrolein 
and (in raw resin) polyglycerides.

The comparison of the content of oxygen in precipitated 
resin (32.33 per cent) with its content in the products of 
condensation of glycerol with 1, 2, and 3 molecules of acrolein 
(36.92, 28.57, and 23.3 per cent) indicates that the resin 
may represent a mixture of the reaction products of glycerol 
and acrolein in a mean correlation between 1 and 2 molecules 
of acrolein to 1 molecule of glycerol. With this hypothesis 
in mind, the process of precipitation of hard resin from the 
raw material can be represented as a process of polymeriza
tion of the products of condensation of acrolein and glycerol 
contained in the raw resin mixed with polyglycerides and 
glycerol (which act as plasticizers) until solubility in water 
is lost.' The polyglycerides remaining in the filtrate during 
treatment ■with the catalyst form anew a certain quantity 
of acrolein which reacts with glycerol and polyglycerides 
until polymerizing combinations are formed containing 
“ resiniferous groups,”  forming, in their turn, hard resin 
when treated thermically (separation with the aid of steam).

The foregoing are as yet only hypotheses and must be 
confirmed by experiment.

T e c h n i c a l  I m p o r t a n c e  o f  P r o d u c t

The product obtained by treatment of glycerol (by heat
ing with a catalyst) has 110 independent technical importance 
of itself. But it is of great moment in its relation to different 
phenol-aldehyde products of the resol or novolack type, as 
it gives elasticity to the phenol resins without depriving 
them of their primary properties. The addition of glycerol 
resins to phenol resins can be effected during the process of 
condensation, or by mixing when the product is finished.

Glycerol resins will be particularly useful for the prepa
ration of different protective coatings (resistant to acids and 
to alkalies) when elasticity is of importance. Glycerol resins 
can also be used as plasticizers for the preparation of plastic 
masses of an albumin base (such as casein, albumin, leather 
plastics).
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N e w  C h e m ic a l  I n d u s t r y  E s t a b l i s h e d  a t  M o n t r e a l .  Halls 
(Canada), Ltd., a subsidiary of the Hall Chemical Co., London, 
England, has established a new chemical industry in Montreal 
by the acquisition of 43,000 square feet of property, with build
ings, railway siding, and wharf on the Lachine Canal, for the 
purpose of manufacturing chemical products. The new com
pany’s principal product will be a rust preventive in liquid and 
semiliquid form, which, it is understood, is widely used by ma
chinery makers in Great Britain for automobiles, steamships, 
and locomotives. Other products which the new firm will 
manufacture are disinfectants, a boiler-cleaning compound, re
fractories, iron cement, and case-hardening materials.

Much of the solid chemicals used in the manufacturing process 
will be imported from England, and the Canadian plant will also 
be given certain of the export trade now handled from England, 
such as the British West Indian and South American market.



Extraction of Potash from Polyhalite
III. Effect of Particle Size, Sodium Chloride Concentration, and 

Temperature upon Hot Extraction by a Multistage Process

J. E. C o n l e y  a n d  F . F r a a s  

Nonmetallic Minerals Experiment Station, U. S. Bureau o f Mines, New Brunswick, N . J.

THE problem of recover
in g  p o t a s h  f r o m  the 
m i n e r a l  p o l y h a l i t e  

(K 2SO4 • MgSO., • 2CaOS, • 2H20 ) , 
occurring in large quantities in 
the salt beds of Texas and New 
Mexico, has been under investi
gation at this station continu
ously since 1928 (see Parts I and
II of this series, 7). The experi
ments described in the present 
report were performed to ascer
tain w h e t h e r  a c o n t i n u o u s  
countercurrent e x t r a c t i o n  of 
calcined polyhalite by hot water 
would yield s a t i s f a c t o r y  re
coveries and concentrations of 
p o t a s s i u m  sulfate in the top 
liquor. Previous investigation 
by Storch (6) had shown that 
the rate of solution of uncalcined 
polylialite was too slow to be of 
value in an industrial process, 
and Storch and Clarke (8) had 
demonstrated that calcination of 
the polyhalite greatly acceler
ated the rate of solution in hot 
water, allowing most of the po
tassium sulfate to be extracted 
readily.

Additional experiments on the 
extraction of polyhalite after cal-

In  the recovery of potassium sulfate from  poly- 
halite by extraction of the calcined mineral with 
hot water, high concentrations and high recoveries 
in the extract liquor are desirable. Since it 
was believed that the optimum results might be 
obtained by continuous countercurrent extrac
tion, laboratory multistage experiments simulat
ing countercurrent operation have been per

formed. The effects of particle size, temperature 
of extraction, and sodium chloride concentration 
have been investigated.

The results indicate that material as coarse 
as — 10 mesh should yield high recoveries and 
satisfactory concentrations at 100° C. Lower 
temperatures of extraction proved less favorable 
but the presence o f a low concentration of sodium 
chloride was definitely favorable. Sodium chlo
ride retards the formation of secondary solid 
phases in the top stage and thereby allows ihe 
attainment of higher concentrations. Using 
2 parts of sodium chloride per 100 parts of 
water in the extraction of —10 mesh calcined 
polyhalite, a countercurrent procedure should 
give a lop liquor containing from 11 to 11.5 parts 
of potassium sulfate per 100 parts of water with 
a recovery of more than 95 per cent.

calcined Polish and Texas-New 
M e x i c o  polyhalite. Owing to 
the difficulty of exactly simulat
ing a continuous countercurrent 
process on a small scale, it has 
been necessary to study the ex
traction in several separate steps 
or stages. A  multistage extrac
tion process does not exactly re
produce the conditions likely to 
be encountered on a commercial 
scale, but it is believed that the 
data obtained furnish some in
sight into what may be expected 
f r o m  a c o n t i n u o u s  counter- 
current extraction. The effects 
of sodium chloride concentra
tion, particle size, and tempera
ture of extraction were studied.

E x p e r i m e n t a l  P r o c é d u r e

cination in a smal l  laboratory 
rotary kiln were reported by Clarke, Davidson, and Storch (2). 
The hot extractions were made with a ratio of two parts of 
water to one of polyhalite for a definite period, usually one hour, 
after which the solid residue was separated from the hot solu
tion and was washed with cold water. By this procedure ex
tractions of 85 to 95 per cent of the potash were secured with 
concentrations averaging from 9.5 to 10 grams of potassium 
sulfate per 100 grams of water. Occasionally, concentrations 
as high as 11 grams of potassium sulfate per 100 grams of water 
were obtained. Further calcination experiments on a larger 
scale in a 6 X  132 inch (15.2 X  335.3 cm.) gas-fired rotary 
kiln have been described by Conley, Fraas, and David
son (S).

All of the preceding work has shown the desirability of cal
cining the polyhalite prior to the extraction with hot water. 
The extraction procedure has involved a moderate amount of 
agitation and a single displacement wash of the filtered resi
due to remove the retained extract solution. The industrial 
application of this means of extraction would be an intermit
tent or batch process.

It was thought that continuous countercurrent extraction 
might yield more favorable results than had been obtained in 
the batch experiments. A large number of extraction tests 
have accordingly been made with 100 to 200 gram samples of

The apparatus used in making 
the mult is tage  tests consisted 
of a heavy suct ion  flask placed 
within a steam bath and provided 
with a motor-driven stirrer. A 
reflux condenser attached to the 
side tube was prov id ed  with a 
one-hole stopper and connections 
through which pressure could 
be applied for sample removal. 
The flask was fitted with a rubber 
stopper with a center  hole for 
the brass stirrer which operated 
within a close-fitting brass sleeve. 

A bent glass tube for sample removal was inserted through an
other hole in this stopper. Evaporation losses around the stirrer 
were minimized by means of a rubber tube which fitted tightly 
around the stirrer and was attached to the brass sleeve where it 
extended below the stopper.

The experimental procedure in most of the countercurrent 
tests was essentially as follows: The desired amount of leach 
liquor was weighed out and placed in the flask which was then 
put in the steam bath and allowed to come up to temperature 
(95° to 96° C.). A small portion of this hot solution was then 
removed for analysis through the sampling tube. The flask 
was removed from the bath, the desired weight of calcined poly
halite was rapidly added to the flask, the flask was quickly re
placed in the bath, and stirring was commenced. Samples of 
the resulting extract liquor were then periodically removed 
by applying pressure to the top of the reflux condenser, forcing 
a mixture of solid and liquid on to a filter. The filtered liquor 
was caught in a tared, glass-stoppered bottle and reserved for 
subsequent analysis.

If the object of the particular test was to obtain time-concen- 
tration data on the first step only, the solid residue was usually 
discarded. If concentrations were being studied on the second 
or any subsequent step, after the final liquor sample had been 
taken in the first stage, the extract mixture was removed from 
the steam bath and rapidly filtered on a Büchner funnel with the 
use of suction. In the meantime the liquor to be used for the 
next fraction was being heated in a flask provided with a reflux 
condenser. This solution was sampled, then quickly poured 
upon the warm residue obtained from the filtration. A small 
portion, usually 50 cc., of the fresh hot extract solution was used
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to wash the first residue, and this wash was combined with the 
previous extract. The residue with fresh extract liquor was 
then quickly replaced in the steam bath and extraction continued 
with periodic sampling as in the first step. The time required 
for removal of extracted mixture, filtration, and replacement 
generally consumed from 5 to 7 minutes.

P r o p e r t i e s  o f  P o l y h a l i t e  U s e d

Owing to the scarcity of the supply of Texas-New Mexico 
polyhalite at the time this work was being done, most of the 
experiments were made on imported Polish polyhalite with 
physical and chemical properties similar to the American 
mineral. The screen analyses of the samples of polyhalite 
used are given in Table I, and the conditions of calcination 
and composition after calcination in Table II. As shown in 
Table II, samples 3, 5, 6, and 9 were Polish polyhalite con
taining varying amounts of halite (NaCl). The principal 
other impurity present in any appreciable quantity was an
hydrite (CaSOi). Samples 10 and 15 were polyhalite ob
tained from deposits near Carlsbad, N. Mex., and represented 
selected material of high purity.. The chemical analysis of 
sample 10 indicated a composition of 97.4 per cent polyhalite,
1.05 per cent halite, and only 1.72 per cent of other impuri
ties, principally ferric oxide, alumina, and silica. Sample 15 
was of even higher purity. The chief physical difference 
between the Polish and the New Mexico polyhalite was that 
of color. Most of the Polish material was very light, almost 
approaching white, while the American mineral was a bright 
salmon pink, probably because of higher iron oxide content.

to 9.15 per cent of potassium sulfate and from 5.77 to 6.25 
per cent of magnesium sulfate. Owing to the fact that synge- 
nite (K2SO.1-CaSO.fH2O) always appeared as a secondary prod
uct during the extraction in the top stage, the final extract 
liquors contained much more magnesium sulfate than that 
corresponding to a 1:1 ratio.

Data from a typical experiment have been plotted in 
Figure 1 to show the general type of time-concentration curves 
obtained from the extraction of polyhalite with solutions 
initially containing considerable magnesium sulfate. In this

T im e , M in u t e s  (C u r v e s  1 ,2 ,3 )
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F ig u r e  1. C h a n g e s  i n  P o t a s s iu m  S u l f a t e  
C o n c e n t r a t io n  d u iu n g  T y p i c a l  E x t r a c t i o n  

o f  C a l c in e d  P o l y h a  l it e

T a b l e  I. S c r e e n  A n a l y s e s  o f  P o l y h a l i t e  U s e d  i n  M u l t i 
s t a g e  E x t r a c t i o n  E x p e r i m e n t s

(In  per cent by  weight in fraction)
S c r e e n - S a m p l e  N d m b e r -

S ize 3 5 6 0 10 & IS
BEFORE CALCINATION

+  10 2 .7 7 .3 0
+  20 ö.’ io 4 0 .8 4 1 .8 0
+  28 1 9 .3 0 1 3 .0 1 2 .4 5
+  35 2 1 .1 0 1 9 .0 5 1 0 .0 8 .3 3
+  65 4 9 !  3 3 1 .3 0 2 0 .8 0
+  100 1 5 .6 1 5 .2 7 9 .2 7 2 Ü 2
+  150 8 .3 7 .3 8 4 .5 1 2 . 6 1 4 ] 76
+ 2 5 0 4 . 2 ° 8 .3 9 1 2 .7 8 9 . 6 e 1 .7 6
+ 3 2 5 3 .0 b 5 .0 9 2 2 .0 4 1 3 .5 5
- 3 2 5 1 1 .4 5 1 1 .5 3

Q . _fnT XTTTlfTlr.r

5
■ÖAMPLE IN UMBER 

6 9 10
AFTER CALCINATION

+  10 2 .6 1 8 .2 5
+  20 3 6 .2 0 4 1 .0 0
+  35 1 9 .1 0 1 7 .6 0 2 2 .7 8 2 0 .7 0
+  65 3 1 .8 5 2 1 .1 0
+  100 1 4 .8 8 9 .4 8 22.83 1 3 i6 2
+  150 6 .6 4 3 .6 3 3 .6 1 2 .0 5
- 1 5 0 2 7 .5 1 4 8 .2 2 1 1 .9 7 1 4 .4 0

0 + 20 0  screen, b —200 screen. c —150 screen.

E x t r a c t i o n  o f  C a l c i n e d  P o l y h a l i t e  C o n t a i n i n g  C o n 
s i d e r a b l e  S o d i u m  C h l o r i d e  b y  M e a n s  o f  S o l u t i o n s  

H i g h  i n  M a g n e s i u m  S u l f a t e  a n d  S o d i u m  C h l o r i d e

In the earlier multistage extraction experiments the extract 
liquors from previous batch extractions were used as the initial 
leaching solutions. In these extracts the molar ratio of po
tassium sulfate to magnesium sulfate was nearly 1:1, with 
usually a slight preponderance of the latter. The actual 
initial concentrations in the top stage varied from 7.83

particular series of tests four separate steps were used. The 
top three steps were carried out in the steam bath at tem
peratures approaching 100° C., but the final step was con
ducted at room temperature (20° to 25° C.) as it was originally 
believed that a considerable portion of the potassium sulfate 
in the solid at the end of the hot extraction steps was present 
in the form of pentasalt (KsSOrSCaSOvHoO) formed during 
the process of extraction. From the equilibrium data available 
(4,5,10,11) it seemed evident that higher temperatures would 
be less favorable for the decomposition of this double salt.

Curve 1 in Figure 1 represents an extraction starting with 
an 8.7 per cent potassium sulfate solution. To obtain curve
2, the top- or first-stage extraction was repeated but stopped 
after 10 minutes at which time a concentration represented by 
point a was reached. The solid residue obtained by filtra
tion was then treated with a 5.85 per cent potassium sulfate 
solution and samples were taken at the desired intervals. To 
obtain curve 3 the same procedure was repeated, yielding 
point b on curve 1 and b' on curve 2. The time-concentra
tion data were obtained for curve 4 in an exactly analogous 
manner after yielding concentrations in the various stages 
corresponding to points c, c', and c "  on curves 1, 2, and 3, 
respectively.

The first four-stage tests were made with the relatively 
fine material of samples 3, 5, and 6 in Table I. Extractions 
of 82.6 to 85.4 per cent were obtained, as compared with 
values of 77.3 to 87.0 by the standard laboratory batch pro
cedure (2). The over-all extraction was not essentially dif
ferent in experiments 5 and 6, as compared with 3, in spite of 
the much higher content of fines in 5 and 6.

T a b l e  II. C a l c i n a t i o n  D a t a  f o r  S a m p le s  o f  P o l y h a l i t e  U s e d  in  M u l t i s t a g e  E x t r a c t i o n  E x p e r im e n t s

Sample
Source of polyhalite 
Size of polyhalite 
Temp, of calcination, ° C.
Time of retention, min.
Time o f calcination above 300° C., min.
Rate of calcination, lb ./h r. (kg ./h r.)
K 1SO4 after calcination, %
NaCl after calcination, %
Density after calcination, gram s/cc.
Extraction of K 1SO4 by standard extraction, %

MPLES OF P o l y h a l it e

3 5
Poland Poland

- 2 0  +  150 - 3 0
454 470

48.0 17.25
36.0 13.3
19.5 (8 .9 ) 19.0 (8 . 6)
24.60 21.78

4.38 7.36
2.608

84 .'3 87.0

6
Poland

-3 0
460

28.5 
20.7
10.5 (4 .8 ) 
24.53

4.38
2.632

77.3

9
Poland 

- 1 0  
460 

19.4 
13 9
13‘.90 (6.30) 
24.70 
6.03 
2.626 

80.7

10 15
N. Mex. N. Mex.

- 1 0 - 1 0
460 485

16.1 20.4
11.7 16.1
16.37 (7 .44) 23.50 (10.70)
30.20 30.37

1.09 0 .13
2.609 2.614

65.7
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While previous extraction studies (2) made with a batch 
process in mind indicated that material finer than —10 
mesh, preferably —28 or —30 mesh, would be desirable for 
best results, these limits do not necessarily apply to a counter- 
current procedure where different conditions are encountered 
and where it would be desirable to work with material as 
coarse as practicable in order to facilitate separation of solid 
and liquid by settling. Actually, it was found that poly
halite as coarse as the —10 mesh material of samples 9 and
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F i g u r e  2 . M u l t i s t a g e  E x t r a c t i o n s  o f  —30 
+  150 M e s h  C a l c i n e d  P o l y h a l i t e  w i t h  S o l u 

t i o n s  C o n t a i n i n g  2  G r a m s  o f  S o d iu m  C h l o 
r i d e  p e r  100 G r a m s  o f  W a t e r

10 in Table II would give nearly 80 per cent extraction of 
potassium sulfate in the presence of appreciable quantities 
of sodium chloride. It was evident, however, from all of the 
preliminary work that the extract liquor from the top step 
would contain magnesium sulfate much more than equivalent 
to the potassium sulfate.

E x t r a c t i o n  o f  C a l c i n e d  P o l y h a l i t e  o f  Low S o d iu m  
C h l o r i d e  C o n t e n t  b y  S o l u t i o n s  Low  i n  M a g n e s i u m  

S u l f a t e  a n d  S o d iu m  C h l o r i d e

Any leaching process which uses water alone to extract 
completely potassium and magnesium sulfates from calcined 
polyhalite must yield an extract solution in which the molar 
ratio of these substances will be 1:1. In the following experi
ments a special effort was made to manipulate the multistage 
extraction in such a manner as to fulfill this requirement 
approximately. Owing to the lack of complete understanding 
of the actual mechanism of the complex reactions taking place 
at the various stages of the process, it was necessary to select 
arbitrarily initial liquors of different potassium sulfate and 
magnesium sulfate content and, by using varying amounts of 
these solutions, to make a number of extraction tests until 
the proper conditions were secured. By repeated trials the 
initial concentration of the magnesium sulfate in the first 
stage was gradually lowered until the end solutions after ex
traction yielded the desired 1:1 molar ratio of potassium sul
fate to magnesium sulfate. It was found that only a small 
percentage of magnesium sulfate could be present in the 
initial solutions used for extracting freshly calcined polyhalite 
in the top step.

E f f e c t  o f  S o d iu m  C h l o r i d e  u p o n  E x t r a c t i o n .  The 
Polish polyhalite used in the earlier experiments contained 
appreciably larger amounts of sodium chloride than sample 
10, representing the first domestic polyhalite tested during 
this investigation. It was while attempting to extract this 
latter sample of polyhalite from the New Mexico deposits 
that the importance of the presence of sodium chloride during 
extraction was discovered. In order to compare the results 
of the New Mexico polyhalite with those previously obtained 
with the Polish mineral, sample 10 was screened into several 
sizes. The +10 , - 1 0  +20 , - 3 0  + 35 , - 3 5  +150, and
— 150 fractions, as well as the composite sample, were ex
tracted by the standard batch extraction procedure, yielding 
the values shown in Table III. The first six tests with the 
sized fractions and composite of the New Mexico polyhalite 
gave low concentrations and poor extractions. An increase 
in the ratio of water to potassium sulfate from 6.93 to 7.96 
in an extraction of the composite material merely decreased 
the concentration without improving the percentage extrac
tion. However, the last two standard extraction tests made 
at the same time, with equal ratios of water to potassium sul
fate, same length of time for extraction, and other conditions 
comparable, but with 5 and 10 grams of sodium chloride, re
spectively, added to the solid just prior to its addition to the 
boiling water, yielded much higher recoveries and concen
trations.

T a b l e  I I I .  E f f e c t  o f  P a r t i c l e  S i z e  a n d  A d d it i o n  of  
S o d iu m  C h l o r id e  u p o n  S t a n d a r d  B a t c h  E x t r a c t i o n  of 

N e w  M e x i c o  P o l y h a l it e

F r a c t i o n  S i z e

+ 10 
- 1 0  + 2 0  
- 2 0  + 3 5  
- 3 5  + 15 0  
-1 5 0

Composite
Composite
Composite
Composite

An attempt was made to determine the effect of the sodium 
chloride content during the first stage of the countercurrent 
extraction in order to obtain some information on the mecha
nism of the reactions taking place. Two extractions of —35 
+150 mesh calcined polyhalite containing 30.37 per cent of 
potassium sulfate and 0.35 per cent of sodium chloride were 
made in as nearly the same manner as possible, but a quantity 
of sodium chloride corresponding roughly to 3 grams per 100 
grams of water was added to test A, while no addition was 
made to test B. The initial potassium sulfate concentration 
of the solution used for extraction was 8.7 per cent, a concen
tration used in the top stage of many of the countercurrent 
tests. A low ratio of water to potassium sulfate of 6.08 was 
used in order to obtain high concentrations of potassium sul
fate and magnesium sulfate. In these tests the calcined 
polyhalite was added to the boiling potassium sulfate solution 
in a flask provided with a reflux condenser. There was no 
agitation other than that due to ebullition. Samples of the 
liquid and solids were removed periodically for chemical and 
petrographic analysis at the time intervals indicated.

The time-concentration data obtained in these tests arc 
given in Table IV ; in Table V  the various solid phases found 
by petrographic examination are compared with the amounts 
of these substances indicated by the concentration changes in 
the liquid phase. The petrographic data definitely prove the 
presence of both polyhalite and syngenite and agree with the 
chemical data in indicating an increase in polyhalite at the 
expense of the syngenite which was formed initially in large 
quantities.

C o N C N . E x t r a c  E x t r a c 
OF t i o n t i o n

E x t r a c t o p R a t i o NaCl
L i q u o r KsSO* HjOiKiSO* A d d e d

G. K iSO if 
100 g. m o % Grams

7 .98 54.5 6 .93 0
8 .9 0 60.7 6.93 0
8.59 57.7 6 .93 0
9 .26 65.4 6 .93 0
7 .30 50.2 6 .93 0
9 .47 65.5 6 .93 0
8 .26 65.7 7 .96 0

10.20 80 .8 7 .96 5
10.84 85.8 7 .9 6 10



September, 1933 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 1005
T a b l e  IV. E f f e c t  o f  S o d iu m  C h l o r id e  o n  C o n c e n t r a t io n s  
of So l u t io n s  i n  F ir st -S t a g e  E x t r a c t io n  o f  — 35 + 1 5 0  

M e s h  C a l c in e d  P o l y h a l it e “

T e s t  S t e p  T i m e K,SO*
- C o n c e n t r a t i o n  o f  E x t r a c t -

M g S O i NaCl

M in. %
G./100 g. 

HiO %
Q./100 g. 

HiO %
G./100 g. 

HiO
A0 1 0 8 .7 0 9 .52 0 0 0 0

1 30 10.40 13.23 8 .49 10.80 2 .49 3.17
2 60 10.50 13.32 8 .16 10.35 2 .49 3.16
3 120 10.50 13.19 7 .3 4 9 .22 2 .56 3 .23

B0 0 8 .70 9 .52 0 0 0 0
1 30 9 .74 11.92 8 .63 10.58 0.196
2 45 10.15 12.32 7 .45 9 .04
3 60 9.91 11.93 6 .93 8.33
4 90 10.10 12.00 5 .57 6.61
5 120 10.08 11.73 4.04 4 .72

C l 0 8 .64 9 .4 5 0 0 0
2 30 10.16 12.50 6 .76 8 .3 2 1.82 2.24
3 45 10.18 12.50 6 .64 8 .15 1.83 2.25

D1 1 0 8 .64 9 .45 0 0 0 0
2 30 10.28 12.65 6 .68 8.22 1.83 2.25
3 45 10.32 12.70 6 .5 8 8 .10 1.85 2.27
4 2 0 3 .07 3.17 0 0 0 0
5 90 8 .65
6 120 8 .82
7 180 9.16
8 240 9 .17 10‘.25 1.18 i.3 2 0^27 0 .30

a Polyhalite contained 30.37%  K 1SO4 and 0.35%  NaCl. 
to KiSO« for extraction was 6.08. 

b Computed.

Ratio o f HjO

Tests C and D in Table IV  represent top-stage extractions 
of this same material with solutions containing 9.45 grams of 
potassium sulfate and 2.25 grams of sodium chloride per 100 
grams of water. Samples were taken after 30 and 45 minutes, 
and in D the solid residue from the 45-minute, first-stage 
extraction was also recovered and put through a second-stage 
hot extraction.

The chemical data for these tests, which are plotted in 
Figure 2, show that higher concentrations of potassium sulfate 
and magnesium sulfate were obtained in the presence of so
dium chloride in test A  than in its absence in test B, indicat
ing that secondary reactions by which both of these substances 
are removed from solution were much less active in A. The 
trend of the concentrations in test B, to which no sodium 
chloride was added, would indicate that the rapid decrease 
in magnesium sulfate concentration was undoubtedly due to 
the formation of polyhalite, as would be expected since the 
liquid-phase compositions are definitely in the polyhalite 
field at 100° C. immediately after the extraction begins (5). 
The rate of formation of polyhalite in test A in the presence of 
salt is markedly lower. It is evident in both cases that large 
amounts of syngenite are formed as soon as the calcined poly
halite is added to the hot potassium sulfate solution but that 
this unstable phase gradually decomposes as the stable poly
halite is formed.

E x t r a c t i o n s  w i t h  —30 +150 M e s h  M a t e r i a l .  The re
sults of extracting the —30 +150 mesh calcined polyhalite of 
sample 3H to yield a final solution of moderately high sodium 
chloride content are shown graphically in Figure 2. The 
maximum concentration of potassium sulfate reached in this 
test was approximately 12.5 grams per 100 grams of water, 
but it should be pointed out that the sodium chloride content 
was as high as 3.25 grams per 100 grams of water. The molar

ratio of potassium sulfate to magnesium sulfate closely ap
proximated the ideal of 1:1 after the 20-minute sample.

A four-stage extraction of —30+150  mesh, washed New 
Mexico polyhalite, calcined one hour in the stationary-tube 
electric furnace at a temperature between 300° and 480° C., 
but at the higher temperature for most of the time, is also 
shown graphically in Figure 2 as sample 12. While the 
various steps did not meet eacli other exactly, it is important 
to note that a top liquor concentration of more than l i  grams 
of potassium sulfate per 100 grams of water was obtained with 
an extraction of 97 per cent as determined by analysis of the 
solid residue from the fourth step.
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F ig u r e  3. M u l t is t a g e  E x t r a c t io n s  
o f  — 10 M e s h  C a l c in e d  P o l y h a l it e  
w it h  S o l u t io n s  C o n t a in in g  2 G r a m s  
o f  S o d iu m  C h l o r id e  p e r  100 G r a m s  

o f  W a t e r

E x t r a c t i o n  o f  —10 M e s h  M a t e r i a l .  That equally as 
good results might be obtained on coarser material was shown 
by an extraction of —10 mesh polyhalite from the same lot as 
sample 10. The polyhalite was calcined in the 2-inch (5-cm.) 
laboratory rotary furnace (2) for a total of 28 minutes above 
300° with an average maximum of 484° C. during most of 
the calcination. In this experiment, sufficient sodium chlo
ride was added to give a concentration of approximately 2 
grams per 100 grams of water. The concentration of the 
top extract liquors was nearly 11 grams of potassium sulfate 
per 100 grams of water, and the percentage extraction was 
about 99 per cent.

During a series of tests on the —10 mesh material repre
sented by sample 15, data for which are given in Table VI and 
plotted in Figure 3, the sodium chloride content was again 
adjusted to be approximately equivalent to 5 per cent halite

T a b l e  V . C o r r e l a t io n  o f  R e s u l t s  o f  P e t r o g r a p h ic  E x a m in a t io n  w it h  C a l c u l a t e d  C o m p o sitio n  o f  S o lid  R e s i
d u e s  f r o m  E x t r a c t io n  P ro c ess

S o l i d  P h a s e s  I n d i c a t e d  b y  P e t k o o k a p h i c  E x a m i n a t i o n ^

Original polyhalite incompletely extracted. Large amounts of syngenite. Anhydrite.
Original polyhalite incompletely extracted, and new crystals of polyhalite beginning to form from solu-

tion. Large amount of syngenite, about the same as preceding sample. Anhydrite.
Polyhalite forming from  solution. Syngenite still present in large amounts, but less than in preceding 

sample. .
Original polyhalite incompletely decomposed. Large amount of syngenite. .
New crystals of polyhalite forming from solution. Syngenite corroded, smaller amount than in preced

ing sample. # , ,, .
Polyhalite forming from solution in large quantities. Syngenite corroded, smaller amount than in pre

ceding sample. Anhydrite less than in preceding sample.
a Present both as anhydrite and as undetermined form left as residue during extraction of polyhalite. .
& Petrographic examination b y  A . Gabriel, assistant chemist-petrographer, Nonmetallic Minerals Expe

S a m p l e T i m e

C o m p o s i t i o n  o r  R e s i d u e s  
C a l c d .  f r o m  S o l n .  D a t a  

Polyhalite Syngenite CaSOt"
M in. % % %

A1 30 7 .0 8 55.56 37.36
2 80 14.24 50.55 35.21

3 120 26.98 42.23 30.79

B1 45 28.4 43.6 28 .0
2 90 52.4 27.9 19.7

3 120 6 8 .8 17.2 14.0
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E x p t .

15B1

15B2

15B4

T a b l e  VI.

S t e p

1

1
2

M u l t i s t a g e  E x t r a c t i o n  o f  — 10 M e s h  P o l y h a l i t e  w i t h  A d d e d  S o d iu m  C h l o r i d e  b y  S o l u t i o n s  
Low in  M a g n e s iu m  S u l f a t e  a n d  S o d iu m  C h l o r i d e “

15B5

5B7

15B8

6 Computed.

NaCl
A d d e d

W a t e r
A d d e d HiOrKjSO* T i m e

'
K jSO*

- C o n c e n t r a t i o n  o f  E x t r a c t  
M gSOi NaCl

Grama Grams Min. % Q./100 g. IhO % Q./100 g. IItO % G./100 g. IIi0
7 .2 398 9 .2 0 7 .62 8 .44 2 .0 6 2 .2 8 0 0

5 8 .47 10.02 5.48 6.46 1.59 1.88
15 8.89 10.72 6.82 8 .24 1.54 1.86
30 9 .28 11.35 7 .36 9 .0 5 1.57 1.92

9 .0 473.2 9 .1 0 7 .7 8 8.52 1.00 1.10 0 0
30 9 .1 5 11.10 6 .70 8.13 1.73 2.10

0 485 9 .3 0 5 .60 5 .9 6 0 .50 0.53 0 0
15 6.32
30 6.71 7 .31 1.33 1 ^45 0 ! i4 0 A 5
60 7 .30 8 .01 1.37 1.50 0.13 0.14

8 .5 448 9 .15 0 7 .39 8 .02 1.00 1.09 0 0
30 8 .9 0
45 9 .10 1CL97 6^30 7.59 1.69 2.04

0 420 8 .6 0 5 .76 6 .14 0 .5 0 0 .53
90 8 .14 9 .0 0 1.516

0 440 9 .0 0 3 .06 3.20 0*25 0.26
10 5 .56 5.876
20 6 .36 6.78b
30 6 .68 7 .22  6

0 427 8 .7 0 0 0
15 1.78 1.816
30 1.84 1.886
60 2 .14 2.196
90 2 .36 2.426

120 2 .42 2.486
183 2 .61 2.686
240 2 .64 2.716

8 .5 419 8 .6 0 8 .5 0 9 .40 1.00 1.10 0 0
5 8 .80 10.34 4 .73 5.55 1.38 1.62

15 9 .19 11.08 6 .50 7 .8 4 1.37 1.65
30 9.36 11.38 7 .06 8.59 1.37 1.67
45 9 .41 11.44 7.16 8 .72 1.39 1.69
60 9 .52 11.66 7 .13 8.73 1.61 1.97

0 415 8 .46 0 1.60 1.63 0
34 7 .25
64 7 .62
94 7 .7 7

120 7 .75
160 7 .65 8.346 0.476

8 .5 436 8 .9 0 8 .25 9 .09 1.00 1.10 0 0
45 9 .72 11.85 6 .48 7 .9 0 1.77 2.16

0 437 8 .9 0 2 .0 0 2 .05 0 .23 0 .24 0 0
10 5.86
30 7 .12
60 7 .82
90 8 .10 ¿!9 4 l . Z O l.*44

8 .5 438 8 .94 0 8 .09 8 .90 1.00 1.10
45 8 .90 10.60 7 .07 8.41 1 .75 2.08

0 438 8 .84 0 1.70 1.73 0 0
60 7.42

120 8 .08
180 8 .12 9 .02 1.51 1 .68 0 .33 0^37

contained 30.37%  KiSO< and 0.13% NaCl. Charge used was 161.5 grams in all tests excepting B1 and B2 in which 142.8 and 171.5
re used.

in the original raw polyhalite. Tests 15B1 on the first stage 
and 15B2 on the first and second stages] were exploratory. 
Tests 15B3 and 15B4 were made by the use of three successive 
hot extraction steps as in some of the earlier countercurrent 
experiments, but, as the data accumulated, it was noted that 
the concentration of the extracts from 
the second and third steps closely ap
proximated each other, so that but two 
hot extraction steps were used in all later 
tests.

Test 15B4 shows a fairly well-balanced 
example of the four-stage e x t r a c t i o n  
procedure, in which each stage yielded 
a solution close to the concentration of 
the starting solution for the preceding 
stage. The concentration of 11 grams 
of potassium sulfate per 100 grams of 
water in the extract liquor from the first 
stage stands in the proper relation to the 
ratio of water to potassium sulfate ratio 
of 9.15, to give a very high recovery, 
and the molar ratio of potassium sulfate 
to magnesium sulfate has the proper 
value of 1:1.

Tests 15B5, 15B6, and 15B7 were  
made to secure a properly balanced sys
tem by the use of two hot extraction 
steps. Test 15B7 shows reasonably good 
results, with the proper concentrations

Nit:
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H r
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0  LO 2.0 3,0 AO 5.0 fcO 7.0 6.0 
CONCN. or M55O4, GRAMS/lOO GRAMS H2O

F ig u r e  4 .  M u l t is t a g e  E x t r a c 
t i o n s  o f  — 10 M e s h  C a l c in e d  
P o l y h a l i t e  w i t h  S o l u t i o n s  P r a c 
t i c a l l y  F r e e  f r o m  S o d iu m  C h l o 

r i d e

and satisfactory coordination of the second with the first step. 
Test 15B8 was made to determine if any advantage would 
accrue by a slightly longer time of extraction in the second 
step. No improvement was obtained by increasing the time 
from 90 to 180 minutes. All of these tests indicate that a 

high degree of extraction should be pos
sible with a concentration in the top 
liquor of about 11 grams of potassium 
sulfate per 100 grams of water, and that 
material as coarse as —10 mesh should 
be easily treated. Actual percentage re
coveries have not been determined on 
this material, but, by comparison with 
results on the finer material, no difficulty 
would be anticipated in obtaining satis
factory results.

E x t r a c t i o n  o f  C a l c in e d  P o l y h a l it e  
o f  L o w  S o d iu m  C h l o r id e  C o n t e n t  

b y  S a l t - F r e e  S o l u t io n s

The presence of appreciable amounts 
of sodium chloride in the extract liquors 
might be a disadvantage in some cases. 
Accordingly, in order to determine the 
results which might be obtained in the 
absence of sodium chloride, a number 
of extraction experiments was made upon 
calcined New Mexico polyhalite which 
had been washed with water prior to
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calcination until it was practically free from sodium chloride. 
No sodium chloride was added to the extract solutions in this 
series.

From previous batch experiments in the laboratory it had 
been generally observed that the use of higher ratios of water 
to potassium sulfate resulted in a better percentage extrac
tion, usually at a sacrifice in the concentration. A relatively 
low initial concentration of potassium sulfate and a relatively 
high ratio of water to potassium sulfate of approximately 10 
were used in test 13B, the results for which are shown graphi
cally in Figure 4. In this test 96 per cent of the potassium 
sulfate was extracted with a top concentration of 9.66 grams 
of potassium sulfate per 100 grams of water. One notice
able effect of the high ratio of water to potassium sulfate was 
the increased solution of the magnesium sulfate content of the 
charge in the top step.

A number of additional multistage leaching tests was made 
upon a sample of —10 mesh material taken from lot 15, 
washed prior to calcination in order to reduce the salt content 
to 0.13 per cent sodium chloride, and calcined in the 6-inch 
(15.3-cm.) rotary furnace (3) at 484° C. The details of ex
traction have been summarized in Table V II and the results 
plotted in Figure 4. In the absence of sodium chloride but 
with fairly high ratios of water to potassium sulfate, concen
trations of the order of 10 grams of potassium sulfate and 
7 grams of magnesium sulfate per 100 grams of water, com
bined with satisfactory recoveries, seem possible for material 
as coarse as —10 mesh.

T a b l e  VII. M u l t i s t a g e  E x t r a c t i o n  o p  —10 M e s h  P o l y 
h a l i t e  w i t h  N o  A d d i t i o n  o f  S o d iu m  C h l o r i d e  w i t h  S o l u 

t i o n s  L o w  i n  M a g n e s iu m  S u l f a t e 11
W a t e r I Î 2O  : ,— C o n c e n t r a t i o n  o f  E x t r a c t — s

E x p t . S t e p A d d e d K 1S O 4 T i m e K jSO* MgSO*
G J 100 0. G./100 <7.

Grams M in. % mo % HiO
15A1 1 3 8 8 .6 9 . 5 0 7 .0 1 7 .7 2 2 .0 9 3 .0 0

5 7 .9 1 9 .1 2 5 .4 6 6 .3 0
15 8 .3 1 9 .8 6 7 .2 1 8 .5 4
3 0 8 .66 1 0 .3 2 7 .5 1 8 .9 5
45 8 .9 1
6 0 8 .6 2
9 0 8 .7 2

15A2 1 4 0 7 .9 9 . 9 0 7 .0 0 7 .6 3 1 .1 4 1 .2 4
30 8 .9 4 1 0 .5 2& 7 .1 6 6

2 4 07 9 . 9 0 5 .1 5 5 .4 6 0.*50 0 .5 3
5 5 .9 8

15 6.66 7\ 25 1.42 1 .5 5
3 0 6 .9 4
4 5 7 .3 1 8 ! 01 1.41 1 .5 5

15A 3 1 4 37 9 .6 0 6 .9 9 7 .6 0 1.00 1 .0 9
3 0 8 .7 1 10.20 6 .1 7 7 .2 3

2 4 37 9 . 6 0 5 .1 4 5 .4 5 0 .5 0 0 .5 3
4 5 7 .3 7 8 .0 8 6 1 .6 1 6

3 4 5 6 10.0 0 3 .1 7 3 .2 7  b
10 4 .3 1 4 .5 0  b
20 5 .1 4 5 .4 2 6
30 5 .8 0 6 .1 6 6
4 5 6 .3 5 6 .7 8 6
60 6 .5 1 6 .9 6 6
9 0 7 .0 4 7 .5 8 6

120 7 .1 6 7 .7 1 6
a Calcined polyhalite contained 3 0 .3 7 %  KiSOi and 0 .1 3 %  N aCl; 1 3 5 -

cate that higher temperature favors a more rapid rate of 
approach to the maximum concentration and that this maxi
mum also increases with temperature.

In addition to the straight water extractions at the various 
temperatures, two-stage extraction experiments were made 
in which the first step was extracted at 101° to 102° C., and 
the second steps at 80° and 90° C., respectively. These 
tests likewise showed a slower rate of increase in concentration

LO 20  3.0 4 0  SO 6 0  7.0 Sß  
CONCN. or MgSQ), CRAMS/lOO GRAMS HiO

F i g u r e  5. E f f e c t  o f  T e m p e r a 
t u r e  u p o n  S in g l e -  a n d  M u l t i 
s t a g e  E x t r a c t i o n s  o f  t  35 +150 
M e s i i  C a l c i n e d  P o l y h a l i t e  w i t h  
S o l u t i o n s  P r a c t i c a l l y  F r e e  f r o m  

S o d iu m  C h l o r i d e

in the second stage and, in general, yielded lower maximum 
concentrations than had previously been secured at 100° C. 
From the results of these tests it would seem that tempera
tures below 100° C. are not desirable during the top extrac
tion stages.

T a b l e  V I I I .  E f f e c t  o f  T e m p e r a t u r e  o n  S i n g l e - S t a g e  
E x t r a c t i o n  a n d  o n  S e c o n d  S t a g e  o f  M u l t i s t a g e  E x t r a c 

t i o n  o f  —35 +150 M e s i i ,  C a l c i n e d  P o l y h a l i t e -

E x p t . S t e p  T e m p .

' C.

gram charges used in A1 and A2, 150 grams in A3. 
6 Computed.

E f f e c t  o f  T e m p e r a t u r e  d u r in g  E x t r a c t i o n .  Since all 
of the previous extractions of calcined polyhalite by the multi
stage process were made at temperatures approximating 100° 
C., it was deemed worth while to check the extraction at 
lower temperatures. A separate series of tests was accord
ingly made in a flask provided with a mechanical stirrer and 
maintained at the desired temperature by immersion in an 
automatically regulated water thermostat. The sample of 
calcined polyhalite used was a —35 +150 mesh fraction of a 
high-grade New Mexico polyhalite containing 30.37 per cent 
of potassium sulfate and 0.35 per cent of sodium chloride 
after calcination. Using pure water as the initial extracting 
solution, time-concentration determinations were made at 
80°, 90°, and 101-102° C., respectively. The results given 
in Table V III and shown graphically in Figure 5 clearly indi-

16A1

16A2

16A3

16B1

SO

90

HîO:
KjSOi

9 .87

9 .87

T i m e
C o n c e n t r a t i o n

K 1SO4
o f  E x t r a c t  

M g S O *

101-2 9 .87

1 100

SO

8 .16

8 .16

16B2 101-2 8 .16

90 8.16

G./100 g. G,,/i00 0.
Hours % IIiO % IhO

1 5 .4 1 6 .0 9 5 .7 8 6 .5 0
2 5 .5 8 6 .2 9 5 .7 5 6 .4 8
3 '5 .6 3 6 .3 5 5 .7 2 6 .4 5
4 6 .3 1 7 .1 7 5 .6 3 6 .3 9
5 5 .9 0 6.66 5 .5 1 6.22
0 .7 5 6 .4 1 7 .3 2 6.00 6.86
1 .7 5 7 .1 0 8 .1 9 6 .2 6 7 .2 3
3 7 .0 6 8 .0 7 5 .5 0 6 .2 9
6 6 .5 9 7 .4 6 5 .0 8 5 .7 5

11 5 .9 3 6 .6 3 4 .6 8 5 .2 4

0 .5 7 .3 6 8 .4 6 5 .6 9 6 .5 4
0 .7 5 7 .3 9 8 .4 9 5 .5 7 6 .4 0
1 7 .0 5 8 .0 6 5 .4 8 6 .2 7
1 .5 6 .8 9 7 .8 4 5 .2 7 6.00
2 6 .7 6 7 .6 6 5 .0 2 5 .6 9
3 6 .5 3 7 .3 6 4 .8 0 5 .4 1

0 8 .8 0 9 .6 5 0 0
2 56 1 0 .0 6 1 2 .0 4 6 .4 0 7 .6 6

0 3 .1 1 3 .2 1 0 0
1 5 .2 1 5 .5 4 0 .7 7 0 .8 2
2 5 .3 4
3 6 .0 3
4 5 .9 5
5 5 .4 7 5.*84 O.’ ÓS 1 .0 5

0 8 .7 5 9 .5 9 0 0
276 1 0 .1 6 12.20 6 .5 7 7 .8 9

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

22 7 .2 1 7 .8 5 0 .9 8 1 .0 7

1 3 0 .3 7 % KjSOi and 0 .3 5 % NaCl.
6 Minutes.
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A single last-stage extraction of a residue similar to that 
obtained from the hot extraction stages has been made at a 
temperature other than the room temperature of approxi
mately 25° C. This extraction was made at 50° C. upon a 
synthetic mixture of syngenite, polyhalite, and gypsum by 
means of water containing 2.28 per cent of sodium chloride. 
The mixture used in the extraction corresponds roughly to 
one which would occur in the large-scale extraction of poly
halite by the countercurrent process. The concentrations 
at times from 60 to 280 minutes shown in Table IX  corre
spond closely to the value deduced from the work of Barre (1) 
for metastable equilibrium between syngenite and gypsum 
at 50° C. The almost entire absence of pentasalt in the final 
residue is important in that it suggests the possibility of com
plete extraction of all of the potassium sulfate coming down 
to the low-temperature extraction step when this is present as 
unextracted polyhalite or syngenite. The concentration 
reached was possible in part due to the sodium chloride con
tent. The combined effect of sodium chloride and of increase 
in temperature above 25° C. in the last stage should materi
ally assist in securing higher top liquor concentrations.

T a b l e  IX. E x t r a c t i o n  o f  M i x t u r e  o f  S y n g e n i t e ,  P o l y 
h a l i t e ,  a n d  G y p su m  a t  5 0 °  C.“

T i m e  K iSO* NaCl P e t r o g r a p h i c  D a t a

Min. % %
0 0 2 .28

10 4 .06 2 .18 95%  well-formed gypsum, 5 %  badly corroded syn
genite, 1%  polyhalite, trace pentasalt and anhydrite

20 4.22 2 .18 Relative amounts of gypsum and syngenite unchanged, 
polyhalite absent, traces of pentasalt and anhydrite

60 4 .32 2 .17 98 -9 9 %  gypsum, 1 -2 %  syngenite, trace of pentasalt
90 4 .30 2.17

120 4.34 2 .19 + 9 9 %  gypsum, traces syngenite and pentasalt 
Same as preceding sample280 4.32 2 .18

a Initial mixture contained (gram ): .syngenite 45, polyhalite 10, gypsum
165, water 600, and NaCl 13.

S u m m a r y  a n d  C o n c l u s io n s

During a series of multistage extractions of calcined poly
halite in which a countercurrent system was simulated, the 
effects of particle size, temperature of extraction, and sodium 
chloride concentration of the extracting liquor have been in
vestigated.

Experiments with material of different size ranges indi
cate that satisfactory concentrations and recoveries of potas
sium sulfate may be obtained on —35 +100 mesh, —20 mesh, 
and even on —10 mesh polyhalite. In general, the coarser 
the materia] the longer the time required to attain maximum 
concentrations in the first step. Secondary reactions which 
tend to remove potassium sulfate from solution are less seri
ous when the coarser calcined polyhalite is extracted. The 
results show that material as coarse as 10 mesh should be suit
able for use in a countercurrent process.

The tests show that temperatures approaching the boiling 
point are desirable in all stages of the extraction system, ex
cepting the final stage. Temperatures approximating 25° C. 
were used in the final extraction step, but it is possible that 
a somewhat higher temperature should be used, since in the 
presence of a low concentration of sodium chloride both syn
genite and polyhalite were decomposed at 50° C. without the 
formation of any pentasalt to yield a solution containing 4.3 
grams of potassium sulfate per 100 grams of water.

The presence of sodium chloride has been definitely proved 
to be advantageous in securing higher concentrations and re
coveries of potassium and magnesium sulfates during the 
hot extraction steps. The amount of sodium chloride that 
may be used is limited, since high concentrations decrease the 
subsequent recovery of potassium sulfate in certain proposed 
processes involving the evaporation of the extract liquors. 
No special difficulty is encountered unless the sodium chloride 
in the polyhalite exceeds one-fifth of the amount of potassium 
sulfate present. This quantity of sodium chloride will yield

an extract containing from 2 to 2.5 grams of sodium chloride 
per 100 grams of water, a concentration sufficiently high for 
good results during extraction.

By a correlation of chemical and petrographic data obtained 
on a number of the experiments, it is possible to explain the 
mechanism of the extraction process. The concentrations of 
potassium sulfate and magnesium sulfate obtained at any time 
are the net result of two competitive actions: (1) the solu
tion of the soluble components from the calcined polyhalite 
tending to raise the concentrations and (2) the formation of 
secondary reaction products tending to decrease the concen
trations. When material of fine particle size is extracted, the 
rate of solution is rapid, but the rate of formation of secondary 
products is also accelerated. Extractions at temperatures 
lower than 100° C. show a decrease in the rate of solution 
without material change in the rate of formation of secondary 
double salts. Coarse material dissolves more slowly and 
appears to favor a slower rate of formation of secondary prod
ucts.

Visual, chemical, and petrographic evidence show that, 
when calcined polyhalite is added to a hot potassium sulfate 
solution, as in the first stage of the countercurrent extraction, 
voluminous quantities of syngenite are immediately formed. 
Petrographic and chemical data also prove that, as the extrac
tion is prolonged, polyhalite appears as a new solid phase and 
the syngenite originally formed begins to redissolve. This 
phenomenon is due to the fact that polyhalite is the stable 
solid phase under the conditions of the top stage of the extrac
tion system. Apparently the formation of polyhalite and 
decomposition of syngenite proceed simultaneously. Sodium 
chloride retards the formation of secondary polyhalite and 
probably decreases the. rate of formation of syngenite. It is 
known that sodium chloride increases the equilibrium concen
tration of potassium sulfate at 25° C. when syngenite and gyp
sum are the stable phases. There is some evidence to indi
cate a similar effect at 100° C. in the top stage of the extrac
tion, resulting in a lessened tendency toward the formation 
of metastable syngenite.

The second and third stages in the earlier tests and the 
second stage only in the latter tests represent the rapid de
composition of the syngenite formed in the first step and the 
further solution of calcined polyhalite not dissolved in the 
top step. This solution and decomposition of syngenite is 
effected without any appreciable formation of pentasalt 
(K2S04-5CaS04-H20 ), permitting the ultimate removal of 
practically all of the potassium sulfate originally present. 
The conditions which favor the formation of either polyhalite 
or pentasalt are to be avoided, since but moderate amounts of 
either product may be decomposed in the last or final step 
of the extraction process with the amount of water available.

The final step of the extraction process represents the de
composition of any residual syngenite not dissolved in the 
previous steps, together with the solution of a portion of the 
secondary polyhalite and any pentasalt present. The actual 
amounts of pentasalt observed in the residues from the hot 
extraction steps have been exceedingly small.

The recoveries and optimum concentrations that may be 
expected to result from the countercurrent extraction of —10 
or —20 mesh calcined polyhalite will depend to some extent 
on the amount of sodium chloride present. Higher concen
trations as well as better recoveries of potassium sulfate will 
be more readily obtained when sodium chloride is present. 
It is the opinion of the authors that concentrations of 11 to
11.5 grams of potassium sulfate per 100 grams of water with 
recoveries as high as 97 to 98 per cent should be possible in 
the presence of 2 to 2.5 grams of sodium chloride per 100 grams 
of water. In the absence of sodium chloride or with but small 
amounts, both the concentrations and recoveries will be 
lower.
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Reactions during Vulcanization
III. The Multiple-Accelerator Effect1

H. C. J o n e s , The New Jersey Zinc Company, Palmerton, Pa.

Dipheny¡guanidine functions as an activator for 
mercaptobenzoihiazole when the two accelerators are 
compounded in a stock deficient in fatly acids. 
DiphenyIguanidine functions as an accelerator when 
compounded with mercaptobenzoihiazole in a slock 
with a normal fatty acid content.

Bulyraldehyde aniline in conjunction with mer- 
captobenzothiazole behaves in the same manner as 
diphenylguanidine. Within the limits investigated, 
the amount of soluble zinc available for reaction has 
a direct bearing on the ultimate tensile strength of di
phenylguanidine and mercaptobenzoihiazole stocks.

TECHNICAL interest in the two-accelerator or multiple- 
accelerator effect has received considerable impetus 
within the past several years owing to improvements in 

factory processing methods which permit the utilization of 
its advantages. However, the literature records very little 
of scientific interest on the phenomenon.

T w o - A c c e l e r a t o r  E f f e c t

The salient facts are well known. Perhaps the most 
common example is the combination of mercaptobenzothia- 
zole and diphenylguanidine. From 
Figure 1 it is evident that a mix
ture of 0.5 per cent of mercapto- 
benzothiazole and 0.5 per cent of 
diphenylguanidine is a more effec
tive accelerator than one per cent 
of e ither accelerator alone. The 
presence of stearic acid in the mer- 
captobenzothiazole formula and its 
omission with diphenylguanidine is 
to the advantage of each accelera
tor, as will be shown later.

Whitby and C a m b r o n  (5), in 
seeking an e x p l a n a t i o n  for this 
phenomenon, came to the conclu
sion that the soaps formed by the 
react ion of the basic accelerator 
and the resin acids in rubber func
tioned as very active d is pers in g  
agents and would assist in the reac
tion between caoutchouc and sulfur 
during vulcanization. Although it 
may be that Whitby and Cambron’s 
e x p la n a t i o n  has some be a r i n g  
on v u l c a n i z a t i o n ,  it obviously

F i g u r e  1 . C o m p a r is o n  o f  R a t e  o f  C u r e  o f  
M e r c a p t o b e n z o t h ia z o l e , D ip h e n y l g u a n id in e , 

a n d  M i x t u r e s  o f  t h e  T w o

1 Part I, I n d .  E n g .  C h e m . ,  23, 1467 
(1931); Part II, Ibid., 24, 565 (1932).

Pale crepe
Stearic acid
Mercaptobenzothiazole
Diphenylguanidine
Zinc oxide
Sulfur

F o r m u l a

100

has definite limitations because it could not apply in the 
case of two accelerators of the acidic type, such as tetra- 
methylthiuram disulfide with mercaptobenzothiazole, a com
bination of which shows the two-accelerator effect.

As a result of some experimental work with the accelerator 
mixture, diphenylguanidine and mercaptobenzothiazole, a 
partial explanation of the two-accelerator effect suggests 
itself. In a stock deficient in fatty acids (contains 40 per 
cent as much fatty acid as first quality rubber) accelerated 
with 0.5 per cent of mercaptobenzothiazole, increments of 
diphenylguanidine increase the tensile strength (Figure 2A).

When the same base stock is acceler
ated with 0.5 per cent of diphenyl
guanidine, and increments of mer
captobenzothiazole are added, the 
rate of cure increases as shown by 
the decreased time to the optimum 
cure, despite the fatty acid de
ficiency of the stock (Figure 2B). 
Where there is a deficiency in fatty 
acids, diphenylguanidine rend ers  
the zinc oxide effective for the ac
tivation of the second accelerator 
(mercaptobenzothiazole), perform
ing the same function as the fatty 
acids, if they were present. These 
results are in agreement witli the 
observations of Sebrell and Vogt (4) 
that all accelerators require soluble 
zinc to produce the best physi
cal properties and that diphenyl
guanidine reacts directly or through 
some sulfur reaction p r o d u c t s  to 
render zinc oxide soluble for acti
vation.

Three per cent of stearic acid was 
added to each of the series of stocks 
described above. In the first series

0 .5
0 .5

12.2
3 .0

100
3 .0
1.0

100

12 .2
3 .0

1.0
12.2
3 .0
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F ig u iie  2

R ubber deficient in fatty acids
M ercaptobenzothiazole
Diphenylguanidine
Zinc oxide
Sulfur

A
100

0 .5
Variable

12.2
3 .0

B
100

Variable
0 .5

12.2
3 .0

pendent upon the amount and distribution of 
zinc in a soluble form. Depew (3) determined 
the amount of soluble zinc formed when rubber 
vulcanizing agents react in a low-viscosity 
medium. The following method is in many 
respects similar to that described by Depew:

To 150 cc. of solvent (12.5 per cent methanol 
and 87.5 per cent benzene) were added the com
pounding ingredients along with 16 cc. of the sol
vent saturated with hydrogen sulfide. The mix
ture was placed in a constant-temperature bath 
(46° C.) for 15 hours, after which the clear solu
tion was filtered off and the residue thoroughly 
washed with portions of the solvent medium. 
After evaporation of the solvents the organic ma
terial was decomposed with nitric and sulfuric acids 
and the zinc residue titrated by a method described 
by Kolthoff and Pearson (3).

in which mercaptobenzothiazole was held constant at 0.5 per 
cent, increments of diphenylguanidine increase the rate of cure 
(Figure 3A). Likewise when corresponding amounts of mer
captobenzothiazole were added to the second series with 0.5 
per cent of diphenylguanidine (Figure 3B), the rate of cure 
was increased. These experiments indicate that in the pres
ence of f a t t y  a c i ds ,  a 
mixture of d i p h e n y l 
guanidine and mercapto
benzothiazole f o r m s  a 
new accelerator which is 
much more active than 
either one alone. There- 
f o r e ,  it is c lea r  that 
diphenylguanidine in the 
p r e s e n c e  of mercapto
benzothiazole has a dual 
action, functioning as an 
activating agent in the 
a b s e n c e  of fatty acids 
and as an a c c e l e r a t o r  
when these materials are 
already present.

Butyraldehyde aniline 
(Figures 4 and 5) fune- 
t i o n s  i n  t h e  s am e
manner as diphenylguanidine when compounded with mer
captobenzothiazole. Since butyraldehyde aniline is a more 
powerful accelerator than diphenylguanidine, smaller amounts 
of this material were used in the accelerator mixture.

While these results indicate that some relationship exists 
between the two-accelerator effect and the solubility of zinc 
in the compound, these conclusions are, after 
all, largely hypothetical and can be proved 
only by resorting to some system which allows 
a separation of the zinc in solution.

T I M E  O F  C U R E  IN M I N U T E S  A T  I2S* C.

A.
B.

It is clear, therefore, that fatty acids improve the solution 
of zinc with mercaptobenzothiazole, but in the presence of 
diphenylguanidine they inhibit the solution of zinc. These 
observations are in agreement with compounding experiments 
which show increased ultimate tensile properties (Figure 6) 
when increments of stearic acid are added to 0.5 per cent mer-

c a p t o b e n z o t h i a z o l e  
s t o c k .  C o n v e r s e l y ,  
w h e n  3 per  cent  of 
stearic acid is added to 
a stock accelerated with 
diphenylguanidine (Fig
ure 7), stearic acid de
c i d e d l y  r e d u c e s  the 
tensile properties of the 
compound.

T h e  benzene-meth- 
anol experiments in Table
II explain the series of 
r u b b e r  c o m p o u n d s  
shown in Figures 2 and 3.

Additions of diphenyl
guanidine increase the 
amount of zinc in solu
tion (Table II, samples 
1-3), indicating that the 

improvement in tensile properties in the compounds (Figure 
2A) was due to the greater amount of soluble zinc available 
for reaction. With additions of mercaptobenzothiazole to 
a constant amount of diphenylguanidine (Table II, samples
4-6) the zinc in solution remains the same, although the 
compounds show an increase in rate of cure (Figure 2B).

TIME or CUR E IN M I N U T E S  A T  12S*C.

F ig u r e  3

Same as Figure 2A  +  3 .0  parts stearic acid 
Same as Figure 2B  + 3 . 0  parts stearic acid

E f f e c t  o f  S o l u b l e  Z i n c

Bedford and Sebrell (i), in describing the 
mechanism of vulcanization, state that zinc 
oxide reacts with the accelerator to form the 
zinc salt of that compound, which in turn 
reacts with sulfur to form polysulfides with 
the zinc salt of the accelerator. The un
stable polysulfides decompose, l i b e r a t in g  
sulfur available fo r  v u l c a n i z a t i o n ,  along 
with the reformation of the zinc salt of the 
accelerator. Side reactions decompose and 
regenerate the zinc accelerator c o m p o u n d  
continually, the c o n c e n t r a t i o n  of the zinc 
accelerator compound at any time being de-

F i g u r e  4

Rubber deficient in fatty acid 
M ercaptobenzothiazole 
Butyraldehyde aniline 
Zinc oxide 
Sulfur

A
100

0 .25
Variable

12.2
3 .0

B 
100 

Variable 
0 .25  

12 2 
3 .0
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/<J% M E R C A P T O B E N Z O T H I A Z O L E

\

I t .  M£ R C A P T O B E N Z O T H I A Z O L E

\
\

B

T IME O F  C U R E  I N  M I N U T E S  A T  I 2 5 * C . T IME O r  C U R E  I N  M I N U T E S  A T  i Z i ' C .

F i g u r e  5
A . Same as Figure 4A  + 3 . 0  parts stearic acid
B. Same as Figure 4B  + 3 . 0  parts stearic acid

In the presence of fatty acids (Table II, samples 7-12) the 
amount of zinc in solution is reduced in all the mixtures of 
mercaptobenzothiazole and diphenylguanidine.

T a b l e  I. D a t a  o n  B e n z e n e - M e t h a n o l  E x p e r i m e n t s
(All samples contained 5 grams U . S. P. zinc oxide and 2 grams of sulfur) 

M e r c a p t o -
D i p h e n y l -

S a m p l e T H IA Z O L E G U A N ID IN E F a t t y  A c i d ° Z i n c  i n  S o l n .
Grama Grama Grams Mg.

1 2 .0 ... None detectable
2 2 .0 <j.*3 1.6
3 2 .0 0 .6 8 .1
4 19.5
5 2 .0 ó . ‘ á 9 .1
6 2 .0 0 .6 8 .6

° Coconut oil fatty  acids.

T a b l e  II. D a t a  o n  B e n z e n e - M e t h a n o l  E x p e r i m e n t s
(All samples contained 5 grams U. S. P . zinc oxide and 2 grams sulfur)

M e r c a p t o 
b e n z o  D i p h e n y l -

S a m p l e t h i a z o l e G U A N ID IN E F a t t y  A c i d Z i n c  i n  S
Grams Grama Gram Mg.

1 1 .0 0 .5 6 .2
2 1 .0 1 .0 9.2
3 1 .0 2 .0 16.8
4 0 .5 1 .0 ... 8 .7
5 1 .0 1.0 9 .4
6 2 .0 1 .0 9 .3
7 1 .0 0 .5 CL3 1.2
8 1 .0 1.0 0 .3 4 .5
9 1.0 2 .0 0 .3 13.6

10 0 .5 1 .0 0 .3 4 .7
11 1 .0 1.0 0 .3 4 .9
12 2 .0 1 .0 0 .3 4 .0

Depew (2) has suggested that an equilibrium exists between 
mercaptobenzothiazole, its zinc compound, fatty acid, and 
zinc soap, and has presented evidence to show that an 
increase in concentration of soluble zinc increases rate of 
cure. A cursory examination of the data in Figure 6 would 
indicate a violation of the mass action principle. However, a 
more detailed study of the following generally accepted rubber 
reaction will serve to show that the present data do not con
flict with that principle:

ZnO +  fatty acid — >  zinc soap +  H20  (1)
Zn zoap +  mercaptobenzothiazole < ..*■ zinc mercapto

benzothiazole +  fatty acid..............................................(2)

Depew selected a compound with just sufficient zinc oxide to 
react with all the fatty acid so that further addition of fatty 
acid tended to displace the equilibrium to the left (reaction 2), 
resulting in a retardation in rate of cure. The compounds in 
Figure 6 had a definite excess of zinc oxide present so that the 
equilibrium reaction (2) was not disturbed by addition of fatty 
acid. In this case, the formation of additional zinc soap (re-

F i g u h e  6 . I n f l u e n c e  o f  S t e a r i c  A c i d  
o n  a  S t o c k  A c c e l e r a t e d  w r r n  M e r c a p t o 

b e n z o t h i a z o l e
Rubber deficient in fatty acid 100 
Stearic acid Variable
Mercaptobenzothiazole 0 .5
Zinc oxide 12.2
Sulfur 3 .0

action 1) balances the increased concentration of fatty acid in 
the equilibrium reaction (2). The benzene-methanol experi
mental data reported in Tables I and II are not comparable to 
those published by Depew (2) since these tests were run in 
the presence of hydrogen sulfide which more nearly simu
lates rubber vulcanization conditions. Bedford and Sebrell

F ig u r e  7 . I n f l u e n c e  o f  S t e a r ic  
A c id  o n  S t o c k  A c c e l e r a t e d  w i t h  

D ip h e n y l g u a n id in e

Rubber deficient in fatty acid
Stearic acid
Diphenylguanidine
Zinc oxide
Sulfur

100
Variable

1.0
12.2
3 .0

(.1) state that hydrogen sulfide is formed during vulcaniza
tion by the action of sulfur on the non-rubber constituents of 
crude rubber.
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Removal of Thiophene from Benzene by 
Catalytic Hydrogenation

Part I

R o b e r t  N . P e a s e  a n d  W a l t e r  B. K e ig h t o n , J r ., Princeton University, Princeton, N . J.

A  RECENT investigation carried out in this laboratory 
(8) has shown that sulfur compounds present in 
petroleum naphthas may be removed by passage of 

the vapor admixed with hydrogen over a nickel catalyst at 
300° to 400° C. Of the sulfur compounds studied, thiophene 
proved the most resistant. This substance was therefore 
made the object of a further attack on the problem. Benzene 
was substituted for petroleum naphtha as a carrier for better 
definition, and because thiophene is a common and difficultly 
removable impurity in benzene.

In canvassing the possibilités as to a better catalyst than 
nickel, attention was called to statements in the patent litera
ture that metal sulfides are effective (S), especially when 
admixed with metals or oxides. One of the most promising 
leads appeared to be systems of molybdenum and cobalt com
pounds. Accordingly several such catalysts were prepared 
and tested. The best of these (cobalt sulfide-molybdenum 
oxide) was then investigated in more detail.

M e t h o d  a n d  A p p a r a t u s

Flow experiments were carried out. Liquid benzene con
taining a known amount of thiophene was dropped from a 
buret at a controlled rate into a vaporizing chamber. Purified 
electrolytic hydrogen was also passed into the chamber, and 
the resulting mixture conducted into a heated catalyst tube 
and thence to a condenser.

Thiophene was determined colorimetrically by the indo- 
phenin reaction (1). This method depends upon the red-to- 
violet coloration arising when the sample is shaken with sul
furic acid containing isatin.

P r e p a r a t i o n ' o f  C a t a l y s t s .  The catalysts were prepared 
in the form of pills (6.5 mm. diameter by 2.5 to 3 mm. thick) 
made from the mixed dry powders with a pill-making machine. 
Cobalt sulfide was precipitated from nickel-free cobalt nitrate 
solution by addition of colorless ammonium sulfide; it was dried 
in carbon dioxide at 110° to 130° C ., and was considered to be 
C o S . Cobalt oxide was prepared by air ignition of the nitrate; 
it was taken to be C0 3 O4. Molybdenum sulfide was prepared by 
adding dilute sulfuric acid to ammonium tetrathiomolybdate. 
It was dried in carbon dioxide at 110° to 130° C .,  and was con
sidered to be M0S3. Molybdenum oxide was prepared by air 
ignition of ammonium molybdate; it was considered to be 
MoOj. Kieselguhr (Si02) was used as an inert diluent.

All catalysts were treated with hydrogen before use, the tem
perature being gradually raised to 400° C. This should have 
left cobalt sulfide unchanged, reduced cobalt oxide largely to the 
metal, reduced molybdenum trisulfide to the disulfide, and molyb
denum trioxide to the dioxide.

It was found that the cobalt metal catalysts reacted energeti
cally with benzene at 400° C., freeing carbon which completely 
clogged the catalyst tube. As it seemed possible that the sulfur 
compound present would poison the catalyst for this reaction if a 
somewhat lower initial temperature was used, the benzene-thio-
Ehene-hydrogen mixture was first passed over at 250° C. for some 

ours. On raising the temperature to 400°, decomposition no 
longer occurred.

D i s c u s s i o n  o f  R e s u l t s

A  series of experiments was carried out with 25 cc. ap
parent volume of catalyst pellets and a total flow rate of 100 
cc. per minute (normal temperature and pressure). In 
general, all thiophene was removed for a period of several

hours, after which the conversion decreased to a steady-state 
value. Data as to composition of catalysts and steady-state 
rates appear in Table I.

All catalysts possessed some activity. The sulfides were 
preferable to molybdenum oxide or metallic cobalt, but the 
best catalyst was the equimolecular mixture of cobalt sulfide 
and molybdenum oxide ( l ib ) . Catalyst Ha, containing much 
more cobalt sulfide than l ib  but with kieselguhr substituted 
for molybdenum oxide, was definitely less active. This is a 
case of co-activation. The presence of metallic cobalt seems 
to lower the activity of molybdenum sulfide (la and lb) but 
this may be due to carbonization of benzene induced by the 
cobalt. The metallic cobalt catalyst (Ic) is the least active of 
the lot.

T a b l e  I. C o m p o s i t i o n  a n d  E f f i c i e n c y  o f  C a t a l y s t s
(25 cc. apparent volume catalyst pellets; total flow rate, 100 cc. per 
minute (N . T . P .) ; ratio of thiophene to benzene to hydrogen, 0.005 

to 1.0 to 4.0)

C o m p o s i t i o n ® -

T h i o p h k n 'e  
R e m o v e d  

( S t e a d y  S t a t e )  
325° C. 400° C.C a t a l y s t Substance

Grams Millimoles % %
la MoSa

SiO.!>
15.3

2 .7
SO
45

59

lb M oSj
CoiOi

13.1
16.3

68
68

18 34

Ic SiOî&
CosO*

4 .1
28.5

68
118

11 19

Ha CoS
SiOj&

22.3
1.9

245
32

59 73

l ib CoS
MoO»

4 .0
6 .0

44
42

98 100

lie SiOil
MoO»

4 .7
19.6

78
136

46

lid MoOa 41.6 289 21 49
® As made up dry per 25 cc.
& Kieselguhr.

K i n e t i c s  o v e r  C0S-M 0O3 C a t a l y s t .  Catalyst l ib  was 
tested at 200 0 C .  over a range of conditions. In the first series 
the flow rate was varied; in the second, the thiophene con
centration was varied at constant benzene and hydrogen con
centrations; and in the third series the benzene-hydrogen 
ratio was varied. Results are presented in Table II. Each 
series was run off as a unit and includes a “ bracket.”  Thus, 
in series B, experiments 1 and 8 run under the same condi
tions gave 49 per cent thiophene decomposed. Variation oc
curred between series, however.

Series F indicates that the rate of removal of thiophene is 
nearly independent of the benzene (and nitrogen) concentra
tion and is affected only to a minor degree by changes in the 
hydrogen concentration. Series G shows that the percent
age removal of thiophene definitely decreases as the thio
phene concentration is increased. The order of reaction is 
thus less than the first. Examination of the data obtained 
with varying flow rate (series B) leads to the same conclusion. 
This may mean either that reaction is conditioned by a nearly 
saturated surface layer of thiophene, or that a product (e. g., 
hydrogen sulfide) acts as a poison.

The possibility that the benzene is simultaneously hydro
genated was investigated by determining the freezing point be
fore and after treatment. Any hexahydrobenzene formed 
would have depressed the latter (4). The results proved that

1012
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no more than 2 per cent of the benzene could have been 
hydrogenated even if the whole freezing point depression was 
due to this alone.

T a b l e  II. K i n e t i c s  o v e r  C c S - M o 0 3 C a t a l y s t  a t  2 0 0 °  C .

(1 atmosphere total pressure)
F l o w  R a t e ---------------- I n i t i a l  P r e s s u r e C íH íS

E x p t . a t  2 0 0 °  C . C jH łS X  103 H , C e li# R e a c t e d
Cc./min. -------------- Atmospheres — %

HYDROGEN AND UENZENE VARIED, N j ADDED
F7 9 0 3 .3 2 0 .3 2 2 0 .6 7 8 21

6 89 3 .2 9 0 .3 2 8 0 .6 7 2 23
4 « 9 0 3 .2 3 0 .3 2 1 0 .3 5 9 24
36 89 3 .1 5 0 .3 2 5 0 .3 5 0 2 4
5 9 0 3 .2 1 0 .6 4 3 0 .3 5 7 33
1 9 0 3 .1 9 0 .6 4 6 0 .3 5 4 33
2 9 0 3 .1 9 0 .6 4 6 0 .3 5 4 35
8 85 2 .8 6 0 .6 8 3 0 .3 1 7 3 3
9 85 2 .8 6 0 .6 8 3 0 .3 1 7 31

t h i o p h e n e  v a r i e d

G 5 87 1 .6 7 0 .6 5 9 0 .3 4 1 66
6 88 1 .6 7 0 .6 5 9 0 .3 4 1 7 0
7 81 2 .7 8 0 .7 1 2 0 .2 8 8 52
4 8 5 3 .0 7 0 .6 8 2 0 .3 1 8 5 0
1 8 8 3 .2 8 0 .6 6 0 0 .3 4 0 * 46
2 86 6 .7 0 0 .6 7 2 Q .3 2 8 38
3 8 7 6 .7 0 0 .6 6 8 0 .3 3 2 39

FL O W  RATE VARIED
B 5 3 70 1 .8 4 0 .6 2 5 0 .3 7 5 17

6 3 3 6 1 .5 2 0 .6 9 0 0 .3 1 0 23
3 195 1 .9 7 0 .5 9 6 0 .4 0 4 34
4 179 1 .7 5 0 .6 4 2 0 .3 5 8 34
8 9 4 1 .8 9 0 .6 1 4 0 .3 8 6 49
1 9 2 1 .8 0 0 .6 3 3 0 .3 6 7 49
7 89 1 .7 1 0 .6 5 0 0 .3 5 0 53
2 47 1 .8 9 0 .6 1 0 0 .3 9 0 74

“  N j 
b N î

0.320 atm. 
0.325 atm.
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S u m m a r y

A series of catalysts, including cobalt and molybdenum sul
fides, has been tested in the removal of small quantities of 
thiophene from benzene by hydrogenation.

An equimolecular mixture of cobalt sulfide and molyb
denum oxide was the most active catalyst of those tested. 
At a space velocity (hours-1) of 240, 0.5 mole per cent of thio
phene was completely removed at 325° C., with a 4H?:1C6H6 
mixture.

Detailed investigation of the reaction at 200° C. in the pres
ence of the cobalt sulfide-molybdenum oxide catalyst showed 
that the rate was little affected by changes in hydrogen 
or benzene concentrations. The order with respect to thio
phene was less than the first, indicating either a nearly satu
rated surface layer of thiophene, or poisoning by-products.
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Part II
R o b e r t  N. P e a s e  a n d  W e n d e l l  C. M u n r o , Princeton University, Princeton, N. J.

I N EXTENSION of the investigation reported in Part I, 
additional catalysts have been tested. The method 
and apparatus used are unchanged.

Four catalysts were pr-epared as follows:

1. Cobalt oxide from the nitrate was reduced in hydrogen 
and subsequently treated with hydrogen sulfide gas to produce a 
surface layer of sulfide.

2. Cobalt sulfide and chromic oxide were co-precipitated from 
their nitrate solutions with ammonium hydroxide and hydrogen 
sulfide. The ratio was one mole CoS to one mole Cr20 3.

3. Chromic oxide was precipitated from the nitrate with 
ammonium hydroxide. This catalyst retained much water at 
110° to 130° C.

4. Cobalt oxide and molybdenum sulfide were mixed in 
powder form. The ratio was one mole Co3Oj to one mole MoSj.

All catalysts were made into pills of which 25 cc. apparent 
volume were used. All samples were first treated with hydro
gen at 400° C. and then with the hydrogen-benzene-thiophene 
mixture also at 400°. Tests were made with a mixture of 1 
mole benzene, containing 0.5 mole per cent thiophene, to 4 
moles hydrogen. The total flow rate was 100 cc. per minute 
(normal temperature and pressure). Results for steady-state 
operation are given in Table I.

T a b l e  I. E f f i c i e n c y  o f  C a t a l y s t s

C a t a l y s t D e s c r i p t i o n

Cobalt treated H«S 
CoS—CriOa 
C r jO î . z H jO  
C o- M oS j

T h i o p h e n e  R e m o v e d  
200° C. 400° C.

% %
0 1

38 100
0 100

37 98

Comparison of these results with those of Keighton (Part I) 
indicates that catalysts 2 and 4 were as good as Keighton’s 
best catalyst l ib  (C0S-M 0O3) . Catalyst 4 was much superior 
to the corresponding preparation made by Keighton. The

reason for this is not clear, since the only difference was that, 
after reduction, Keighton’s preparation was treated with the 
reaction mixture first at 200° C. while Munro’s preparation 
was first treated at 400°. The treatment at 200° was in
tended to prevent carbonization.

The inactivity of catalyst 1 was unexpected. Pure cobalt 
wras found by Keighton to have moderate activity, whereas 
cobalt sulfide was next to the best catalyst. It might have 
been expected that a surface layer of sulfide on cobalt would 
lie between, instead of being the least active. The explana
tion is presumably to be sought in the existence of an un
broken layer of sulfur on the cobalt treated with hydrogen 
sulfide. Such a layer is probably firmly bound as compared 
to a similar layer on the fully saturated sulfide. Hence, 
interchange with the substrate would be more difficult. Pre
sumably if the untreated metallic cobalt wras exposed to the 
reaction mixture under such conditions that most of the sul
fur remained on the surface, similar inactivity would have 
resulted. The fact that the hydrogen has access to the sulfur 
while it is being laid down gives the untreated cobalt catalyst 
such activity as it possesses.

S u m m a r y

Cobalt sulfide plus chromium oxide, and chromium oxide 
alone are good catalysts for removal of thiophene from ben
zene by hydrogenation.

Metallic cobalt pretreated with hydrogen sulfide is inactive, 
although untreated cobalt and cobalt sulfide are active.
R e c e i v e d  February 27, 1933. This paper contains results of an investiga
tion carried out as part of Proiect 40 of American Petroleum Institute 
research. Financial assistance has been received from a research fund 
donated by John D. Rockefeller. This fund was administered by the 
American Petroleum Institute with the co5peration of the Central Petroleum 
Committee of the National Research Council. Hugh S. Taylor of Princeton 
University was director of Proiect 40.



Rate of Solution of Methane in Quiescent 
Liquid Hydrocarbons

R ic h a r d  D . P o m e r o y , W il l ia m  N .  L a c e y , N a t h a n  F . S c u d d e r , a n d  F r e d e r ic k  P . St a p p  

California Inslitute o f Technology, Pasadena, Calif.

I NCREASING use in recent 
years by the petroleum in
dustry of the p r o c e s s  of 

“ repressuring”  by forcing gases 
into an oil formation has led to 
a de s ir e  f o r  m o re  i n t i m a t e  
knowledge of the nature of the 
changes taking place during this 
process. It is desirable to know, 
among other things, the extent to 
which gas wi l l  d i s s o l v e  and 
diffuse into the oil in a forma
tion.

Some measurements are on 
record of the rate of diffusion of 
a few  gases in w a t e r  and 
aqueous solutions and in alcohol 
(4). However, no information 
has b een  f o u n d  w h i c h  wi ll  
f u r n is h  a r e l i a b le  basis for 
predictions as to the extent to 
which gases will diffuse through 
oils and oil sands, e s p e c i a l l y  
at high pressure.

For practical purposes it is most important to know how 
gases diffuse through oil sands, but the initial experiments 
treated the simpler cases of homogeneous liquids. In this 
article some theoretical considerations are discussed, and the 
apparatus which has been evolved for making the desired 
measurements is described. Only such experimental data are 
presented as are needed to demonstrate the method and the 
principles involved.

T h e o r e t i c a l  P a r t

The mechanism of the diffusion of various solutes through 
aqueous solutions was considered first by Parrot in 1815. 
Graham (2) made the first real investigation of the subject 
in 1850, and Fick (1) later proposed that “ the quantity of 
salt which diffuses through a given area is proportional to the 
difference between the concentrations of two areas infinitely 
near one another.”  Subsequent investigations have demon
strated the validity of Fick’s proposition (£?).

Assuming this proposition, we may write:

where a =  q u an tity  of solute which has passed a  given point 
A  — area a t right angles to  direction of flow  
C =  concentration  
x  =  distance in direction of flow  
t =  tim e  

D  =  diffusion constant

If centimeter-gram-second units are used, this equation de
fines the absolute diffusion constant. Its dimensions are 
square centimeters per second.

Under experimental conditions, a gas is caused to diffuse 
into a body of liquid in the form of a cylinder, with the surface 
o f the liquid perpendicular to the axis of the cylinder. It is 
desired to know the rate at which the gas will be absorbed by

the liquid, and how the gas will 
distribute itself in the body of 
the liquid. Two cases should 
be c o n s i d e r e d :  (1) The
cylinder of liquid is of infinite 
length; and (2) the cylinder is 
of finite length.

C y l i n d e r  o f  L iq u id  o f  I n 
f i n i t e  L e n g t h .  In  this dis
c u s s i o n  o n l y  those cases are 
considered in which the initial 
concentration is uniform and in 
which the pressure of gas on 
th e  s u r f a c e  o f  the l i q u i d  is 
kept constant during the experi
ment. Furthermore, it is as
sumed that the layer of liquid 
immediately under the surface 
is a l w a y s  s a t u r a t e d .  The 
saturation concentration (in cc. 
of gas per cc. of so lu t i on )  
m a y  be r e p r e s e n t e d  by C.. 
Letting the initial concentration 
be Co and the d i s t a n c e  below 

the surface of the liquid be x, these conditions may be em
bodied in the equations:

C =  Co at t =  0 for all values of x (2)
C =  C, at x =  0 for all values of t (3)

The mathematical procedure for the solution of Equation 
1 was first worked out by Fourier in connection with the 
treatment of the problem of the flow of heat, and may be 
found in mathematical textbooks, especially Ingersoll and 
Zobel (S). The application to the case of gas diffusion is 
credited to Stefan (7). The solution subject to the given 
conditions is:

X

C ~  C° i  _  _L . i 2^  e - » '  dp 
c .-c , ViJo (4)

In most of the experimental work, Co is 0, in which case the 
left side of the equation becomes C /C , and represents the 
fraction of the saturation concentration or the degree of satu
ration at any point in the liquid. The integral is of the form 
known as the probability integral, and values for it may be 
found in mathematical tables. A plot of this equation (let
ting Co =  0) is given in Figure 1.

If one differentiates Equation 4 with respect to x, substi
tutes in Equation 1, lets x equal 0, and integrates, there is 
obtained an expression for Q, the total amount of gas which 
has dissolved since the beginning of the diffusion process. 
The equation is:

Q =  2 C.A (5)

The derivation of these equations involves certain assump
tions as follows: (a) Equation 1 assumes that the diffusion

A n apparatus lias been constructed which al
lows the determination of diffusion constants and 
solubilities of gases in liquids at pressures up to 
30 atmospheres. The possibilities and limita
tions of the method have been investigated both 
theoretically and experimentally. Results ob
tained with methane dissolving in isopentane are 
found to be in good agreement with theoretical 
equations. A  consideration of the assumptions 
involved, together with the consistency of the 
results, indicates that the method is capable of 
giving fairly reliable values for  the true absolute 
diffusion constant, although the probable error 
may be as great as h per cent. A n  investigation 
of the extent to which the diffusion constant may 
be affected by pressure or by the concentration of 
methane gas in solution up to pressures of 20 
atmospheres (approximately 300 pounds per 
square inch) did not reveal any effect.
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constant does not change with the concentration of the solu
tion; (b) Equation 3 assumes, in the case of a gas diffusing 
into a liquid, that the layer immediately under the surface is 
always saturated— that is, that a surface film does not retard 
the passage of gas into the liquid; (c) the gas moves through 
the liquid only by diffusion.

(a) The first assumption cannot be more than an approxima
tion. Experiments have been made, as will be related later, in 
an attempt to find to what extent the rate of diffusion is influenced 
by the concentration.

(b) With regard to the second assumption, if there is present 
a surface film which retards the passage of the gas into the liquid, 
the retardation would be more serious in the early part of a run 
when the gas is diffusing away from the surface rapidly, and 
would have relatively less effect later in the run when the gas is 
diffusing more slowly. Thus the rate of solution would be 
slower near the beginning of a run than the rate demanded by 
the equations. If the form of Equation 5 were experimentally 
verified, it would prove that the second assumption was sub
stantially true.

(c) The third assumption is not accurately true, even in the 
absence of convection currents. For when the gas dissolves in 
the liquid, the volume of the solution is greater than the volume 
of the original liquid. This expansion is of the order of 1 to 4 per 
cent at saturation in these experiments, with methane at pres
sures up to 20 atmospheres (approximately 300 pounds per square 
inch). A mathematical treatment of this effect has been devised, 
and it is found that the error which is introduced into Equation 5 
is negligible in these cases. In some later experiments with 
methane at higher pressures, and with ethane and propane, the 
effect was not negligible. The magnitude of the correction will 
be discussed in a later article when those results are described.

C y l i n d e r  o f  L iq u id  o f  F i n i t e  L e n g t h .  Let I be the 
length of the cylinder of liquid. At the end of the column of 
liquid there will be no flow and hence no concentration gradi
ent. Hence Equation 1 should be solved subject to the con
dition:

SC 
Sx— =  0 at x = I (6)

As before, the solution may be found in mathematical works. 
Concentration is given by the equation:

C - C  o 
C. - C „ = 1

7 /i —  CO

/  y 2m -
-P(2m -  X)V»1

sin (2vi — 1 ) k x / 2 I

When t is large (late in a run), all terms of the summation 
beyond the first can be neglected, and, for the case where Co 
is zero, there is obtained the expression:

C
C. (8)

where Q, =  quantity of gas dissolved in liquid at saturation. 
This shows that the diffusion concentration curve in this case 
becomes a simple sine curve.

The expression for the total amount of gas which has 
diffused into the liquid is:

Q =  C M

m =* co

M Z - (2m -  l )2
(9)

When t is very small, so that the gas behaves as though it 
were diffusing into an infinite column of liquid, Equation 9 
reduces to Equation 5. When that equation is compared with 
Equation 9, it is found, by making calculations according to 
both equations, that 9 differs from 5 by only 0.02 per cent 
when the amount of gas dissolved in the liquid is 30 per cent 
of the amount necessary to saturate the liquid, by 0.25 per 
cent when the liquid is 50 per cent saturated, and by only 
4.7 per cent even when the saturation is 70 per cent.

On the other hand, as t increases, the summation in Equa

tion 9 converges more and more rapidly, until finally it is 
possible to neglect all terms beyond the first, in which case 
there results the equation:

Q = C.Al H (10)

This approximation involves an error of only 0.20 per cent 
when the saturation is 50 per cent and decreases rapidly as the 
saturation increases. lienee one can fairly accurately de
scribe the course of a diffusion run by Equation 5 from 0 to 
50 per cent saturation and by Equation 10 from 50 to 100 
per cent.

F i g u r e  1 .  C h a r a c t e r i s t i c  D i s t r i b u t i o n  o f  
G a s  D i f f u s i n g  i n t o  L i q u i d  f r o m  t i i e  S u r f a c e

In this case the expansion of the solution not only results 
in transporting some of the solute farther from the surface, 
but also causes I to have a changing value. A careful con
sideration of what value should be given to I, in the absence 
of a rigorous mathematical treatment, has indicated that if 
I is taken as the length of the column of saturated solution, 
no appreciable error will be caused by the changing length.

M a t e r i a l s  a n d  A p p a r a t u s

M a t e r i a l s .  The liquids used in the experiments de
scribed were isopentane, and a high-boiling gasoline 
fraction. The isopentane was obtained by repeated 

(7) fractionation of casinghead gasoline. The material 
used had a boiling range of 27.3° to 28.2° C. (corrected 
to 760 mm.).

In order to obtain the gasoline fraction, a quantity of com
mercial gasoline was fractionated three times. The portion 
boiling between 170° and 180° C. was given intensive treat
ment with fuming nitric acid, washed with sulfuric acid, water, 
and sodium hydroxide solution, dried over calcium chloride, 
and fractionated several more times. The final product 
had a boiling range of 79.4° to 88.5° C. at 3S mm.; density 
at 30° C. =  0.7894 gram per cc.; index of refraction at 23° 
C. for sodium D line =  1.4399. A consideration of these 
properties indicates that the material probably consisted 
largely of naphthenes.

The gas used was methane, obtained from dry natural gas 
from Southern California fields. The samples of natural gas 
used contained between 85 and 95 per cent of methane. The 
methane was purified by allowing it to stand for a half-hour 
or more at a pressure of 35 to 70 atmospheres (500 to 1000 
pounds per square inch) in a cell filled with activated char
coal. The methane obtained by this method was analyzed 
occasionally by passing a known volume into a liquid-air trap 
and then applying a vacuum to the trap for a suitable length 
of time. All of the probable constituents of the gas except 
methane and nitrogen are completely retained in such a trap, 
and may be measured by the pressure which they exert after 
removing the liquid air. The condensable fraction, doubtless 
consisting principally of ethane, was never found to be over 
2 per cent, and was usually about 1.5 per cent. The gas from



Southern California fields is known to contain very little 
nitrogen. Furthermore, the nitrogen, by virtue of having a 
solubility less than that of methane, would in part counter
act the effect of the ethane, which has a greater solubility.

A p p a r a t u s . The plan adopted for the determination of 
diffusion rates was to place the liquid in a cylindrical cell, 
admit gas to the cell until the desired pressure was reached, 
and then keep this pressure as nearly constant as practicable 
by adding more gas from time to time to replace that which 
diffused into the liquid. The volume of gas which had been 
added was determined, and this, together with the times cor
responding to the additions, constituted the data for the calcu
lation of diffusion constants.

1016 I N D U S T R I A L  A N D  E N G
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F i g u b e  2 . A b s o r p t i o n  C e l l

Figure 2 shows diagrammatically the apparatus now being 
used for the making of these measurements. The apparatus 
was remodeled recently, and hence the one used for the 
measurements described in this article wi\s not identical 
with that shown in the diagram, but the changes did not 
involve any new principles.

The absorption cell is made of brass with walls 5.5 mm. thick, 
and has an inside diameter of 35.54 mm. and an inside length 
of 102 mm. The cell is closed by a brass plate which bolts on to 
a flange around the top of the cell. Into the plate and the flange 
are cut matched grooves 2.4 mm. deep. A lead gasket is cast to 
fit these grooves and serves to make the cell gas-tight in a very 
satisfactory manner. The top plate is fitted with an outlet 
valve and a connection to flexible copper tubing through which 
the gas is admitted to the cell. A 3.5-inch (8.9-cm.) 500-pound, 
Crosby test gage, connected to the copper tubing, serves to 
measure the pressure in the cell. This test gage is calibrated from 
time to time against a dead-weight tester. A copper shield in 
front of the inlet prevents the incoming gas from causing agita
tion of the surface of the liquid.

The valve controlling admission of gas to the cell is sensitive 
enough to allow the gas to be admitted a fraction of a cubic centi
meter at a time if necessary, even with a differential pressure of 
several hundred pounds. The packing on the low-pressure 
side must be practically leak-proof. Leakage of one cc. a day 
is the maximum that could be tolerated. Raw-hide disks were 
previously used, but these have been replaced by metallic pack
ing moistened on the inside with a very small amount of mercury. 
This same packing arrangement is being used on an apparatus 
operating at 170 atmospheres (2500 pounds per square inch) and 
snows no detectable leakage.

During the experiments described, the reservoir from which 
gas was admitted to the cell consisted of an 8-inch (20.3-cm.) 
Ashton bronze-tube gage, reading from 300 to 600 pounds per 
square inch (approximately 20 to 40 atmospheres). In order 
that the readings of the gage might be used as a measure of 
the amount of gas in the reservoir, calibrations were carried 
out by filling the gage with gas and withdrawing it, by steps, 
in a very accurate pipet at atmospheric pressure, the cor
responding gage pressures being recorded. From these data, 
charts were prepared giving the total amount of gas delivered 
when the gage dropped from its maximum reading down to 
any other reading.

The volume of this gage was a little over 100 cc. Readings 
were made to Ve pound, corresponding to about 1.2 cc. In 
spite of the fact that the gage was only of the ordinary type 
intended for industrial use, remarkably good results were 
obtained. Two calibrations made a week apart, covering a 
range of 1000 cc., gave curves deviating from each other ir
regularly by an average of 1.9 cc. with no definite trend to 
the deviations. Other duplicate calibrations gave similar 
results of at least equal reproducibility. The gage was cali
brated every 2 to 4 months. Over these intervals of time, 
some definite change was always noted, sometimes in the di
rection of larger volumes, sometimes of smaller. The maxi
mum difference was about 5 per cent, with the difference 
between successive calibrations never exceeding 2 per cent. 
Interpolations between successive calibrations were made on 
the basis of the time interval.

The apparatus thus far described was enclosed in an air 
bath controlled by a thermostat. This thermostat main
tained the temperature within 0.05° C. of the desired value.

The increase in volume of the liquid when the gas is dis
solved in it must be known for the correct interpretation of 
the results. This was obtained in an apparatus similar in 
principle to one used by Mills and Heithecker (5) but con
structed of glass. Two glass bulbs, a lower one of 25 cc. 
volume and an upper one of 15 cc. were joined by a graduated 
tube 0.472 cm. in diameter and 13 cm. in length. An outlet 
from the upper bulb led to one side and downward, and to 
this was fastened a high-pressure rubber hose, which com
municated with a gage and with the supply of methane.

By filling this apparatus with oil up to a mark in the 
graduated tube, evacuating, and then saturating with gas 
under pressure by repeatedly inverting the apparatus, and 
noting the rise in the height of the oil, the increase of volume 
could be calculated. This apparatus has withstood a pres
sure of over 13 atmospheres (200 pounds per square inch). 
Readings were taken at three or more successively increasing 
pressures. The increase in the height of the oil at 10 atmos
pheres (approximately 150 pounds) was usually 2 to 4 cm. 
By using care to secure uniform drainage conditions, and by 
keeping the apparatus thoroughly thermostated, readings 
could be obtained which were consistent to 0.03 cm.

E x p e r i m e n t a l  R e s u l t s

General Equation 9 expressed the quantity of gas dissolved 
in the liquid as a function of time, which should be valid 
throughout the entire course of an absorption run. Equa
tions 5 and 10 were shown to be close approximations to 9, 
valid, respectively, for the first half and the last half of a 
run. The diffusion constant is most easily determined by 
continuing an absorption run until the liquid is not over 50 
per cent saturated, and applying Equation 5. However, it 
seemed worth while to carry one run very near to completion 
and thereby subject the absorption equations to a more 
rigorous test. The liquid chosen for this purpose was iso- 
pentane.

The diffusion cell was partly filled with 28.69 grams of iso-
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pentane, and, after assembling the apparatus and bringing 
it to 30° C., methane was admitted until the gage on the cell 
read 200. No attempt was made to remove the air from the 
cell, because if the air in the gas phase is in equilibrium with 
air dissolved in the liquid, which we may assume is approxi
mately the case, this equilibrium will be only slightly af
fected while the methane diffuses into the oil. A  careful 
consideration of the extent to which this equilibrium would 
he disturbed has shown that any error due to this cause is 
negligible. After making necessary corrections for error in 
the gage and for partial pressures of air and isopentane vapor, 
the partial pressure of the methane in this run was found to 
be 192.5 pounds per square inch (13.1 atmospheres).

During the course of the run the gage was usually allowed 
to drop to about 198 pounds per square inch (13.5 atmos
pheres); gas was then admitted until the reading was 200 
(13.6 atmospheres) and the time and the reading of the reser
voir gage recorded. More gas was admitted until the gage 
read 202 (13.7 atmospheres) (or as far above 200 as it had 
previously fallen below 200), and the apparatus was then 
allowed to stand until the pressure had again fallen to 198 
pounds per square inch. It has been determined experi
mentally that if the fluctuations of pressure are allowed to 
become as great as 15 pounds (one atmosphere) instead of 
the limit of 4 pounds (0.27 atmosphere) observed in this run, 
no effect upon the average course of the absorption of gas 
is noted. Hence it may be assumed that, when the pressure 
fluctuates regularly between 198 and 202 pounds, the gas 
diffuses substantially as though the pressure were constant 
at 200 pounds per square inch.

The diffusion process was continued for 82 hours, until the 
liquid was 98.9 per cent saturated, and then the cell was re
moved from the support and shaken to obtain complete 
saturation. Sixty sets of readings were obtained in this run.

The exact amount of gas which must be admitted to the 
cell in order to raise the pressure to the desired value before 
any gas dissolves cannot be directly determined. The gas 
may be admitted very rapidly up to the run pressure, and the 
reservoir gage read immediately, but even this reading would 
have no significance, for effects due to the heat of compression 
render invalid any readings for at least a minute. The rate 
of absorption at the beginning of the run is, of course, very 
high, and so several cubic centimeters of gas are absorbed in 
the first minute.

In spite of this difficulty, the total amount of gas admitted 
to the cell may be plotted against \ft, and a straight line 
should result if Equation 5 is valid. Or, more conveniently, 
one may- plot against \/l the volume equivalents of the gage 
readings as obtained from the calibration charts. These

what may be considered the start of the diffusion process. 
In other words, 374.5 cc. is the equivalent of the reservoir 
reading which would be obtained if the cell were filled just 
to a pressure of 13.1 atmospheres (192.5 pounds per square 
inch) of methane but without any gas diffusing into the oil.

The values obtained by subtracting 374.5 from the sub
sequent readings are not the volumes of gas actually dissolved 
by the oil, a correction being necessary because of the ex
pansion of the liquid when the gas dissolves in it and the 
consequent reduction in the volume of the gas space. It 
can easily be shown that the correction factor which must 
be applied to the volumes of gas admitted to the cell in order 
to give the volumes dissolved is 1/(1 — ep), where e is the 
increase in volume of the solution per cc. of gas dissolved, 
and p is the pressure in atmospheres. Values for t were found 
by use of the change-of-volume apparatus described previ
ously. A summary of the data used for these calculations is 
given in Table I. The values for the volume of gas dissolved 
are calculated from solubility coefficients obtained from satu
ration values of the absorption runs, after first making pre
liminary corrections of these saturation values with approxi
mate values of e.

T a b l e  I. E f f e c t  o f  D i s s o l v e d  M e t h a n e  u p o n  V o lu m e  o f  
L iq u id  a t  30° C. (86° F.)

L i q u i d

I n 
c r e a s e

P r e s s u r e  I n t e r v a l  i n  V o l .

G a s
D i s 

s o l v e d

I n c r e a s e  
o f  V o l u m e  

p e r  cc. 
G a s  D i b -

°  SOLVED
Atm. Lb./sq. in. Cc. Cc. Cc.

Isopentane 
(26.53 cc.)

0 -  2.89 
0 -  6.29 
0-  8.62 
0 -10 .06

0 -  42.5  0.172 
0 -  92 .5  0 .392 
0 -126 .7  0.531 
0 -14 7 .8  0.614

65.6  
142.8
195.6 
228.0

0.00262
0.00274
0.00271
0.00269

Weighted average 0.00270
Gasoline fraction 

(33.89 cc.)
1 .44 -6 .76
1 .4 4 -8 .30

2 1 .1 -  99 .4  0.240
2 1 .1 -12 2 .0  0.309

110
142

0.00218
0.00218

Weighted average 0.00218
° At one atmosphere pressure and 30° C.

The consistency of the results obtained indicates that the 
accuracy is more than adequate for making the small expan
sion correction with a considerable degree of certainty. There 
is no evidence of a variation of e with the pressure, so that 
the use of these values at somewhat higher pressures is justi
fiable. Furthermore, results of Mills and Heithecker (-5) 
obtained with dry natural gases and crude oils indicate that 
e is constant up to 1000 pounds per square inch (68 atmos
pheres).

The correction factor for this run is 1.0367; when this fac
tor is applied, the volume of methane dissolved at saturation

T a b l e  II. D i f f u s i o n  C o n s t a n t s  f o r  M e t h a n e  a t  30° C . (8 6 ° F.)

L i q u i d

Isopentane 
Gasoline fraction 
Gasoline fraction 
Gasoline fraction

P r e s s u r e  I n t e r v a l

Atm. 
0 -13 .10  
0 -  9 .77 

77-19.56 
0-19 .56

Lb./sq. in. 
0 -192 .5  
0 -143 .5  

143 .5-287.5  
0 -287 .5

Cb S o l . o f Cm/p S o l .
G a s  p e r  cc . p e r
S a t d . S o l n . L B ./S Q . IN .

Cc.
10.95
6.00 0.0418
5.98 0.0415

11.77 0.0409

C» FROM
Av.

Ct/p D X  10*

14.00
5^93 4.97
5.93 5.01

11.87 4.98

values differ from the actual volumes of gas admitted by some 
constant quantity corresponding to the reading of the reser
voir gage before the start of the run. Such a plot of the data 
of this run is shown in Figure 3. Gas volumes are calculated 
for one atmosphere pressure and 30° C. It will be seen that 
a fairly' straight line is obtained for the first part of the run, 
and this verifies the form of Equation 5.

If this straight line is extrapolated to zero time, a value of
374.5 cc. is obtained. When this number is subtracted from 
the volume equivalents of the gage readings, values are ob
tained which correspond to the volume of gas admitted after

is 524 cc. (at one atmosphere and 30° C.). The height of 
the liquid at saturation (I of Equation 10) is calculated to 
be 4.898 cm. The volume of the liquid at saturation is calcu
lated to be 47.87 cc., corresponding to a cross-sectional area, 
A , of 9.774 sq. cm. Dividing 524 cc. by 47.87 cc. gives 10.95 
cc. of gas per cc. of saturated solution as the value of C,.

The diffusion constant may be calculated from the equa
tion

D 14,400 A *C,2
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obtained by differentiating Equation 5 and converting hours 
to seconds. Values for the diffusion constant, D, were calcu
lated for each set of readings, using Equation 5 or 10 as re
quired. The average value is 14.00 X  10~5 sq. cm. per sec
ond. As a test of the accuracy with which the data fit the 
equations, this average value of D  was used to calculate the 
volume of gas which should have been absorbed at the time 
of each reading. These calculated values differ from the 
experimental values by an average of 1.5 cc. At only six 
of the sixty points does the deviation exceed 3 cc. with a

F i g u r e  3. A b s o r p t i o n  R a t e  D a t a  a t  30° C.
(8 6 ° F . )  f o r  M e t h a n e  i n  I s o p e n t a n e

maximum deviation of 4.2 cc. This is well within the limits 
of error of the method of measurement. There is no definite 
trend to the deviations.

Ordinarily the absolute diffusion constant may be conven
iently calculated from the slope of the line obtained when vol
umes are plotted against square roots of time, rather than 
from the data of individual points. Furthermore, it is not 
necessary to apply the correction factor for expansion of the 
liquid to the volumes before plotting; we may merely correct 
the slope of the line obtained by plotting the original volume 
equivalents of the reservoir gage readings. The uncorrected 
slope of the line as obtained from a large-scale plot of the 
volume equivalents against the square root of the time in 
hours is designated as in'. When the correction factor is 
applied to m' the corrected slope, m, is obtained.

The bearing of these results upon certain assumptions 
which are inherent in the calculations may be examined:

(1) It has been assumed that the rate of diffusion is independent 
of the concentration. The proportionality between Q and y/t 
involved in Equation 5 early in a run would be obtained regard
less of any effect that the solute might have on the properties of 
the solvent. In fact, it can be shown that the only requirement 
necessary to obtain this relationship is that the curve represent
ing the distribution of solute under the surface should always 
have the same shape, regardless of what it might be, merely ex
panding in the x direction with increasing time. However, if 
the rate of diffusion is influenced to a considerable extent by the 
dissolved gas, a changing value of D should be observed during a 
run which is carried near to saturation. The constancy of the 
values of D found in the isopentane experiment would seem to 
indicate that the concentration did not have any very great 
effect upon D, although a small effect might escape notice.

(2) Saturation of the surface layer at all times is assumed. 
As was pointed out previously, an increasing value of D would be 
obtained if the liquid immediately under the surface were not 
completely saturated at all times. The experimental results 
seem to be good evidence that there is no appreciable retardation, 
under these experimental conditions, in the passage of the gas 
through the surface of the liquid.

(3) It is assumed that no solute is transferred by convection. 
The tendency for convection to take place is greatly reduced by 
the fact that the solutions of methane in oils have a lower density 
than the pure oils. The difference in density in this isopentane 
experiment is calculated to be 2.7 per cent. By virtue of this 
fact, a stable density gradient is established. One of the pre
liminary experiments was made with carbon dioxide and kerosene.

It gave a very high diffusion constant at first, decreasing greatly 
with time. The explanation of this is that the solution is heavier 
than the pure liquid, and hence convection occurs, this effect 
being most pronounced when there is only a little gas in solu
tion. Tests to indicate how great fluctuations in temperature 
would be necessary to introduce convection errors showed that 
the accuracy of thermostating was adequate. The fact that the 
experiment agrees so well with the theoretical equations is an 
indication that there were no appreciable convection effects.

In order to obtain more information as to the effect of the 
concentration upon the diffusion rate, a so-called split run 
was tried with the high gasoline fraction. In this experiment 
a diffusion run was made at 143.5 pounds per square inch 
(9.76 atmospheres) pressure, the liquid was then saturated 
at that pressure, and another diffusion run was made upon 
the resulting solution at 287.5 pounds per square inch (19.56 
atmospheres), or almost exactly twice the first pressure. An
other experiment was then made in which the pressure was 
raised at once from 0 to 287.5 pounds. If the diffusion con
stant is not appreciably affected by the concentration, and if 
the solubility is proportional to the pressure, the rate of solu
tion should be the same in the first two cases, and twice as 
great in the third.

In Figure 4 these runs are shown graphically; in Table II 
is given a summary of the results. C. for the second half of 
the split run refers just to the gas dissolved above 9.76 atmos
pheres (143.5 pounds per square inch). When the values of 
C. are divided by the pressure intervals (in pounds per square 
inch) the values obtained are approximately constant, the 
difference being within the limits of experimental error. A 
weighted average of this ratio of C,/P is used to calculate 
values of C, for substitution in Equation 5. In view of the 
fact that D  depends upon the square of m, the three values

/ 1

/
/

• >

a-*'*'

O | 2  3  4  5  6

^ T IM E , IN HOURS

F i g u r e  4. A b s o r p t i o n  R a t e  D a t a  
a t  3 0 °  C. ( 8 6 ° F . )  f o r  M e t h a n e  in  
G a s o l i n e  F r a c t i o n  (45.4° A . P. I.)
Curve 1. Pressure changed from  0 to  19.56 

atmospheres 
Curve 2. O  Pressure changed from 0 to 9.76 

atmospheres 
A  Pressure changed from 9.76 to 

19.56 atmospheres

are seen to agree surprisingly closely; actually the expected 
experimental error is considerably greater than the differences 
which appear in the results.

From a consideration of the information furnished by the 
experiments which have been described and from a considera
tion of the probable experimental errors, it seems safe to 
say that any effect which the concentration or pressure up to 
20 atmospheres ( approximately 300 pounds per square inch) 
may have upon the rate of diffusion of methane in light oils 
probably does not exceed 4 per cent.

In addition to the possible sources of error which have been 
discussed, there wTas another present in these experiments 
which probably was not negligible— the effect of the impurities 
in the methane. Since ethane is more soluble in oils than is 
methane, a content of 1 to 2 per cent of ethane might be 
expected to give a rate of solution slightly higher (not over 
one per cent) than would be obtained with pure methane.
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However, the preparation of an adequate supply, under pres
sure, of methane of higher purity than that which was used is 
a difficult undertaking, and it seemed probable that the 
slightly impure methane would give results accurate enough 
for the purpose for which the experiments were originally 
undertaken.
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Chemical Treatment of Rotary Drilling Fluids
Stabilization of Weighted Dispersions: Effect of pH Value

H. A. A m b r o s e  a n d  A. G. L o o m is  

Mellon Institute o f Industrial Research and Gulf Research Laboratory, Pittsburgh, Pa.

T HERE are two standardized methods now in general 
use for boring oil wells, the cable tool or “ standard rig”  
and the hydraulic rotary system of drilling. In cable 

tool drilling the bit is caused to rise and fall by a suitable 
mechanism, alternately withdrawing and releasing the sus
pending cable, thus pounding and fracturing the rock forma
tions beneath the bit. The rock cuttings are suspended by a 
short column of water in order to expose constantly a fresh 
surface to the bit. The accumulation of such material 
would soon cause inefficient drilling, of course, and therefore 
the bit is frequently withdrawn to permit the removal of 
accumulated debris by means of a bailer. It is clear that the 
downward velocity of the drilling tool would be greatly di
minished if the column of suspending medium were too high, 
resulting in slow and inefficient drilling. For this reason it 
is necessary to case off water horizons; and, inasmuch as 
each water horizon encountered 
requires a s e p a r a t e  string of 
casing, an excessive number of 
strings of casing may be needed.
This practice results in excessive 
cost for casing, together with 
rapid tapering of the bore hole 
and n e c e s s a r i l y  the  use of 
smaller size bits as drilling pro
ceeds.

The hydraulic rotary method 
consists of rotating a column of 
hollow drill pipe with a drilling 
tool attached to its extremity.
During the operation of cutting 
away the rock mass as a result of 
the downward pressure of the 
rotating bit, drilling fluid is cir
culated down the hollow drill 
stem by means of p o w e r f u l  
pumps. The rock c u t t i n g s ,  
which are flushed away from the 
face of the cutting tool by the 
flow of the drilling fluid through 
orifices at the bit face, are carried

to the surface by the fluid returning through the annular space 
between the drill stem and well bore. Fewer strings of casing 
are required with the hydraulic rotary method of drilling than 
with the cable tool method, for water and gas formations are 
sealed off by the hydrostatic head of the fluid column, this 
sealing action serving the purpose of casing, to a certain extent. 
An important function of the drilling fluid is the prevention of 
caving of loose and unconsolidated formations; hence, the 
rotary system of drilling has been employed for many years 
for drilling through soft and caving horizons. The recent 
development of hard-rock cutting bits and bits with hard- 
faced cutters has resulted in the rotary displacing cable tools 
for very deep drilling in the harder formations, with certain 
exceptions, and it is probable that the former method will 
be used almost exclusively in the future for deep wells. The 
advantages of the rotary system are greater speed in drilling,

d e c r e a s e d  cost for casing, the 
control of water and gas forma
tions, and prevention of danger
ous blow-outs of oil and high- 
pressure gas. The modern core 
barrel and drill s te m te s t e r  
have eliminated the chief dis
advantage of the rotary system, 
which is the possibility of seal
ing off valuable oil formations, 
w i t h o u t  the driller knowing 
that such horizons have been 
found.

D r il l in g  F l u id s

It has now become generally 
r e c o g n i z e d  that the proper 
quality and control of the drill
ing fluid used in the hydraulic 
rotary method is of paramount 
importance. Drilling fluid has 
three main functions:

(1) It removes rock cuttings 
from around the bit and carries

Weighted rotary drilling fluids are discussed 
from the standpoint of colloid physics, with 
emphasis on the stability of dispersions of 
barytes as a function of the p H  of the dispersion 
medium. It is shown why a material such as 
bentonite is superior to chemicals as the protec
tive colloid, and how the stability of the commercial 
product Baroid changes with the p H  of the sus
pending medium. The curve obtained for the 
amount of Baroid remaining in suspension in a 
25 per cent dispersion in water as a function of 
p H  shows two maxima, one on the acid side and 
one of greater magnitude on the alkaline side, 
with the isoelectric point at p H  =  8.7. There 
is an enormous increase in the stability of the 
suspension when the p H  is increased from the 
range 8-10 to the range 10.5-11.5— i. e., an in
crease from 25-to practically 100 per cent remain
ing in suspension in 12 hours. The results are 
applied to actual drilling practice.
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them to the surface, where the larger particles are either settled 
out in a pit or removed by special mechanical devices.

(2) The hydrostatic head of the fluid column seals off water, 
gas, and minor oil-bearing formations. This head is controlled 
by proper adjustment of the density of the fluid, using so-called 
weighting materials of high density when clay suspensions are no 
longer adequate.

F i g u r e  1. P e r c e n t a g e  o f  B a r o i d  in  
S u s p e n s i o n  a f t e r  12 H o u r s  i n  a  25  
P e r  C e n t  W a t e r  D i s p e r s i o n  a s  a  

F u n c t i o n  o f  t h e  p H

(3) The sealing and plastering action of the colloidal particles 
contained in the fluid functions as casing, to a certain extent, in 
preventing caving of unconsolidated formations. This sealing 
wall acts also as a lubricant for the drill stem and for running a 
string of casing into the bore hole.

In earlier papers the authors {2, S) have discussed chemical 
treatment of clay drilling fluids from the standpoint of 
colloid physics and have shown that the viscosity of drilling 
fluid should be maintained at a minimum for adequate con
trol and reclamation of the desirable colloidal content of the 
fluid. In the present contribution they will report on a study 
of the control of weighted drilling fluids, with special attention 
to the stabilization of such dispersions.

W e ig h t e d  D r i l l i n g  F l u id s

One of the important functions of a drilling fluid is to seal 
off gas formations by the hydrostatic head of the fluid column. 
It is possible to hold gas in the formation by the use of heavy 
drilling fluid which will not only furnish a pressure exceeding 
that of the gas but also penetrate the formation to a slight 
extent for the purpose of preventing entrance of gas by dif
fusion and solution. Suppose the pressure of the gas is 1500 
pounds per square inch at 2750 feet; just to balance this 
pressure, a hydrostatic head of 0.545 pound per square inch 
per foot is necessary. As water gives a head of 0.434 pound per 
square inch per foot, the drilling fluid weight per gallon must be 
at least 8.33 X  0.545/0.434 =  10.46 pounds per gallon, where 
8.33 is the weight of a gallon of water. In order to furnish a 
reasonable excess pressure over that of the gas, the fluid should 
be at least 2 pounds per gallon heavier. It is obvious that clay 
suspensions of this density are entirely too viscous for pump
ing, and that a heavier material, such as barytes or hematite, 
must be used in dispersion to obtain a drilling fluid of. the 
required weight while maintaining the viscosity as low as 
possible in order that cuttings and entrained gas bubbles may 
be eliminated at the surface while drilling. The problem 
of the stability of such a weighted dispersion arises immedi
ately.

One of the most desirable properties of a drilling fluid is 
the stability of the suspension. In case of enforced suspended 
circulation of drilling fluid, as when setting casing, it is im
perative that the weighting material, together with the cut
tings, should remain in suspension to avoid settling around the 
drill stem and freezing it. Dispersions of most clays are 
relatively stable, for natural colloids, together with colloid 
stabilizers such as salts of humic acid, are present therein.

Such clay dispersions'require no further treatment to increase 
their suspension qualities until they become loaded with 
sand and cuttings and the colloids have been partially lost 
in building up the walls of the bore hole. These fluids may 
be reclaimed and restored to their original condition by 
removal of the cuttings, either mechanically or chemically 
(2, 8), and by small additions of fresh clay if necessary.

The problem of holding weighting materials in suspension 
is more difficult, however. Such materials as barytes that are 
ground mechanically do not contain more than a small per
centage of natural colloids, such as clay, as a result of weather
ing action. It should be expected, therefore, that there would 
be a rapid rate of settling of such a dispersion as barytes in 
water, for the particles are mostly of larger than colloidal 
dimension and the specific gravity is high. Both of these 
factors contribute to increasing the rate of settling by Stokes’s 
law. In actual practice the cost of grinding to colloidal 
size would be prohibitive, and some other means must con
sequently be found to suspend these small particles of high 
density.

Colloids are stabilized by the addition of suitable chemicals 
— that is, (1) by deflocculation, resulting from the protective 
action of an adsorbed ion, or (2) by gel formation, with an 
attendant enormous increase in viscosity in a static condition. 
Because of the presence of only a small percentage of the 
emulsoid type of colloid in commercially ground weighting 
materials, much effect in stabilizing such a suspension with 
chemicals should not be expected. By far the most logical 
procedure is to add a cheap colloidal material of the emulsoid 
type, forming a light gel and thus suspending the heavy 
particles in a medium that becomes very viscous when in a 
static condition but which is quite fluid when the suspension 
is in motion— i. e., the formation of a thixotropic medium. 
This method has been used to manufacture the commercial 
weighting material Baroid. A small percentage (2 to 3) 
of bentonite, or a similar clay, is added as the protective 
colloid, with the result that a suspension which, without 
treatment, settles as a sludge within 1 or 2 minutes, is held

/
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pH

F i g u r e  2 . P e r c e n t a g e  o f  B a r iu m  
S u l f a t e  i n  S u s p e n s io n  a f t e r  12 H o u r s  
i n  a  25  P e r  C e n t  W a t e r  D i s p e r s i o n  

a s  a  F u n c t i o n  o f  t h e  p H

in suspension indefinitely. This remarkable change is at
tributable to the formation of a gel by the emulsoid type 
of colloid present in the bentonite. Fortunately, from a 
practical viewpoint such treatment does not increase the 
viscosity of the suspension markedly.

It has now become important to determine the pH for the 
maximum stability of a suspension of barytes mixed with 
bentonite. It is known that the pH of bentonite suspensions, 
as modified by the addition of acid or alkali, has a marked 
effect on its gelling behavior (2). Moreover, barium sulfate 
has a negative charge, as shown by cataphoretic experiments, 
in suspensions of a mixture of this material with bentonite, 
and it follows that the stability of the suspensions should be 
increased by adsorption of the hydroxyl ion.

This subject has added interest as a result of the recent 
paper by Parsons (5) on the subject. His findings did not 
check measurements made in the authors’ laboratory prior 
to the publication of his paper. The authors have since re.
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peated this work and will presently show that Parsons’ re
sults are seriously in error. The data reported below were 
secured independently by different workers in the authors’ 
laboratory with different samples of barium sulfate-bentonite 
mixture, and in all instances identical results were obtained.

L a b o r a t o r y  M e t h o d s

R a t e  o f  S e t t l i n g .  The two general methods for measur
ing the rate of settling of a suspension are as follows: (1)
the rate of formation of free water at the top of the sludge, 
and (2) the rate of change of concentration at a given reference 
mark in a column of the suspension.

Robinson (6) has given a modified equation for Stokes’s 
law to represent the rate of settling of a suspension as the 
rate of fall of the top of the sludge:

dH =  Kr*(D -  d)
dt rj

where II = height of sludge 
t = time of settling 
K =  a constant 
r = average radius of particles 
D = specific gravity of particles 
d =  specific gravity of suspension medium 
tj = relative viscosity of suspension

This equation, which bolds only for suspensions in which the 
particles are largely of the same radius and specific gravity, 
has been verified experimentally by application to the data 
of Adams and Glasson (1). The usual weighted drilling fluid 
made from commercial material contains particles distributed 
over a considerable range of sizes, and accordingly the meas
urement of the height of sludge is inaccurate in indicating the 
percentage settled. In the case of suspensions that are gelled, 
thus maintaining a substantially uniform sludge in spite of

F ig u r e  3 . R a t e s  o f  S e t t l i n g  o f  25 
P e r  C e n t  W a t e r  D is p e r s io n s  o f  

B a r o id

differences in particle size, the method may be sufficiently 
dependable. But when a gelled condition is not present and 
the particles are of varying size, the denser and larger particles 
settle rapidly to the bottom, forming a sediment. In such 
a case the height of sludge method does not even approxi
mate the percentage settled. Where a drilling fluid is made 
from the commercial product, Baroid, although a light gel 
forms and holds the barytes in suspension, several minutes 
elapse before gel formation, and some of the larger particles 
settle out.

M e t h o d  f o r  M e a s u r i n g  R a t e  o f  S e t t l i n g .  Several 
procedures of measuring the rate of settling of suspensions, 
for the purpose of sedimentation analysis, have been described 
by Od6n (4). The same general principle underlies all these 
methods: When a suspension, originally homogeneous,
begins to settle after a lapse of time (i) in a layer (x units) 
under the surface, only those particles that have a rate of 
settling less than x/t have exactly the same concentration as 
in the original suspension. The authors’ measurements have 
been made in a series of glass tubes, 3.5 cm. in diameter and 
45 cm. in length, with the height of fall constant for each tube

at 25 cm. After a given time (i) the liquid is removed to a 
given mark, and by means of density factors it is possible to 
determine the percentage of the solid settled from the sus
pension column or remaining in suspension after a definite 
time—for example, 12 or 24 hours.

Some measurements have also been made by the height of 
sludge method. In a series of S-ounce (236.6-cc.) oil sample 
bottles filled with the suspension, the height of free water 
appearing above the settled solids has been taken as the 
measure of percentage settled.

F ig u r e  4. P e r c e n t a g e  o f  B a r o id  in  
S u sp en sio n , M e a s u r e d  by H e i g h t  o f  
S lu d g e  in  25 P e r  C e n t  W a t e r  D is 
p e rsio n s  as a F u n c t io n  o f  t h e  pH

M e a s u r e m e n t  o f  p H . It has been the experience of tha 
authors that serious errors may result in the measurement of- 
pH values unless the correct method is used and great cara 
is taken to secure equilibrium conditions, especially when 
the hydrogen electrode is employed. The presence of iron 
compounds seriously interferes with the attainment of 
equilibrium in the electrical method of measurement, and 
great care must be taken to avoid errors. The authors hava 
used three standard methods for these measurements: the. 
hydrogen electrode, the quinhydrone electrode, and indicators. 
The hydrogen electrode gives satisfactory results over the. 
entire range of pH used from 1 to 14 with Baroid suspensions, 
but equilibrium is attained very slowly; the quinhydrone 
electrode is dependable in the range 1 to 8; while the indica
tors are useful in checking the results obtained with the two. 
electrodes within the range 1 to 13.6. Great care is essential 
in securing check results by both the electrical method and 
the indicator method before the observed value is acceptable 
as final.

D is c u s s io n  o f  R e s u l t s

Figure 1 shows the percentage of Baroid in a 25 per cent 
Baroid dispersion in water remaining in suspension after 1?: 
hours as a function of the pH. There are two maxima in the 
curve, one on the acid side and one of greater magnitude on 
the alkaline side; the isoelectric point is at pH =  8.7. There 
is an enormous increase in the stability of the suspension 
when the pH is increased from the range 8-10 to 10.5—11.5,
i. e., an increase from 25 to practically 100 per cent, remain
ing in suspension in 12 hours. It is evident that it would be 
advantageous in drilling practice to adjust the pH to the cor-, 
rect range by the addition of caustic soda so as to have a drill
ing fluid of maximum stability.

The type of curve presented in Figure 1 is similar to the 
curve obtained by the authors (2) for bentonite alone, show
ing that the bentonite in commercial Baroid reacts with hy
drogen and hydroxyl ions to alter the rates of settling of the 
suspension, with the barytes behaving as inert material. The 
isoelectric point is practically identical for the two dispersions, 
and reversal of charge from adsorption of the hydrogen and 
hydroxyl ions gives maxima and minima at the same pH for- 
the Baroid and also the bentonite dispersion.



1022 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. 25, No. 9

In an effort to measure the effect of pH on the rate of 
settling of barytes, the authors made experiments with dis
persions of barytes intended for use as a paint filler and con
taining no bentonite; but the rate of settling was so rapid 
that no measurements were possible. To secure the data 
desired, it was necessary to use a sample of pure precipitated 
barium sulfate of extreme fineness of size. The results are 
illustrated in Figure 2, with no maxima in either the acid 
or the alkaline range and showing very little improvement 
in stability of suspension. Addition of 2 per cent bentonite 
(by weight of water of the suspension) to this material re
sulted in a curve identical with that in Figure 1.

The two minima shown in 
Figure 1 may be explained by 
the presence of some ampho
teric m a t e r i a l  that r e a c t s  
chemically with both the hy
drogen and hydroxyl ions be
fore the latter are a d s o r b e d  
with increased stability of the 
suspension due to the charge 
imparted to the colloid. At 
the maximum of the curve on 
the alkaline side— the point of 
g r e a t e s t  s t a b i l i t y  of the 
suspension— m a x im u m  ad
sorption of the h y d r o x y l  ion 
has taken place, followed by 
decrease in stability as a result
of the discharging effect of the cation—in this case, sodium 
ion. Similar relations hold on the acid side.

The viscosity (measured with the Stormer viscometer at 10 
revolutions per second) increases on both sides of the iso
electric point from a value of 3 centipoises at a pH of 9 to
41 at a pH of 11.2, approximately the point of maximum 
stability; this increase would be expected with increased 
gel formation of the bentonite in the dispersion. The latter 
figure is not too high for use in actual drilling practice.

Curve 1 of Figure 3 gives the rate of settling for the Baroid 
suspension in water alone, corresponding to a pH of 8.7 in 
Figure 1. Curve 2 gives similar data when the suspension 
has been completely flocculated with caustic, corresponding 
to a pH of 12.5 in Figure 1. A third curve, corresponding 
to a pH of 10.5 to 11, would lie along the abscissa axis.

Figure 4 shows the results obtained by the height of sludge 
method, as used by Parsons. Curve 1 gives the percentage 
in suspension after 12 hours as a function of the pH, taking 
the height of the sludge as the percentage of the total height 
of the column for the ordinate. Photographs of the settling 
material, such as are shown in Figure 5, provide the data for 
the construction of the curves. This illustration shows 
plainly that a relatively large amount of the suspension has 
settled to the bottom in the bottles showing no free water at 
the top. This fact demonstrates that the height of sludge 
method leads to gross errors when the settling particles 
are not of uniform size. It is obvious that a large amount 
has settled; but, judging by the amount of free water, the 
material would be practically 100 per cent in suspension. In 
other words, the height of sludge method can give the rate of 
settling of the fine particles only in a suspension with a dis
tribution of sizes. It must be concluded, therefore, that the 
results of Parsons are seriously in error.

In order to examine the effect of time on Baroid suspensions, 
a sample 3 weeks old was used to obtain the data given in 
curve 2 of Figure 4. It is observable that appreciable change 
has occurred on the acid but not on the alkaline side. This 
change is not nearly large enough, however, to account for 
the difference in Parsons’ data and those of the authors.

Parsons’ data are represented by curve 3 of Figure 4. It

F i g u r e  5. S a m p le s  o f  a  25 P e r  C e n t  W a t e r  D i s 
p e r s i o n  o f  B a r o i d ,  w i t h  V a r y i n g  p H , a f t e r  S e t t l i n g  

12 H o u r s

is evident that they differ greatly from those presented in 
this paper, obtained by the same method. This discrepancy 
may be explained by a difference in the quality of the samples 
used, particularly a difference in the gelling characteristics 
of the bentonite.

C o n c l u s i o n s

It has been shown that the stability of Baroid drilling 
fluids are greatly influenced by  the pH of the suspension. 
Similar measurements by Parsons, using the height of sludge 
method, are in error, for this method is not even roughly 
accurate when applied to a suspension of particles of non-

uniform size. A  c c o r d i n g to 
Parsons’ m e a s u r e m e n t s  it 
would be necessary to make 
the suspension acid (pH =  5.7) 
in order to have maximum sta
bility (98 per cent in suspen
sion). The authors’ measure
ments reveal that less than 60 
per cent of the solids are in 
suspension at the end of 12 
hours under such conditions. 
The drilling fluid would also 
have u n d e s i r a b l e  corrosive 
properties if stabilized by add
ing acid to a pH of 5.7.

The authors’ measurements 
by the height of sludge method 

showed a maximum (100 per cent in stability) at a pH of 
about 9; but using an accurate method for the case at hand, 
it was demonstrated that only about 25 per cent remained in 
suspension at the end of 12 hours at this value of the pH.

A water dispersion of Baroid (10.2 pounds per gallon) at 
a pH of 10.5 to 11.5 is practically 100 per cent in suspension 
at the end of 12 hours. A suspension of the same weight 
using water, without adding the small amount of caustic to 
make it slightly alkaline, has a pH of 8.7, and only 26 per 
cent is in suspension at the end of 12 hours. The slight de
gree of alkalinity is also desirable to minimize corrosion and 
to improve the lubricating properties of the drilling fluid. 
The viscosity increases from 3 centipoises at the isoelectric 
point (water dispersion of Baroid) to 41 centipoises at the 
point of maximum stability, but the latter figure is not too 
high for use in actual drilling practice.
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Initial Absorption Rates of Carbon Dioxide 
by Water and by Dilute Sodium 

Carbonate Solutions
H ah  o ld  b. D a v i s , Socony-Yacuum Corporation, Paulsboro, N . J.

I N A FORM ER s t u d y  on 
batch absorption of gases 
Davis and C r a n d a l l  (1) 

found that the initial rate of ab
sorption1 of carbon dioxide by 
dilute sodium c a r b o n a t e  was 
faster than the initial rate by 
pure water.

In a recent article, Payne and 
Dodge (3) have concluded “ that 
the results of Davis and Crandall 
are probably in error.”  T h e  
author has therefore repeated 
the experiments of D a v i s  and 
C randa l l  and confirmed their 
findings. On the other hand,

A  former paper on batch absorption of gases 
reported that the initial rale of absorption of car
bon dioxide by dilute sodium carbonate solution 
was faster than the initial rale by pure water. 
Inasmuch as this result has been questioned by 
other investigators, the experiments have been 
repeated and the result confirmed.

The theory of liquid stationary films has been 
developed largely from measurements on batch 
absorption in liquids. The laws which have 
been developed should be applied only with cau
tion to gas absorptions 
current lower systems.

The experimental m e t h o d s  
and the calculations by which 
the initial rates of a b s o r p t i o n  
were obtained can best be illus
trated by considering in detail 
two experiments.

E x p e r i m e n t  7  o n  A b s o r p t i o n  
o f  C a r b o n  D i o x i d e  b y  

P u r e  W a t e r

in continuous counter-

there is no reason to doubt the
experimental measurements of Payne and Dodge. These in
vestigators, however, have not taken into account the fact that 
the conditions in the two cases were quite different— namely, 
batch absorption by stirred liquids in the case of Davis and 
Crandall, and continuous countercurrent absorption in a 
packed tower in their own experiments.

The apparatus used in the experiments is shown diagram- 
matically in Figure 1. Like that of Davis and Crandall, it 
permitted measurement of the rate at which a gas was ab
sorbed by a batch of stirred liquid and could be operated at 
atmospheric pressure or any desired reduced pressure. The 
volume of the absorption chamber and the area of its cross 
section at the point of liquid level were 1 7 4  cc. and 1 5 .6  sq. cm., 
respectively, compared to 3 4 0 .4  cc. and 1 7  sq. cm. for the 
apparatus of Davis and Crandall.

To the bottom of the absorption chamber was sealed a glass 
tube 87 cm. long, and through this ran the glass shaft of a stirrer, 
as shown. A mercury seal covered the bottom end of the glass 
tube to a depth of about 10 cm. The glass shaft was attached, 
by a short piece of rubber tubing, to the top of a flexible steel 
shaft (from an automobile speedometer) which operated in a U- 
shaped steel tube. The mercury used in the seat also filled this 
tube. This method of driving through a mercury seal is superior 
to that used by Davis and Crandall because there is less friction 
and the outfit is sturdier. However, the introduction of the 
stirrer through the bottom, instead of through the top of the 
chamber, necessitates that the solutions come in contact with 
mercury, and this might in many cases be objectionable. Fur
ther, the liquid between the stirrer shaft and its containing tube 
(about 8 cc. in this work) mixed with the main body of the 
liquid only at a slow' and uncertain rate.

1 The term “ initial rate of absorption”  as used here and by Davis and 
Crandall (reference 1, pp. 3759-60) refers to the rate when the quantity of 
gas that has been dissolved is negligible compared to the total at saturation. 
It is obtained by  extrapolating the relationship found experimentally be
tween the absorption rate and the concentration of dissolved gas back 
to zero concentration. However, as suggested by  Nernst, the rate at which 
the gas is dissolved by  the very surface layer itself may be almost infinite. 
On the other hand, M iyam oto [Bull. Chem. Soc. Japan, 6, No. 1, 9 -32 
(1931)1 has made the interesting proposal that among the gaseous molecules 
which collide w’ith the liquid surface, only those whose components of velocity 
vertical to the surface are greater than a threshold value are able to enter the 
liquid phase.

Distilled water (100 cc.) was 
p l a c e d  in the a b s o r p t i o n  
chamber (Figure 1) which was 
e v a c u a t e d  unt i l  the water  
boiled freely. The connection 
to the pump was then closed 

off and the water stirred for about 10 minutes in vacuum, the 
connection to the pump being opened occasionally to draw off 
evolved gases. The stirrer was stopped and the stopcock 
opened to the gas buret containing 100 cc. of carbon dioxide 
(over 99 per cent pure). Part of this was rapidly drawn into 
the chamber and, when atmospheric pressure had been 
reached, readings on the residual gas were obtained as follows:

P e r i o d B u r e t  R e a d i n g P r o c e d u r e

Sec. Cc.
0 100 Introduction o f COi gas started

15 26.4
25 26.2
37 25.9
60 25.7 Stirring started (158 r. p. m.)

P e r i o d  a f t e r  
S t a r t i n g  S t i r r i n g  

Min.
0
0 .5
1.5

G a s  A b s o r b e d  
Cc.
0
1.5
3.7

25.7 
24.2 
22.0

(For intermediate readings, see Figure 2)
146 . .  78.1
183 . .  79.1

CO: absorbed after stirring started, cc.
COi necessary to saturate 100 cc. w-ater at 25° C. at same pressure

79.1
82.8

Difference 3 .7

Part of this difference represents carbon dioxide dissolved 
during the interval between introducing the gas and start
ing the stirring. Part is probably caused by water around 
the stirrer shaft which, as explained above, might not have be
come saturated with the gas.

Curve 7, Figure 2, shows how the rate of absorption of the 
carbon dioxide into pure water fell off as the quantity dis
solved, and therefore its concentration in the solution in
creased. However, its initial rate of absorption, when the 
quantity of dissolved carbon dioxide in the main body of the 
water was negligible, can be readily calculated {2).

Let U =  the unsaturation of the water in regard to dis
solved carbon dioxide at time, t (minutes), expressed as moles 
of gas (in addition to that dissolved) necessary to saturate the 
water. Then from the well-known law for the rate of physical 
solution of a gas (where no chemical reaction is involved),
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-  ^  =  K U  or — d In ¡7 =  Kdl at

How accurately this relationship held in experiment 7 is 
seen by the linear relationship of log U and t in Figure 3.

Now K  =  I  k

and its value can be conveniently calculated from the time 
required for U to fall to half value (in this experiment 26 
minutes) so that K  =  0.027.

F i g u r e  1 . A p p a r a t u s  f o r  M e a s u r 
i n g  R a t e s  o f  G a s  A b s o r p t io n  b y  

L iq u id
A. Absorption chamber
B. Stirrer operating in tube longer than

barometric height
C. M ercury seal
D. Flexible steel drive operating in mer

cury.
E. M ercury manometer
F. Gas buret

The total unsaturation of the 100 cc. of water before any 
carbon dioxide dissolved was 32 X  10 “  ‘ moles, so that under 
these experimental conditions the total initial absorption rate 
of carbon dioxide by 100 cc. of water at 25° C. and 760 mm. 
total pressure would be 0.85 X  lO-4 moles per minute, and 
the rate per square centimeter of liquid surface, 91 X  10 ~9 
moles per sq. cm. per second.

E x p e r i m e n t  8  o n  A b s o r p t io n  o f  C a r b o n  D i o x i d e

b y  D i l u t e  S o d iu m  C a r b o n a t e

Curve 8, Figure 2, shows the rate of absorption of carbon 
dioxide by a 0.17 M  solution of sodium carbonate under 
conditions similar to its absorption by pure water in Experi
ment 7. The rate fell off only slowly with the quantity ab
sorbed, so that it was easy to calculate the initial total rate 
directly from the absorption curve, 1.6 X  10 moles per 
minute. This was nearly twice the initial rate into pure water 
under similar conditions.

Experiment 6, Table I, confirms an experiment of Davis 
and Crandall in which the absorption rate into 0.1 M  sodium 
hydroxide was followed until no more gas was absorbed. The 
rate at half neutralization (experiment 6A) was approximately 
half the initial rate, and the total quantity of carbon dioxide 
absorbed corresponded to that necessary to form bicarbonate 
and to saturate the solution physically. The initial rate of 
the final physical saturation was somewhat more than half 
that at the point of half-neutralization.

Table I gives the results of the eight experiments carried 
out in the apparatus and also of three experiments from the

work of Davis and Crandall. It is evident that stirring at the 
same speed in different apparatus does not indicate the same 
degree of agitation. Thus the efficient stirrer used in the 
present experiments gave about the same absorption rate 
by water at 158 r. p. m. (experiment 7) as did that of Davis 
and Crandall at 400 r. p. m.
T a b l e  I. R a t e s  o f  A b s o r p t i o n  o f  C a r b o n  D i o x i d e  t e r  

U n i t  A r e a ,  i n  B a t c h  A b s o r p t i o n s
Initial

R ate of A bsorption  R ate
E x pt . L iquid Stirring per U nit A rea

R. p. m. Moles/sec./sq. cm
Preliminary

1 100 cc. water 192 126 )
2 100 cc. water 192 131 [
3 100 cc. water 192 140
4 100 cc. 0.17 M  NaiCOa 192 171
5 100 cc. 0.10 M  NaOH 192 358 »

Final
6 100 cc. 0.10 M  NaOH 192 382 '
6A 100 cc. 0.05 M  NajCOa 192 175
7 100 cc. water 158 91
8 100 cc. 0.17 M  NajCOj 151 167

EXPERIMENTS OF DAVIS AND CRANDALL
2 100 cc. water 400 94
4 100 cc. 0.1 M  NaOH 400 218
5 100 cc. 0.1 M  NaiCOs 400 235

Experiments 1 to 5 may be considered preliminary because 
the absorptions were not carried to completion. However, 
without exception, they as well as the final ones confirm the 
findings of Davis and Crandall— that in batch absorptions of 
this type the initial rate of absorption of carbon dioxide by 
dilute sodium carbonate solutions is faster than the initial 
rate by water under similar conditions.

However, the absorption rate into sodium carbonate was 
not greatly affected by changes in the rate of stirring or the 
concentration of the solution (experiments 4, 6A, 8) whereas 
the rate into pure water increased with stirring (experiments
1-3, 7). From the standpoint of the unstirred liquid- 
film theory, this would indicate that it is only in the case of 
slowly stirred liquids, or in thick film absorption, that the 
reaction to bicarbonate in the film predominates. When 
the film becomes very thin, the greater bulk of this reaction 
takes place in the main body of the solution. In any case of 
batch absorption, where the quantity of liquid in the film is 
negligible compared to that in the main body of the liquid, 
the reaction to bicarbonate should keep the concentration of 
dissolved carbon dioxide in the main body very low. The 
initial absorption rate should then never be less than that into 
pure water.
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F i g u r e  2 . A b s o r p t io n  o f  C a r b o n  D i o x i d e
7. Into freo water. 8 . Into 0.17AÍ sodium carbonate.

It is quite otherwise, however, in tower absorption experi
ments such as those of Payne and Dodge. Here the whole 
liquid is in the form of thin layers, some of which are probably 
comparable in thickness with the stationary films on the sur
face of slowly stirred liquids. There is no large stirred body



September, 1933 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 1023

F ig u r e  3 . A b s o r p t io n  o f  C a r b o n  D io x id e  
b y  W a t e r  ( E x p e r im e n t  7)

of liquid in which concentrations are moderately uniform 
throughout the body and in which slow reactions can be 
completed.

The liquid stationary (or unstirred) film theory is based 
mainly on the laws which have been found regarding the 
rates of solution of solids and gases by batches of stirred 
liquids. These laws should be applied only with caution 
to absorptions where the area of the liquid inteiface is very 
great compared to the liquid volume.

L i t e r a t u r e  C i t e d
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Studies in Agitation
II. Sand Concentration as Function of Sand Size and Agitator Speed

A. M cL a r e n  W h it e  a n d  S. D . Su m e r f o r d , University o f North Carolina, Chapel Hill, N. C.

I N A*PREVIOUS communi
cation (2) the distribution 
of a roughly screened sand 

was described for various posi
tions in a tank equipped with a 
simple paddle agitator. It was 
shown that uniformity of con
centration was never attained, 
and that there was a hydraulic 
classifying action on the part 
of the agitator, the fines tending 
to move toward the wall of the 
tank while the coarser particles 
ten ded  to concentrate in the 
center  of the tank under the 
paddle. This effect was deemed 
worthy of further study, and in 
the present paper are presented 
data showing the influence of 
agitator speed on the distribu
tion of sand of various sizes 
when varying total amounts of sand are present.

E x p e r i m e n t a l  P r o c e d u r e

The equipment used in these tests was the same as that 
previously described (2). Briefly, it consists of a cylindrical 
steel tank 4 feet 4 inches (1.32 meters) in diameter equipped 
with a simple paddle stirrer with a blade 2 feet 1 inch (0.64 
meter) long. The water level in the tank was, as before, held 
arbitrarily at 2 feet (0.61 meter) above the bottom of the 
tank, corresponding to 220.5 gallons (835.7 liters) of water. 
The paddle was kept in the low position, with its lower edge 
5.25 inches (13.34 cm.) from the bottom of the tank.

Sampling and analysis of samples were carried out in the 
manner previously described except that samples of about 
500 cc. were taken, to reduce sampling errors, instead of 
samples of about 125 cc. The agitator was operated for 
about 15 minutes before samples were taken to insure the 
attainment of a steady state. The sand used was carefully 
screened to size, the four fractions selected for study being

those trapped between 32 and
42 mesh, b e t w e e n  48 and 65 
mesh, between 65 and 100 mesh, 
and between 80 and 150 mesh 
Tyler standard s c r e e n s .  The 
sand was was hed  f o l l o w i n g  
screening.

For each sand size, tests were 
run varying the agitator speed 
while h o l d i n g  c o n s t a n t  the 
total amount of sand and water. 
The agitator speeds varied from 
v e l o c i t i e s  so low that sand 
could barely be detected in sus
pension to speeds so high that 
there was marked coning of the 
surface of the water and slight 
splashing, a range of 18 to 88
r. p. m. F or  the 32-42 and
65-100 mesh f r a c t i o n s  the 
effect of varying total amount 

of sand with constant amount of water was studied at various 
agitator speeds.

Results could be duplicated satisfactorily. However,
checks were more difficult to obtain in the area immediately
around the paddle than at points nearer the wall of the tank. 
Checks were also less satisfactory at very low sand concentra
tions, particularly with the larger sand sizes.

E x p e r i m e n t a l  R e s u l t s

In Figure 1 are plotted curves showing the concentration of 
sand in milligrams per 100 cc. of water, as a function of 
agitator speed for the sampling point 2 inches (5 cm.) from 
the wall and 2 inches from the bottom of the tank. For each 
of the four sand sizes a total of 15.5 pounds (7 kg.) of sand 
was used. The curves for the finer sand sizes show three 
distinct zones— one a comparatively flat curve at low agitator 
speeds indicating a rapid increase in sand concentration with 
velocity, the second a steeper curve which terminates in the

The distribution of sand under the influence of 
a simple paddle agitator has been studied for 
various sizes and amounts of sand, for various 
agitator speeds, and at various positions in the 
tank. It is found that the curves of sand con
centration vs. agitator speed show three distinct 
zones, corresponding respeclively to absence of 
strong vertical currents, marked vertical cur
rents, and marked centrifugal forces (saturation). 
The curves for various sand sizes have been corre
lated empirically, a plot of log Q/Dm against R 
yielding a straight line for each of the two lower 
zones. It is suggested that the position of the 
saturation point (that is, the agitator speed at 
which maximum concentration is obtained) may 
be used as a criterion of intensity of agitation.
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F i g u r e  1 . S a n d  C o n c e n t r a t i o n  a s  F u n c t io n  o f  A g it a t o r  
S p e e d  f o r  V a r i o u s  S a n d  S i z e s

third (or vertical) zone in which increase in agitator speed has 
little effect on sand concentration.

Hixson and Crowell (1) have noted three regimes of agita
tion when solid salt is stirred with water. They report that 
at low agitator speeds a “ passive or nonflow”  regime is 
maintained in which the solid particles remain on the bottom 
of the container with .little or no motion. At somewhat
higher speeds the particles move inward toward the center of
the tank, a regime characterized by these authors as curvi

linear flow. At high agitator speeds 
the particles of salt were thrown out
ward from the center, and the regime 
described as turbulent flow was estab-
l i s h e d .  It has been suggested that
the regime at low agitator speeds is 
one in which the vertical currents set 
up by the agitator are not sufficient 
to raise the sand particles from the 
bottom of the tank, while the inter
mediate zone is one in which verti
cal currents are of sufficient magni
tude to produce considerable suspen
sion of sand, the amount thus sus
pended being a function of agitator 
speed. In the third, or high-speed, 
zone centrifugal forces 
are b e c o m i n g  suffi
ciently strong to combat 
effectively the f o r c e s  
t e n d i n g  to produce a 
m o r e  u n i f o r m  sand 
concentration. T h e s e  
conclusions have been 
confirmed by a study 

of the motion of sand particles in a glass scale 
model of the apparatus used in the large-scale 
experiments. As the agitator speed was slowly 
increased, the sand began to move slowly in a 
spiral path across the bottom of the container, 
forming a cone under the center of the paddle.
With increasing speed more and more sand 
was picked from the surface of the cone and 
drawn into the paddle, while the sand flow
ing across the bottom of the tank increased in 
amount. At high speeds the cone of sand en
tirely disappeared, giving place to a doughnut

shaped ring of sand in the plane of the paddle. It is sug
gested that this latter zone, in which centrifugal forces are 
of importance, be called the saturation zone. While this 
does not imply saturation in the physico-chemical sense, 
it does signify the maximum concentration of sand that 
can be obtained under any given set of conditions.

The upper break, or saturation point, indicates that for 
any given position in the tank there exists an agitator 
speed beyond which an increase in speed accomplishes 
little or no increase in sand concentration. In fact, for 
some points in the tank an increase in agitator speed be
yond the saturation point results in a decrease in the 
amount of sand suspended. This is most marked at 
points above the paddle and toward the middle of the 
tank, and is probably due to the coning of the liquid at 
high agitator speeds. Calculation indicates that the 
sand concentration at saturation is almost always less 
than the concentration which would be attained if all the 
sand in the tank were uniformly suspended, except at- 
points beneath and immediately beyond the paddle. The- 
sand has a marked tendency to remain under the paddle, 
and here very high concentrations are attained. 

Although Figure 1 presents data for but one position, 
in the tank, the curves for the other positions are similar 
to those given. As noted above, however, the saturation 
curves for points near the middle of the tank have negative- 
slopes.

While no theoretical treatment seems possible at present, 
owing to lack of data on the velocity of the water relative to 
the sand in various parts of the tank, it has been possible to- 
correlate empirically the effect of sand size, sand concentra
tion, and agitator speed, for a given position in the tank and a 
given total amount of sand. If from Figure 1 are read values- 
for sand concentration at constant agitator speed for the four 
sizes tested, and these values are plotted on log-log paper- 
against the logarithmic mean clear opening of the screens- 
forming the limits of the fractions chosen, a straight line- 
results, as shown in Figure 2. A very limited range of agi
tator speeds is available for drawing this line, for a slightly 
higher r. p. m. than the one indicated falls on the saturation 
curve for the 80-150 mesh fraction. The equation of the line- 
drawn may be represented as:

log Q = m log D +  log Ki (1)
where Q =  sand concentration, mg. per 100 cc. water 

m =  slope
D =  logarithmic mean clear opening of screens forming; 

limits of fraction

F i g u r e  3 . R e l a t io n  b e t w e e n  S a n d  S i z e , Sa n d  C o n c e n t r a t i o n , a n d .
A g it a t o r  S p e e d

F i g u r e  2 . S a n d  
C o n c e n t r a t i o n  a s  
F u n c t i o n  o f  S a n d  
S i z e  a t  C o n s t a n t  

A g i t a t o r  S p e e d
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This equation may be rearranged to give:
_  i’SQ\ _  tnQ 

V« In D ) r ~  m; \Sd J a ~  D (2)

The curves of Figure 1 show that the intermediate portions 
are nearly straight lines and are approximately parallel; 
hence,

log Q =  nR +  log K t (3)
where R =  speed of stirrer, r. p. m.
Rearranging,

( 4 $ ) » "  ( § ) „  - » ' «  (4)

The partials of Equations 2 and 4 may be substituted in the 
general partial differential equation:

giving
■*> -  ( § ) / “ + ( S ) / D

=  n 'Q dR +  ^  dD

(5)

(6)

On separating variables and integrating, it is found that 
log Q/Dm =  a’R +  log K , (7 )

This is the equation of a straight line. From Figure 2, for 
the point 2 inches from the side and 2 inches from the bottom 
of the tank, the slope of the log Q vs. log D  curve is —4.0. 
This is therefore the value of m to be substituted in Equation
7. Plotting the logarithm of Q/D~4 (or its equivalent loga
rithm QD4) against R, a straight line results, from which 
branch perpendicularly the saturation curves for the various 
sand sizes. The passive-flow curves likewise form a single 
line, as shown in Figure 3. From this relation it should be 
possible to interpolate and, to a limited extent, extrapolate to 
determine the behavior of an untested sand size.

F i g u r e  5 . S a n d  C o n c e n t r a t io n  a t  
S a t u r a t io n  a s  F u n c t io n  o f  T o t a l  

A m o u n t  o p  S a n d

MG. SAND PER 100 CC WATER
F ig u r e  4 . E f f e c t  o f  V a r y i n g  T o t a l  A m o u n t  o f  S a n d

If plots similar to those of Figures 1 and 2 are made for 
•other positions in the tank, and the value of the constant m is 
inserted in Equation 7, new curves are obtained differing 
from those in Figure 3 in that they are displaced horizontally. 
The curves in the passive-flow region, however, show very 
little change in position. Fair correlation is obtained by the 
general use of the value —4 for the exponent m, but better 
results are obtained by determining for each point its own 
value of this slope. The slope of the log Q/Dm vs. R curve 
seems to be fairly constant throughout the tank. As would 
be expected, the transition point occurs at different agitator 
speeds in various portions of the tank, since liquid velocity is 
not a simple function of agitator speed.

The amount of sand at saturation (taken as the maximum 
concentration obtained at any given point) seems to be a 
power function of the sand size. By plotting the logarithm 
■of the sand concentration against the logarithm of the mean

clear opening of the screens, an approximate straight line is 
obtained. The slope of this line varies widely from point to 
point in the tank, however, being negative in some cases and 
positive in others. The above relation therefore seems to be 
at best an approximation.

In Figure 4 are plotted curves showing sand concentration 
as a function of agitator speed for varying amounts of sand. 
The left-hand curves refer to the 32-42 mesh sand, with 4.3, 
8.6, and 15.5 pounds (1.96, 3.9, and 7 kg.) present. The 
right-hand curves refer to the 65-100 mesh sand, with 15.5 
and 20.6 pounds (9.3 kg.) present. The sand concentration 
increases as the total 
a m o u n t  of sand is 
increased. There is 
a strict proportion- 
a l i t y  b e t w e e n  
amount of sand and 
sand concentration 
at saturation. This 
is shown in Figure
5, in w h i ch  sand 
c o n c e n t r a t i o n  is 
plotted against total 
a m o u n t  of  sand 
pres ent  for each 
sand size. At ve
locities b e l o w  the 
sa tu ra t i on  point, 
sand concentration 
does not increase as 
r a p i d l y  as the 
a m o u n t  of sand,  
and the curves ob
tained are roughly 
parabolic. No ex
planation of the increase in sand concentration with amount 
of sand is offered at this time, as variables other than those 
studied seem to be involved. However, the density of the 
system does not seem to be an important factor since varia
tions in the apparent mean density of the suspension are small 
in comparison to the magnitude of change in concentration 
with amount of sand.

S a t u r a t i o n  P o i n t  a s  M e a s u r e  o p  A g i t a t i o n

Since the saturation point occurs at approximately the 
same agitator speed for different points in the tank if the sand 
size and total amount of sand are held constant, it is suggested 
that the agitator speed at which saturation occurs might be 
used as a measure of intensity of agitation. For a given 
position in the tank, preferably near the wall and somewhat 
above the paddle, and with a standard amount of standard 
size sand, samples could be obtained at various agitator 
speeds. The paddle giving the highest sand concentration 
at the saturation point could be considered as most effective 
in distributing the solid. Such tests should be paralleled by 
power demand studies, which, in the light of the saturation 
point, might be interpreted in such a way as to determine the 
optimum agitator, or the agitator which accomplishes the 
distribution of solid most effectively for a given power de
mand, Further work along this line is in progress.

A c k n o w l e d g m e n t

The authors are indebted to B. E. Lukens for assistance 
with the experimental work.

L i t e r a t u r e  C it e d

(1) Hixson and Crowell, I n d . E n g . C h e m ., 23, 1161 (1931).
(2) W hite, Sumerford, Bryant, and Lukens, Ibid., 24, 1160 (1932).

R e c e i v e d  February 9, 1933.



Dyestuffs as Field for Academic Research
R . E . R o se , E . I . du P ont de N em ours & C om pany, W ilm ington, Del.

T HE dyestuffs industry arose from work done by aca
demic investigators, and for a long time the relation 
between the university laboratory and the industry 

was fundamental to the progress of the latter. But, as the 
industry grew, it came to rely more and more upon its own 
research workers, and also its problems became to a larger 
extent unsuited for treatment as academic research until 
the two drew almost completely apart. In this country 
there was no dyestuffs industry until of late, so that at no 
time was work on dyestuffs a subject chosen for investigation 
by academic workers. Even in the reports of work done 
abroad, one rarely finds research based on the characteristics 
of dyestuffs. At most it is a case of determining the constitu
tion of a natural color. Of commercial dyes one finds no 
word.

This is unfortunate. If the academic chemist would only 
realize that dyes represent a magnificent collection of or
ganic materials, a collection which is readily available for 
his use, and that among them he would find substances differ
ing widely, he would realize that he is missing an excellent 
chance when he leaves them or, perhaps it would be more 
truthful to say, never reaches them.

The reason for this condition is not far to seek. The 
chemistry of dyestuffs lies beyond the region of the ordinary 
and advanced courses in organic chemistry. These do not 
contain much more than a reference to the triphenyl- 
methane colors, perhaps going so far in the advanced course 
as to discuss the constitutional formula of rosaniline, p-ros- 
aniline, and the basic violets. There will be some descrip
tion of the diazo reaction and of its use in making a dye, the 
example chosen being usually methyl orange. Add to this a 
full discussion of von Baeyer’s work on the constitution and 
the synthesis of indigo and you have most of the material 
furnished in the organic courses available with one excep
tion— the work on the determination of the constitution of 
Turkey red. I am afraid both instructor and student be
lieve that this is one of the most important of dyes. For
merly it was, but now real Turkey red would be hard to find 
in any store.

This is not said in any spirit of criticism. After all, the 
whole field is much too broad to be covered in detail and there 
are many more adaptable chapters than those describing dye- 
stuffs. Dyes merely as examples to illustrate monoazo, dis- 
azo, and trisazo couplings are not very interesting. In
deed, there is no group less interesting if viewed merely super
ficially. I can remember my own consternation when I 
was forced to meet the difficulty of giving a course on dyes 
to an advanced class. The triphenylmethane group was not 
so bad; I could go over the logic used by the organic chemists 
who determined the real constitution of these bodies. But 
the azo group was hopeless because it was merely a case of 
describing variants on a single reaction and stating that the 
product obtained was yellow, red, orange, or blue, as the case 
might be. The real subtlety of these materials escaped me 
entirely because I was not familiar with the dyer’s art and I 
could not see how every molecule that I described was actually 
an admirable material to meet the special needs of the user.

Hedged around by the limit of commercial availability, the 
dye chemist had built marvelous molecules, each subtly 
different from the other, but I did not see clearly enough to 
read the meaning of those delicate variations in the choice of 
intermediates for special results. In fact I had a feeling that

dyes, being such practical materials, were a little beneath the 
mental ability of the synthetic organic chemist. I suffered 
from the delusion that a product synthesized in a chemical 
factory was in some way contaminated by the atmosphere of 
useful research instead of being born of pure academic genius.

And the dyes themselves are another deterrent. They are 
not available on the shelves of the supply houses except for 
some few ordinary indicators and stains. They are not avail
able as beautiful, chemically pure, crystalline substances. 
After all, what is there to make a student or his professor think 
of using a direct black azo dye for determining the effect of 
electrolyte concentration on the rate of diffusion of a col
loidal organic substance? Again, dyes are known by cryptic 
trade names. These alone are sufficient facts to deter the 
academic worker.

C h e m ic a l l y  P u iie  D y e s

But these difficulties may be surmounted in order to reach 
the abundant treasure that is actually available. While it 
is true that the chemical identity of dyes is not disclosed on 
the label nor is it found in the ordinary textbook, the identity 
can be established easily by taking a little trouble. The 
laboratories of the dyestuffs manufacturers and the pages of 
the Colour Index published by the Society of Dyers and 
Colourists are available for consultation. The dyestuffs 
manufacturers are willing to answer honest inquiries. They 
are glad to stimulate research in their field. Of course one 
cannot expect them to be willing to disclose the constituents 
of some specialty of theirs. In most cases they will even go so 
far as to assist the academic worker by supplying him with 
generous samples of their products, provided this is not 
merely to furnish sample cases. Therefore, every commer
cially available dye is essentially on the stock room shelf of the 
academic worker and all but those whose constitution is either 
unknown or a subject of secrecy are just as well described as 
any other organic substance.

There is no source of chemically pure dyes. Some of the 
basic colors are nearly chemically pure, provided the highly 
concentrated brands are used. In the course of manufacture 
the azo colors all become mixed with salt, and in standardizing 
to a commercial strength more salt or Glauber’s salt is added. 
In addition, if azo colors of considerable complication are 
examined, it will be found that they have a certain quantity 
of material other than the chief component, simply because it 
is not possible to carry out a coupling quantitatively on a 
manufacturing scale.

The purification of dyes is not particularly difficult in com
parison with other complex organic substances. The litera
ture contains descriptions of the best methods for purifying 
such dyes as Congo red.

I can recommend a method which I have worked out. This 
is to precipitate the dye as an organic salt. The best base 
for this purpose I have found to be one of those aryl guani
dines which are used as vulcanization accelerators. These 
are available at a low cost and in a condition of great purity. 
I have found the most serviceable to be diphenyl- and di-o- 
tolylguanidine. Once in a while triphenylguanidine may 
come in handy because its salts are much less soluble. If a 
solution of the hydrochloride of such a base is mixed with the 
hot solution of the dye, a tarry precipitate is formed at once. 
This can usually be collected on a glass rod, solidified on cool
ing, and, after cooling, be broken up, washed with water con
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taining a little more of the hydrochloride, and finally dis
solved in methanol. It can then be filtered and the alcohol 
evaporated off, or, in some cases, sodium methylate may be 
added in sufficient quantity to precipitate the sodium salt 
from the alcoholic solution. In general I have found it bet
ter to evaporate the alcohol completely and add the theoreti
cal quantity of sodium or potassium hydroxide. Alcohol 
can then be added until the sodium salt separates out. It is 
filtered off and extracted with alcohol until the liquor is color
less if the dye is really insoluble in alcohol or until the ex
traction has reached the stage represented by the maximum 
solubility of the sodium salt in alcohol. Going through this 
process once gives one an extremely pure dyestuff but, if 
necessary, it can be repeated. The process eliminates the 
more soluble organic impurities that were formed as by-prod- 
ucts in the process of manufacture, if it is carried out in 
such a way that the original dye is not completely precipi
tated by the guanidine salt. Some of these guanidine salts 
can be recrystallized from organic solvents, usually alcohol, 
or alcohol and water.

Assuming that we have purified our dyestuffs, what.can we 
do with them? What sort of problems are available?

P h y s i c a l  P r o b l e m s

1. The physical properties of dyes have not been settled 
by any means. I should like to see the solubility of pure 
dyes, at temperatures up to those employed in dyeing, deter
mined quantitatively. This should include solutions con
taining the usual dyeing assistants— sodium chloride and 
sodium sulfate.

2. Practically nothing is known about the true solubili
ties of the calcium, magnesium, iron, and aluminum salts of 
dyes.

3. When dyeings of vat colors and azo colors are soaped, 
the hue is changed, and the fastness to light is distinctly im
proved, presumably because of a change in particle size. 
The actual mechanism of this process would furnish an ex
cellent subject for research, even though a great deal has 
already been done, especially in connection with the azo 
colors.

4. The dyeing of acetate rayon is stated to be a case of 
solid solution. Something should be known of the real 
solubility of acetate rayon dyes in cellulose acetate, and 
whether they migrate in the fiber.

5. It would be extremely interesting to dye a whole series 
of colors on the same material in equimolecular percentages. 
In doing this care would have to be taken to consider the dye- 
stuff left in the dye bath; for this reason very low concentra
tions should be used at first.

6. The quantitative measurement of the equilibrium rela
tion between the dye on the fiber and in the bath throughout 
the dyeing process in the case of rayon and cotton at high and 
at lower temperatures needs investigation.

7. It would be interesting to determine the properties of 
dyestuffs as applied to cotton, wool, and silk in other than 
aqueous solution— in liquid ammonia, sulfur dioxide, and or
ganic solvents. For the latter the salts of organic bases can 
be used.

8. The diffusion rates of dyes under dyeing conditions 
and the use of the results to calculate the particle size of these 
substances has been investigated to some extent but there is a 
great deal still to be done.

9. The change in the equilibrium point between the dye 
in the dye bath and on the fiber which is produced by the 
addition of dispersing agents, such as glue, is of material 
interest to the dyer and has never been determined accurately.

10. The rate at which the final equilibrium between the

dye in solution and on the fiber is reached is a characteristic 
of the dye which determines how it will behave in continuous 
dyeing, particularly when used in combination with other 
dyes. The dyer’s method of determining the rate of exhaust 
is practical. We should have a quantitative method which 
would describe the rate at which the dye which goes on to the 
fiber is adsorbed and the total percentage of the available dye 
which is adsorbed. These two characteristics are quite inde
pendent.

11. In the case of lake colors which are used in printing 
inks, one of the important characteristics is oil absorption. 
The underlying causes of the differences are practically un
known and yet one lake will make so stiff an ink that it will be 
useless while another will be quite fluid. Presumably this is a 
matter of particle size, but it goes back to the characteristics 
of the dye used in making the lake.

C h e m ic a l  P r o b l e m s

1. The nature of the reaction by which “ indigosols”  un
dergo oxidation should be investigated. The “ indigosols”  are 
esters of reduced vat colors. They oxidize readily when treated 
with such substances as ferric salts or nitrous acid. The reac
tion then is a saponification and oxidation or the two steps in 
the reverse order.

2. During the printing of vat colors the pastes give off 
gaseous substances which are important in their effect on the 
development of the prints of certain colors. Very little is 
known about these products.

3. Colors that are quite fast to light on paper or as paper 
dippings are sometimes extremely fugitive in nitrocellulose 
lacquers. This is particularly true of azo colors. Presum
ably the nitrocellulose acts as an oxidizing agent. The nature 
of the reaction is unknown.

4. A method for removing the sulfonic acid groups from 
the azo colors without destroying the dyestuff would be useful. 
If anyone is looking for something desperately difficult, here 
is the problem.

5. An interesting subject for research would be that of 
comparing the effects produced by a change in the position of 
one substituent at a time on the finer physical characteristics 
of the dyestuff molecule. For example, in the case of ben
zidine coupled with two molecules of H acid, we are dealing 
with a direct blue which is distinctly colloidal in its char
acteristics. Now7, if we leave the H acid on one side but sub
stitute Chicago acid on the other, we have done nothing 
but shift the position of two sulfonic acid groups. What 
differences will this cause in the behavior of the colloidal par
ticle? Perhaps none, but so far as the waiter knows, except 
for the variation produced in the hue of the dye, the differences 
have never been investigated. We have any number of 
colloidal substances but few' of them allow of such delicate 
variations being played upon their chemical constitution. 
In the case being used as an illustration, we could next sub
stitute one molecule of K  acid in which the two sulfonic acid 
groups are altered in their relative position, one occupying the 
same position as in the original H acid. We could go farther 
and choose compounds in which the position of the amino and 
hydroxyl groups differed. The variations are practically 
limitless and each change in constitution could be followed 
exactly. Again it w’ould be just as easy to modify the ben
zidine by substituting tolidine or dianisidine while leaving 
the sulfonic acid groups in the H acid unaltered. There is a 
wonderful field for the physical chemist in such treatment 
of the constitutional variations wiiich are possible in those 
colloids which are dyes.

In closing, I wish to advise the academic worker never to 
undertake research on any phase of dyestuff chemistry with
out consulting a competent dyestuff chemist. The pitfalls
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are so numerous that he is almost certain to overlook some one 
of them. He is apt to think, for instance, if he is unfamiliar 
with the field, that, if he gives the name of the dye, he has de
scribed it sufficiently minutely. As a matter of fact, this is 
not so, because dyes are not found in commerce as chemically 
pure substances. Also, while I  am a great believer in the 
value of academic research and of its being untrammeled by 
any effort to make it practical, yet it seems foolish not to make 
academic work fit into the practical use of products if we can 
do so without causing the academic work to suffer. For in-

stance, I do not see any advantage in a study of lake formation 
using dyestuffs that are not sufficiently adapted to the produc
tion of commercial lakes to rank as lake colors. The idea of 
synthesizing valuable dyestuffs in the course of anything but 
long continued and specialized work in the field is bound to 
be disappointing. Synthetic work having for its object the 
production of useful dyes I  would regard as the least promis
ing of all fields for the academic worker.

R e c e i v e d  April 15, 1933.

Preparation of 1,2- and 2,3- 
D i aminoanthr aquinones

P. H. G r o g g in s  a n d  II. P. N e w t o n , Bureau o f Chemistry and Soils, Washington, D . C.

In  the preparation of 3 ',W-dichloro-2-benzoylben- 
zoic acid, a study of the effect of time, tempera
ture, solvent ratio, and agitation on yield and purity 
of the product is reported. The maximum yield is 
80 per cent.

Cyclization of the kelo acid by means of concen
trated sulfuric acid gives in all instances a mix
ture of the isomeric dichloroanlhraquinones. Differ-

T IIIS report deals with the utilization of 1,2-dichloro- 
benzene as a raw material for the preparation of 1,2- 
and 2,3-diaminoanthraquinones. These isomeric com

pounds have been previously prepared by more complex 
methods. Briefly, the procedure employed in this case was 
the condensation of phthalic anhydride with 1,2-dichloro- 
benzene, in the presence of anhydrous aluminum chloride, to 
yield 3',4'-dichloro-2-benzoylbenzoic acid, which was cyclized 
to a mixture of the isomeric 1,2- and 2,3-dichloroanthraquin- 
ones. Conditions were found under which the separated 
isomers were aminated to the corresponding diaminoanthra- 
quinones.

A critical examination of the available technical 1,2-di- 
chlorobenzene indicated the presence in practically all cases of 
varying quantities of 1,4-dichlorobenzene, chlorobenzene, and 
traces of polychlorinated benzenes. By means of refrigera
tion and distillation, a relatively pure 1,2-dichlorobenzene was 
obtained, which contained as the only impurity a trace of 
1,4-dichlorobenzene. Carswell (S) reports the boiling point of 
pure 1,2-dichlorobenzene to be 180.3° C. It was possible to 
secure for this work a special product which gave a distillation 
range of 179.5° to 180.5° C.

P r e p a r a t i o n  o f  3 ',4 ' - D i c h l o r o - 2 - B e n z o y l b e n z o i c  A c id

Senn (8), Phillips (G), and later M . and N. Tanaka (9) re
ported the preparation of 3',4'-dichloro-2-benzoylbenzoic 
acid by the condensation of phthalic anhydride with 1,2- 
dichlorobenzene in the presence of anhydrous aluminum 
chloride.

In the present investigation a study was made of the effect 
of time, temperature, solvent ratio, and agitation, in an at
tempt to improve the purity and yield of the keto acid. The 
equipment employed is shown in Figure 1. Tables I—III 
illustrate the effect of the variables listed. The phthalic 
anhydride, anhydrous aluminum chloride, and 1,2-dichloro
benzene were mixed together and treated under the conditions

ence in solubility of each isomer in sulfuric acid and 
also in ethanol indicates the quantitative relationship 
of 13 per cent 1,2-dichloroanlhraquinone to 87 per 
cent 2,3-dichloroanlhraquinone.

Ammonolysis of the corresponding dihalogeno- 
anthraquinones, in the presence of copper, an oxi
dant, and ammonium nitrate, results in the complete 
removal of chlorine.

indicated in the tables. After the reaction was completed, 
the mass was hydrolyzed with cold dilute mineral acid, the 
excess of 1,2-dichlorobenzene was removed by steam distilla
tion, and the aluminum was removed as a salt in solution. 
The soluble ammonium salt of the keto acid was obtained by 
treating the residue with aqueous ammonia. This was 
passed through a filter to remove insoluble impurities, and 
the keto acid was reprecipitated by the addition of mineral 
acid. The 3',4'-dichloro-2-benzoylbenzoic acid was then 
collected on a filter, washed, dried, and weighed.

T a b l e  I. E f f e c t  o f  S o l v e n t  R a t i o  o n  P r e p a r a t i o n  o f  
3 ' , 4 ' - D i c h l o r o - 2 - B e n z o y l b e n z o i c  A c i d

Phthalic anhydride, 0.5 mole =  74.0 grams 
Anhydrous AlClj. 1 mole +  10%  =  147.8 grams
1,2-Dichlorobenzene «= 0.5 mole X  ratio 
Solvent excess 1,2-dichlorobenzene 
Theoretical yield =  147.5 grams 
Reaction time «=■ 8 hours 
Reaction temp. => 90° C.
M . p. of pure keto acid *= 192.5° C.
M . p. of crude keto acid, all runs *=■ 190-191° C.

S o l v e n t T y p e  o f
E x p t . P h t h a l ic  A n h y d r i d e A g i t a t i o n Y i e l d

Moles Grams %  o f thee
1 2 /1 None 3 5 .4 2 4 .0
2 3 /1 None 9 5 . 0 6 4 .4
3 4 /1 None 9 6 .5 6 5 .4
4 5 /1 None 9 8 .0 6 6 .4
5 6 /1 None 9 9 .0 6 7 .1
1 -A 2 /1 Continuous 9 2 .3 6 2 .6
2 -A 3 /1 Continuous 9 6 .2 6 5 .2
3 -A 4 /1 Continuous 1 0 1 .2 6 8 .6
4 -A 5 /1 Continuous 1 0 4 .0 7 0 .5
5 -A 6 /1 Continuous 1 0 6 .0 7 1 .8

P r e p a r a t i o n  a n d  S e p a r a t i o n  o p  I s o m e r ic  D ic h l o r o -  
a n t h r a q u i n o n e s

Senn (8) reported 87 per cent of 2,3-dichloroanthraquinone 
and 13 per cent of 1,2-dichloroanthraquinone from the cycliza
tion of 3',4'-dichloro-2-benzoylbenzoie acid. He made the 
cyclization with concentrated sulfuric acid and effected a 
separation of the isomers by the difference in their solubility
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in the residual acid. M . and 
N. Tanaka (9) state that they 
obtained 2,3-dichloroanthra- 
quinone in the condensation of
1 , 2 - d i c h l o r o b e n z e n e  with 
phth a l i c  a n h y d r i d e  in the 
presence of aluminum chloride 
at 130° to 150° C. As might 
have been e x p e c t e d ,  neither 
the yield nor the purity of the 
product was satisfactory.

None of the various dehy
d ra t i ng  agents tried were as 
satisfactory for this cyclization 
as sulfuric acid. Preliminary 
experiments in ring closure in
dicated the p r e s e n c e  of both 
the 1,2- and 2,3-dichloroan- 
thraquinones. In an effort to 
increase the quantity of the 
more  v a l u a b l e  1,2-isomer, 
cyclizations were made with 
the following variables: time,
acid ratio, acid concentration, 
and temperature. A h ig h e r
temperature, above 150° C., indicated the formation of slightly 
more of the 2,3-isomer at the expense of the 1,2-isomer. In 
all cases both anthraquinones were found. Practically 
theoretical yields were obtained under the following condi
tions: temperature, 135° C.; time, 7.5 hours; and a ratio 
of 8 parts of 95 per cent sulfuric acid to one part of keto acid.

T a b l e  I I .  E f f e c t  o f  T im e  o n  P r e p a r a t i o n  o f  3 ',4 '-D i -  
c h l o r o - 2 - B e n z o y l b e n z o i c  A c id

Phthalic anhydride, 0.5 mole *=» 74.0 grams 
Anhydrous AlCla, 1 mole +  10%  =  147.8 grams
1,2-Dichlorobcnzene =  441 grams (3 moles)
Theoretical yield =  147.5 grams 
Reaction temp. =» 90° C.
M . p. of pure keto acid =  192.5° C.
M . p. of crude keto acid, all runs =  190-191° C.

Initial homogeneity obtained by manual agitation, after which there was 
no_further stirring.

F i g u r e  1 .  E q u i p m e n t  U s e d  i n  E x p e r i m e n t s

cate that practically pure 2,3- 
diehloroanthraquinone may be 
o b t a i n e d  directly f r o m  the 
cyclization mixture, consisting 
of 92 per cent sulfuric acid, wdth 
a net yield of 82.5 per cent of 
2 ,3-dichloroanthraquinone. 
With a residual acidity of 89.75 
per cent s u l f u r i c  acid, a less 
pure 2,3-derivative of 87 per 
cent yield was isolated. The 
pure 1, 2 - d i c h l o r o a n t h r a -  
quinone could not be isolated in 
the manner described above. 
One recrystallization o f  the 
product from the filtrate of ex
periment 7, Table IV, from 
ethanol, yielded 1,2-dichloro- 
anthraquinone with a melting 
point of 193° to 194° C.

Repeated recrystallizations 
from toluene, glacial a c e t i c  
acid, or ethanol (in any order) 
gave in all cases the following 
melting points (corrected): for

1,2-dichloroanthraquinone, 194.5° C.; for 2,3-dichloroanthra
quinone, 268.0° C.

T a b l e  IV. E f f e c t  o f  R e s i d u a l  A c i d i t y  o n  
o f  I s o m e r i c  A n t h r a q u i n o n e s  i n  C y c l i z a t i o n  

c h l o r o - 2 - B e n z o y l b e n z o i c  A c id
Keto acid = 100 grams 
Sulfuric acid =  95%
Grams keto acid 1
Grams HiSOt 8
Residual acid =* 900 grams 
Reaction time =  7.5 hours 
Reaction temp. =* 135° C.
M. p. of 1,2-dichloroanthraquinone =» 194.5° C. 
M . p. of 2,3-dichloroanthraquinone «  268° C. 
Theoretical yield =  93.90 grams

S e p a r a t i o n  
o f  3',4'-Di-

E x p t . T i m e Y i e l d

Hours Grains %  o f theory
1 4 69.4 47.0  ‘
2 6 91.5 62.1
3 8 99.0 67.1
4 9 99.8 67.7
5 10 99.1 67.2
6 12 99.5 67.5
7 48 98.7 67.0

R e s i d u a l P r i m a r y  P r e c i p i t a t e P r o d u c t  f r o m  F i l t r a t e
E x p t . A c i d i t y 0 Yield M . p . Yield M . p.

% Grams %  of theory ° C. Grams %  of theory ° C.
1 Complete

diln.
93.85 99.94 235-250

2 70.00 93.60 99.68 235-250 0.70 0.74
3 82.00 92.90 98.93 240-250 0.90 0.96
4 83.79 92.31 98.31 240-255 1.38 1.47 142-i 50
5 86.25 90.30 96.16 245-258 3.63 3.86 145-150
6 88.92 84.00 89.45 258-261 9.93 10.57 160-165
7 89.75 81.74 87.05 262-264 12.10 12.89 180-182
8 92.05 77.50 82.53 265-267 16.39 17.46 160-165
9 95.00 71.65 76.30 266-268 22.21 23.65 158-165

T a b l e  I I I .  E f f e c t  o f  T e m p e r a t u r e  o n  P r e p a r a t io n  o f  
3 ' , 4 ' - D ic h l o r o -2 -B e n z o y l b e n z o ic  A cid

Phthalic anhydride, 0.5 mole =  74.0 grams 
Anhydrous AlC lj, 1 mole +  10%  =  147.8 grams 
1,2-Dichlorobenzene =  441 grams (3 moles)
Theoretical yield =  147.5 grams 
Reaction time — 8 hours
M . p. 
M . p.

o f pure keto acid =  1 9 2 .5 °  G. 
of crude keto acid, all runs =* 1 9 0 -1 9 1 °  C.

E x p t . T e m p .
T y p e  o f  

A g i t a t i o n Y i e l d

1
°C .

50 None
Grams %  o f theory 
Trace

2 85 None 8 7 .0 5 9 .0
3 9 0 None 9 9 .0 6 7 .1
4 95 None 1 0 3 .3 7 0 .0
5 1 0 0 ° None 1 0 7 .5 7 2 .9
1 -A 5 0 Continuous 1 7 .3 1 1 .7
2 -A 7 0 Continuous 5 0 .9 3 4 .5
3 -A 85 Continuous 9 8 .9 6 7 .0
4 -A 9 0 Continuous 1 0 4 .5 7 1 . S
5 -A 9 5 Continuous 1 1 2 .8 7 6 .5
6 -A 9 7 .5 Continuous 1 1 8 .0 8 0 .0

a Above 100° C. the yield was not increased.

The data relating to the separation of the isomers, when 
this was accomplished by diluting the reaction mass to various 
residual acidities, are shown in Table IV. These results indi

a It was found that changes in temperature, time, humidity, and the
amount of surface of the concentrated sulfuric acid exposed affected the
quantity of water absorbed. Cyclization mixtures and controls containing 
only concentrated sulfuric acid, run simultaneously, showed the same in
crease in weight. The above residual acidities were calculated b y  means 
of the following formula:
Grams of HiSOi in cyclization acid +  grams of HiSO« in diluting acid ^ 

A  +  B +  C +  D
Residual acidity

where A  *= sulfuric acid used, grams 
B =* water absorbed, grams
C =» water in diluting acid added, grams
D  =* water liberated by keto acid in cyclization, grams

In suitable solvents it was found that, as the temperature 
was elevated, the 1,2-isomer increased in solubility more 
rapidly than did the 2,3-dichloroanthraquinone, but in all 
instances the solubility at room temperature of these sub
stances was approximately of the same degree. Table V 
presents data on a study of the solubilities of 1,2-dichloro
anthraquinone, 2,3-dichloroanthraquinone, and various mix
tures of both in ethanol. These data confirm those of Table 
IV, indicating that the quantitative relationship between the 
isomeric dichloroanthraquinones as a result of cyclization in 
sulfuric acid is approximately 13 per cent of 1,2-dichloro
anthraquinone to 87 per cent of 2,3-dichloroanthraquinone.
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T a b l e  V . S o l u b i l i t y  St u d i e s  o f  1 ,2 - a n d  2 ,3 - D ic h l o r o a n t h r a q u in o n e s  i n  E t h a n o l

Vol. 25, No. 9

Anthraquinones «=* 16.67 grams 
Ethanol = 1000 cc.
A e= 1,2-dichloroanthraquinone 
B =  2,3-dichloroanthraquinone

D i c h l o r o a n t h r a q u in o n e s

M . p. =* 194.5° C .; A : detd. values
M . p. *= 268° C .; B ; detd. values
M ixt, of A and B ; detd. values
Synthetic m ixt.; A «= 15, B 8 5 % ; calcd. values
Synthetic m ixt.; A  «= 12.5, B =* 8 7 .5% ; calcd. values
Synthetic m ixt.; A =  10, B — 9 0 % ; calcd. values
M ixt, of A and B ; 34.29 g.; detd. values
Synthetic m ixt.; A  =  12.5, B =  8 7 .5% ; 34.29 g.; calcd. values

M . p. o f ehem. pure B =  268.0° C.
M . p. of ehem. pure A =  194.5° C.
Cyclization temp. =  135° C.
M ixt, of A and 13 obtained by com plete dilution

S e p n . a t  B .  P . o f  E t h a n o l  
Insoluble Soluble

S e p a r a t i o n  a t  2 2 °  C .
Insoluble Soluble

Grams M . p., ° C. Grams M . p., ° C. Grams M . p., ° C . Grams M. p., ° C.
( 1) “ (2) (3) (4) (5) (6) (7) (8)12.38 194.5 4.29 194.5 3 .80 194.5 0 .49 194.515.61 268.0 1.06 268.0 0 .63 268.0 0.43 268.013.52 267 to 268 3 .15 175 to 184 2.22 181 to 190 0 .93 170 to 20013.11 3 .56 2.64 0.92

13.53 3 .14 2 .22 0.92
13.94 2 .73 1.81 0.92
28.94 266 to 268 5.35 180 to 191 4 .42 189 to 195 0.93 168 to 20128.94 5 .35 4 .43 0.92

1 (1) Grams insoluble determined by  weighing.
(3) Grams in solution =* grams anthraquinones minus (1).
(4) An aliquot part of (3) evaporated to dryness and the melting point determined.
(5) (3) cooled to 22° C .; precipitate separated, dried, and weighed.
(7) Grams soluble «= (3) minus (5).
(8) A n aliquot part of (7) evaporated to dryness and the melting point determined.

A m i n a t i o n  o f  I s o m e r ic  D i c h l o r o a n t h r a q u i n o n e s

Preliminary experiments in the amination of the mixture 
of 1,2- and 2,3-dichloroanthraquinones indicated that more 
drastic conditions than those reported by Groggins and Stil
ton (4) for the monohalogen derivative were necessary to 
replace the second halogen. In order (1) to ascertain the 
susceptibility of each of the isomers to amination, (2) to avoid 
the formation of impurities because of differences in reactivity 
which might lead to condensation products, and (3) to obtain 
the amination products in the highest state of purity, em
phasis was laid upon the amination of the purified compounds 
rather than on the mixture of the isomers.

The purity of diaminoanthraquinones could not be deter
mined by the usual titration method with nitrous acid. 
Ladenburg (,5) found that nitrous acid reacting on o-phenyl- 
enediamine yielded aminoazophanylene:

/ V - N H , HONO->

T a b l e  VI. A m i n a t i o n  o f  2 , 3 - d i c h l o r o a n t h r a q u i n o n e

2.3-Dichloroanthraquinone, 0.05 mole *  13.85 grams 
Aqueous ammonia, 28%  NHs — 315 grams 
Reaction time *= 30 hours
Reaction temp. =  200° C.
2.3-Dichloroanthraquinone, Cl *=» 25.60, N  «= 11.76%
CuO =  a, CU2O “  b
Theoretical yield of 2,3-diaminoanthraquinone =  11.90 grams

E j c p t . KClOs C o p p e r NHtNOs Y i e l d

Cl
C o n 
t e n t

N
C o n 
t e n t

Gram Grams Grams Grams %  o f theory % %
1 10.917 91.7 8.68
2 l'.OO 11.790 99.1 6.50
3 2 .0 0 11.625 97.6 6.25
4 2.00b 10.116 85.0 1.83
5 1.00 2 .5 0  a 10.686 90.0 0.85
6 0 .75 2.00b 12!00 11.323 95.2 Trace 1Ü69
7 0 .75 2 .5 0  a 6 .00 11.640 97.8 Absent 11.67
8 0 .75 1.25 a 6.00 11.630 97.7 Absent 11.74
9 0 .75 1.25a 2 .00 11.411 96 .0 Absent 11.81

O01 1

1,2-D lCH LOROAN TH RAQU IN O N E

Titrations of purified o-diaminoanthraquinones gave ap
proximately 50 per cent values, calculated for primary di
amines. Products prepared by ammonolysis, which had 
shown by preliminary analysis the absence of halogen and 
the presence of the theoretical amount of nitrogen for an 
o-diaminoanthraquinone, behaved in the same manner.

A m in a t io n  o f  2 ,3 -D i c h l o r o a n t h r a q u i n o n e

At an operating temperature of 200° C. it was found that 
a reaction time of approximately 30 hours was required to 
approach complete ammonolysis. . Table VI presents the 
data obtained in a study of the effect of an oxidant, copper, 
and an ammonium salt, in the amination of 2,3-dichloro
anthraquinone. From Table V I it is evident that all the 
halogen may be removed. The presence of both copper and 
ail oxidant, under the operating conditions of the table, ap
pears to be necessary for complete ammonolysis.

The purified 2,3-diaminoanthraquinone, in agreement with 
that reported in the literature (7), did not melt below 320° C. 
Scholl and Kacer (7) prepared 2,3-diaminoanthraquinone by 
reduction of the 3-nitro-2-aminoanthraquinone, from which 
they prepared the 2,3-diphenyl-5,6(2,3)-anthraquinonepyra- 
zine, with a melting point of 271° C. This derivative was 
prepared from the diaminoanthraquinones from both sources, 
and it showed a melting point of 271 ° C. in each case and gave 
no depression in a mixed melting point determination. It 
would appear, therefore, that the principal product of am
monolysis is 2,3-diaminoanthraquinone.

Table VII sets forth the results of a study of the amination 
of the 1,2-dichloroanthraquinone. It appears that the pres
ence of copper, an oxidant, and ammonium nitrate contrib
utes to a satisfactory yield and purity of the 1,2-diamino- 
anthraquinone. Conditions stringent enough to remove both 
halogens favor hydrolysis, which was indicated by the isola
tion of hydroxyaminoanthraquinones from the ammonia 
mother liquor. A larger quantity of ammonium nitrate in
creased the yield of 1,2-diaminoanthraquinone and appar
ently reduced the degree of hydrolysis.

T a b l e  VII. A m in a t i o n  o f  1 , 2 - D i c h l o r o a n t h r a q u i n o n e

1.2-Dichloroanthraquinone, 0.05 mole =  13.85 grams 
Aqueous ammonia, 28%  NHs “ 315 grams 
Reaction temperature =  200° C.
1.2-Dichloroanthraquinone, Cl =* 25.60, N  =  11.76%
KClOs =  0.75 gram
Theoretical yield o f 1,2-diaminoanthraquinone =» 11.9 grams

E x p t . CuiO N H 4NOj T i m e Y i e l d
Cl

C o n t e n t
N

C o n t e n t

Grams Grams Houfs Grams %  o f theory % %
1 2 .0 0 20 10.640 89.40 4 .05
2 2 .00 25 10.527 88.46 3.44
3 2 .0 0 30 10.056 84.50 2.75
4 0!50 2 .00 25 10.311 86.63 Trace 10 ! 85
5 1.00 2 .00 30 10.603 89.10 Trace 11.68
6 1.00 6 .00 30 10.842 91.10 Absent 11.75
7 2 .0 0 6 .00 30 11.075 93.10 Absent 11.79

By treatment of the above-mentioned diaminoanthraquin- 
one with alizarin (1) dissolved in phenol in the presence of 
boric acid, an indanthrene dyestuff was obtained. Like
wise, with /3-naphthoquinone (2) an indanthrene dyestuff 
was produced. 1,2-Diaminoanthraquinone prepared by dif
ferent methods undergoes identical condensations. In 
neither case did the 2,3-diaminoanthraquinone act similarly. 
The principal product in the ammonolysis discussed above 
appears to be 1,2-diaminoanthraquinone.
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Colored Waterproof Drawing Inks
E lm e r  W . Zimmerman, Bureau of Standards, Washington, D. C.

THE object of the experi
ments described was to 
p r e p a r e  a n u m b e r  of 

representative clear wrater-fast 
inks of the dissolved dye type 
which would not deteriorate on 
storage over a period of at least 
one year.

The chief constituents of a 
water-fast ink are shellac and a 
su i ta b le  dye. The shellac is 
held in an aqueous solution with
a weak base or an alkaline salt, such as borax. In an ink 
made by the procedure outlined later, ammonium hydroxide 
is depended upon to keep the shellac in solution. However, a 
small amount of borax is necessary to make the shellac in
soluble when the ink dries. In the course of this work it 
was found that unbleached shellac could be used because the 
amount of natural dye in the shellac is not great enough to 
alter the shade or hue of the finished ink. Consequently no 
attempt was made to use bleached shellac in the work here 
described. The impurities, such as insoluble waxes, orpi- 
ment, and dirt, were removed from the orange shellac.

Apparently the more important of the two constituents is 
the dye. Of ninety-two dyes tried, only seventeen were of 
sufficient promise to justify using them in inks to be kept in 
storage for a year or more. The other seventy-five dyes were 
unsatisfactory because they were not soluble enough, they 
did not produce a water-fast ink, or their color lacked the 
desired purity. At the end of a year, seven of these dyes 
representing different colors were selected as the best for 
making water-fast drawing inks. Inks prepared with these 
seven dyes did not change color or deteriorate in'any way 
during the aging period. At the end of two years, these 
inks were still good. They bled very little, if any, when sub
jected to the most drastic water-fastness test both before and 
after aging. The dyes which were found to be suitable for 
the preparation of colored water-fast inks are given in Tables 
I and I I .

P r e p a r a t i o n  o f  a  W a t e r -F a s t  I n k

A shellac solution was prepared by carefully digesting on a 
steam bath about 65 grams of orange shellac in 500 ml. of a 
solution containing one volume of ammonium hydroxide 
(specific gravity 0.90) mixed with 4 volumes of water. When 
the shellac had completely dissolved, the solution was allowed 
to cool. The waxes present were removed by repeated ex
traction with a mixture of equal volumes of ethyl ether and 
petroleum ether. Each extraction required about 3 hours to 
obtain a complete separation. Four such extractions were

A  method for preparing a set of water-fast 
drawing inks is described. The inks consist of a 
5 per cent solution of shellac and a suitable dye. 
The shellac is held in solution by ammonium hy
droxide and a small amount of borax. Seven 
dyes, each of a different color, selected from a list 
of ninety-two as the most suitable for making 
water-fast inks, are listed. Methods of testing 
water-fast inks are outlined.

made, using a b o u t  100 ml. of 
the mi xed  ethers  each time. 
After the last e x t r a c t i o n  the 
shellac solution was heated on 
the steam bath for 2 hours in 
order to eliminate all traces of 
the ethers. The shellac content 
of the c o o l e d  s o l u t i o n  was  
determined, 5 ml. o f  a m m o 
nium hydroxide were added to 
insure an excess of this con
stituent, and the solution was di

luted with water until the shellac content was reduced to 
50 grams in 500 ml. One gram of phenol and 3 grams of 
borax were added, and the solution was vigorously shaken 
until these materials were dissolved.

The stock solution thus prepared was used in making the 
samples of ink. Convenient batches of the ink were made by 
mixing 50 ml. of the stock solution with 50 ml. of an aqueous 
solution of the dye. The ink was then filtered to remove any 
insoluble material introduced by the dye.

T a b l e  I .

D y e

Erythrosine Yellowish 
Brilliant Orange R 
Chloraminę Yellow 
Brilliant Milling Green B 
Wool Blue G Extra 
Methyl Violet B 
Benzamine Brown 3GO

D y e s  S u it a b l e  f o b  C o l o e e d  W a t e r p r o o f  
D r a w in g  I n k

D y e  i n
C olour 100 ML.
I n d e x Schultz OF

Color No. No. I n k

Gram
Red 772 591 0 .5
Orange 78 79 0 .6
Yellow 814 617 0.4
Green 667 503 1.2
Blue 736 565 0 .5
Violet 680 515 0 .5
Brown 596 476 0 .8

T a b l e  I I . D y e s  C h o s e n  f o r  P r e l im in a r y  S a m p l e s  o f  I n k  
b u t  E l im in a t e d  in  P in a l  S e l e c t io n

D y e

Benzo Fast Orange S 
Benzo Fast Orange S ) 
Brilliant Croceine M ) 
Orange R 
Thiazol Yellow 
Metanil Yellow 
New Methylene Blue N 
Crystal Violet 
Benzo Brown G

D y e  i n

C o l o u r 100 ML.
I n d e x S c h u l t z OF

C o l o r N o. No. I n k

Gram
Red 326 279 0 .8
Red (326

(252
279 0 .3
227 0.3

Orange 161 151 0.4
Yellow 813 198 0 .8
Yellow 138 134 0 .8
Blue 927 663 0 .4
Violet 681 516 0.4
Brown 606 485 0.6

The seven dyes of the first choice, each of a different color, 
together with the quantities necessary for the preparation of 
the batches of ink are given in Table I. The dyes listed in 
Table II are of second choice. Inks prepared with these dyes 
are not quite as fast to water as those in Table I. In pre
paring any of these inks, the concentrated form of the dye
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is desirable to prevent introducing unnecessary materials 
into the inks. The figures in the tables indicating the amount 
of dye used are only approximate because different manufac
turers may furnish dyes that are identical except for their 
tinctorial power. At the end of two years, all of the inks 
in both tables were in good condition except one of the bottles 
of violet ink containing crystal violet. A  heavy growth of 
mold had destroyed the color of this sample, but the other 
sample containing the same ink was not affected.

M e t h o d s  o f  T e s t i n g

Methods of testing water-fast inks were developed as the 
work progressed. At first, lines were drawn with a ruling 
pen on bond paper and allowed to dry for 2 or 3 hours before 
they were immersed in tap water for 15 minutes. As better 
inks were prepared, a more drastic test became necessary. 
This latter consisted in placing the paper, marked with the 
ink to be tested, between pieces of glass held in running water.

As soon as the paper was in place, the two pieces of glass were 
pressed together to remove excess water and set aside for one 
hour. If the dye bled, it discolored the paper adjacent to the 
streaks, and the amount of bleeding was judged by the area 
of paper discolored. To supplement this test, strips of the 
paper were soaked for one hour in 200 ml. of water which was 
stirred occasionally. The amount of bleeding was determined 
by the decrease in the intensity of color of the streaks. This 
test was not as sensitive as the one in which glass plates were 
used, but it showed whether or not the bleeding noticeably 
affected the intensity of color.

The most drastic test was made by marking a dry paper 
strip with the ink to be tested, covering with a moistened filter 
paper, and placing the two between dry glass plates. Any 
dye that bled from the streak was absorbed by the filter paper. 
This test is a very convenient one for judging the relative 
merits of two or more inks.
R e c e i v e d  March 7, 1933. Published b y  permission of the Director, Na
tional Bureau o f Standards.

Blue Dye as Evidence of the Age of Writing
C. E. W a t e r s , Bureau o f Standards, Washington, D . C.

OR D IN A R Y  b l u e - b l a c k  
writing ink is essentially 
an aqueous solution con- 

t a i n i n g  ferrous sulfate, tannic 
and gallic acids from nutgalls, 
free mineral acid to delay the 
deposition of ferric gallotannate 
as the ink oxidizes, and an anti
septic. Freshly made ink of this 
kind makes such pale marks 011 
paper that it is customary to add 
also a dye, usually blue, to give 
an immediate color. On paper, 
the writing is at first blue but 
b e c o m e s  d a r k e r  and darker 
until it is finally black if the ink contains enough iron and 
tannin. The change in color is due to the formation of 
ferric gallotannate, whose black color hides the blue of the 
dye more or less completely.

The oxidation that causes the blackening does not cease 
when all the ferrous iron is converted into ferric, but pro
ceeds at a rate that depends upon the conditions under which 
the writing is kept. In the dark the writing will last a great 
deal longer than if it is exposed to bright light. In either 
case it is only a matter of time until the organic portion of 
the writing is destroyed by oxidation so that only rusty 
marks are left, but, before this end is reached, the writing 
goes through a series of color changes. It is not necessary 
to describe these changes, for the point of present interest 
is the disappearance of the blue dye, which is destroyed before 
the black iron gallotannate becomes seriously affected. 
According to Mitchell and Hepworth (2), “ the black iron 
tannate is much more stable to atmospheric influences than 
the dyestuffs used as provisional pigments, whereas the latter 
usually offer greater resistance to chemical agents.”  The 
chemical agent they seem to have had in mind is a 5 per cent 
solution of oxalic acid. On the same page they describe 
the results obtained by treating a number of bank checks of 
different ages with this solution. This reagent bleached the 
ferric compound, while the dye dissolved in the acid solution. 
They found that there “ was very little diffusion [of dye] in

those [ c h e c k s ]  w r i t t e n  five 
years; while a f t e r  six years 
t h e  r e a c t i o n  b e c a m e  very  
slow and there were  hardly 
any signs of diffusion of the 
blue pigment. On the checks 
twelve years old the ink was 
unaffected for a long period by 
th e  r e a g e n t . ”  And on the 
following page: “ In abnormal 
c a s e s ,  w h e r e  an ex ce ss iv e  
amount of ink had been used, 
some diffusion of the blue pig
ment may occur even after the 
lapse of twelve years.”

The present m iter does not doubt the truth of these 
statements about this particular set of checks but objects 
to categorical claims that the blue dye must perforce dis
appear within a given number of years. In the examination 
of three letters, involved in a legal controversy, to find out 
the kind of ink that had been used, it was found and reported 
that the writing still contained enough blue dye to produce 
a stain on moist filter paper. The age of the letters was an 
important point at issue, and two handwriting experts imme
diately deposed that the letters could not be 15 years old 
because the dye had not all disappeared.

In the meantime twenty-two samples of writing on dated 
pages of the writer’s laboratory notebooks at the Bureau 
of Standards had been examined (1). The tests were made 
in the summer of 1932, on writing from April, 1905, to July, 
1910, all well above 15 years old. In each of the years except 
1906 and 1909 one or more bits of writing gave a total of 
nine positive tests for blue dye. Since then many more 
samples of known age have been examined, and are here 
reported. Blue dye may last a great deal longer than 15 
years, and the absence of dye in a given sample of writing 
does not necessarily prove that it is older than another 
sample in which there is a comparative abundance of dye. 
In other words, the presence or absence of dye in detectable 
amount is not a safe criterion of the age of writing. Blue- 
black writing ink is not a substance of definite and fixed

Contrary to statements made by experts on 
disputed documents that the blue dye in writing 
done with ordinary blue-black ink will all be 
oxidized away in 15 years, examination o f 1U7 
samples of writing older than 15 years showed 
that blue dye was to be found in 78 of them. 
The oldest samples in which dye was detected 
were written in 1881.

It is not possible to conclude from the presence 
or absence of dye that one sample of writing is 
more recent or older than another.
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composition. The manufacturer may vary the amounts of 
the iron, tannin, and acid over a considerable range to suit 
his own ideas, and he has a limited choice of suitable dyes 
which he can add to the ink in greater or smaller quantity. 
The amount of ink taken up by the paper depends upon the 
fluidity of the ink, the pen, the kind of paper, and upon the 
writer, who may or may not use a blotter. All these vari
ables, in addition to the conditions under which the writing 
is kept, play their part in the persistence or disappearance 
of the dye.

T e s t s  o n  S a m p l e s  o f  D a t e d  W r i t i n g

The only reagent used in examining the samples of writing 
was distilled water. A  small drop was placed upon a marked 
letter and, after 10 seconds, was removed by pressing down 
upon it a piece of white filter paper. The pressure of the 
finger tip was maintained for 10 seconds, after which the 
paper was examined for blue stains. To avoid getting 
press copies of the blue lines ruled on some of the paper, the 
letter selected for the test was usually midway between two 
lines.

The writing examined consisted: (1) of the writer’s
laboratory notebooks at the Bureau of Standards, dated 
from October, 1904, to June, 1918; second, his lecture notes 
from October, 1895, to April, 1896; and third, names written 
in a few books and writing on a number of legal documents. 
There can be no serious doubt concerning the dates of any 
of the samples of writing. The older writing, in 1851, 
1852, 1865, 1872, and 1874, seems to have been done with 
the old-style muddy ink that was allowed to become oxidized 
before it was used. These made rusty stains on the filter 
paper and, because of their dates, may never have contained 
any blue dye. The rest of the writing was done with ink 
from many different bottles.

T a b l e  I. B l e e d in g  o p  B l u e  D y e  f r o m  M o is t e n e d  W r it i n g  
W h e n  P r e s s e d  w i t h  F i l t e r  P a t e r

Y e a r T e s t s
C h a r a c t e r  o f  

S t a i n 0 Y e a r T e s t s
C h a r a c t e r  o f  

S t a i n 0
1851 1 R usty 1905 12 9N , 2?, T
1852 1 R usty 1906 6 6N
1865 1 Faintly rusty 1907 10 3F, 7D
1872 1 Strongly rusty 1908 11 ?, 6T, F, 2D , S
1874 1 Faintly rusty 1909 8 6N, ?, T
1879 2 2N 1910 20 12N, ?, 3T, F , 3S
1881 2 F, D 1911 2 2D
1883 1 N 1912 2 D, S
1886 2 T , D 1913 2 2F
1895 5 T , 4F 1914 2 D, S
1896 7 5F, D , S 1915 2
1901 2 2N 1916 2 2F
1903 3 F, 2D 1917 2 2N
1904 2 2N 1918 4 4N

Total, 116; no stain or doubtful, 56; positive , 60.
° N, none; ?, doubtful; T , trace; F, faint; D , distinct; S, strong.

The general appearance of a page of writing gave no clue 
to its age in comparison with other pages of the same kind. 
For instance, writing on the oldest pages (1904) of the labora
tory notebooks looks blacker than that on other pages several 
years more recent. On every page there were great differ
ences in the blackness of the writing, and accordingly a very 
black and a medium dark character were tested. The same 
was done in testing the lecture notes and two or three of the 
documents.

In Table I, which summarizes the results of the tests, the 
approximate intensities of the blue stains on the filter paper 
are indicated. No properly completed tests are omitted, 
except a few special ones that are described further on.

A few samples of writing gave such strong stains that they 
were further tested, not by first wetting them, but by simply 
pressing damp filter paper against them for 10 seconds. Of 
three deep black samples dated 1907, one gave a strong and 
two others distinct stains. Of two dated 1896, one was only 
medium dark, yet both gave distinct stains.

Finally, tests were made to find out whether any of the 
writing contained enough blue dye to diffuse out into a drop 
of water. A small drop of water •was allowed to stand on 
the selected character for one minute. In most cases this 
character was deep black. In all, thirty-one samples were 
tested in this way, and the results are shown in Table II.

T a b l e  I I .  B l e e d in g  o f  B l u e  D y e  in t o  D r o p  o f  W a t e r

Y e a r

1881
1886
1895
1896

T e s t s

2
46
8

C h a r a c t e r  o f  
B l e e d i n g 0 

2T
T , F, D , S
6N
4N, T , F, 2D

Y e a r

1903
1907
1910
1911

T e s t s

2
62
1

C h a r a c t e r  o f  
B l e e d i n g 0

2F
3N, 3F
2S, both in 25 sec. 
D , in 30 sec.

Total, 31; no bleeding, 13; positive, 18.
° N, n o n e ; ? , d o u b t fu l ;  T, t r a c o ;  F, f a in t ;  D , d is t in c t ;  S, B trong.

In addition to the tests of Table I, three pages of writing 
in the laboratory notebooks call for special comment. Four 
tests were made on a page dated 1907, two on line 5, one on 
line 8, and one on line 11. The last gave a distinct blue stain, 
but the other three none at all. A single line of writing in 
1908, in four tests, gave three blue stains rated as trace and 
one that was distinct. Finally, on a page written in 1910, 
two tests on line 1 and one on line 4 showed no blue dye, but 
one on line 7 and two letters on line 13 gave strong stains. 
No doubt further search would have revealed a number of 
similar cases.

The results described in this paper, in addition to those 
already published (1), show that the presence or absence of 
blue dye in writing is not to be regarded as evidence of its 
age, whether recent or old. Certainly it is not true that 
writing 15 years old no longer contains blue dye. Because 
one of two samples of writing dated 1881 gave a distinct blue 
stain, and not merely a trace, it seems not improbable that 
somewhere there are documents even older than 52 years 
in which dye might be detected.

L i t e r a t u r e  C i t e d

(1) Anonymous, Bur. Standards, Circ. 400 (1933).
(2) Mitchell, C. A., and Hepworth, T. C., “ Inks: Their Composition

and Manufacture,”  3rd cd., p. 181, Griffin & Co., London, 
1924.

R e c e i v e d  March 25, 1933. Publication approved by  the Acting Director 
National Bureau of Standards.

Employment in the Chemical Industry in 
July, 1933

Index numbers showing the trend of employment and pay rolls 
in manufacturing industries are computed monthly by the U. S. 
Bureau of Labor Statistics from reports supplied by representa
tive establishments in the principal manufacturing industries 
and covering the pay period ending nearest the fifteenth of the 
month. These figures show the percentage represented by the 
number of employees on weekly pay rolls in any month com
pared with employment and pay rolls in a selected base period. 
The year 1926 is taken as the index base year, and the average of 
the 12 monthly indexes in that year is represented by 100 per 
cent. Figures for the chemical industry follow:

I n d e x  N u m b e r s  o f  E m p l o y m e n t  a n d  P a t - R o l l  T o t a l s  i n  C h e m ic a l

M a n u f a c t u r i n g  I n d u s t r y

Chemicals and allied products 
Chemicals
Cottonseed, oil, cake, and 

meal
Druggists’ preparations
Explosives
Fertilizers
Paints and varnishes 
Petroleum refining 
Rayon and allied products 
Soap

I n d u s t r y  

h average 1926 «= 100) 
E m p l o y m e n t P a y - R o l l  T o t a l s

1932 1933 1932 1933
July June July July June July
68.0 78.8 83.1 56.5 64.4 67.2
82.1 94.3 103.0 58.6 69.1 75.5

28.1 27.9 31.4 28.3 27.7 30.9
66.1 67.0 69.9 64.2 66.1 66.6
66.6 75.4 83.3 42.8 51.2 58.5
30.4 44.3 46.5 24.0 27.9 29.8
68.9 76.4 78.7 53.0 62.3 61.5
64.1 64.7 64.7 56.8 54.6 54.5
92.9 154.9 167.6 71.2 130.1 140.1
93.1 99.5 101.5 82.6 83.2 84.9



Butyric Acid and Butyl Alcohol Fermentation 
of Hemicellulose- and Starch-Rich 

Materials
S e l m a n  A. W a k s m a n  a n d  D a v id  K ir s h , New Jersey Agricultural Experiment Station, New Brunswick, N. J.

I N THE study of decomposi
tion of hemicelluloses by 
microorganisms (14), there 

was i s o l a t e d  from the soil a 
group of anaerobic bacteria, be
longing to the Clostridium bulyri- 
cum P r a z m o w s k i  group, and 
capable of utilizing hemicellu- 
lose-rich materials; in this proc
ess some of the hemicelluloses 
and starch, as well as certain 
sugars, were converted into or
ganic acids and alcohols. Several 
cultures belonging to this group 
of bacteria were isolated and cul- 
t i v a t e d ;  they were found to 
represent a number of strains 
which were similar in their mor
phological appearance but which 
varied considerably in their fer
mentation capacity and in their 
ability to produce acids and alco
hols from carbohydrates. They 
were found to be closely related 
to the butyric acid bacteria, but were distinguished from the 
typical representatives of this group by the fact that they 
grew not only upon sugars and starch but also upon certain 
hemicelluloses.

A detailed review of the literature of the bacteria forming 
butyric acid and butyl alcohol is found in the work of McCoy, 
Fred, et al. (8). The investigations on the anaerobic decom
position of pectins, especially in connection with the anaero
bic retting of flax, and of starches and cellulose have an im
portant and direct bearing upon the problem under considera
tion. Beginning with the work of Winogradsky and Fribes (19) 
and Beijerinck ( /)  and ending with that of Carbone (2), 
Makrinov (7), and Euschmann (12), an extensive literature 
has accumulated on the role of bacteria in the retting process. 
A  number of organisms, all of which belong to the butyric acid 
bacteria, was described; they varied in the nature of the 
carbohydrates attacked and in the relative amount of butyric 
and other acids, as well as alcohols, produced in the fermenta
tion process. These organisms could not attack cellulose; 
some, however, acted upon various hemicelluloses and 
starches. There is no doubt that certain organisms, probably 
related to this group, are also capable of fermenting true cellu
lose (6).

F e r m e n t a t i o n  o f  W h e a t  M i d d l i n g s

The specific problem under consideration deals with the 
production of organic acids and alcohols by pure cultures of 
anaerobic bacteria isolated from soil, using as a substrate 
material rich in starch and in hemicellulose. The methods 
of isolation and cultivation of the organisms were those com
monly employed in the study of anaerobic bacteria. Wheat 
middlings were employed as a basic medium for the growth of 
these organisms. The proximate analysis of this was as follows:

%
1 1 .1 4  

2 .5 6  
3 .7 9  

1 6 .7 2  
3 4 .6 6

T h e  te rm  “ hemicellulose” 
is c o m m o n l y  e m p l o y e d  in 
the l i t e r a t u r e  in a very loose 
m a n n e r .  It is used here to 
designate those carbohydrates 
w h i c h  are readily hydrolyzed 
by hot dilute m i ne ra l  acids 
(2 per cent hydrochloric) and 
converted into reducing sugars, 
with the exception of starch, 
g l y c o g e n ,  and inulin. Some 
of the h e m i c e l l u l o s e s  are 
pure p o l y s a c c h a r i d e s ,  while 
o t h e r s  c o n t a i n  u r o n i c  acid 
g r o u p s ,  like the pectins, and 
can be spoken of as polyuron
ides (9).

The media used for the growth 
of the b a c t e r i a  and  for the 

production of the organic acids were prepared by placing defi
nite 4 to 5 per cent quantities of middlings, about 1 per cent 
calcium carbonate, and tap water in a series of flasks of vary
ing dimensions. The flasks were plugged with cotton, steril
ized, and inoculated with portions of a 48-hour culture of the 
organisms. During the growth process there developed 
large quantities of various gases. In some of the experiments 
the gases were measured quantitatively and qualitatively. 
A  flask containing about 6 liters of medium was found to 
produce well over 20 liters of gas, which consisted of about
45 per cent hydrogen, the rest being carbon dioxide and a 
small amount of methane. The different strains of the or
ganisms differed, however, in the composition of the gases 
formed in the fermentation process.

The acids produced by these organisms were both volatile 
and nonvolatile. In the presence of calcium carbonate only 
small amounts of alcohol were found in the culture; however, 
in the absence of the carbonate, large quantities of alcohols 
were formed, while the acid accumulation was reduced, a 
phenomenon well known in the case of the butyl alcohol 
fermentation process.

The analysis of the volatile acids was carried out according 
to the following procedure:

At the end of the incubation period the acids were liberated 
by the addition of sufficient 10 per cent II3PO(, and the medium 
was filtered through cotton. An aliquot portion of the culture 
was steam-distilled so as to remove the volatile acids; the dis
tillate containing the organic acids was then neutralized and 
concentrated, thus removing the alcohols, ketones, and other 
volatile products present. The acids were again liberated and 
determined by fractional steam distillation, at constant volume, 
according to the Dyer method (4). However, this method was 
found to be not fully reliable when applied to known mixtures, 
and an attempt was therefore made to apply the Werkman (17)

A group of bacteria, capable of fermenting the 
hemicelluloses and the starch of various plant 
materials, is isolated from the soil. The acids 
and alcohols produced in the fermentation of 
these materials consist principally of butyric 
acid and butyl alcohol. Wheal middlings give 
a good yield of fermentation products, while corn 
meal is not readily fermented. The addition of 
concentrated corn steep liquor exerts a markedly 
favorable effect on the fermentation processes, 
especially in the case of the corn meal, where a 
good yield of butyl alcohol is obtained. Other 
plant products and plant materials, such as 
molasses, alfalfa, and corncobs support good 
growth of the organisms, but the fermentation 
process is not particularly vigorous. Purified 
hemicelluloses are not fermented; in the process 
of separation and purification, they are rendered 
resistant to decomposition by these organisms.

Moisture 
Total nitrogen 
Ash 
Starch
Hemicelluloses
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procedure of separation of organic acids, by means of isopropyl 
ether, as well as the Duclaux (S) method as modified by Virtanen 
and Pulkki (13).

It was found in a preliminary experiment on the influence 
of the incubation period upon the production of volatile 
acids from wheat middlings that the maximum acid produc
tion was reached, at 28° to 30° C., in 11 days; after that, the 
acid content of the cultures began to diminish. Further 
investigations brought out the fact that the various strains 
of the organisms did not behave alike, some producing con
siderable quantities of acid in a shorter time than others.

In order to determine what constituents in the middlings 
are utilized by the organism, a proximate analysis (16) was 
made of the solids in the culture at the beginning and at the end 
of the decomposition period— namely, 11 days. The results 
presented in Table I show that the cellulose, lignin, and protein 
of the medium were not attacked at all or were utilized only 
to a very limited extent, the residual material having a 
much higher relative concentration of these complexes than 
the original medium. The starch had nearly all disappeared, 
while a part of the hemicelluloses (including the pentosans) 
and some of the fats were decomposed by the organism. The 
dried residue weighed just about half of the original dry ma
terial added to the culture. The loss in weight was almost 
completely accounted for by the disappearance of the starch, 
the hemicelluloses, and the fats. The organic nitrogen pres
ent in the middlings was sufficient to supply the needs of 
the organism. The addition of inorganic nitrogen, in the 
form of ammonium salts or nitrates, did not have any favor
able effect upon the growth and acid production.

T a b l e  I. P r o x i m a t e  C h e m i c a l  C o m p o s i t i o n  o f  W h e a t  
M i d d l i n g s  a n d  o f  F e r m e n t e d  R e s i d u e

F e r m e n t e d  R e s i d u e  
N o CaCOa CaCOa

Total dry material 
Ether-soluble portion 
Hemicellulose and starch0 
Pentosan 
Starch 
Cellulose 
Lignin 
Protein

° Hemicellulose figure is calculated from the reducing sugars (X  0.9) 
produced on hydrolysis with 2 per cent H Cl for 5 hours at 100° C .; the 
pentosan is calculated from the furfuraldehyde yield; the starch was de
termined by hydrolysis with an active diastase preparation.

The alcohol production by  the organisms was determined 
in the following manner:

An aliquot portion of the steam distillate of the culture was 
titrated to phenolphthalein with 0.1 N  potassium hydroxide. 
A larger aliquot was then carefully neutralized, using the titra
tion figures, and the alcohols and other volatile materials present 
in the culture distilled over directly; an aliquot portion of this 
distillate containing less than 10 mg. of alcohol was analyzed 
by the Dupres method, as outlined by Northrop (10). The 
alcohol was oxidized by an excess of 0.2 N  potassium dichromate, 
and the excess dichromate determined by titration with potassium 
iodide and sodium thiosulfate. This method also accounts for
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the aldehydes and other reducing substances which may be 
present in the distillate.

T.he nature of the alcohol was determined by adding sufficient 
dichromate to the alcoholic distillate, placing in pressure flasks, 
and heating in a steam bath for 45 minutes in order to oxidize 
the alcohol to the corresponding acid; the contents were made 
alkaline with potassium hydroxide, and most of the liquid was 
distilled over. The residue was acidified with sulfuric acid and 
slowly distilled. The distillate was found to contain butyric 
acid, the odor being so strong as to make a further chemical test 
unnecessary. Other alcohols beside butyl may have been pro
duced, but only in negligible quantities.

The alcohol content of the culture was found to increase 
with an increase in the acid content and with the advance of 
the period of incubation, as shown in Table II. The addition 
of calcium carbonate modifies considerably the relative acid 
and alcohol production of the organisms.

I n f l u e n c e  o f  C o r n  S t e e p  u p o n  F e r m e n t a t i o n  o f  
M i d d l i n g s  a n d  C o r n  M e a l

Corn steep liquor was found to exert a pronounced stimu
lating effect upon the fermentation process, as shown by the 
increased yield of volatile organic acids. The composition of 
this material was as follows:

Moisture
Ash
Nitrogen

%
49.16

8.76
4 .00

The pH of the steep was 4.5.
The influence of the corn steep upon the fermentation of 

middlings and corn meal is brought out in Table III. The 
addition of com steep resulted in a marked increase in acid 
and alcohol production, both in the presence and absence of 
calcium carbonate.

T a b l e  I I I .

T o t a l
C o n t r o l
C u l t u r e

T o t a l
a m o u n t

le f t
D e c o m 

p o s e d

T o t a l
a m o u n t

le f t
D e c o m 

p o s e d
C o r n  ✓---------------
S t e e p  C a C O a  V o la t i le

Grams Grams % Grams % % Cc. 1 N
380 178 53.16 202 0 0 7.74

14.9 8 .7 41.61 8 .0 46!31 0 .5 0 11.70
150 46.3 69.13 43.8 70.80 1.0 0 17.20
73 45.9 37.12 51.1 30.00 2.0 0 18.06
95 4 .4 95.37 4.2 95.58 0 + 37.84
30.4 25.6 15.79 26.9 11.51 0.5 + 44.72
32.6 30.9 5.21 1.0 + 40.85
55.1 5Ü 8 5 .99 47.6 13.61 2.0 + 51.17 1

I n f l u e n c e  o f  C o r n  S t e e p  o n  F e r m e n t a t i o n  
o f  W h e a t  M i d d l i n g s "

- C u l t u r e  5 -

%*
1.51
2.29
3.37
3.53
7.40
8.75
7.9910.01

Alcohol 
Ce. 1 N  
395.71 
348.03 
407.1 
427.66

23.62
52.62 
59.01 
58.03

- C u l t u r e  97-
ol Volatile! acid Alcohol

% Cc. 1 N % Cc. 1 AT %
16. 29 9 .03 1.77 94 .60 3. 48
14 .32 11 .61 2.27 47 .24 1. 94
16 ¡75 21 .07 4.12 45 .28 1. 86
17,,60 15 . 48c 3.03 64 . 94c 2. 67
0 .97 57 .62 11.28 29 .52 1. 21
2 .17 65 .36 12.79 42 .30 1. 74
2,.43 68 .80 13.46 32 .47 1. 34
2,.39 69 .66 13.63 29 .52 1. 21

a The method of sterilization of the media was modified according to the 
following procedure: 500 cc. of water plus the solid material were placed in 
flasks and sterilized for 1.5 hours at 15 pounds per square inch (1.05 kg. per 
sq. cm.) pressure; 400 cc. sterile water were then added, and the medium 
was sterilized an additional 30 minutes. The flasks were inoculatcd with 
5 cc. of a 24-hour tube culture and incubated for 6 days.

i> Percentage of dry middlings as butyric acid and butyl alcohol. 
c Fermentation not complete.

The nonvolatile acid fraction was next investigated. A 
portion of the fermented medium was subjected to steam dis
tillation; the residue left was then made into a plaster with 
anhydrous sodium sulfate and extracted for 72 hours with ether 
in a Soxhlet extractor. The nonvolatile portion gave a 
positive Uffleman test in both cases, indicating the presence 
of lactic acid or other a-hydroxy acids.

Among the volatile acids, butyric seems to be the only 
important acid produced in the fermentation process. Other

T a b l e  I I .  I n f l u e n c e  o f  C a l c i u m  C a r b o n a t e  o n  F o r m a t i o n  o f  B u t y r i c  A c i d  a n d  B u t y l  A l c o h o l  f r o m  M i d d l i n g s

(800 cc. of medium used; 100 cc. of 40 hour o!d inoculum of same composition as flask to be inoculated: plain medium ■= 5 per cent wheat middlings,
~ ”  = 5  per cent wheat middlings +  1 per cent CaCOa)

- C u l t u r e  5 ------------------------------ -------■* ----------------------------------C u l t u r e  97
I n c u b a t io n

P e r io d

Days
1

N a t u r e  o f  
P r o d u c t

Volatile acid 
Alcohol 
Volatile acid 
Alcohol 
Volatile acid 
Alcohol

PLAIN  MEDIUM
Titration“ Percentage*»

CaCOa MEDIUM 
Titration Percentage

9.42
202.51

15.24
203.79

15.82
274.14

1.84
8.33
2.98
8.39
3.10

11.28

59.60 
137.32

69.20
195.99
78.60 

188.87

11.66
5.65

13.54
8.07

15.38
7.77

a In terms of cubic centimeters of normal acid or alcohol. 
b Percentage of dry middlings as butyric acid or butyl alcohol.

PLAIN MEDIUM 
Titration Percentage

14.77
121.99

14.79 
95.62
17.80 

186.70

2.89 
5.02
2.89 
3.94 
3.48 
7.68

CaCOa m e d i u m  
Titration Percentage

45.32
131.38
78.35
92.55
82.24

116.63

8.87
5.41

15.33
3.81

16.09
4.80



T a b l e  IV. E f f e c t  o f  C o r n  S t e e p  o n  F e r m e n t a t i o n  o f  C o r n  M e a l "

(900 co. of medium containing 4.5 per cent corn meal; inoculum, 5 cc. of a 24-hour culture)
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I n c u b a t i o n N a t u r e  o f
P e r i o d C u l t u r e P r o d u c t C o r n  M e a l  A l o n e

Days Cc. 1 N %*>
3 5 Volatile acid 4 .30 0.94

Alcohol 3 .14 0.14
97 Volatile acid 2.41 0 .52

Alcohol 1.50 0 .07
6 • 5 Volatile acid 6 .88 1.50

Alcohol 8 .40 0 .38
97 Volatile acid 3 .01 0 .65

Alcohol 1.50 0 .07
10 5 Volatile acid 6.45 1.40

Alcohol 9 .50 0.43
97 Volatile acid 3.44 0 .75

Alcohol 2 .54 0.12
30 5 Volatile acid 9 .37 2 .04

Alcohol 18.30 0 .84
97 Volatile acid 3 .70 0 .80

Alcohol 5 .54 0 .25
a Corn steep =  0 .5 % ; CaCOj =■ 1.0% .
6 Percentage of dry corn meal as butyric acid and butyl alcohol.

acids were present but only in small concentration. This 
was further confirmed by an analysis of the volatile acids pro
duced in the fermentation, using the procedure of Orla-Jensen 
(11) whereby the potassium salt of the acid is precipitated 
fractionally by silver nitrate and the silver content of the 
various fractions determined. The following results were 
obtained:

Ag in  S a l t  Ag in  S a l t
F r a c t io n  Culture 6 Culture 7 F r a c t io n  Culture 6 Culture 7

% % % %
1 55.1 55.5 5 55.3 55.6
2 55.1 55.6 6 55.4 56.1
3 55.4 55.3 7 55.3 55.7
4 55.5 55.6 8 55.5 54.2

The theoretical silver content of silver butyrate is 55.38 
per cent. Butyric, therefore, appears to be the only volatile 
acid produced by the two organisms.

When, instead of middlings, corn meal mash was used, very 
little fermentation took place. In order to determine whether 
this was due entirely to the inability of the organisms studied 
to attack the starch in the com  or to a lack of certain nutri
ents, the effect of corn steep upon the fermentation of corn 
mash was studied. The medium consisted of 900 cc. of water 
and 4.5 per cent com  meal, some of the flasks receiving previ
ous to sterilization 0.5 per cent corn steep, some 1 per cent 
calcium carbonate, and some both. The flasks were inocu
lated with 5-cc. portions of 24-hour cultures of two organisms 
(5 and 97) and placed in the incubator. At the end of defi
nite periods of incubation, the cultures wrere analyzed for 
volatile acid and for alcohol.

The results presented in Table IV show that culture 5 is 
capable of producing large amounts of acid and alcohol from 
corn meal when com  steep is added to the medium, with and 
without calcium carbonate. However, the corn steep de
pressed acid production by culture 5 in a medium lacldng a 
neutralizing agent, while culture 97 was stimulated. Since 
the corn steep was distinctly acid in reaction, this difference 
in behavior of the twro organisms may have been due to a 
greater sensitivity of culture 5 to the acid conditions thus 
created. The differences may also have been due to the 
fact that culture 5 possesses a high alcohol-producing capacity, 
indicating the existence in this organism of a more efficient 
mechanism for the immediate reduction of the acids to alco
hols, thus preventing their accumulation. In the presence 
of calcium carbonate, more active fermentation of the corn 
meal took place, as evidenced by the concentration of the 
products formed. These results further emphasize the 
variability of the different strains in their fermentation ca
pacity: culture 97 produced less acid at the start of the fer
mentation than culture 5, but in the end overtook it. In al
cohol production, however, culture 97 was always inferior 
to culture 5. There was a sharp increase in alcohol produc

C o r n  M e a l  +  CaCOj C o r n  M e a l  - f  C o r n  S t e e p
C o r n  M e a l  +  C orn - 

S t e e p  +  CaCOj
Cc. 1 N % Cc. 1 N % Cc. 1 N %
22.79 4.96 1.72 0 .37 69.23 15.053 .14 0 .14 183.92 8.41 111.40 5.0916.34 3 .55 4 .73 1.03 54.18 11.781.50 0.07 39.30 1.80 18.30 8.37
38.27 8.32 1.72 0 .37 79.12 17.205.26 0.24 161.86 7 .40 183.92 8.4132.51 7 .07 5.59 1.22 75.68 16.46
3 .60 0.16 73.94 3 .38 44.54 2.04

44.55 9 .69 3.01 0 .65 64.93 13.9315.14 0 .69 277.46 12.69 151.34 6.9242.14 9 .16 5 .16 1.12 85.14 18.51
9 .90 0 .45 92.22 4.22 41.40 1.89

64.93 14.12 5 .50 1.20 72.93 15.86
81.30 3 .72 253.50 11.59 234.60 10.73
68.80 14.96 6.02 1.31 83.42 18.14
96.72 4.42 138.64 6.34 107.12 4.90

tion in the 30 day old culture 97 (without the corn steep but 
with calcium carbonate) which seems to be abnormally high. 
No satisfactory explanation can be suggested for this.

I n f l u e n c e  o p  T y p e  o f  I n o c u l u m

A study was next made of the influence of nature of inocu
lum for bringing about the final fermentation. Flasks con
taining 900 cc. of water and 5 per cent wheat middlings were 
inoculated with 5 cc. of three different inocula, incubated for 
5 days, and the acid and alcohol determined. The inocula 
were prepared as follows:

1. The plain inoculum consisted of a 24-hour culture of 
vegetative cells.

2. In the soil inoculum the organism was grown in a medium 
consisting of 100-gram portions of Sassafras sandy soil plus 2 
grams of wheat middlings for 30 days; some of the soil was then 
used to inoculate wheat-middling culture tubes; after 24 hours 
of incubation these were employed for the inoculation of the 
large flasks.

3. In the spore inocula, 2 to 4 week old cultures were heated 
at 80° C. for 10 minutes to destroy the vegetative cells and the 
wreak spores; the culture thus heated was used for inoculation 
purposes.

Comparatively little difference was obtained between the 
three different inocula; the plain vegetative cells gave some- 
w'hat lower yields of acid and alcohol. The inoculum of 
spores gave a higher yield, probably due to the fact that in 
the process of pasteurization the weak and less desirable cells 
were eliminated. An inoculum of this type usually shows a 
longer lag phase, because of the time required for the germina
tion of the spores, but results in a more vigorous fermentation 
as has been pointed out by Weyer and Rettger (18). The 
soil inoculum gave results falling between the other two types; 
this represents a modified form of spore inoculation, since, 
after 30 days of growth in the soil culture, practically all of 
the organisms were largely in the spore state. Inoculation 
of a culture tube with the soil and subsequent incubation re
sults in a fresh and vigorous vegetative culture, which can be 
used to inoculate the large flasks. A combination of the soil 
culture and pasteurization is known to be made use of in a 
commercial production of butyl alcohol (5).

F e r m e n t a t i o n  o f  V a r i o u s  P l a n t  M a t e r i a l s

In a search for an inexpensive plant material which might 
serve as a substrate for the growth of hemicellulose- and 
starch-fermenting organisms, the fermentation of blackstrap 
molasses and of alfalfa was attempted. The molasses em
ployed had the following composition:

%
Total nitrogen 0 .78
Reducing sugars 17.25
Total sugars 49.58
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• It was difficult to obtain a preliminary fermentation of this 

material in the inoculum, which was prepared for the enrich
ment of the culture. The fermentation of the molasses, as 
shown in Table V, did not prove to be of any decided advan
tage over the wheat middlings, and its use was therefore dis
continued.

T a b l e  V. F e r m e n t a t i o n  o p  B l a c k s t r a p  M o l a s s e s

(6 per cent molasses +  1 per cent CaCOa; 100 cc. actively fermenting inocu
lum used for 800 cc. of media)

V o l a t i l e  A c id  P r o d u c e d  
I n c u b a t io n  P e r io d  Culture 5 Culture 97

Days Cc. 1 N  % a Cc. I N  %
7 56.01 9 .13  85.17 13.89

11 61.63 10.05 99.35  16.20
a Percentage of molasses as butyric acid.

The dried alfalfa contained 7.86 per cent hemicellulose, 
12.79 per cent reducing sugar (calculated as glucose) in the 
hot and cold water extracts, 2.1 per cent total nitrogen, and 
13.4 per cent ash. A medium was prepared containing, per 
flask, 74.4 grams of dry alfalfa and 800 cc. of water. After 8 
days of incubation the inoculated flasks were analyzed for 
volatile acidity and alcohol. The results given in Table VI 
show that the alfalfa is fermented by both organisms, but 
not to a very large extent. A fair amount of alcohol was pro
duced, however, under all conditions.

T a b l e  VI. F e r m e n t a t i o n  o f  A l f a l f a

(800 cc. of medium, 74.4 grams dry alfalfa; corn steep, 0.5 per cent, and 
CaCOa 1 per cent when used; 8-day incubation)

C o m p o s it io n  o f  ------------— C u l t u r e  5 -------------- * /--------------- C u l t u r e  9 7 ---------------s
M e d iu m  Volatile acid Alcohol Volatile acid Alcohol 

Cc. I N  % a Cc. 1 N  %  Cc. 1 N  %  Cc. 1 N  %  
Alfalfa 4 .73  0 .56  47.88 1.19 7 .7 4  0 .92  30.16 0.75
Alfalfa +  CaCOa 30.10  3 .56  30.16 0 .75  27.95 3.31 26.32 0.66
Alfalfa +  corn

steep 5 .16  0 .61  71.74 1 .79  11.61 1.37 41.72 1.04
Alfalfa +  corn

steep +  CaCOa 25.80 3 .05  28.62 0 .71  26.66 3 .16  20.92 0 .52
° Percentage of dry alfalfa as butyric acid or as butyl alcohol.

A similar experiment was carried through using as a source 
of carbohydrate ground corncobs, in concentration of 5.87 
per cent. The results, reported in Table VII, show that a 
fair amount of volatile acidity is produced in the fermentation 
of untreated corncobs; however, the alcohol production was 
almost negligible. Culture 97 gave a much lower fermenta
tion of the corncobs than culture 5.

T a b l e  VII. F e r m e n t a t i o n  o f  C o r n c o b s

(800 cc. of medium containing 5.87 per cent ground corncobs, 0.5 per cent 
corn steep, 1 per cent CaCOa; 8-day incubation)

C o m p o s it io n  o f  ,--------------C u l t u r e  5 -------------- * ----------- C u l t u r e  9 7 -------------^
M e d iu m  Volatile acid Alcohol Volatile acid Alcohol

Cc. 1 N  % °  Cc. 1 N  %  Cc. 1 N  %  Cc. 1 N  %  
Corncobs 4 .73  0 .8 9  1.68 0 .07  4 .30  0.81 1.68 0 .07
Corn cobs 4 - CaCOa 19.52 3 .66  1.68 0 .07  11.18 2 .10  1.68 0 .07
Corn cobs - f  steep 7 .74  1.45 7 .84  0 .31  6 .45  1.21 1.68 0 .07
Corn cobs 4- steep

+  CaCOa 35.69 6 .69  6 .3 0  0 .25  27.09 5 .08  3 .22  0 .13
°  Percentage of dry corn cobs as butyric acid or as butyl alcohol.

In order to determine the particular constituents of the 
corncobs that have undergone fermentation, liter flasks con
taining 45.53 grams of the dry material in 800 cc. of solution 
were inoculated with 5 cc. of a 24-hour culture on middlings. 
All the flasks had 4-gram portions of corn steep added to them 
(0.5 per cent concentration), and one set of the flasks re
ceived an additional 8 grams of calcium carbonate. After 11 
clays of incubation the flasks, to which no calcium carbonate 
was added, were removed and analyzed. The flasks con
taining the calcium carbonate were incubated for 20 days; 
these flasks inoculated with culture 97 failed to ferment for 
more than 1 or 2 days after inoculation, while the flasks inocu
lated with culture 5 were producing gas actively until the 
very end of the incubation period, thus confirming the previ
ous obseivations of the greater activity of this strain.

The results presented in Table VIII show definitely that

Total residual dry material
Total solids in filtrate
Ash in filtrate
Ilemicelluloses
Pentosans
Starch
Nitrogen
Ash in residue

the hemicelluloses of the corncobs are attacked by the 
anaerobic bacteria, especially by culture 5, in the presence of 
calcium carbonate. The starch, which is present in the corn
cobs only in very small amounts, was also attacked, but did 
not seem to play an important role in supplying a source of 
energy to the organisms. The hemicelluloses of the corn
cobs are made up primarily of pentosans, particularly xylan. 
The decomposition of the pentosan was especially pronounced 
in the presence of calcium carbonate. The pentosan content 
in the decomposed residues was found to be greater than the 
hemicellulose obtained by the method of hydrolysis with di
lute acid. This discrepancy is due to the fact that in the dis
tillation of the pentosans with 12 per cent hydrochloric acid, 
not only the pentosans, but also the uronic acid complexes 
which do not give very much reducing sugar on hydrolysis 
with 2 per cent hydrochloric acid, are converted to furfuraldé
hyde.

T a b l e  VIII. C o m p o s i t i o n  o f  C o r n c o b s  a t  B e g i n n i n g  a n d  
E n d  o f  F e r m e n t a t i o n  b y  C u l t u r e s  5 a n d  97

(800 cc. of medium, 0.5 per cent corn steep in all flasks, 1 per cent CaCOa, 
where used; no CaCOa, 11-day incubation; CaCOa, 20-day incubation)

C o n t r o l  C u l t u r e  5 C u l t u r e  97 
No CaCOa CaCOa No CaCOa 

Grams Grams Grams Grams
45.530 41.500 39.200 41.800
2 .032° 4 .510 14.351 4 .030
0 .349“ 0.762 9.002 0 .710

16.432 14.025 9 .967 14.446
15.990 14.865 10.451 15.401
0.850 0.402 0.476 0.658
0.1516 0.241 0.187 0.202
0.633 0.212 2.234 0.213

Volatile acid produced, cc. 1 ¿Ve 8 .64  46.78 8.64
Alcohol produced, cc. 1 Nd 3 .40  9 .0 0  4.10

a From corn steep.
b Nitrogen in corn steep =  0.160 gram.
c The corresponding amounts (in per cent) of dry corncobs fermented, as 

butyric acid, are 1.67, 9.05, and 1.67.
d The corresponding amounts (in per cent) of dry corncobs fermented, as 

butyl alcohol, are 0.14, 0.37, and 0.17.

In measuring the hemicellulose, starch, and pentosan con
tent of the corncobs, separate samples of the material were 
used for each determination. The hemicellulose fraction in
cluded the starch as well. The ash content of the fresh ma
terial plus that of the corn steep added to the culture checked 
well with that found in the residue plus the filtrate, in the 
case of the flasks free from calcium carbonate. However, 
the flask receiving calcium carbonate gave, for some unex
plainable reason, an abnormally high ash content.

The proximate analysis of the fresh corncobs was as fol
lows:

% %
Total hemicellulose® 36.09 Total nitrogen 0.33
Pentosan 35.12 Ash 1.39
Starch 1.87

a Calculated from sugar produced on hydrolysis with 2 per cent hydro
chloric acid. The low nitrogen and ash content of the corncobs are probably 
responsible for the marked stimulating effect of the corn steep upon the 
fermentation of this material, as shown in Table VII.

I n f l u e n c e  o f  N i t r o g e n  S o u r c e  u p o n  t h e  F e r m e n t a t i o n  
P r o c e s s

A more detailed study was then made of the nitrogen and 
energy requirements of the organisms bringing about the 
fermentation. Four different media were used; these were 
placed, in 200-cc. quantities, in 300-cc. Florence flasks. The 
media were inoculated with 5-cc. portions of a 24-hour wheat- 
middling culture, incubated for 7 days, and analyzed for vola
tile acid, alcohol, ammonia nitrogen, and residual glucose. 
The different media had the following composition:

C o m p o s it io n

Glucose(NH*)îHPO*
Corn steep
Casein
K tB P O *
M gS O *

M e d iu m  1 M e d iu m  2  M e d iu m  3  M e d iu m  4
% % % %

4.0 4.0
0.25
0.25 0.25 0^25

2 .01.0 2 .0
0.25
0.10
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Distilled water was employed in the case of the first three 
media, while tap water was used in the last medium. The 
casein was brought into solution by sodium hydroxide, and 
the solution adjusted back to the neutral point by dilute hy
drochloric acid. All the media were adjusted to pH 7.0; 
the addition of the corn steep to the casein solution resulted 
in the formation of a precipitate of the casein, owing to the 
acidity of the corn steep. The flasks were sterilized in flowing 
steam for 30 minutes on 3 consecutive days.

T a b l e  IX . N it r o g e n  a n d  C a r b o h y d r a te  U t i l iz a t io n  o f  
C u l t u r e s  5 a n d  97

(200 cc. of medium, 7-day incubation)
V o l a t i l e G l u c o s e N H j

M e d i u m C u l t u r e A c i d A l c o h o l L e f t N i t r o g e n

Cc. 1 N C c . l N Grams Ma.
1 5 3 .10 9 .59 6 .28 77.78

97 2.24 4.07 6 .62 78.69
Control 7 .74 85.11

o a 5 2 .15 19.42 5.72 1.23
97 3.23 10.35 6 .57 1.83

Control 7 .74 4.89
36 5 2.73 16.67

97 2.82 18.50
Control 18.50

4b 5 3 .48 17.28
97 ' 2 .92 16.06

Control 18.50
°  260.6 mg. of nitrogen added as casein.
b 521.2 mg. of nitrogen added as casein.

Culture 97 produced in medium 1 a sluggish fermentation, 
while culture 5 produced a considerable amount of gas in 
media 1 and 2 about 4 hours after inoculation. Eight hours 
after inoculation, culture 5 produced in medium 2 a spongy 
mass floating on the surface of the liquid, and buoyed up 
partly by the gas produced; culture 97 brought this about 
several hours later. This was due to the precipitation of the 
casein by the acid formed by the organisms. The flasks 
containing media 3 and 4 gave some evidence of gas produc
tion about 8 hours after inoculation; this ceased, however, in 
a very short time. An examination of the results given in 
Table IX  reveals the fact that the fermentation obtained in 
all four media was not very vigorous. It is evident, however, 
that the organisms prefer casein as a source of nitrogen to 
the ammonium salt.

The results obtained by the use of media 3 and 4 show that 
the casein cannot be used as a sole source of energy by the 
organisms. This was further confirmed by the failure to 
obtain liquefaction by either organism of gelatin stabs incu
bated under anaerobic conditions in a Macintosh and Fildes 
jar. A slight amount of gas was evolved after inoculation; 
this is probably due to the fermentation of the small amount 
of wheat middlings carried over with the inoculum; this 
can also account for the small amount of alcohol produced. 
The ammonia nitrogen in the casein media inoculated with 
the organisms was lower than that of the corresponding con
trols, showing that, as fast as the ammonia was formed in 
the degradation of the casein, it was used as a source of nitro
gen by the organism, in the presence of available energy.

C o m p o s i t i o n  o f  t h e  G a s e s  P r o d u c e d  i n  F e r m e n t a t i o n

As to the composition of the gases produced in the anaero
bic fermentation, reference may be made to the results of a 
typical experiment reported in Table X . The medium used 
in this experiment consisted of 37.5 grams of wheat middlings, 
5.0 grams corn steep, and 7.5 grams calcium carbonate in 
1000 cc. of water. At various intervals samples of the gas 
liberated during the fermentation were removed and analyzed. 
The results show that during the early stages of growth the 
gas consisted largely of hydrogen and carbon dioxide. With 
advancing growth the concentration of the hydrogen dimin
ished and that of carbon dioxide increased, owing no doubt 
partly to the liberation of some carbon dioxide from the

carbonate by interaction with the acids produced. There 
was very little methane or carbon monoxide at any time dur
ing the fermentation process.

T a b le  X . C o m p o sitio n  o f  G a s e s  L ib e r a t e d  in  F e rm e n ta 
t io n  o f  W i i e a t  M id d lin g s  a t  D i f f e r e n t  S t a g e s  o f  G r o w th

(Gas concentration, in per cent)
G a s ---------- A g e  o f C U L T U R E '--------- -------------------- s

20 hrs. 26 hrs. 43 hrs. 67 hrs.
C 0 2 56.3 60.3 68.2 78.8
O2 0 .9 • 0 .6 0 .8 0 .8
CO 0 0 0 .1 0.2
CH« 0 .7 0 0 .5 0 .2
h 2 41.2 38.7 27.7 18.0

D i s c u s s i o n

The results of the above investigations, as well as others 
not reported here, prove beyond any doubt that the organisms 
under consideration are able to bring about the decomposition 
under anaerobic conditions or the fermentation of a variety 
of carbohydrates, including sugars (glucose, lactose), starch, 
hemicelluloses (mannan, galactan), but not of cellulose or of 
lignin. The most important point to be established by these 
investigations is the ability of certain anaerobic bacteria to 
utilize various hemicelluloses and produce acids and alco
hols. It was essential to use plant materials rich in one or 
more specific hemicellulose, as shown for the pentosans in the 
experiment on the fermentation of corncobs. When Irish 
moss was used as the substrate, culture 5 decomposed within 
a few days 84.3 mg. out of 531.4 mg. of the galactan added to 
the culture. When salep root was used, the culture decom
posed the mannan actively, producing an abundant quantity 
of gas. It is of interest to recall here that culture 5 was iso
lated from soil by the use of a mannan medium, and 97 by the 
use of a xylan medium.

When freshly isolated, the bacteria were much more active 
in bringing about the fermentation of purified hemicelluloses, 
as shown elsewhere (14, 15). Continued cultivation in the 
laboratory, in pure culture, resulted in a marked deteriora
tion of the fermentation capacity, especially when purified 
hemicelluloses were used as sources of energy. No attempt 
was made to study this phenomenon in detail. There is no 
doubt, however, that the vigor of the strains can be reestab
lished by proper methods of cultivation and selection.

S u m m a r y

The acid- and alcohol-forming capacity of a series of 
anaerobic bacteria isolated from soil and capable of ferment
ing hemicelluloses and starch was studied. Two organisms 
were selected for most of the investigations reported here. 
Both forms produced large amounts of butyric acid and 
smaller concentrations of nonvolatile acid, containing some 
lactic. One of the cultures produced a typical butyl alcohol 
fermentation. Corn meal was not fermented readily, but the 
addition of corn steep had a markedly favorable effect upon 
the process of growth and fermentation. Wheat middlings 
were feund to give the best medium for both growth and fer
mentation; the addition of corn meal to this medium did not 
exert any favorable effect, while the addition of corn steep 
did.

The addition of calcium carbonate to the medium resulted 
in the suppression of alcohol production and in an increase in 
volatile acidity.

Molasses, alfalfa, corncobs, and certain other plant prod
ucts can be used as a medium for the growth of these or
ganisms, but the extent of fermentation was found to be 
parallel to the amount of available carbohydrate.

Although the organisms were able to utilize pentosans in 
the form of corncobs, mannans in the form of salep root, and
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galactan in the form of Irish moss, very little growth was 
produced on the purified hemicelluloses.

Casein and ammonium salts can be utilized as sources of 
nitrogen, the former being preferred.
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The Chemistry of Soft Rubber Yulcanization
I. Measurement of Vulcanization

B. S. G a r v e y , Jb., a n d  W . D . W h it e , The B. F. Goodrich Company, Akron, Ohio

V ULCANIZATION is uni
versally recognized as a 
p r o c e s s  for improving 

the properties of rubber for vari
ous uses, generally by treatment 
with sulfur or sulfur chloride.
The tests made to determine the 
degree of vulcanization approach 
in multiplicity the variety in the 
uses of rubber.

Bruni (£) c o m m e n t s  that 
th er e  is still no satisfactory 
method of determining when 
rubber is v u l c a n i z e d .  Defi
nitions of vulcanization such as 
those of Weber {18), Schid- 
rowitz (10), Kindscher (7), and 
Shepard (11), all specify treat
ment w i t h  sulfur or sulfur- 
b e a r i n g  compounds. Bridg
water (1) defines vulcanization 
as a change in th e  p h y s i c a l  
state of the rubber which is ac
companied by certain changes 
in physical properties. In most 
cases no d e f i n i t i o n  is given, 
but the coefficient of vulcaniza
tion or th e  ch a ng e  in some 
physical characteristic such as solubility or tensile strength 
is used to measure the degree of vulcanization. Thus Wie- 
gand (14) considered coefficient of vulcanization, elongation 
at break, tensile strength, modulus, tensile product, and 
resilient energy in selecting optimum cure. Williams (15) 
and Dieterich and Davies (4) used plasticity measurements 
to detect scorching or incipient vulcanization.

For a study of the chemistry of vulcanization it is necessary 
to define what phase of vulcanization is to be considered. 
Such a definition can best be made in terms of the change 
in a specified set of physical characteristics, which should as 
far as possible characterize all types of vulcanization. The 
first step in the study is an examination of the changes 
brought about by curing rubber with sulfur.

The physical properties of vulcanized rubber depend on 
so many variables that a comparison of the results obtained 
at different times and in different places is unsatisfactory 
unless all experimental details are reported. In the present 
study the changes in physical properties and in combined 
sulfur for a series of rubber-sulfur compounds have been 
measured under conditions which make all of the results 
comparable. Physical testing data are also included for four 
accelerated compounds of commercial, high-gum types to 
show that the same changes take place in the presence of 
accelerators.

The choice' of the test, or tests, used to measure the degree 
of vulcanization may materially affect the conclusions to be 
drawn. Thus, as judged by tensile strength alone, we might 
conclude from the examination of a tough crude rubber, the 
same rubber after milling, and the same rubber after heating 
with sulfur that vulcanization was exactly the reverse of 
milling and that the tough crude rubber was vulcanized to

the same degree as the milled 
rubber heated with sulfur.

Experiments w h i c h  will be 
reported elsewhere show that 
unmilled rubber, gas black, and 
stiffeners produce some effects 
similar to vulcanization. This 
makes the choice of a suitable 
set of tests for all types of stock 
ra t h e r  complicated. At the 
present time a too comprehen
sive treatment seems of doubtful 
value. It is better to accept 
the necessary restrictions and 
to work within the limits im
posed by them. In this study 
the limitations have been ob
served by e s t a b l i s h i n g  the 
following standard procedure:

The rubber is moderately masti
cated by following the mixing pro
cedure of the A m e r ic a n  C h e m i
c a l  S o c i e t y  (9). The use of stif
feners, reclaims, and large amounts 
of softener or pigment, particularly 
gas black, is avoided. If these 
precautions are observed, the un
cured batch stock is definitely un
vulcanized by every test applied. 
All of the changes can then be at

tributed to vulcanization and dependable comparisons can be 
made between different types of high-gum stock.

The rubber for all the experiments reported was taken from 
one batch of selected, first latex crepe which was blended on an 
84-inch mill in the factory. All of the batches were given as 
nearly the same mechanical treatment as was possible without 
extreme precautions. In several cases: good checks were ob
tained in duplicate batches, which shows that the errors due to 
processing were insignificant.

After a consideration of the theoretical and practical 
aspects of the problem four types of tests were selected: 
(1) qualitative, (2) plasticity, (3) hysteresis, and (4) stress- 
strain tests. Certain of the measurements have been selected 
as being suitable for use without the others, and in the tables 
these are marked \ Discussion of the tests is based on a 
large number of experiments, and can be verified by an 
examination of the data given in the tables and curves.

Q u a l i t a t i v e  T e s t s

Qualitative tests considered by practical rubber men to 
show characteristic differences between vulcanized and un
vulcanized rubber are included in this work because of their 
relation to manufacturing operation. Testing conditions 
were standardized and a semi-quantitative method of classi
fication developed so that the results are comparable to those 
of the other tests. Unvulcanized rubbers are put into class 0. 
With increasing degree of vulcanization the stocks are 
classified as 1, 2, 3, 4, or 5.

The tendency of stretched rubber to freeze is measured 
in the ice water test. When unvulcanized rubber is stretched, 
immersed in ice water, and released, it does not recover as it 
does at room temperature. This is called freezing. When 
stretched frozen rubber is again warmed, it recovers. This

For a series of rubber-sulfur compounds and 
for four commercial, high-gum accelerated com
pounds the changes during cure have been meas
ured by a series of physical tests. The change 
in combined sulfur has also been measured for  
the rubber-sulfur compounds. Experimental 
conditions have been so controlled that all results 
are comparable.

Based on the experimental results, a set of 
criteria has been selected with approximate 
limiting values for unvulcanized and for vul
canized rubber. Conditions are specified under 
which the criteria can be used to measure the 
degree of vulcanization. The selection of these 
criteria is, in effect, a definition in terms of the 
changes in physical properties which limits the 
meaning of the term “ vulcanization”  in a manner 
useful for the study of the phenomenon.

The difference in the rate of change of the 
several properties is interpreted as evidence that 
during vulcanization a mechanical structure is 
built up.
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test is not sensitive during the early stages of cure. In some 
cases, as with high accelerator-low sulfur stocks, the rubber 
may seem well vulcanized by every other test and yet freeze 
badly in ice water. There are five classes based on this test.

The hot water test measures the tendency of stretched 
rubber to break by plastic flow under the influence of heat. 
Although unvulcanized rubber breaks readily, after only a 
slight cure the samples 110 longer break. Thus, the test can 
distinguish only between unvulcanized rubber and rubber 
which has a definite, even if slight, cure. There are two 
classes based on this test.

Behavior on the mill appears to give a composite measure 
of those changes which are most characteristic of vulcaniza
tion. The measurement, however, is not sufficiently exact 
to permit quantitative use. There are six classes based on 
the milling test.

Solubility differences in the rubber before and after milling 
are measured by the solubility test. The change shown here 
is largely complete in the early stages of cure. There are five 
classes based on the solubility in benzene:

I c e  W a t e r  T e s t . In applying this test a thin strip of stock 
was cut from the sheet and stretched almost to the limit six 
times. While stretched it was immersed in ice water for 20 
seconds and then released under water. Uncured rubber froze 
very badly and showed practically no recovery on release. 
With increasing cure there was more tendency to recover, and 
the recovery was more rapid. Finally, with the well-cured 
rubber the stock recovered just as rapidly in ice water as it did 
at room temperature. Between the two extremes were all 
gradations of freezing as indicated by the rate of recovery. By 
this test stocks can be divided into five classes from unvul
canized to well-vulcanized:

Class 0. (o) Practically no recovery
(6) Stock is too  weak to test 

Class 1. Some recovery, but very slow
Class 2. R ecovery is faster than in class 1 but slower than in class 3 
Class 3. R ecovery is slower than in air 
Class 4. R ecovery is as fast as in air

H o t  W a t e r  T e s t . A thin strip of rubber was cut from the 
sheet, stretched, and held under the hot water faucet. The 
water temperature was close to 90° C. The sample was kept 
under a tension insufficient to cause a sharp break but sufficient 
to cause plastic flow. The uncured stocks flowed and broke 
under the influence of the heat. After even a slight cure, the 
stocks no longer broke:

Class 0. 
Class 1.

Stock breaks or is too weak to test 
Stock does not break

Class 0. Stock behaves like milled crude rubber; these stocks quickly 
become smooth and plastic 

Class 1. Stock mills like tough crude rubber; these stocks are initially 
somewhat harder and rougher and take longer to break down 
and mill smoothly

Class 2. Stock is rather hard and dry and somewhat grainy; it usually 
smooths out on longer milling, especially on a cool mill 

Class 3. Stock is rough and dry and does not smooth out satisfactorily 
Class 4. Stock crumbles somewhat but after a few minutes hangs together 

well enough to form a rough sheet 
Class 5. Stock crumbles very badly and does not sheet out even after 10 to 

15 minutes on the mill

The standard procedure was modified in some cases for con
venience. Thus for soft, sticky stocks a much cooler mill was 
used. In some cases it was necessary (for reasons not con
nected with the investigation) to use different mills. In many 
cases it was not necessary to leave the rubber on the mill for the 
full 10 minutes, as the classification was obvious after 3 to 5 
minutes. Such variations in procedure do not affect the classi
fication.

S o l u b il it y  T e s t . For the solubility test sufficient compound 
to contain one gram of rubber was cut up into thin strips and put 
into 100 cc. of benzene. It was allowed to stand for 24 hours 
with intermittent shaking by hand. Solubility was determined 
both before and after the milling test. The uncured stocks 
were completely soluble before and after milling. With in
creasing times of cure, solubilities decreased, and on this basis 
the stocks could all be divided into five classes. The time of 
milling will influence solubility but within the limits used for 
the milling tests consistent results can be obtained:
C l a s s  B e f o r e  M i l l i n g

0 Dissolves completely
1 Pieces lose their shape but do not

dissolve completely
2 Pieces retain their shape
3 Pieces retain their shape

4 Pieces retain their shape

A f t e r  M i l l i n g  
Dissolves completely

Dissolves completely 
Dissolves completely 
A few undissolved floes are 

present
Stock is swollen rather than 

dissolved

P l a s t i c i t y  T e s t s

The retentivity and softness were measured on the Goodrich 
plastometer, and the plasticity was calculated from them by 
the procedure described by Karrer, Davies, and Dieterich (5). 
Determinations were made at both 30° and 100° C. The
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M il l in g  T e s t . The milling tests wrere carried out on a 12-inch 
(30.5-cm.) mixing mill (9). It was found that sharper differen
tiations could be made on a hot mill than on a cold one. Hence 
the mill was kept at temperatures between 90° and 110° C. 
The standard time for milling was 8 to 10 minutes. During 
most of this period the mill was kept tight [opening about ‘ /m 
inch (0.79 mm.) or less], but toward the end it was opened wider 
and the stock sheeted thicker. At this point scorched rubber 
shows more roughness than crude rubber. According to their 
behavior on the mill the stocks wrere divided as follows:

values are given as Rx, Rm, S®, *Sno, Pm, and Pico, with the 
subscripts indicating the temperature of measurement.

The heating period for the sample was 30 minutes. With the 
cured sheets, strips were plied to the required thickness with the 
help of a pure gum cement, a procedure found to give satis
factory results.

Changes in plasticity factors are greater and more abrupt 
at 100° than at 30° C. The major portion of all of these 
changes takes place in the early stages of cure, after which 
the change is comparatively small. As a measure of the de
gree of vulcanization, Rm was selected as the best of this 
group. For unvulcanized stocks it has a value consistently 
above 60. It is generally between 80 and 95 but is somewhat 
lower for lightly milled stocks. Very slight vulcanization 
lowers Rm below- 60, and at 20 the stock is still very badly 
undercured. For well-vulcanized stocks R ico is below 10,
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T a b l e  I .  C h a n g e s  d u r in g  V u l c a n iz a t io n  o p  R u b b e r  w i t h  S u l f u r
C u r e

a t  Q u a l i t a t i v e  T e s t s —  
142° Ice H ot M ill- Solu- 
C .a water water ing bility

M in.

- P l a s t i c i t y  T e s t s  -

R 30 R 100 S30 S100 Pzo P 100
P *100
p¡7

N one 0

,---------------H y s t e r e s i s  T e s t s ----------------- *
Modulus 

Set at 300%  Set/M odulus
Kg./ Lb./ 
cm.* in.- Kg. Lb.

C O E F F I-
•— S t r e s s - S t r a i n  T e s t s — n c i e n t  o f  

M odulus Ultimate V u l c a n i -
at 500%  tensile z a t i o n

Kg./ Lb./ Kg./ Lb./ 
cm.*cm. in.* i n *

COM POUN D 2: F IR S T  L A T E X  C R E P E , 100; S U L F U R , 1

None 0 0 0 0 37.5 83.66 16.6 53.1 6 .2 4 4.4 3166
30 0 0 0 0 34.5 50.16 17.7 40.6 6.1 20.4 686 c c 0.136
60 0 0 0 1 28.1 27.66 14.2 25.9 4 .0 7.1 12.66 e c 1.76 256 0.236
90 0 0 0 1 25.0 20.76 12.7 19.4 3 .2 4 .0 5.06 2206 Í.‘ Í2 166 196Í3 13!76 c 3.51 506 0.336

120 0 0 0 2 20.9 16.66 11.7 15.6 2 .4 2 .6 2.86 1506 1.41 206 106.4 7.56 c 3.51 506 0.446

150 0 0 0 2 2 1.0 16.16 11.5 13.9 2 .4 2 .2 2.06 1306 1.69 246 76.9 5.56 c 3 .51 506 0.536
180 0 1 0 2 18.1 16.26 10.3 13.1 1.9 2 .1 2.36 1106 1.97 286 55.8 3.96 e 10.54 1506 0.626
210 0 1 0 2 18.7 14.46 10.4 12.3 2 .0 1 .8 1.66 1056 1.97 286 53.3 3.756 c 10.54 1506 0.676
240 0 1 1 2 16.6 15.06 11.0 13.2 1.8 2 .0 2.26 1056 2.10 306 49.8 3.56 c 7 .03 1006 0.766
300 0 1 1 2 15.2 14.26 10.2 11.4 1.6 1.6 1.66 906 2 .53 366 35.6 2.56 e 7.03 1006 0.816
360 0 1 1 2 17.6 16.36 10.5 13.2 1.9 2 .0 2.36 906 2 .24 326 40.0 2.86 c 1.75 256 0.826

COM POUN D 4: F IR ST  L A T E X  C R E P E , 100; S U L F U R , 3

None 0 0 0 0 48.9 96.26 27.4 74 .0 13.4 71.1 3776
30 0 0 0 1 29.7 33.46 16.3 36.8 4 .8 12.3 31.56 2106 0 .98 146 214 15.06 c á! ¿ i 506 o ! 256
60 0 1 0 2 23.1 18.96 13.4 20.1 3 .1 3 .8 4.66 1506 1.40 206 107 7.56 c 3.51 506 0.466

* 90 0 1 1 2 18.8 15.26 11.8 14.8 2 .2 2 .3 2.46 1056 1.96 286 53.6 3.86 C 12.20 1756 0.686
120 0 1 2 3 15.2 12.46 10.5 12.4 1.6 1.5 1.46 756 2 .39 346 31.2 2.26 c 14.0 2006 0.856

150 1 1 3 3 14.8 13.06 9 .8 11.0 1.5 1 .4 1.36 706 2.81 406 24.9 1.756 c 26.3 3756 1.046
180 1 1 3 4 13.8 9.36 9 .2 9 .6 1.3 0 .9 0.626 706 3.16 456 22.2 2.06 1.75 256 26.3 3756 1.306
210 1 1 4 4 12.5 8.76 9 .3 9 .0 1.2 0 .8 0.546 506 3.37 486 14.8 1.046 1.75 256 35.1 5006 1.426
240 2 1 4 4 12.6 10.66 8 .9 9 .3 1.1 1.0 0.916 606 3 .23 466 18.6 1.36 1.75 256 38.7 5506 1.606
300 3 1 4 4 13.3 8.76 8 .5 8 .3 1.1 0 .7 0.456 406 3 .80 546 10.5 0.746 3.51 506 35.1 5006 2.106
360 4 1 4 4 12.2 10.06 7 .5 7 .4 0 .9 0 .7 0.556 356 4 .7 8 686 7 .33 0.516 3.51 506 77.3 11006 2.336

0 38 .8  88.36 17.0
COM POU N D 6: F IR S T  L A T E X  C R E P E , 100; S U L F U R , 10

6 1 .8  6 .6  54 .5  4506
30 0 0 1 2 19.4 18.56 10.3 14.5 2 .0 2 .7 3.66 1106 2.81 406 39.1 2.756 17.6 2506 0.556
60 1 . 1 3 3 14.6 10.76 6 .4 8.1 1 .0 0 .9 0.86 456 4.21 666 9 .67 0.686 7.Ó3 * ÍÓÓ6 35.1 5006 1.146
90 3 1 4 4 9 .7 8.26 5 .7 6 .0 0 .6 0 .5 0.406 306 5.76 826 5 .4 0.386 7 .03 1006 84.4 12006 • 1.546

120 4 1 5 4 8 .0 4.36 4 .9 5 .0 0 .4 0 .2 0.016 356 6 .75 966 5 .12 0.366 10.5 1506 133.6 19006 2.406
150 4 1 5 4 7 .6 5.06 4 .6 4 .5 0 .3 0 .2 0.016 156 9 .12 1306 1.58 0.116 14.1 2006 161.7 23006 3.166
180 4 1 5 4 6 .1 8.66 3 .9 4 .1 0 .2 0 .4 0.86 206 10.5 1506 1.85 0.136 15.8 2256 154.7 22006 3.856
210 4 1 5 4 14.0 9.06 4 .0 3 .5 0 .6 0 .3 0.016 106 12.1 1726 0 .71 0.056 24.6 3506 186.3 26506 4.556
240 4 1 5 4 8 .4 10.06 3 .3 3 .8 0 .3 0 .4 0.56 106 13.8 1966 0 .85 0.066 31.6 4506 207.4 29506 5.276

a 142° C. =» 288° F. =* 40 pounds steam pressure.
6 Measurements suitable for use without the others. 
c Satisfactory readings could not be made as the stock was too soft.

beyond which point further changes are comparatively in
significant.

T h e r m o p l a s t i c i t y .  The fact that the plasticity values 
at 100° dropped much more rapidly than those at 30° C. 
suggested that some expression for thermoplasticity would 
be a useful criterion. One such expression would be Pm/Pm- 
However, both factors can be low and the ratio high; so 
that it is desirable to include a factor for the actual plasticity. 
P 100 seemed more sensitive to vulcanization than P& and it 
was used. The factor Pioo X  P100/P30 or Phoo/Px was there
fore arbitrarily chosen as a measure of thermoplasticity. 
The value for Phoo/Pw drops with extreme rapidity in the 
earliest stages of cure, being above 250 for unvulcanized 
stocks and below 4 after incipient vulcanization. It is below 1 
while the stock is still badly undercured. Lower values for 
this thermoplasticity factor have little significance.

R e t e n t i v i t y - S o f t n e s s  R e l a t i o n .  The work of Dieterich 
and Davies (4) showed the retentivity-softness relation to be 
significant. Some results obtained by Crawford and Bra- 
mann (8) suggested the possibility that for crude rubber the 
variation in softness and retentivity with temperature is 
such that they maintain a linear relationship. Vulcanization 
should cause considerable change in the relation. If this 
view is correct, the curve obtained by plotting retentivity 
against softness at 30° and 100° C. should be characteristic. 
Figure 1 shows the softness-retentivity relation for the 
uncured rubber-sulfur stocks.

Some variation was found both in the position and slope 
of the curve for milled crude rubbers. Within the area 
enclosed by the dotted lines, both slope and position may 
vary. Further milling causes a shift in the curves but does 
not put them outside the dotted lines. It is probable that 
part of this shift is due to inaccuracy of measurement on 
stocks of the extreme plasticity which these heavily milled 
stocks reach at 100° C.

The change in the retentivity-softness relation due to 
vulcanization is shown in Figure 2. There is a gradual shift 
with regard to slope, position, and length as the cure pro
gresses. The significant change in these curves is completed 
in the early stages of cure. This relation is particularly 
useful in differentiating tough crude rubber from scorched 
rubber and will be discussed in that connection in a subse
quent paper.

H y s t e r e s i s  T e s t s

The hysteresis tests were run on an autographic machine 
built for the Goodrich testing laboratory. The rate of 
stretch was 20 inches (50.8 cm.) per minute. The data were 
obtained for 300 per cent elongation. Curves were recorded 
for the first, second, and fifth cycles. The area enclosed 
by the loops was not employed, as entirely different types 
of loops enclosed the same area. The significant measure
ments were the set and the modulus at 300 per cent elonga
tion:

C o m 
p o u n d  C u r e

- P l a s t i c i t y  T e s t s  -

M in.
None

1520
20
90

C.

T a b l e  I I .  P h y s ic a l  P r o p e r t i e s '1 o p  T e c h n ic a l  H ig h - G u m  S t o c k s

- H y s t e r e s i s  T e s t s -  
Modulus 
at 300%

Kg./ Lb./

/— Q u a l i t a t i v e  T e s t s — * ,-----------------
Ice H ot M ill- Solu- 

Temp. water water ing bility Rzo Rioo Sso Sioo P 30 Pioo
Phoo

S e t
S et/

modulus

in,,* Kg. Lb.

142 
127 
127
143

67.66 15.0 
8 .66  3 .9
3.46 3 .5
5 .96 3 .4
5 .06 3 .5

a The coefficient of vulcanization was not determined on the com pounds; it was probably between 2.5 and 3.0. 
6 Measurements suitable for use without the others. 
c Data given for only one uncured stock. It is typical for all four.

46.1
3 .1
6 .5  
3 .7
3 .5

31.4
3 .4
3 .4  
2 .9
3 .5

7 .00.12
0 .24
0 .130.12

21.9
0 .290.12
0 .18
0 .1 8

68.56
0.76
0.066
0.256
0.276

156 24.6  
106 22.8  
156 28.1  
156 21.8

3506 0 .57  
3256 0 .43  
4006 0 .57  
3106 0 .71

0.046
0.036
0.046
0.056

-— S t r e Ss - S t r a i n  T e s t s — > 
Modulus Ultimate
at 500%  tensile

Kg./ Lb./ Kg./ Lb./
cm.* in.* cm.* in.*

77. 3 1ÎÔÔ6 236 33506
54 .5  7756 295 42006
77 .3  11006 320 45506
49 .2  7006 288 41006
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The “ hysteresis set” was determined by the intersection of the 
fifth loop with the elongation axis. The modulus at 300 per cent 
elongation was taken as the highest load registered in the first 
loop. The measurement of modulus from the hysteresis curve 
is more accurate than from the stress-strain curve because of 
the greater sensitivity of the machine under small loads.

The test is not readily applied to mixed stocks before cure, 
and the results are often not significant and add very little to the 
information given by plasticity tests. Hence this test was not 
generally applied to the uncured stocks.

The value of hysteresis set for unvulcanized stocks is 
above 150 per cent. With only a slight degree of vulcaniza
tion it falls below 90. With well-cured rubber it is from 10 
to 15. There is a gradual increase in the modulus at 300 
per cent elongation, with increasing cure. These measure
ments are especially useful for the intermediate stages of 
cure.

H y s t e r e s i s  S e t / M o d u l u s .  Since modulus at 300 per 
cent and set do not seem to vary at the same rates, it seemed 
probable that dividing the latter by the former would give a 
factor which would be a significant measure of the changes 
due to vulcanization. The value for unvulcanized rubber 
is above 10 (modulus in pounds per square inch) and, if 
higher values are found, it may be assumed that the degree 
of vulcanization is negligible. With only slight vulcanization 
the value falls below 2. With well-cured stocks it is below 
0.1, which is probably the limit of significance for this value. 
This factor is most useful in judging the intermediate de
grees of vulcanization.

S t r e s s - S t r a i n  T e s t s

M o d u l u s  a t  500 P e r  C e n t  E l o n g a t i o n  a n d  U l t i m a t e  
T e n s i l e  S t r e n g t h .  The stress-strain data were obtained 
on a standard Scott machine following the procedure adopted 
by the A m e r i c a n  C h e m i c a l  S o c i e t y  (9) without accurate 

' temperature and humidity control. The tensile sheets were 
cured in a 6 X  8 X  V 32 inch (15.2 X  20.3 X  0.24 cm.) mold. 
The modulus at 500 per cent elongation and the ultimate 
tensile strength are the measurements used.

For the unvulcanized stocks and many of the undercured 
sheets the modulus at 500 per cent and tensile strength 
are too low to be significant. They increase very slowly 
in the intermediate stages of cure and become high only 
after the stock is rather well cured. These values are useful 
in the higher range of cures.

D e t e r m i n a t i o n  o f  C o m b i n e d  S u l f u r

Combined sulfur was determined directly on the sample 
after 48-hour acetone extraction. All results reported are 
the average of two check determinations. For check results 
the agreement was within 0.05 where the values for combined 
sulfur were below 1.0 per cent. Above 1.0 per cent the 
agreement was within 0.2, with very few exceptions being 
within 0.1. In this paper all results have been reported as 
the coefficient of vulcanization as defined by Weber (12). 
Since all recipes have been written on the basis of 100 parts 
by weight of rubber, this coefficient can be calculated as 
follows:
Coefficient of vulcanization = %  combined sulfur found

total parts in recipe 
100X

Periodic determinations were made on mixed batches 'without 
cure to check the accuracy of the method. In most cases 
the coefficient for the uncured stocks was between 0.05 and
0.10, although it occasionally went up to 0.15. This indicates 
that all coefficients may be approximately 0.1 too high, 
owing to experimental error and sulfur in reagents. This 
is a constant error and, since the authors are interested pri
marily in comparative results, it has been considered more

desirable to report results as found than to correct them for 
the probable error.

The correction of the coefficient of vulcanization for the 
acetone-insoluble sulfur combined with nonrubber con
stituents, as indicated by the work of Kelly (6), would be 
too small to be significant for this work.
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The method of analysis selected for this work is a modifi
cation of that described by Kratz, Flower, and Coolidge (S) 
in which the extracted sample was oxidized by a mixture of 
bromine and fuming nitric acid.

R u b b e r -S u l f u r  C o m p o u n d s

For this work 100 parts of rubber were mixed with 0.5,
1, 2, 3, 5, and 10 parts of sulfur, compound numbers 1 to 6. 
Sheets were cured at 142° C. (288° F.) for half-hour inter
vals up to 4 or 6 hours. Table I gives the complete set of 
data for the stocks with 1, 3, and 10 parts of sulfur. In 
Figures 3 to 5, coefficient of vulcanization and the physical 
properties selected as most significant are plotted against 
time of cure for the compounds with 0.5, 2, and 5 parts of 
sulfur.

For a given stock the combined sulfur and physical proper
ties change progressively with time of cure. As the sulfur 
increases from one compound to the next, there is a progressive 
increase in both rate and extent of the changes. This regu
larity of results is both a check on the measurements and a 
confirmation of the choice of tests.

A c c e l e r a t e d  C o m p o u n d s

Compounds 7 to 10 are types of commercial high-gum 
compounds. The recipes are given below and the testing 
data are given in Table II.

First latex crepe 
Zinc oxide 
Sulfur
Polybutyraldehyde aniline 
Mercaptobenzothiazole

Cure: 15 min. at 142° C.

9
First latex crepe 
Zinc oxide 
Sulfur
M e r c a p t o b e n z o t h ia z o le  
T e t r a m e th y lt h iu r a m  d isu lfid e

Cure: 20 min. at 127° C.

D is c u s s i o n  o f  R e s u l t s

M e a s u r e m e n t  o f  V u l c a n i z a t i o n .  While it would be 
convenient to have a single quantitative test which could

100.0 First latex crepe 100.0
5 .0 Zinc oxide 5 .0
3 .0 Sulfur 3 .0
0 .3 Tetramethylthiuram disulfide 0.4
0.4 --------

108.7
Cure: 20 min. at 127° C. 

10

108.4

100.0 First latex crepe 100.0
5 .0 Zinc oxide 5 .0
3 .0 Sulfur 3 .0
0 .4 Diorthotolylguanidine 0 .6
0 .2 --------

108.6
Cure: 90 min. at 143° C.

10S.6



1046 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. 25, No. 9

be applied to all types of compound as a measure of the 
degree of vulcanization, no such test has been found which 
would be acceptable, even within the limits of compounding 
and processing used for this study. The milling test is the 
closest approach, and it is not sufficiently sensitive for 
quantitative use. A  group of tests is therefore necessary. 
The use of the complete set of tests described above gives a 
good composite picture of the degree of vulcanization. In 
some cases the changes measured follow so closely the same 
trend that only one measurement need be used. The tests 
with greater sensitivity and higher precision are more de
pendable than the others. A comparison of the results 
obtained with many stocks indicates that a satisfactory set 
of criteria for high-gum stocks mixed according to A m e r i c a n  
C h e m ic a l  S o c ie t y  procedure can be based on measurements 
of plasticity (Goodrich plastometer), hysteresis, and stress- 
strain. Table III gives a summary of the selected criteria 
together with approximate limiting values for unvulcanized 
and vulcanized rubber.

T a b l e  III. S e l e c t e d  C r i t e r i a  o p  V u l c a n iz a t io n  a n d  
A p p r o x i m a t e  L im it in g  V a l u e s

A p p r o x . L i m i t i n g  V a l u e s  
W ell-

Unvulcanized vulcanized
C r i t e r i o n  T e s t  rubber rubber

Rioo Plasticity 60 10
P ioo/Pm Plasticity 250 1
Set Hysteresis 150 10
Set/m odulus Hysteresis 10 0.1
M odulus at 300% , k g ./cm .2 Hysteresis 1.41 24.6
M odulus at 500% , k g ./cm .a Stress-strain 1.41 70.31
Ultimate tensile, k g ./cm .s Stress-strain 1.41 351.5

The range between these limits is available for measuring the 
degree of vulcanization. Practically all of the change in the 
plasticity factors, Rm  and P^oo/Px, takes place in the earliest 
stages of the cure. On the other hand, most of the change in 
tensile strength and modulus takes place in the later stages 
of cure. While about half of the decrease in hysteresis set and 
set/modulus takes place early in the cure, the change through 
the intermediate cures is sufficient to give a useful measure 
in this range.

C h a n g e s  d u e i n g  V u l c a n i z a t i o n .  All of the properties 
measured change with time of cure. They do not, however, 
all vary at the same rate. Typical changes are shown in 
Figures 3 to 5. The relation between the plasticity changes 
and the tensile changes is particularly interesting. The 
former are largely complete before the latter become sig
nificant. The hysteresis set measurements, depending as 
they do both on plasticity and tensile characteristics, give 
values whose variation is intermediate between that of the 
other two.' The great drop in thermoplasticity in the earliest 
stages of cure is remarkable.

These results suggest the probability that during vulcani
zation a mechanical structure is built up. Comparatively 
small structural effects are necessary to exert a large effect 
on plasticity. The development of tensile, however, requires 
increasing strengthening of the structure. A  rough illustra
tion would be the building of a wooden scaffold. Compara
tively few nails are required to hold the structure in shape. 
For strength, however, it is necessary to drive many nails 
in many places.
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G e r m a n y ’ s  C h e m ic a l  I n d u s t r y  i n  F ir s t  H a l f  o f  1933. 
Although German exports of chemicals and allied products 
showed a larger decline during the first half of 1933 in compari
son with a similar period in 1932 than did those of its two chief 
competitors, the United States and Great Britain, Germany 
maintained its position as the world’s largest exporter of these 
products. During this period the I. G .  Farbenindustrie added 
5000 additional workers to its pay roll, and imports of chemicals, 
mostly materials for use in the chemical industry, increased 12 
per cent in quantity.

Since the low point in the chemical industry’s depression in the 
late summer of 1932, approximately 9000 additional workers 
have been added to the Farbenindustrie’s pay roll. With the 
further addition this year, it is believed that the I. G. now has 
around 102,000 employees, as compared with 98,716 at the end 
of 1931. Part of the increase is due to artificial measures for 
spreading employment.



Gossypol in the Technology of Cottonseed Oil
H . D. R o y c e  a n d  F. A. L in d s e y , Jr., The Southern Cotton Oil Company, Savannah, Ga.

G OSSYPOL is a unique polyhydroxy phenolic compound 
which apparently occurs only in plants of the cotton 
family (Gossypium). Since cottonseed may contain 

as much as 0.6 per cent of this reactive substance, some of the 
irregularities encountered in processing cottonseed oil have a 
definite relationship to the gossypol content. A majority of 
the published researches on gossypol have been concerned 
chiefly with its toxic properties, and the work of Withers and 
Carruth (11), Schwartze and Alsberg (7), and others indicate 
that the toxicity of free gossypol is an important factor in 
cottonseed injury resulting from the injudicious feeding of 
cottonseed meal. In the present paper, however, gossypol 
has been investigated along lines having a direct bearing on 
problems of cottonseed oil milling and refining.

The complete structure of the gossypol molecule is not 
known. Clark (2) assigns it the molecular formula C31H30O?, 
and classifies it as a phenolic substance containing six hy
droxyl groups, the remaining two oxygen atoms being present 
as carbonyl groups. Two of the hydroxyl groups are de
cidedly more acidic than the other four, and, upon titration in 
aqueous solution, it reacts like a strong dibasic acid. Gossy
pol is insoluble in water, very slightly soluble in petroleum 
ether, soluble in alcohol, concentrated sulfuric acid, ether, 
trichloromethane, and aqueous alkalies, though in the latter 
medium it darkens and oxidizes rapidly. Its best known de
rivatives are the acetate, CsoIL-.OyCILCOOH, used in iso
lating gossypol from the seed extract, and the dianiline deriva
tive, C«I-IioN20 6, which, owing to its crystalline character and 
insolubility, is used for quantitative estimation (1). Di
aniline gossypol is insoluble in alcohol, petroleum ether, ether, 
and vegetable oils. It is somewhat soluble in boiling benzene, 
trichloromethane, and aniline, and may be recrystallized 
readily from any of these solvents.

Although gossypol is quite stable in many respects when 
in the pure crystalline state, it appears to undergo transforma
tions in the seed during storage, cooking, and pressing. Cold- 
pressed or expeller oil generally contains a considerable 
amount of unchanged gossypol, but application of the usual 
aniline precipitation methods to hydraulic pressed oil and to 
the ether extract of cottonseed meal yield only traces or none 
at all. Clark postulates that gossypol condenses with the 
amino groups of the seed proteins in a reaction analogous to 
the formation of dianiline gossypol, and he terms the resulting 
ether-insoluble complex “ bound gossypol.”  This assumption 
is supported by the 
fact that treatment 
of the meal with hot 
aniline will extract the 
m a j o r i t y  of bound 
gossypol as a dianiline 
gossypol which is very 
similar to, if not iden
tical with, dianiline 
gossypol (8) prepared 
from pure gossypol.
It has a lso  been  
noted that mild heat
ing of ether extracts 
containing gossypol in 
the presence of at
mospheric oxygen in
duces changes in the

F i g u r e  2. G o s s y p o l  R e c r y s t a l -  
L1ZED FROM E tH E R -A lC O H O L  M I X 

TURE ( X  300)

molecule which render it nonprecipitable, and a more or less 
spontaneous oxidation and decomposition occur when alkaline 
solutions of gossypol are exposed to the air. Therefore when 
the pyridine-aniline method1 developed in this laboratory 
showed, by direct precipitation, the presence of gossypol in 
crude hydraulic cottonseed oil, it was suspected immediately

Hou^i KT lOO'C..

F i g u r e  I. A n t i o x i d a n t  E f f e c t  o f  
G o s s y p o l  A d d e d  t o  R e f i n e d  C o t t o n 

s e e d  O i l
Above, methylene blue stability test; below, 

peroxide-accelerated oxidation method

that problems concerning excess refining losses and poisoning 
of the saponification catalyst in the acid splitting of soap- 
stock were closely linked with the gossypol content. It is 
well known that many crudes give a refining loss out of pro
portion to free fatty acid and nonfat content (Wesson abso-

1 This method in detail has been made the subject of a separate report. 
The essentials are as follows: F ifty grams crude cottonseed oil are weighed 
into a 250-ml. beaker and diluted with about 70 ml. petroleum ether. If a 
precipitate forms, allow to stand overnight and filter. To the filtered sample 
add 3 ml. aniline and 12 ml. pyridine. Agitate on a mechanical stirring rack 
for 30 minutes, cover with watch glasses, and allow to stand at room tem
perature for several days, or until precipitation has ceased. Filter on tared

Gooch crucibles, wash with 
petroleum ether, dry, and 
weigh. If the dianiline 
gossypol crystals are con
taminated with amorphous 
sediment, extract the pre
cipitate with hot benzene, 
dry, and reweigh. Loss in 
weight is recorded as di 
aniline gossypol.

Halverson and Smith’s 
method [Ind. Eng. Chem., 
Anal. Ed., 5, 29 (1933)] 
recommending e t h y le n e  
glycol to be used with 
aniline for the determina
tion of free g o s s y p o l  in 
meal, which appeared after 
the c o m p l e t i o n  of this 
work, has been t e s t e d  

F i g u r e  3. D i a n i l i n e  G o s s y p o l  Re- tentatively on hot-pressed
CRYSTALLIZED FROM HOT BENZENE oil, but it has not proved

(X  300) satisfactory.
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Jute oil method), owing to a poor break, and neutral oil en
trained in the soap stock. It will be shown that gossypol has 
an important bearing on the type of break obtained in alkali 
defining, and also that small amounts of gossypol may

F ig u r e  4 . I n h i b i t o r y  E f f e c t  o f  
G o s s y p o l  o n  T w i t c i i e l l  S a p o n i f i 

c a t io n  o f  C o t t o n s e e d  O i l

(One per cent D. P. Kontakt, one per cent 
sulfuric acid, 50 per cent water)

seriously affect the activity of sulfoaromatic saponification 
•catalysts in the acid process of splitting cottonseed foots.

G o s s y p o l  a s  a n  A n t i o x i d a n t

The stabilizing action of pure gossypol in cottonseed oil has 
been reported at length in another paper (6). Also Mattill 
(5) has shown that gossypol prolongs the induction period of 
lard-cod liver oil mixtures.

Figure 1 summarizes the results of the methylene blue and 
the peroxide methods (10) applied to deodorized cottonseed 
■oil containing added gossypol. It is seen that 0.05 per cent 
.gossypol exerts a strong antioxidant effect measured by either 
test; consequently, gossypol may be considered the most 
abundant natural antioxidant occurring in cottonseed, which 
has been identified to date, and that it is this compound 
which accounts largely for the superior resistance to rancidity 
of dry, filtered crude over refined cottonseed oil.

The gossypol used in this and subsequent experiments was 
isolated and purified by Clark’s method (2). It was obtained 
as yellow crystals (melting point, 205° C., uncorrected; 
molecular weight by titration with 0.25 N  sodium hydroxide, 
530). The crystalline form of the free gossypol and of the 
dianiline derivative is shown in Figures 2 and 3. Therefore 
it is improbable that any of its properties described in this 
paper can be due to impurities.

The methylene blue fading times are roughly proportional 
to the oxidative induction period. For example, a concen
tration of antioxidant which doubles the fading time will 
approximately double the induction period. If the fading 
time is increased from 40 for the control (pure cottonseed 
■oil) to 320 for 0.02 per cent gossypol, the induction period has 
been increased about eightfold. In the peroxide aging test, 
the writers’ modification (6) of Wheeler's accelerated oxida
tion apparatus was employed, using light (200-watt lamp at 
15 cm.) to shorten the induction period. The slope of the 
peroxide value curve shows the duration of the induction 
period, and, since a rancid flavor generally develops in these 
samples at peroxide value of 60 to 80 millimoles, the stabiliz
ing effect of gossypol is readily apparent from the curves in 
Figure 1.

G o s s y p o l  a s  a n  I n h i b i t o r  o f  H y d r o l y s i s

Trusler (8) has investigated naturally occurring Twitcliell 
catalyst poisons in vegetable oils and uses the term “ anti- 
hydrol”  to designate those substances which inhibit saponifi
cation. He found that lecithin retarded hydrolysis markedly 
and infers that this phospholipid is responsible for the re
sistance to hydrolysis shown by crude cottonseed oil. Figure

4 shows that gossypol is more effective than lecithin as a sa
ponification inhibitor, under the conditions of this experiment. 
The oil was agitated with an equal volume of water at 95° to 
100° C., to which was added one per cent Kontakt, one per 
cent sulfuric acid, and one per cent gossypol or vegetable 
lecithin. Samples were drawn at intervals and analyzed for 
free fatty acid. Since gossypol is appreciably soluble in 
warm, moderately concentrated sulfuric acid, it appears 
probable that the custom of acid-washing acidulated foots 
prior to splitting concerns the removal of gossypol and gossy
pol decomposition products as well as destruction of phos
pholipids. While crude cottonseed oil shows a considerable 
phosphorus content, only a fraction of this may be calcu
lated to lecithin, and the amount of gossypol in an average 
crude, as determined by the pyridine-aniline method, may 
equal, or in some cases exceed, the lecithin content.

E f f e c t  o f  G o s s y p o l  o n  R e f i n i n g  Loss

In order to produce choice edible oil from crude cottonseed 
oil, it is generally admitted that some sort of alkali refining 
is necessary. This peculiarity of crude cottonseed, in dis
tinction to many other crude vegetable oils which may re
spond satisfactorily to less drastic treatment, has been ex
plained by referring to the high resin and nonfat content of

F i g u r e  5 . E f f e c t  o f  A d d e d  
G o s s y p o l  o n  R e f i n i n g  Loss 
o f  C r u d e  H o t -P r e s s e d  C o t 

t o n s e e d  O i l

(Free fattv acid, 1.6 per cent; offi
cial A. O. C. S. test refining method)

the former. Admittedly the terms “ gums,”  “ resins,”  and 
“ nonfats”  used in this connection can cover a wide latitude, 
but their ambiguity renders such an explanation inadequate. 
In addition, these so-called resins and gums are invoked to 
account for the abnormal refining losses frequently met with 
in the commercial refining of crude oils from different mills. 
Prior to the development of Wesson’s method (5) for absolute 
oil determination, the idea was prevalent that the excess re
fining losses were proportional to nonfat content. However, 
frequent application of this absolute oil method showed that 
some oils high in nonfats gave low losses. This led to the 
development of the idea that crude cottonseed oil contained 
two types of nonfats, one type acting as an emulsifying agent 
to cause flocculent, oily soap stock, and the other serving in 
some manner to promote the formation of compact, oil-free 
soap stock. While many emulsifying agents have been de
tected in the nonfat portion of crude oil (4), such as lecithin, 
resins, phytosterol, phytosterolin, nitrogenous products 
formed by the hydrolysis of seed proteins, and traces of 
water-soluble gums, the compounds which promote low losses 
have not been identified completely.

Figure 5 shows the effect of adding small amounts of pure 
crystalline gossypol in the alkali refining of an average grade 
of hydraulic-pressed cottonseed oil (Birmingham mill, free 
fatty acid, 1.6 percent; loss by official A. O .C . S. test refining,
9.8 per cent). Without the added gossypol this oil gave the 
characteristic light colored, spongy, and flocculent foots 
commonly obtained with a low free fatty acid-high loss oil.
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When 0.1 per cent or more of gossypol was dissolved in the 
alkali just before mixing with the oil, the resulting foots set
tled out as a dark compact mass, from which the supernatant 
oil could be drained readily. Soap stock analysis for neutral 
oil and fat saponified showed that the main reduction in loss 
was accounted for by low neutral oil, although the fat- 
saponified loss  was 
also less than that 
for the control. Ap
parently the gossypol 
intera ct s  with the 
naturally occurring 
emulsifying ag e n ts ,  
rendering them inert.
Since it is k n o w n  
that gossypol reacts 
r ea d i l y  w i th  the  
amino  g r o u p  (ani
line), the suggestion 
is m ade  th a t  pro
tein fragments (pro
teoses ,  p e p t o n e s ,  
amino acids) are the 
chief causes  of oily 
soap s t o c k ,  and 
that gossypol func
tions by c h e m i c a l  
reaction with these  
bodies, possibly changing their colloidal structure and solu
bility. A  few high-loss oils have been encountered which do 
not respond to the gossypol treatment. Usually these oils 
show an abnormally high acetyl value, indicating the presence 
of considerable mono- or diglycerides. A  mixture of syn
thetic mono- and diglycerides was prepared from cottonseed 
fatty acids, and it was found that addition of a small per
centage of these to a low-loss crude increased the refining loss 
several per cent. Furthermore, when the monoglyceride- 
treated crudes were refined with added gossypol, no appre
ciable reduction in loss was noted.

These facts have led to the formulation of a refining theory 
for cottonseed oil. High (excess) loss oils may be classed in 
two groups: (1) high in protein bodies, low in gossypol;
and (2) low in nonfats (protein, gums, gossypol, etc.), high 
in mono- or diglycerides. Likewise, low-loss oils may be 
largely placed in one of two classes: (1) high in gossypol, low 
or average in protein bodies; and (2) low in nonfats, low in 
mono- and diglycerides.

This theory explains why excess refining losses cannot be 
predicted by absolute-oil analysis. It also explains the low 
neutral oil loss generally obtained in refining expeller oil 
which is high in gossypol.

Obviously, it would be desirable to check this theory fur
ther by determining the gossypol content of a number of 
high-loss and low-loss oils. This has been attempted, with
out great success, by application of the pyridine-aniline pre
cipitation method. While this method shows from 0.02 to 
0.15 per cent gossypol in many hot-pressed oils which yield 
none at all with the old aniline method, there is still some form 
of heat-modified gossypol which resists precipitation even in 
the presence of pyridine. This has been proved by adding
0.2 per cent gossypol to a crude oil, dividing the sample into 
six parts, and heating portions to the following temperatures 
for 30 minutes: 80°, 100°, 120°, 140°, 160°, 180° C. The 
amounts of gossypol recoverable by precipitation decrease 
with increasing temperature, and in the 180 ° sample, no gossy
pol at all precipitates. Clark {2) claims that pure gossypol 
is heat stable at such temperatures, so that possibly no deep- 
seated chemical change has taken place, and, while the gossy
pol is nonprecipitable, it may still function as a refining aid.

Further proof of the gossypol refining theory may be had by 
considering the adverse effect of iron salts in the refining mix
ture. Ferrous sulfate (0.2 per cent) added to the lye dose 
will increase the refining loss on an average oil from 1 to 5 
per cent. This is largely a result of the interaction of the' 
iron salt with gossypol, as seen by the characteristic black

p r e c i p i t a t e  which 
d a r k e n s  the" soap  
stock. The gossypol 
in this form cannot, 
function as a refining 
aid, and the naturally 
occurring emulsifying; 
a g en ts  are f ree  to. 
exert their maximum 
effect.

Figure 6 shows the- 
c o a g u l a t i n g  effect, 
of g o s s y p o l  on the 
soap stock obtained 
in an official test re
fining of a high excess- 
loss, crude c o t t o n 
seed oil (Greenville,. 
Miss., free fatty acid,,
1.8 per cent; loss 11.0’ 
per cent). The large- 
floes in th e  g o s s y -  

pol-treated sample (6B) are practically oil-free and settle- 
out as a dark compact mass with very little occluded neutral 
oil. Analysis of the treated and untreated soap stock showed' 
4.6 and 15.2 per cent neutral oil, respectively, indicating that 
the gossypol exerts a marked effect on the character of the- 
foots.

It would be interesting from a theoretical standpoint to 
have a better understanding of the exact mechanism involved' 
in the flocculation and settling of soap stock in the refining- 
kettle, particularly with respect to the interfacial phenomena 
involved. Further study along such lines, coupled with a 
better knowledge of the structure and reactivity of gossypol' 
should also be valuable aids in putting cottonseed oil refining- 
on a more scientific basis.

S u m m a r y

1. Gossypol is the chief natural antioxidant in cottonseed.. 
The stabilizing effect of pure crystalline gossypol added to. 
refined cottonseed oil has been measured by means of methyl
ene blue facling time, and peroxide-accelerated oxidation 
curves.

2. Gossypol inhibits the saponification of cottonseed oil' 
by the Kontakt catalyst. Experimental Twitchell batches; 
to which one per cent gossypol and one per cent lecithin, 
respectively, were added showed that gossypol retards- 
splitting more effectively than lecithin. This property of' 
gossypol is used to explain the advantages of an acid pre
boil in the commercial Twitchell treatment of acidulated' 
soap stock.

3. Gossypol plays an important role in the alkali refining; 
of crude, hot-pressed cottonseed oil. The presence of gossy
pol in most hot-pressed oils can be shown by using the aniline- 
pyridine precipitation method; and, by moderate heating of 
oils to which pure gossypol had been added, it is shown that a: 
crude oil may contain up to 0.2 per cent heat-modified gossy
pol which is nonprecipitable by any known method. Re
fining losses on certain oils have been lowered 1 to 3 per cent- 
by the addition of fractional percentages of pure gossypol.

A refining theory for hydraulic-pressed cottonseed oils.; 
which show abnormal losses is outlined.

A B

F ig u r e  6 . P h o t o m ic r o g r a p h s  S h o w in g  C o a g u l a t in g  E f f e c t  o f  
G o s s y p o l  ( X  40)

A . Soap stock break on Greenville high-loss cottonseed oil refining (free fatty acid, 1.6 per 
cent; loss, 11.2 per cent). B . Same as A  with 0.1 per cent gossypol added before refining.
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Reduction of Corrosion in Water Pipe
E d w a r d  S. H o p k in s , Bureau o f Water Supply, Baltimore, Md.

C ORRECTIVE treatment with lime to retard cold water 
corrosion of pipe lines has been more or less continu
ously practiced in the Baltimore water supply for the 

past ten years. The initial control in 1922 (1) was at a pH 
value of 8.3, but in recent years by utilization of the von 
Heyer (4) marble test, together with changing buffer con
ditions, a satisfactory protective coating has been maintained 
at a pH of 7.9.

To determine if adequate protection is being given, a 
study of the corrosive properties of the water in two large 
office buildings was undertaken. Building A is 3.5 years 
old with no corrosion in the lines, and B is 28 years old with 
incrusted pipe. Both are about 6 miles distant and on a di
rect service from the plant. Samples were collected weekly 
over a period of 11 months. As shown by the analytical 
data in Table I, the protection is sufficient at a pH value of 
7.7. In the older building these results indicate that slight 
corrosion is occurring with immediate precipitation of the 
insoluble hydrated oxides by the alkaline water. The prac
tical value of this control is shown in Figure 1. The pipe 
specimens were obtained from the sendee supplying these 
buildings and are comparable to the pipe in them. Pipe 1 
was in service about 20 years, the others only 5 years. The 
protective value of c o r r e c t i v e  
treated waters is apparent.

Contrary to e x p e r i e n c e  else
where and as has been previously 
indicated (-5), no r e d u c t i o n  in 
pH value has been found any
where in the system which con
sists of 1500 miles of pipe lines 
and two open b a l a n c i n g  reser
voirs. As shown by weekly sam
ples, collected over a 2-year period 
from t w e n t y - s e v e n  different 
points on the system, an average pH of 7.8 was maintained in 
the water leaving the plant, and this value did not decrease 
at any point in the city. It is believed that, when such re
duction does occur, the water was not initially brought to the 
calcium carbonate equilibrium curve. The example cited 
by Hechmer (3) is characteristic. The initial pH in this sup
ply was about 7.4 with a value of 6.6 at the end of the line. 
This is below the calcium carbonate saturation point, which 
in accordance with the Baylis (1) curve would be between 
8.5 and 9.0. Removal of all aggressive carbon dioxide is 
impractical, as it would probably produce caustic alkalinity. 
This inability to remove entirely the carbon dioxide explains the 
continuance of the corrosion found in these lines. Such con
ditions stress the necessity of continuous lime application to 
give pipe protection, controlled either by automatic pH re
cording devices or frequent testing with color standards. 
Intermittent application does not produce good coatings.

T a b le  I. A n a l y t i c a l  D a t a  prom  O f f i c e  B u ild in g s

(Average analysis of weekly samples for 11-month period)

B u i l d i n g
-----------p H --------------
Inlet Outlet

7 .7
7 .6

7 .7
7.6

--------Fe------- >
Inlet Outlet

P . p. m. P . p. m. 
0 .03  0 .03
0 .0 3  0 .04

Inlet Outlet 
Cc. per liter
5 .5  5 .8
5 .6  5 .2

F ig u r e  1. T y p ic a l  P ip e  S p e c im e n s  f r o m  
B a l t im o r e  W a t e r  S y s t e m

C o s t  D a t a

The cost of lime treatment to maintain a pH value of 7.9 
in this water for 1932 was SO.14 per million gallons. It is 
unwise to attempt an evaluation of the increased years of 
service given to pipe lines by corrective treatment. There 
are many variables to be considered; external electrolysis is 
perhaps the most common. The operating and maintenance 
costs for pipe lines owned by this bureau for 1932 were S8.41 
per mile less than for 1920 when corrective treatment was not 
used. Conditions other than alkaline water enter into this 
cost reduction, but its noncorrosiveness is an important fac
tor.

Corrective treatment by lime increased the total hardness 
of the water about 9 p. p. m. According to Buswell’s data (£) 
about 900 pounds of soap per million gallons was necessary to

soften the water a c t u a l l y  used  
for laundry and w a s h i n g  p u r 
poses. Since it is i m p o s s i b l e  
to d e t e r m i n e  the quantity of 
water so use d  by c o n s u m e r s  
and also to o b t a i n  a c o r r e c t  
soap evaluation, an assumption 
o f  f i n a n c i a l  c o s t  w o u l d  be 
q u e s t i o n a b l e .  Reduction in 
repair b i l l s ,  a m i n i m u m  of 
p r o p e r t y  d a m a g e  caused by 
corrosion leak s ,_ elimination of 

staining of clothes and fixtures more than compensate for the 
added soap cost to the consumer. The total saving to the 
community is great and does not compare in any degree to 
the added slight cost entailed by the increased hardness.
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Vitamin C Content of Strawberries and 
Strawberry Ice Cream

C. R . F eller s  an d  M . J. M a c k , Massachusetts State College, Amherst, Mass.

W ITH  modem refrig
erated transportation 
methods, fresh straw

berries are found in the public 
m arkets  f r o m  December to 
August. Strawberries have thus 
become increasingly important 
from a dietary viewpoint. The 
fruit is also extensively frozen 
both with  sugar (frozen-pack) 
and unsweetened. A  smal l  
quantity is also canned.

Smith, Bergheim, and Hawk 
(4) presented no data but briefly 
reported that scorbutic guinea 
pigs were cured in seven days by the daily administration of 
10 cc. of freshly expressed strawberry juice. Juice which had 
been boiled for 5 minutes was equally active in curing scurvy. 
Kohman, Eddy, and Halliday (1) determined the protective 
dose of strawberries (variety unnamed) to be 2 to 3 grams. 
Autopsy findings were not reported. They found Oregon 
canned strawberries to be of about the same potency. 
Scheunert (2) in Germany assayed several varieties of fresh 
strawberries and found the daily protective dose to be 5 grams 
or less. Canning and preserving slightly decreased the vita
min C potency.

No data have been reported on frozen strawberries, in spite 
of the fact that this is by far the most important method of 
preservation. Frozen strawberries are now available the 
year round in many stores. Furthermore, huge quantities 
are frozen-packed with sugar for use in the preserve, sirup, 
bakery, and ice cream industries. Early in 1932 a study of 
fresh and frozen strawberries and straw
berry ice cream was begun to ascertain 
the effect of manufacturing processes 
on the vitamin C content of the fruit.

E x p e r i m e n t a l  P r o c e d u r e

The Sherman, La Mer, and Campbell 
method (3) was used with the exception 
that the amounts fed were proportioned 
to the weight of the guinea pigs— i. e., a 
400-gram animal was fed four-thirds as 
much as one weighing 300 grams. The 
animals were all young and healthy, 
weighed between 280 and 325 grams, 
and were h o u s e d  in individual cages.
The basal ration consisted of 58 per cent 
equal parts of rolled oats and wheat 
bran, 30 per cent of milk powder free of 
vitamin C (baked), 10 per cent butter 
fat, 1 per cent each of cod liver oil and 
salt. Water was kept before the animals 
at all times.

Three guinea pigs normally were used 
at each feeding level. At the end of the 
feeding period all animals were chloro
formed and carefully e x a m i n e d  for 
lesions of scurvy. Negative c o n t r o l s

died in 26 to 33 days with an 
average Sherman scurvy score 
of 14.

S a m p l e s

Two lots of fresh strawberries 
were fed: (1) mainly Klondike
variety shipped from the South, 
and (2) locally grown Howard 
Supreme. The Klondike variety 
was available for only 50 days; 
other mixed varieties were used 
for the last 22 days. Similarly, 
Howard Supreme w as fe d  fo r
46 days, and mixed ever-bear

ing varieties for the last 26 days of the experiment.
Howard Supreme variety, frozen with sugar in the ratio 

of two to one and held in freezing storage at 0° F. ( —17.8° 
C.) was fed in the first test. The berries were packed into 
one-gallon cans. Small samples were removed from the cans 
as needed, thawed, and fed to the animals.

In the second test, unsweetened Klondike strawberries, 
frozen and stored by the Birdseye Laboratories in one-pound 
waxed paper cartons, were used. These berries had been in 
storage from 4 to 7 months.

The ice cream mix consisted of 12 per cent vitamin C-free 
butter fat, 10 per cent baked skim milk powder, 15 per cent 
sugar, 0.30 per cent gelatin, and 63 per cent water, and it was 
pasteurized at 150° F. (65.6° C.) for 30 minutes, homogenized 
at 3000 pounds per square inch (211 kg. per sq. cm.) pressure, 
cooled to 40° F. (4.4° C.), and aged for 20 hours at 40° F. 

Thirty per cent of defrosted, frozen-packed Klondike 
strawberries (two parts of fruit to one 
of sugar) was added to the mix at the 
beginning of the freezing process. The 
freezing process required 10 minutes, 
after which the ice cream was drawn 
from the freezer into cans at an over
run of 90 per cent and a temperature 
of 23° F. ( —5° C.). The ice cream 
was held at —5° F. ( —20.6° C.) until 
used (1 to 3 months). Ten grams of 
ice cream thus contained the equivalent 
of 2 grams of strawberries.

R e s u l t s

The results are given in Table I and 
Figure 1 and clearly show that both 
fresh or frozen Howard Supreme and 
K l o n d i k e  s t r a w b e r r i e s  are richly 
endowed with vitamin C. Two grams 
daily, the lowest quantity fed, were 
fully protective from scurvy and pro
duced large weight gains. There was 
apparently no loss in the freezing and 
storing processes either with or with
out sugar. S i m i l a r l y ,  when frozen- 
packed strawberries were used in straw
berry ice cream, they re ta in ed  their

Howard Supreme and Klondike varieties of 
fresh strawberries are excellent sources of vitamin 
C, only two grams giving good weight gains 
and full protection from scurvy. Preservation 
of strawberries by freezing, with or without 
sugar, has no harmful effect on the vitamin C 
content of the fruit. Strawberries when in
corporated in ice cream show no measurable 
loss of vitamin C. This is attributed to the low 
temperatures at which agitation, air incorpora
tion, and storage lake place.

F i g u r e  1. V it a m in  C  i n  F r e s h  a n d  
F r o z e n  S t r a w b e r r i e s  a n d  S t r a w 

b e r r y  I c e  C r e a m

(1) Frozen strawberries, no added sugar, 2
grams; scurvy score, 0.

(2) Fresh strawberries, 2 grains; scurvy
score, 0.

(3) Frozen-pack strawberries with sugar, 2:1,
3 grams, equivalent to 2 grams o f un
sweetened fruit; scurvy score, 0.

(4) Strawberry ice cream containing 30 per
cent of frozen-pack strawberries (3), 
10 grams equivalent to 2 grams of un
sweetened fruit; scurvy score, 0.

(5) Negative control.

1051
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T a b l e  I .  V i t a m i n  C  A s s a y

P r o d u c t  A n i m a l s

Fresh, Howard Supreme strawberries 3
3

Fresh Klondike strawberries 3
3

Frozen strawberries with sugar; 2 parts 2
berries to 1 of sugar 22

Strawberry ice cream, containing 30%  4
frozen-pack berries as above 4

Frozen strawberries; no added sugar 3
3
3

Negative control 2

o f  F r e s h  a n d  F r o z e n  S t r a w b e r r i e s  a n d

Av. Av.
D a i l y G a i n  i n S u r v i v a l S c u r v y

D o s a g e W e i g h t P e r i o d S c o r e

Grams Grams Days
2 3 0 0 7 0 0
4 2 8 7 7 0 0
2 3 3 7 7 2 0
4 2 9 9 7 2 0
3 3 4 5 9 0 0
6 2 6 9 9 0 0
9 -  12 9 0 0

1 0 3 2 0 9 0 0
1 5 2 2 2 9 0 0

2 4 2 5 9 0 0
3 2 8 5 9 0 0
4 2 7 0 9 0 0
0 - 1 0 2 3 3 1 3

S t r a w b e r r y  I c e  C r e a m

R e m a r k s

Berries available only 70 days 

Berries available only 72 days

One animal died at end of 41 days; no scurvy 
One animal died at end of 26 d a y s ; no scurvy 
One animal sick during last 2 weeks of period > 

no scurvy

Severe scurvy

original antiscorbutic potency. In spite of the beating in of 
air and agitation by the dasher of the freezer, the low tempera
ture must exert a marked protective action on the vitamin C. 
In this laboratory similar treatment at higher temperatures 
with tomatoes and cranberries has caused marked losses of 
vitamin C.

Attention is called to the depressing effect on growth of ex
cessively large doses of either strawberries or strawberry ice 
cream. This effect has been repeatedly noted in other vita
min C assays and may be due to the disturbing effect on the 
digestive and nervous systems and to the unbalancing of the 
diet. In spite of poor or even negative weight gains, no 
scurvy was found on autopsy in any animal in this experi
ment.

A c k n o w l e d g m e n t

The Klondike frozen strawberries were packed, frozen, and 
stored by the Birdseye Laboratories, Gloucester, Mass.
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Yeast-Growth Stimulants in White Sugars
H. H. I I a l l , L a w r e n c e  H. J a m e s , a n d  L . S. St u a r t  

Bureau o f Chemistry and Soils, Washington, D. C.

T HE presence of stimulating substances in sugar and 
other materials is highly important in fundamental 
studies of yeast metabolism, in commercial fermenta

tion processes, and in many other instances in which the 
growth of such microorganisms is a vital factor. In the com
mercial manufacture of beverages difficulty has arisen owing 
to the development of yeast precipitates or clouding in bottled 
goods during storage. This type of spoilage has frequently 
been attributed to sugars, and an attempt to determine the 
extent and probable importance of nonsugar growth-stimulat
ing substances has been made.

S a l t s  a s  P o s s i b l e  S t i m u l a n t s

Most synthetic media selected for investigations of this 
nature contain sucrose as a basic nutrient. The possibility of 
salts (carried in the sugars as contaminants) acting as growth- 
promoting substances was considered, and an attempt was 
made to detect their presence by using the sugars in a syn
thetic medium which had been deprived of one or another 
o f its necessary ions. In the early part of this investigation 
•each sugar was added to Fulmer, Nelson, and Sherwood’s 
medium F (2) from which first one and then another of the 
recommended salts had been eliminated.

This medium F contains ammonium chloride, calcium chlo
ride, dipotassium phosphate, calcium carbonate (precipi
tated), dextrin, and sucrose. The first test was to determine 
whether the phosphorus was adequate. Medium F was pre
pared in 100-cc. quantities with and without added phos

phates, and the different sugars were added. (Potassium was 
provided in the form of potassium carbonate.) The media 
were sterilized and inoculated with 0.1 cc. of a water suspen
sion of yeast cells from a 24-hour wort agar slant. (The 
yeast used in this study was isolated from a beverage in which 
a sufficient crop had developed to cause a visible sediment. 
This culture was well suited to this study because of its ap
parent demand for the particular growth-promoting substance 
under investigation. It has been identified as a variety of 
Saccharomyces cerevisiae.) From three to ten thousand yeast 
cells were inoculated into each flask. The cells had been 
centrifuged and washed repeatedly. After 48 hours of incu
bation, total numbers of viable organisms were determined 
in wort agar plates.. The results are shown in Table I.

T a b l e  I .  Y e a s t  G r o w t h s  O b t a i n e d  i n  M e d i u m  F  
w i t h  a n d  w i t h o u t  P h o s p h a t e s

S u g a r
S a m p l e

1
W i t h  

A d d e d  PO<
4.820.000
2.120.000 
7,840,000

W i t h o u t  
A d d e d  POi 
2,640,000

900.000
630.000

S u g a r
S a m p l e

4
56

W i t h  
A d d e d  PO* 
7,000,000

476.000
544.000

W i t h o u t  
A d d e d  PO* 

33,000
7.000
3.000

It is evident that the addition of phosphates to the modified 
medium (i. e., medium F complete) increased the growth with 
every sugar tested. This indicated that, in general, the 
sugars were not supplying sufficient amounts of this salt, al
though the amount of growth in sample 1 indicated that that 
particular sugar furnished sufficient phosphates for marked 
yeast development.
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With no added phosphates, some growth took place, varying 
with different sugars. While at first this might indicate that 
the sugars were supplying definite quantities of phosphates to 
the medium, it must be borne in mind that in a medium in 
which no phosphates were present some yeast development 
might be expected on the first subculture from a medium as 
rich in nutrients as wort agar. In general, however, it can be 
concluded that these sugars did not carry sufficient phosphates 
to be significant.

In a similar manner the same sugars were tested for their 
ability to provide the nitrogen necessary for growth. These 
results are shown in Table II.

T a b l e  II. Y e a s t  G r o w t h s  O b t a in e d  i n  M e d iu m  F 
w i t h  a n d  w i t h o u t  N i t r o g e n

S u g a r
S a m p l e

12
3

W i t h  
A d d e d  N
7.840.000
4.820.000
2.120.000

W i t h o u t  
A d d e d  N
4.500.000
2.460.000 

540,000

S u g a r
S a m p l e

4
5
6

W i t h  
A d d e d  N

476.000
544.000 

7,000,000

W i t h o u t  
A d d e d  N 
220,000

15.000
13.000

T a b l e  III. M u l t i p l i c a t i o n  o f  Y e a s t  C e l l s  i n  10 
P e r  C e n t  S u g a r  S o l u t i o n s

S a m p l e

A
B
C
D
E
F
G

M u l t i p l e  o f M u l t i p l e  o f
C o u n t  a f t e r C o u n t  a f t e r
I n o c u l a t i o n S a m p l e I n o c u l a t i o n

1“ I I 16
1 I 21.7
3 J 34
4 K 36
6 L 5S.5
8 Inoculum 1

13

These results indicate that some of the sugars contained 
ample nitrogen to support abundant yeast growth and others 
did not, suggestipg that the stimulants were nitrogen com
pounds. However, these sugars were also under study in the 
Carbohydrate Division of this bureau, where exhaustive 
chemical analyses were being made. B y a comparison be
tween the analytical data available there and the results of the 
fermentation tests, it appeared that there was no direct cor
relation between the amounts of nitrogen present and the 
stimulating abilities of the sugars.

A b i l i t y  o f  S u g a r s  t o  S u p p o r t  Y e a s t  G r o w t h

It was observed, however, that the yeast used in this study 
grew in sterilized, 10 per cent solutions of many of the sugars 
without the addition of nutrient salts. As this solution 
offered a ready means of studying the abilities of different 
sugars to support yeast growth, it was used in place of medium 
F in the remainder of this investigation. The solutions were 
made up in 100-cc. quantities and sterilized in 300-cc. Erlen- 
meyer flasks at 15 pounds for 20 minutes. With this new 
medium, slight modifications in inoculations and cell counting 
were adopted:

All flasks were seeded with an inoculum prepared by transferring 
a portion of a 24-hour wort agar growth to about 100 cc. of sterile 
distilled water. After vigorous shaking the number of cells per 
cubic centimeter of the water suspension was determined by 
direct microscopical counting, with a double-ruled Neubauer 
hemacytometer (eight hundred squares were always counted). 
(The yeast used in the above experiments was particularly well 
suited to counting by this method, since any clusters formed 
were readily broken up by shaking.)

The strength of the inoculum usually was then adjusted so that 
each cubic centimeter contained between three and five million 
cells. One cubic centimeter of this inoculum was added to the 
100 cc. of sugar solution in each flask, producing an inoculation 
which led to moderate growth if nutrients were present. Both 
the inoculum and subsequent crops were readily counted on the 
Neubauer slide without dilution. The inoculated solutions were 
incubated at 30° C. for 72 hours and then counted. The multipli
cation of yeast cells was used as an arbitrary measure of the quan
tity of nutrients present.

A series of sugars was tested in 10 per cent solutions by the 
technic described above. Some did not support yeast growth, 
while others produced comparatively large yeast crops. 
Results typical of this part of the investigation are given in 
Table III, in which the sugars are arranged in the order of 
ascending yeast counts. For convenience the number of 
cells per cubic centimeter of the original sugar solution im
mediately after inoculation is recorded as one unit, and the 
total crop after growth as a multiple of this number.

a 1 indicates no increase in numbers.

One hundred seventeen samples of white sugars have been 
studied in this way, the samples being collected during a 
period of three years. Marked differences in ability to sup
port yeast growth were evident, both between sugars collected 
in the same year and between those collected in different years. 
Larger yeast crops than those recorded in Table III have 
been noted, especially during the earlier part of this investiga
tion. The lesser stimulation in the more recent samples may 
be due to improvement in quality, or to changes in the growth 
and metabolism of the yeasts after they have been maintained 
on laboratory media for some time.

S t u d y  o f  S t i m u l a n t s

Since it was found that some sugars did not support growth, 
while others produced excessive crops, attention was directed 
to a study of the stimulants. Several sugars, some of wliich 
promoted yeast growth and some not, were extracted with 
alcohol in a manner similar to that described by Devereux and 
Tanner (1), which was designed for the removal of yeast 
growth-promoting substances from plant materials. The 
sugars were dissolved in hot distilled water until saturated 
solutions resulted. After the solutions had cooled, the satu
rated sirups were removed, and to them sufficient 95 per cent 
ethyl alcohol was added to result in an alcoholic concentra
tion of 80 per cent. The sugar crystallized out from these 
solutions. The crystallization was usually complete within 
96 hours. The alcoholic liquor was then removed from the 
crystallized sugar by decantation and reserved for future 
studies. The sugar was dried, powdered, and bottled as 
alcohol-purified sucrose.

The growth-promoting abilities of the alcohol-purified 
sugars were then compared with those of the unpurified sugars 
in 10 per cent solutions. The same method of testing was 
used as previously outlined. The results given in Table IV 
show the influence of alcohol purification in reducing the 
total yeast crops.

T a b l e  IV. Y e a s t  C r o p s  O b t a in e d  w i t h  S u g a r s  
U s e d  b e f o r e  a n d  a f t e r  P u r i f i c a t i o n

M u l t i p l e  o f  Y e a s t M u l t i p l e  o f  Y e a s t
I n o c u l u m ® I n o c u l u m “

Unpurified Purified Unpurified Purified
S a m p l e sugar sugar S a m p l e sugar sugar

1 1 1 7 27.0 9 .5
2 1 1 8 31.0 10.0
3 3 1 9 34.5 1.3
4 11.3 6 .6 10 44 3 .0
5 22.6 3 .0 11 59 12.0
6 24.0 9 .6 12 87.8 1.0

°  Inocula strength, 1.

The reductions in yeast crops obtained by alcohol purifica
tion of the sugars are similar to those obtained by Funk and 
Freedman (S) and suggest that the growth-promoting factors 
may be related to the more commonly known growth stimu
lants from plant materials.

However, since minute quantities of certain salts may show 
stimulative effects upon cell growth, it appeared advisable to 
test their influence on yeast development. The ash from a 
sugar which showed marked growth stimulation was added 
to 10 per cent solutions of a nonstimulating sugar. Counts 
on the yeast crops obtained showed that the salts in the ash 
had exerted no stimulative influence. This, with the in
formation gained previously, led to the conclusion that the
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stimulating substances contained nitrogen, were organic, 
and were soluble in 80 per cent alcohol.

Further studies on the relation of the growth-promoting 
factors to known growth stimulants of plant origin, on the 
possible importance of carbons, filter aids, etc., as well as the 
importance of such stimulants to bacteriological fermenta
tion tests, are now under investigation.
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Beating Properties of Egg White
W . C. H e n r y  a n d  A. D. B a r b o u r , Ontario Research Foundation, Toronto, Ontario, Canada

I N THE course of an investi
gation dealing with the use 
of beaten egg -white in a 

commercial candy product, it 
was necessary to determine the 
effect of various conditions on 
volume of the beaten white and 
the relative stability of the foam. 
There is little information of a 
q u a n t i t a t i v e  character to be

Methods have been devised for studying the 
increase in volume of egg white on beating, and 
the stability of the beaten product. The effects 
o f rale and time of beating, temperature, hy- 
drogen-ion concentration, and additions of water 
and oil have been determined, and also the 
comparative resulls obtainable with fresh and 
defrosted storage while.

M e t h o d s  a n d  A p p a r a t u s

found in the literature and no
very satisfactory methods for the measurement of either foam 
volume or foam stability. St. John and Flor (6) used a method 
which consisted in beating the egg white with a hand beater 
until an apparent maximum volume was obtained, drying the 
foam in an oven at 60° C. to a solid condition, breaking it into 
small pieces, and measuring the volume approximately in a 
graduated cylinder. They obtained better results with the thin 
than with the thick white, and better results with storage than

F i g u r e  1 . A p p a r a t u s

with fresh eggs. They also found that contamination of the 
whites with a trace of yolk has a detrimental effect on the 
beating qualities, a fact which has long been known in com
mercial practice.

Peter and Bell (5), using a penetrometer method, compared 
the stability of foams made by beating solutions of dried 
whey protein and of dried egg albumin. In the case of the 
whey protein they obtained increased stability by small addi
tions of calcium hydroxide and subsequent neutralization; 
by successive small additions of acid or alkali during whipping; 
and by the addition of tannic acid, saponin, sodium sulfite, or 
sodium disulfite. No attempt was made by these workers 
to measure the beaten volume.

So far as can be learned from their published results, none 
of the above investigators attempted to determine the most 
satisfactory time of beating, speed of agitation, or tempera
ture during beating, and to standardize their procedure ac
cordingly.

It was felt ijiat much more 
s a t i s f a c t o r y  results could be 
obtained with a m e c h a n i c a l  
beater with speed control, in 
place of the hand beater used 
by the preceding workers. The 
a p p a r a t u s  used in all  the 
following determinations was a 
Sunbeam Mixmaster k i t c h e n  

beater, manufactured by the Chicago Flexible Shaft Company. 
It was provided with a rheostat permitting its use at four 
different speeds.

The increase in volume on beating the egg white was deter
mined as follows:

Small glass cylinders, open at both ends, of inside dimensions 
about 17 X  50 mm., were used for the determinations. The 
volume of these cylinders was carefully measured, and the 
weight of liquid egg white which they would contain was cal
culated, assuming the specific gravity of the white to be 1.035. • 

To determine the volume increase of the egg white after 
beating, one of these tubes was pushed into the beaten mass 
until completely filled, care being taken to exclude large air 
bubbles and to leave no part of the tube unfilled. The excess 
was removed from the ends of the tube by scraping off with a
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F ig u r e  2 . C o m p a r a t i v e  V o l u m e  
I n c r e a s e  o f  F r e s h  E g g  W h i t e  a n d  

D e f r o s t e d  St o r a g e  E g g  W h i t e
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Duration of whipping, rain.

2  4 6

E gg white:

Fresh
mixed

Fresh
thin

Fresh
thick

Storage
A

W100 — -  100 100

The relative stability of the beaten white was determined by 
pushing the sample out of the sampling tube on to a sheet of 
clean glass by means of a glass rod flattened at the end. The 
sample was then allowed to dry slowly at room temperature. 
When dry, the material, which was more or less collapsed in 
some cases, was sectioned transversely with a razor blade, and 
the sections photographed to show the structure of the product 
and the degree to which collapse had taken place. The equip
ment used is shown in Figure 1. (Unless otherwise stated all 
determinations were made on frozen storage egg white, after 
defrosting.)

E f f e c t  o n  V o l u m e  I n c r e a s e  o f  B e a t i n g  S p e e d  a n d  T i m e  
o f  B e a t i n g

Seventy-five cubic centimeters of the egg white were placed 
in the mixing bowl at 20° C. The beaters were started while 
still raised out of the material: when constant speed was 
attained, as tested with a tachometer, the beaters were 
lowered suddenly into the egg white and the stop watch was 
started. At the end of the first time interval shown, the beat
ers were stopped and a sample taken. (The sampling re
quired about one minute.) The beaters were again started 
and the procedure repeated. Time intervals were chosen in 
proportion to the speed of beating in order to give approxi
mately maximum volume before the end of the longest inter
val.

The results obtained are shown in Table I. Duplicate runs 
were made at 1220 r. p. m. in order to determine how closely

the results could be checked from time to time. The speed 
giving the greatest volume increase was thus 1080 r. p. m. and 
this speed, and the time intervals of 2,4, and 6 minutes were 
adopted for all further tests.

T a b l e  I. E f f e c t  o f  S p e e d  a n d  T im e  o f  B e a t i n g  o n  V o lu m e  
I n c r e a s e  

(Temperature 20° C.)

B e a t e r T o t a l  T i m e
W e i g h t  C o n t a i n e d  i n  

S a m p l e  T o d e

I n c r e a s e  
i n  V o l . ,

io o ( -  -  1V toS p e e d o f  B e a t i n g Liquid (IT) Beaten (to)
R. p. m. Minutes Grams Grams %

580 (N ot beaten enough in 10 minutes to permit taking samples)
710 2 .5 12.02 2 .19 4475 .0 11.91 2.11 4657 .5 12.83 2 .18 488

1080 2 12.02 1.76 582
4 11.91 1.41 741
6 12.83 1.44 788

1220 1 12.02 1.77 5752 11.91 1.66 6163 12.83 1.73 641
1220 1 12.02 1.82 5612 11.91 1.75 580

3 12.83 1.81 608

StorageB

F ig u r e  3. C o m p a r a t iv e  St a b il it y  o f  F r e s h  
E g g  W h it e  a n d  D e f r o s t e d  S t o r a g e  E gg  

W mTE

sharp-edged spatula, the outside of the tube was carefully 
wiped dry, and the tube and contents were weighed. Since 
the increase in volume on beating is proportional to the decrease 
in weight of a given volume, this increase may be expressed 
as a percentage of the original volume as follows:

If the tube content =» W  grama of liquid white 
=  w grams of beaten white 

then the percentage increase in volume is equal to

E f f e c t  o f  T e m p e r a t u r e

Seventy-five cubic centimeter samples were adjusted to 10°, 
15°, 20°, and 25° C. and beaten as described above. The re
sults at 15°, 20°, and 25° C. were within the experimental 
error of the method. The results at 10° C. appeared to be 
somewhat lower. The temperature of 20 ° C. was adopted for 
subsequent experiments. A rise of temperature of about 3°
C. was found to occur during the beating.

C o m p a r i s o n  o f  F r e s h  E g g  W h i t e  a n d  F h o z e n  ( D e f r o s t e d ) 
S t o r a g e  E g g  W h i t e

In view of the results reported by St. John and Flor (6), 
the results obtained by the present method on two commer
cial egg white samples from different sources, which had been 
frozen and held in storage in 
this condition for a consider
able time, were compared with 
determinations on p e r f e c t l y  
fresh eggs. At the same time, 
tests were made separately on 
the thick and thin fractions of 
the fresh white.

Fresh eggs, graded “ extras”  
by the Canadian Government 
standard, were broken, and 
the white carefully separated 
from the yolk. The further
separation into thick and thin white was carried out on a 
9-mesh screen by the method of Holst and Almquist (1). 
The proportions of thick and thin white in the various sam
ples are shown in Table II. The results on beating are given 
in Figure 2.

T a b l e  II. P r o p o r t i o n  o f  T h i c k  a n d  T h i n  W h i t e  in  F r e s h  
a n d  F r o z e n  ( D e f r o s t e d )  S t o r a g e  E g g  W h i t e
S a m p l e  T h i c k  W h i t e  T h i n  W h i t e

% %
Fresh extras 58 .4  41.6
Frozen storage A 
Froien storage B

To t a l  T /n r  o r  B rA T W G -, ft im r r ts

F i g u r e  4 . E f f e c t  o f  T im e  
o f  B e a t i n g  o n  S t a b i l i t y  o f  
B e a t e n  F r e s h  E g g  W h i t e

28.0
26.0

7 2.0
74.0

The results indicate that the thin white has considerably 
better initial beating properties than the thick fraction, but 
that the former tends to lose volume on continued beating. 
The properties of the mixed fresh white are intermediate 
between the two, as would be expected, while the mixed de-
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frosted storage whites give results which are much inferior to 
the mixed fresh white.

On these samples, stability tests were made by the method 
already described. The photographed sections of the dried 
cylinders of beaten white are shown in Figure 3. It is evi
dent that the beaten fresh white is much less stable than 
the storage white, and that the stability becomes less and 
less with continued beating.
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It is apparent that mixtures of water and egg white, con
taining up to 40 per cent of water by volume, show volume 
increases on beating equal to the volume increase of un
diluted egg white. The stability of the beaten mixtures is 
also nearly as great as for the undiluted white, as is shown 
by Figure 7, although the structure of the water-containing 
samples appears, in general, to be more porous. With the 
samples containing 60 and 80 per cent of water by volume, 
watery liquid ran out of the beaten samples on standing, 
before drying took place, and there was a decided tendency 
for the structure to break down with continued beating. 
The increases in volume obtained, when calculated on the 
basis of the actual egg white content of the samples, show a 
tremendous increase with increasing amounts of water in 
the mixture up to 80 per cent.

E f f e c t  o f  A d d i t i o n s  o f  O i l

As it is generally supposed that the presence of traces of 
oil has a detrimental effect on the beating properties of egg 
white, this was tested experimentally. Amounts of refined 
cottonseed oil varying from 0.01 to 1.00 per cent by volume 
were added to egg white samples before beating; the results 
are shown in Figure 8.

ffMUTFS Z 4- 6
To t a l  T /r t£  o f  B s a t / a/ q

F i g u r e  5 . E f f e c t  o f  F r e e z i n g  a n d  
D e f r o s t in g  o n  V o ijj m f . I n c r e a s e  o f  

F r e s h  E g g  W h i t e

This effect of beating time on the stability of the beaten 
fresh white was checked by a penetrometer method similar 
to that used by Peter and Bell (5), with the results shown 
in Figure 4. These correspond well with the indications 
of the photographic method.

C o m p a r i s o n  o f  F r e s h  E gg W h i t e  a n d  t h e  S a m e  M a t e r i a l  
F r o z e n  f o r  V a r i o u s  L e n g t h s  o f  T i m e

The volume increase on beating was determined on a 
sample of a large quantity of egg white separated from fresh 
extras. The remainder of the material was frozen solid 
at —3° C. and held in this condition. Small samples were 
removed after 5 hours, 3 days, and 1 month, and the volume 
increase on beating determined at 20° C., after defrosting. 
The results are shown in Figure 5. It is evident that freezing 
and frozen storage exerts a negligible effect on the beating 
properties over the period of the test. The changes in the 
frozen product which affect the beating quality must ac
cordingly be very slow.

E f f e c t  o f  A d d i t i o n s  o f  W a t e r

It has long been a popular belief among housewives that 
the addition of a small quantity of water to egg white has 
the effect of improving its beating properties. It has al
ready been noted that the beaten volume of thin white is 
greater than that of thick white, although Holst and Alm- 
quist (i )  find that the thick and thin fractions have the 
same content of total solids.

Mixtures of egg white with water in various proportions, 
from 98:2 to 20:80, were beaten and the volume increase 
determined. This has been calculated in two ways: (I)
as the increase in volume over the volume of liquid beaten, 
and (2) as the increase in volume over the actual volume of 
egg white in the mixture. The results appear in Figures 
6 and 7.
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F i g u r e  6 . E f f e c t  o f  A d d it i o n s  o f  W a t e r  

o n  V o l u m e  I n c r e a s e

The effect of adding oil to the mixture is to reduce the 
beaten volume, and the reduction in volume is directly 
proportional to the percentage of oil added, within the ex- 
permental error of the method. The tendency for the struc
ture to break down on continued beating also increases in 
proportion to the amount of oil added.

The stability of the beaten product is apparently un
affected by additions of oil up to 0.2 per cent. There is a 
definite breakdown with 0.5 per cent, and with 1 per cent 
of oil the structure breaks down completely on standing.

E f f e c t  o f  H y d r o g e n - I o n  C o n c e n t r a t i o n

These tests were carried out using fresh egg white, with 
the normal equilibrium pH of 9.37. The samples were 
prepared by diluting varying amounts of standard sulfuric 
acid and sodium hydroxide solutions to exactly 5 cc. and by 
adding 70 cc. of egg white, 5 cc. of distilled water and 70 cc. 
of egg white were used as the control. In the case where the 
largest amount of acid was added (resulting in a pH of
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5.47), a slight precipitate was formed which disappeared on 
standing. The pH was determined by the double hydrogen 
electrode, using a standard acetate buffer (pH =  4.63). 
The results are shown in Table III and Figure 9.

T a b l e  III. E f f e c t  o f  p H  o n  V o l u m e  I n c r e a s e  o f  F r e s h  
E g g  W h i t e

T o t a l  T i m e V o l .
A c m  on A l k a l i  A d d e d pH o f  B e a t i n g I n c r e a

Cc. Afin. %
5N  HsSO« 1.50 5 .47 2 662

4 669
6 688

N  HiSO* 3 .00 7 .14 2 623
4 724
6 877

N  HjSO* 2 .50 7 .66 2 653
4 836
6 873

N  H.SO* 2 .00 7 .86 2 678
4 869
6 844

N  HtSO* 1 . 0 0 8 .25 2 748
4 849
6 853

N  H2SOi 0 .50 9 .0 8 2 724
4 862
6 873

Control 9 .37 2 728
4 874
6 880

N  N aOH 0.50 9 .56 2 771
4 877
6 872

N  NaOH 1 . 0 0 9 .65 2 752
4 882
6 837

N  NaOH 2.00 10.42 2 812
4 952
6 922

N  NaOH 5.00 11.06 2 766
4 936
6 982

While there are few data in the literature dealing with the 
viscosity of albumin solutions on the alkaline side of the iso
electric point, the general shape of the curve obtained re
sembles closely the curves given by Lloyd (8) for the swelling 
of gelatin and collagen in alkaline solution, and for the 
amount of sodium hydroxide combined with a given amount 
of gelatin (2). The curve resembles also the curves given 
by Loeb (4) for the viscosity of sodium and barium caseinates. 
It would seem that the volume increase on beating is prob
ably a function of the viscosity, although it would be of 
interest to compare the present results with direct determi
nations of both viscosity and surface tension.

The increase in volume tends to become somewhat greater 
with decreasing hydrogen-ion concentration, this effect be-

Duration of whipping, min.
2  4  6

W a t e r
added:

O/l  Aooeo
F ig u r e  8 . E f f e c t  o f  A d d it io n s  o f  O il  o n  V o l u m e  

In c r e a s e

F ig u r e  7 . E f f e c t  o f  A d d it io n s  o f  W a t e r  
o n  S t a b il it y

coming much more pronounced above pH 10. The stability 
results for the samples between pH 8 and 10 are similar to 
those obtained previously for fresh egg white (Figure 3). 
The stability of the samples beaten 4 and 6 minutes is greater 
below pH 8 and above pH 10, with the exception of the sample 
at pH 5.47, which broke down completely.

0.10 0,10 0.30

*
§

F ig u r e  9 .
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E f f e c t  o f  p I I  o n  V o l u m e  I n c r e a s e  o f  F r e s h  
E g g  W h i t e
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AM ERICAN  CONTEMPORARIES

Willis Rodney Whitney
T O THOSE who know him, any sketch of Doctor Whitney 

must seem inadequate. To those who do not know him, 
it should be said at once that a word picture can no more 

truly present his dynamic, many-sided personality than a photo
graph can adequately present a scene of lively, varying action.

When anyone meets Whitney for the first time, one of the
initial impressions must be that of friendliness. For many years
the door of his office bore the words, “ Come in—rain or shine,” 
and always within that door were waiting a 
smile of welcome, an attentive ear, a quick un
derstanding, and helpful counsel. Any labora
tory worker entering that room was made to 
feel at once that his problem, trouble, or failure 
was “ ours,” and that only his success was his 
alone. And always for each problem he found 
a ready suggestion, for each trouble a helpful 
sympathy, and for each failure the encourage
ment of indomitable optimism, often expressed 
with a heartening touch of humor. It is no 
wonder that his associates frequently use in all 
sincerity that much abused word, “ inspira
tional,” in re ferr ing  to their c o n ta c ts  with 
Whitney.

This friendliness always felt in Whitney’s 
presence does not stop with words. He is 
keenly and actively interested in the welfare of 
all those around him, and especially of the labo
ratory staff. Again and again he has talked with office boys, seek
ing to learn their interests and aptitudes, suggesting helpful studies, 
and trying them out on various laboratory jobs in the effort to 
help them to qualify for better positions. To hurt anyone’s feel
ings unnecessarily is abhorrent to him. More than once when 
someone has tried with more good will than judgment to do him a 
personal kindness, Doctor Whitney has taken the trouble to re
sort to benevolent subterfuge to avoid a seeming lack of apprecia
tion. When in a letter it is necessary to say something which its 
recipient may find not wholly pleasing, he will labor with its 
phrasing to remove any sting, and will add any emollient appli
cable to the facts.

This inclusive friendliness does not mean that Whitney is 
lacking in discrimination or in personal predilections. He is 
very human, and his likes and dislikes are strong. He realizes 
that, and sometimes leans backward in his determination to be 
wholly fair to those who do not attract him, but, if a man has 
once shown himself disingenuous, a bluffer, or a slacker on the 
job, it will be hard indeed for him to win Whitney’s full confi
dence. Those who have won his confidence find it an enduring 
treasure. Its integrity is not marred or even momentarily 
weakened by subsequent minor failings or errors on the part of 
its possessor, but instead such passing humiliation as he may

feel is speeded to oblivion by Whitney’s prompt manifestation of 
his unshaken trust.

Two other characteristics which must strike even the casual 
visitor are his mental alertness and the wide range of his interests 
and knowledge. His mind is never at rest. Even in his hours 
of relaxation on his farm he is forever observing, studying, experi
menting, and filling in the background by reading. Thus he has 
developed a series of hobbies which have given him as keen pleas

ure as golf or bridge can bring to the more 
sportively inc l ine d .  Arrowheads, “ doodle
bugs,”  worm galls, and turtles are among those 
hobbies of his; into each hobby he has put 
activities of his own, and from each he has de
rived new facts not in the literature of the sub
ject. He must practice chipping arrowheads 
himself or try to make artificial worm galls by 
inserting a bit of steel in a plant stem and 
warming it by a high frequency field. His 
hobby may take him into only a little corner 
of a new field, but that corner he makes his 
own.

Whitney has said that he was not a facile 
student when in college, but that he had to 
work hard for what he got. That statement 
must seem preposterous to anyone who has 
discussed any problem with him and has experi
enced his quick grasp of it, his ready fund of 

information, his power of rapid analysis, and his promptitude in 
suggesting lines of attack. It is only through following him into 
one of his hobbies that the arduousness of his student days is 
made explicable. Then one begins to see that what Whitney 
means by “ getting”  a subject goes far beyond the average 
student’s conception of its mastery, a mastery sufficient for pass
ing a successful examination. When Whitney “ gets” anything, 
he has not only gained the understanding of a thorough student 
but he has made it to some extent individually his by putting 
into it original thought and, probably, original experiment.

It is this very thoroughness, this making knowledge his own 
(a real part, sometimes almost a subconscious part, of him
self) that explains another characteristic. He often speaks of 
“ playing a hunch,”  and sometimes the hunch may seem wild. 
For instance, several times an experiment proposed by Whitney 
to throw light on some problem has been fairly conclusively 
shown by the analysis of a colleague to be futile or inevitably 
sterile, but Whitney, brushing aside (sometimes with real im
patience) such logical discouragement, has gone ahead, with the 
result that some factor overlooked in the analysis has made the 
experiment a triumphant success. Those hunches of his seem to 
have an uncanny accuracy, but perhaps they are not “ hunches” 
after all. Is it a hunch when a trained and skillful boxer antici-

W i l l t s  R. W h i t n e y
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pates his opponent’s blow, seems to “ guess”  it before it has started, 
and, like an automatic machine, avoids it and lands a telling blow 
of his own? Is it not rather long experience instantly reacting 
through perfectly coordinated eyes and nerves and muscles? 
And are not Whitney’s “ hunches”  broad experience almost sub
consciously reacting through coordinated scientific knowledge, 
ingenuity, and sound judgment? Certainly all his assistants and 
fellow-workers have learned to respect those “ hunches.”

To Whitney the experiment is the thing. Theoretical analysis 
is good if it points toward an experiment; it is bad if it proves an 
experiment should not be tried. “ Any fool can show me an 
experiment is useless. I want the man who will try it and get 
something out of it.”  His answer to a dogmatically expressed 
opinion is “ Have you tried it?”  Long experience has convinced 
him that in research it is the unforeseeable, or at least the unfore
seen, that is forever cropping up. Theorize all you wish, but 
experiment.

Anything which interferes with experiment is distasteful—red 
tape, time spent in committee work, and even reports. The 
report file in his laboratory has been always meager. While 
he “ agrees in principle”  that reports are useful, his greater inter
est in experiment is not conducive to much reporting by his staff. 
But, as he says, the useful products of the laboratory constitute 
the best report of its work.

To be forever doing things—investigating, experimenting, 
“ monkeying,”  as he has called it—is his delight. Like Walt 
Whitman he may “ lean, observing a spear of summer grass,” 
but he could never say with Walt, “ I loaf and invite my soul.”  
Activity is his normal state. An old friend of his likes to tell of 
one summer vacation spent at a lake in western New York when 
Whitney was a young assistant professor at M. I. T. One day 
Whitney discovered a shoal in the lake, and immediately it sug
gested an outlet for his abounding energy. He set to work to 
build an island on that shoal, bringing tons of rock to build up 
a huge mound, and surrounding it with a bulkhead to protect it 
against waves and winter ice. For years “ Whitney Island”  
was the chief point of interest on that lake.

To labor with experimental apparatus is for him, not to work, 
but to “ play with it.”  When he drops in to see how one of his 
laboratory staff is progressing in his experiments, a characteristic 
question is, “ Are you having fun today?”  Such enthusiasm is 
contagious, and it is not surprising that Whitney’s laboratory 
has always seemed thoroughly permeated with a true zest for 
experimental endeavor.

Because of his love of action it is hard for him to delegate minor 
administrative jobs. It is his natural impulse to do it himself. 
His assistants have learned by experience that, if a job is dele
gated, it is well to attend to it on the instant, for otherwise when 
the assistant gets round to it, he will find that the boss has been 
there first and the job is done.

One kind of job he has refused, on principle, to delegate—the 
unpleasant job. If dismissal or admonishment of a laboratory 
worker were needed, Whitney would always perform the distaste
ful task himself.

But in his research work, each man has always been allowed 
freedom in proportion to his proved ability, in the selection of 
his problems, and in the method of attack, and no one has been 
more eager than “ the boss”  to give all credit for success to the 
individual who achieved it. He always forgets his own impor
tant contributions, in encouragement, support, and timely sug
gestion.

And he has always been insistent that his men be permitted, 
through publication of their results, to gain such outside recogni
tion as they have merited. Freedom of publication has always 
been his firm policy. A reasonable postponement for patent 
reasons has been the limit of his concessions, and his policy has 
won complete acceptance throughout the company.

In spite of his modesty, Whitney never hesitates to fight, single

handed if need be, for what he thinks is right. Where the welfare 
of the laboratory is coricemed, he has always been prepared, but 
never compelled, to fight to the bitter end. On other matters, 
if he is overruled or outvoted, he accepts the decision not only 
loyally but cheerfully, and proceeds at once to make the best of 
it.

Compromise, temporizing, indirection are all repugnant to 
Whitney. He thinks straight through to the end and then sets 
the shortest course to reach it.

As in all truly lovable characters, there is something of the 
child in him. He likes fun and likes to see people happy. At 
laboratory outings no one gets more enjoyment than he, whether 
in helping the children in their games, in building the camp fire, 
or in singing around it, and no stranger would recognize him then 
as “ the big boss,” except by carefully observing the affectionate 
respect which meets him on all sides.

Whitney likes simplicity in things as well as in people. His 
first office in Schenectady was a corner of a laboratory room where 
one or two men were continually experimenting. He felt doubt 
about the wisdom of a new laboratory building, perhaps fearing 
a falling off from plain living, high thinking, and hard work. 
Even his new office was severely plain. And yet he is not indif
ferent to comfort. When his associates took advantage of his 
absence in Europe to refurnish his office and to improve it in 
convenience, comfort, and appearance, his enjoyment of his new 
surroundings on his return was evident.

Whitney’s philosophy of life has been only indicated by things 
he has said, but it is implicit in all he does. He has said, “ Inac
tivity and inappreciation in the presence of infinite, undeveloped 
truth is the most inexcusable type of error and unfaithfulness.” 
The appreciation he demands is active appreciation, intensive 
search into that “ infinite, undeveloped truth.”  “ Research is 
appreciation.”  Research thus becomes a duty—a duty to which 
he has given a lifetime of complete devotion.- All research is 
good, whatever change it may bring, for all change is good in it
self. Perhaps we cannot foresee whither all change is tending, 
but, just as the variations and mutations in nature have made 
possible, through natural selection, the grand process of evolution 
and the development of man, so research and change are multi
plying the possibilities from which man may select what he 
needs to help him along the uncertain trail he calls progress toward 
the far-off, dimly imagined, goal of universal welfare and happi
ness.

If that philosophy is true, then few men have done as much for 
ultimate human happiness as he. The Research Laboratory of 
the General Electric Company has made many important con
tributions to progress, and that laboratory was created, sup
ported, animated, and inspired by him. But that is not all. 
His inspirational influence has not been confined within these 
laboratory' walls. His optimism, enthusiasm, sound judgment, 
and vision have encouraged and stimulated scientists, industrial
ists, and governmental agencies in widely diverse branches of 
activity. He has been a catalyzer of far-reaching potency in in
dustrial research. Every man, woman, and child in this country 
is better off today because Whitney has lived and worked and in
spired others.

To list what he has accomplished would take time and space, 
but would not be hard. The difficulty is to depict the man him
self, for pervading, unifying, and illuminating his other qualities— 
his friendliness, his mental vigor, his breadth of interest and knowl
edge, his stimulating originality, his delightful flashes of humor, 
his modesty, courage, directness, and simplicity-—is an indefin
able charm which defies portraiture, but which is felt at the in
instant of meeting him and which is increased and strengthened 
through years of close association. Those who have been fortu
nate enough to enjoy such association count it as a true and very 
great privilege.

L. A. H a w k in s
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Peter Spence Gilchrist
T HE chemical engineering profession knows him as the Big 

Little Chief. Small of stature, Peter Spence Gilchrist 
must be measured by the breadth of his accomplishments. 

His associates often marvel at the unlimited energy he possesses. 
In his avid desire for results he will drive his colleagues to ex
haustion, while apparently he remains immune to fatigue. His 
hair is white and his complexion a ruddy pink, an inevitable clue 
to his English birth. To guess his age, you 
might suggest fifty-five, or maybe sixty, but 
never seventy-two! He was born  in Man
chester, England, in 1861, of Scotch parentage.
His father was an engineer, so this son early 
imbibed the desire also to be an engineer. His 
desire was an eager one, a relentless one. He 
was not strong in childhood, but this handi
cap seemed to strengthen his ability to as
similate his lessons. Manchester educated him, 
and he arose to the heights that all young engi
neers of England dream about. He competed 
for the Queen's Medal and Award, then greatly- 
coveted and only made possible by the dint of 
severe application and real ingenuity. Queen 
Victoria presented this medal through the 
English Government, and it marked a moment 
that was forever to be an inspiration.

Like so many Englishmen, he cast his eyes to 
far horizons, and in 1880 he came to America to install the first 
mechanical pyrites furnace in this country. He was twenty years 
old at the time and looked even younger. While he possessed a real 
confidence in his own ability, there was a lurking fear that on 
account of his youthful appearance he would not be able to 
command the respect of his clients. A red mustache was reared 
for the occasion for dignity’s sake, but it failed miserably to allay 
its owner’s extreme youth. Since this lad was installing the 
furnace that was invented by his father, it was something really 
personal. This first unit was built in Richmond, Va. Here, he 
first viewed the South and mentally resolved that some day he 
would return.

On returning to England, he was retained by Maysworth and 
Wilson to erect pyrites burners in the company’s plants through
out England. While installing one of these units at the North 
Dean plant, the manager died and Gilchrist was appointed in 
his place. Here he perfected and put into commercial use the 
first sulfuric acid plant in the' world to produce acid from spent 
oxide. In 1884 he was made manager of the Peter Spence Alum 
Works at Goale. Here he met the girl who was later to become 
his wife. Mr. Gilchrist remained in Goale until 1889. At this 
period he again turned longing eyes to the west. The memory 
of that visit to the States now amounted to nostalgia. At home 
there was a settled position and apparent safety forever. Over 
the Atlantic lay adventure and promise. That same year he 
came again to America and was at once appointed in charge of a 
large fertilizer plant on Long Island.

P e t e r  S p e n c e  G il c h r i s t

It was the southern states that he wished to reach, so he de
clined to remain identified with the New York organization. 
He opened an office in Baltimore, but later selected Charlotte, 
N. C., as the potential center of sulfuric manufacture for the 
southeastern states. His faith in the prospects of this industry 
and the South were justified. He designed at least fifty plants 
that produced in excess of 2400 tons of 60° B6. acid a day.

These were mostly built to utilize the pyrites 
burner of his father. In the course of his in
tensive service in this field, he forwarded ideas 
that have now become standard wherever sul
furic acid plants are built. Fertilizer plants 
naturally fell to his lot, and he designed a 
large percentage of these. He was one of the 
pioneers of the phosphate plants in the South, 
and some of the great phosphate mining plants 
in Florida were created under his direction. 
His field was not in the South alone; soon his 
services were in demand throughout the entire 
United States and abroad.

In 1914 the Chemical Construction Company 
was founded by Gilchrist, I. Hechenbleikner, 
T. C. Oliver, and A. M. Webb, Gilchrist be
coming president. The work of this company 
in heavy acids is well known. While he has 
had innu mera ble  opportunities to become 

'affiliated with other organizations, he has chosen to concentrate his 
endeavors in this company.

Simply to give this chronological account of the man’s pro
fessional career is to leave most unsaid. He has been a pioneer of 
the boldest type; his constructive ideas have blazed many a path 
where industries have followed. This long trail is marked with 
testimonials of its creator. To know Gilchrist, one almost over
looks those professional accomplishments, for they are dwarfed in 
comparison with the things of life that really matter. Here is a 
man who has brushed aside the thought of personal gain. He 
truly lives for others. He has endeared himself to all who know 
him for his unselfishness. He lives simply content to gain his 
pleasures among his family. In his work he has made many 
friends. They respect him and love him, for always he places 
Christian principles above the desire for gain. His community 
knows him as a philanthropist who gives without ostentation. 
When a movement begins that is constructive and good, Gilchrist 
is often a part of it. A Scotch Presbyterian, he has worked long 
and untiringly for his church. He has been a ruling elder for 
almost twenty years; he is on the Board of the Presbyterian 
Foundation, of the United Welfare Association, and of Queens 
Chicora College for Women.

Where other men make golf, hunting, or fishing their hobbies, 
Gilchrist has the Y. M. C. A. He is president of the local Y. M.
C. A. and has been on the board of directors for twenty years. 
His name appears on innumerable committees throughout the 
South in this work. A. M. W e b b

Increased Consumption Improves World Synthetic Nitrogen Outlook
The belief that the world synthetic nitrogen industry passed 

its low point in 1930-31 is supported by the rising trend in world 
consumption of synthetic nitrogen, which for the first time in 
some years showed an increase in 1931-32 to a total of 1,421,580 
metric tons (N), compared with 1,377,005 in the preceding year, 
but still notably below 1,586,904 tons in 1929-30. Definite 
figures are not yet available for the 1932-33 fertilizer year, but 
it is evident that synthetic consumption is recording a still 
further increase above 1931-32 levels. In Germany, principal 
world consumer, indications are that consumption for the current

year will record a gain of from 5 to 10 per cent above the 325,000 
tons (N) for 1931-32.

The changed trend in world consumption is encouraging in 
that it marks the termination of a downward trend in progress 
for several years and represents a better adjustment of output 
to consumption. On the other hand, the existing excess of pro
duction facilities continues to weigh heavily upon the world in
dustry, contributing to increasing unit production costs and exert
ing a steady pressure on countries for measures to further their 
own national industries.



CORRESPONDENCE

Pipe Line Protection
S ir : The article “ Pipe Line Protection”  by Stanley Gill 

[In d . E n g . C h e m ., 2 5 , 49  (1933) 1 invades a field in which several 
commercial interests are engaged in competitive relationship 
and it thus has become difficult for Gill to preserve the neutrality 
from which he undoubtedly did not desire to depart. Neverthe
less, certain portions of the article in question may well be re
viewed in the light of more recent data as well as from the point 
of view of variant commercial practices.

The article was presented by the author at the New Orleans 
Meeting 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  at the end of 
March, 1932, or substantially 10 months before its publication in 
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 .  In the meantime 
there had been further reports in course of development by the 
American Petroleum Institute (Ą) and the American Gas Associa
tion (2), as outcomes of the test programs being carried on, re
spectively, by Scott and Ewing in conjunction with the U. S. 
Bureau of Standards. These latter reports are not definitely 
referred to by Gill; they became available to the general reader 
as references only shortly after the article was published.

It is stated by Gill that “ by properly selecting asphalt and 
wrapper and by exercising care in application, coatings of good 
protective value can be obtained. Certain petroleum asphalts 
are entirely unsuitable for pipe-line protection * * * others have 
been found to be exceedingly stable * * * Asphalts should never 
be used without the protection of a wrapper.”

Concerning coal-tar enamels Gill states, “ Coal-tar enamel coat
ings will afford protection, under some conditions without the 
use of wrappers.”  He further states, “ The wrapped enamel coat
ings, which probably possess greater protective value than any 
currently available coatings of comparable cost, fall into two 
classes (bonded and unbonded wrap) * * * both, when the work 
is properly performed, will give coatings of high protective 
value.”

The entire implication therefore is that much more careful 
selection and application of asphaltic coatings are necessary 
than in the case of coal-tar enamel coatings, and the asphaltic 
treatment is definitely singled out as requiring a reenforcing 
wrapper. The preference for coal tar implied and expressed 
in Gill’s article is not justified by the reports of the American 
Petroleum Institute associate at the Bureau of Standards. The 
American Petroleum Institute program of tests involved the 
burying in 1930 of pipe sections forming parts of actual pipe 
lines covered with nineteen types of treatments. Nine of the 
treatments were of coal-tar pitch origin; nine were asphaltic; 
one was a grease type. Some were thick and some were thin. 
Some were reenforced with shields or wrappers and some were 
unreenforced. One, an asphaltic emulsion, was protected with 
sand-cement mortar; one was an asphaltic mastic. Two, includ
ing the one above mentioned, were asphaltic emulsions.

It is presumed that each manufacturer of the coatings in this 
test sought to present his treatment in the most favorable light; 
that is, each treatment was the best of its kind at the time. Any 
improvements in any one since 1930 would be paralleled by pre
sumed improvements in all others.

The over-all results shown in the 1931 (S) and 1932 examinations 
of the test sections were indicative of a low order of protection 
on the part of coal-tar treatments which had no wrappers. Of 
the ten treatments which in 1931 and 1932 showed a rating of 
80 per cent or higher in effectiveness in prevention of pitting, 
only three were of coal-tar origin. The rest of the ten in the high 
effectiveness rating were asphaltic with the exception of one

treatment in 1932 which belonged to neither class. In both 1931 
and 1932,1 of the nine rating below 80 per cent in effectiveness, 
six were of coal-tar origin.

On the basis of cost per ton (an item mentioned by Gill in the 
above quoted excerpt) asphalts have an advantage over coal-tar 
enamels. On the basis of thickness of treatment, asphalts have a 
further advantage as, weight for weight, asphalts will give a 
thicker treatment than coal-tar enamels.

Gill’s article gives equal credit to loosely and closely bonded 
wraps of reenforcing material over the covering. Yet the one 
unbonded wrap (asbestos paper) in the A. P. I. tests dropped in 
effectiveness rating from 0.97 in 1931 to 0.731 in 1932. Bonded 
and melted-in wraps with but one exception (again an asbestos 
wrap) retained their effectiveness ratings of the year before.

The article by Gill favors asbestos papers in comparison with 
reenforcing materials of organic origin. But of the three asbestos 
treatments in the A. P. I. tests, two have a rating of 0.731 and 
0.621 in effectiveness against pitting in 1932 (after having had 
ratings above 0.90 in 1931). Of the seven treatments having re
enforcement of organic origin, all rated above 0.801 in 1932.

The American Gas Association’s program of tests on under- 
ground-pipe protective coatings has paralleled the American 
Petroleum Institute tests in so far as duration of tests is con
cerned. However, the American Gas Association tests include 
no coatings applied to lines in actual service. Conclusions drawn 
from the tests of the American Gas Association cannot be com
pared on an equivalent basis to those of the American Petroleum 
Institute obtained under conditions which bring about certain 
“ long line effects.”  A comparison indicates that there may be as 
much as a 1 to 3 difference in the severity of exposure of a coating 
on a short length of pipe as compared to exposure on a long line, 
soil conditions being equivalent.

All manufacturers of protective treatments did not submit 
specimens in the A. P. I. test program. The manufacturer who 
had probably the longest history with reference to such treat
ments refrained from entering the test.

The writer of this letter has been connected with corrosion 
protection work on underground pipe since 1905. It is probable 
that more severely corrosive soil conditions are met in California 
than in any other part of the United States. Extensive applica
tions of mechanically applied wraps to pipe, largely by a portable 
type of machine (5) as distinct from isolated local practices of the 
sort with mill-wrapped pipe, has a decidedly longer history in 
California than elsewhere.

A noteworthy example of such a treatment is the 16-inch gas 
transmission line laid in 1929 northward from Buttonwillow, 
Calif., in the soil generally regarded as the most corrosive in 
the United States. An example of a similar protection is in the 
Lindsay-Strathmore and Terra Bella Irrigation Districts where 
200 miles of riveted steel pipe ranging from 36 to 4 inches in di
ameter and from 12 to 16 gage in thickness were laidin 1916-17 in 
highly corrosive soil [some of this with a corrosion index (1) as 
high as 9 by the nipple and can method]. Not one foot of this 
pipe has ever been removed because of external corrosion. An' 
example of this type of protection on the Atlantic Coast, employ
ing the same asphaltic materials, is the 31 miles of 75-inch pipe" 
in the Wanaque system of the North Jersey District Water 
Supply Commission, laid in 1928. Other installations embrace 
thousands of miles of gas, water, and oil trunk, distribution,, 
and service lines. All of this work has been successfully carried 
out with asphaltic wrapping materials and asphaltic cementing '

1 Effectiveness ratings in 1932 are not given in the report but m ay be» 
calculated from  the reported data.

1061



1062 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. 25, No. 9

compounds. In the outstandingly corrosive soil of the Pacific 
Coast there has been used for pipe protection only a negligible 
amount of the enamels made from coal-tar pitch.

L i t e r a t u r e  C it e d

(1) Corfield, Western Gas, 6, No. 3, 25-27 (1930).
(2) Ewing, Scott, Am. Gas Assoc., Distribution Subcommittee Rept.

on Specimens Removed in 1932 (1933).
(3) Scott, G. N., Am. Petroleum Inst., Development Production

Eng. Bull. 208 (1931).
(4) Scott, G. N., Ibid., 210 (1932).
(5) Speller, "Corrosion, Causes and Prevention,”  p. 532, McGraw-

Hill, 1926.

D o z i e r  F in l e y

T h e  P a r a f f i n e  C o m p a n i e s , I n c . 
S a n  F r a n c i s c o ,  C a l i f .
April 10, 1933

Sir : I have read Finley’s comments with a great deal of in
terest, and can only say that none of the points which he raises 
serves to invalidate any of the extremely general conclusions 
which were stated in my paper. Refore the paper was finally 
handed to you for publication, I was in possession of the data 
on the second year’s inspection of the American Petroleum Insti
tute specimens, and also of the latest data on the American Gas 
Association tests. I considered these carefully in relation to my

paper, and found them to be strictly in line with the statements 
which I had previously made. It is an unfortunate feature of 
tests such as those being conducted by Scott for the American 
Petroleum Institute that test data can be readily misinterpreted 
as a result of failure to consider all of the factors involved. A 
detailed refutation of Finley’s interpretation of these data would 
require a great deal of space, and would necessarily enter into 
technical detail of little or no general interest. I can only reaf
firm the conclusions which have been quoted by Finley in his 
discussion, both as regards the relative merits of coal-tar and 
asphalt coatings, and of organic wrapping materials, as compared 
to asbestos felts. It is an unquestioned fact that The Paraffine 
Companies, Inc., with which Finley is associated, are entirely 
competent to exercise the care in selection and skill in application 
which are necessary to obtain good asphaltic coatings; but I do 
not see that this fact alters in any regard my considered state
ment concerning the general merits of the various classes of coat
ing materials. As Finley implies in his discussion, it is inevitable 
that a neutral observer should occasionally offend some of the 
“ several commercial interests * * * engaged in competitive rela
tionship”  in the pipe-line coating field, and I can only express my 
regret that the interests with which Finley is connected should 
have been among the group which I offended.

S t a n l e y  G i l l
R u s k  B u i l d i n g  
H o u s t o n , T e x .
April 19, 1933

BOOK REVIEW S
LATEX AND ITS INDUSTRIAL APPLICATIONS. By

Frederick Marchionna. 1037 +  xxiii pages. Rubber Age
Publishing Company, 250 W. 57th St., New York, 1933.
Price, SI 5.00.

T h i s  volume comprises an extensive and thorough survey of the 
patent and technical literature on rubber latex. Both patents 
and literature references are excellently abstracted. Although 
the author makes no claim for completeness beyond July, 1929, 
pointing out that from that date the patent literature is either 
well briefed or fully reported, or translated in Rubber Chemistry 
and Technology, much of the patent literature has been covered 
up to and through 1932.

The scope of the book is even broader than the title implies. 
In the 11 chapters there is much information which is not 
strictly confined to latex. The chapters on rubber plants, 
planting, and the cultivation of rubber not only contain refer
ences to Hevea brasiliensis, from which practically all the latex of 
commerce is derived, but also to guayule, which is not ordinarily 
considered a latex-bearing plant. In the chapter on methods of 
preserving latex and rubber, nearly as much attention is given 
to the preservation of coagulated rubber as to the preservation of 
latex. A chapter on the behavior and characteristics of latex 
follows, with specific chapters on the coagulation and preparation 
of crude rubber from latex. The main section of the book is 
concerned with the direct application of latex for the manufac
ture of rubber products. This section comprises nearly half the 
book and is the most valuable portion, since it brings together in 
one place the patent literature, well-abstracted, on the various 
industrial applications.

Each section is introduced with a brief summary on the subject 
matter of that chapter. These were all written by the author, 
■with one exception. The value of these brief introductory 
chapters would nave been much enhanced had they been written 
by specialists in the various fields, as in the latter case, and had 
literature references been given more consistently in discussing 
the work of the various investigators. Certain inaccuracies have 
crept into these introductory chapters, obviously as a result of the 
lack of specific knowledge or experience of the author. For ex
ample, acetic acid is given as the most common coagulant of 
latex. Formic acid had largely supplanted acetic acid for this 
purpose considerably before 1929. Again, the “ superiority of

Para rubber”  (to what and from what standpoint is not stated) 
is ascribed to "the degree of the heat of the smoke, which is 
between 70° and 80° C.”  This statement is ambiguous and the 
explanation is questionable.

The style of the author and the clarity of his writing deserves 
especially favorable comment. The sentences are clear and 
concise, and the paragraphing is well done. The result is a book 
which is pleasant to read, in spite of the fact that it is really a 
reference volume. The method of classification is less commend
able. This, coupled with poor choice of type for the headings 
and poor spacing for these headings, makes consultation of this 
book for reference purposes annoying in some respects. The 
author has chosen to classify the patents under each heading 
under the country in which the patents were granted. This of 
course results in discontinuity. For example, instead of the 
United States, British, German, and French patents, issued on 
the same invention, being grouped together, they are far removed 
from each other. A further unfortunate procedure was the 
failure to place the abbreviation of the country before each patent 
number. The result is that the reader may find it necessary to 
thumb through many pages to find out to what country the 
patent number refers. Failure on the part of the publisher to 
use heavy type and sufficient spacing for the headings makes it 
difficult to find the subdivisions of the patents. A serious error 
was made when the names of the assignees of the patents were 
left out. Omission of the initials of the patentee is also dis
concerting, especially where there are several investigators with 
the same surname.

The subdivisions of the material in Chapter VIII, which covers 
the direct use of latex in industry, could have been much im
proved had the 8 parts been further subdivided. The material 
is listed under such broad headings that one must cover many 
pages in looking up patent abstracts in any particular field. 
The placing of the abstracts is not always accurate. For ex
ample, in the section on adhesive and coating materials, “ latex 
paints”  are interspersed with “ seal for containers,”  “ surgical 
dressings,”  “ aircraft coverings,”  and “ treatment of leather.” 
A subdivision on the compounding of latex would have been 
especially acceptable.

The adoption of a unique and original set of abbreviations for 
use in referring to the journal literature seems unnecessary, in 
view of the fact that most rubber technologists who are interested 
in latex are thoroughly familiar with the accepted abbreviations
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of the A m e r ic a n  C h e m ic a l  S o c ie t y . The book has more than 
an excusable number of typographical errors.

In spite of these criticisms, the author has done a highly 
commendable piece of work, especially in the manner in which he 
has abstracted the individual patents. The abstracts are not 
too brief. They are sufficiently detailed to give the reader a 
clear idea of what is covered in the patent without reference to 
the original. This, in itself, is a great service and one which will 
make the book a valuable addition to any technical library on 
rubber. N. A. S h e p a r d  a n d  H. W. G r e e n u p

LEAD—THE MINERAL INDUSTRY OF THE BRITISH 
EMPIRE AND FOREIGN COUNTRIES. By the Imperial 
Institute. Second edition, 253 pages. H. M. Stationery 
Office, London, 1933. Price, paper, 4 s.

T h e  first 44 pages are devoted in general to the mode of occur
rence; the ore minerals; the properties of lead; concentration 
methods; metallurgy; the uses of lead; alloys, shot, solders, 
brasses, and bronzes; pigments; world production of lead ore 
(in terms of metal) 1921-32; world smelter production of lead 
(1921-32); London prices of pig lead for 1908-13 and 1921-32; 
and a table showing the principal lead mines, smelters, and 
refiners in the British Empire.

Some 180 pages are devoted to the occurrence, ore minerals, 
and geology of the lead ore deposits of the British Empire and 
practically all foreign countries. The metal content of ores and 
smelter production; the names, location, owners, principal lead 
and associated mineral deposits; and the tons of ore removed 
and ore reserves are given for a great number of the countries. 
Tables show the imports and exports of lead ore, pig lead, finished 
lead products, etc., for the main producing countries, usually for 
1921-32. Tonnages of concentrates and metallic lead produced 
in 1928-31 are given for most of the countries.

Twenty-six pages are devoted to references to recent technical 
literature, covering general, concentration, metallurgy, uses, 
alloys, pigments, and lead in the British Empire and foreign 
countries-.

This book, while of not much practical value to the metallurgist 
or mining man, should be of value to any one interested in lead 
and its associated metals. Mining and metallurgical methods in 
the various countries, except in a few cases, are not given. The 
volume is up to date and the best of its kind that has come to the 
reviewer’s attention. W. T. I s b e l l

PURIFICATION OF WASTE WATERS FROM BEET
SUGAR FACTORIES. By E. Hannaford Richards and D.
Ward Culler. Water Pollution Research Technical Paper
No. 3. 157 pages. H. M. Stationery Office, London, 1933.
Price, 7 s. 6 d.

O n l y  during the past ten years has the beet sugar industry 
developed on an extensive scale in Great Britain. With financial 
assistance from the government the amount manufactured has 
increased from about 140,000 cwt. in 1922-23 to nearly 10,000,000 
cwt. in 1930-31. Since the processes employed in beet sugar 
factories involve the use of large quantities of water (approxi
mately 3,500,000 gallons per thousand tons of beets extracted), 
there results serious pollution in the streams into which the waste 
waters discharge. The Department of Scientific and Industrial 
Research of the Water Pollution Research Board, in cooperation 
with a committee from the beet sugar factories, has made studies 
of the disposal of the wastes. Preliminary experiments at 
Rothamsted led to the conclusion that biological oxidation on 
percolating filters was preferable to fermentation with periodic 
additions of lime or with bio-aeration, or to the activated sludge 
process. Some of the waste water could be easily purified and 
re-used. The diffusion and pulp press water were the most 
important.

Semiplant-scale experiments were then conducted at one of the 
beet sugar factories at Cohvick. It was demonstrated that this 
process would give a purification of 90 per cent when treated by 
the process of biological oxidation on percolating filters. The 
depth of these filters should be about 6 feet, the waste water 
should be sedimented and diluted so that it will not contain 
more than 0.1 per cent sucrose. The dilute waste water can be 
filtered at a rate not exceeding 100 or 150 gallons per cubic yard 
of filtering material. The most suitable medium for the filters 
is a hard material such as gravel, flint, or flag. Material should 
be graded to a size of about 3/ 8 to 1 inch and should be free from 
dust.

A thorough study of the organisms present in the filter was
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made. These include bacteria, fungi, algae, protozoa, rotifers, 
nematodes, insect larvae, and oligochaetes. Different strains of 
bacteria were also isolated.

No mention is made of the use of the Steffens process which is 
important in disposal of wastes from factories in the United 
States. The references to work on the purification of beet sugar 
wastes on the Continent and in the United States seem inade
quate. • E d w a r d  B a r t o w

TWENTY-FIVE YEARS OF CHEMICAL ENGINEERING 
PROGRESS. Edited by S. D. Kirkpatrick. 373 pages. 
Published by the American Institute of Chemical Engineers,
D. Van Nostrand Company, Inc., 250 Fourth Ave., New 
York, 1933. Price, $4.00, postage extra.

T h e  familiar texts on industrial chemistry are here brought up to 
date, and this new volume should serve as an inspiring supple
ment to such familiar treatises. The development and achieve
ments of chemical industries from the viewpoint of thirty-one 
contemporary chemical engineers are recorded, and interesting 
side lights on the personalities and agencies contributing to the 
phenomenal developments in chemical engineering are given.

As its editor points out, this is not a carefully balanced and 
coordinated textbook, but rather an authoritative array of essays, 
each interesting in itself and contributing something to the 
extremely broad picture of the whole development of chemical 
engineering, particularly in American industry.

One is impressed with the fact that our principal contribution 
to the industrial machine has been, and is, in producing bigger 
and better elephants with a minimum of white ones. This may 
possibly be attributed to a distinctive nationalistic, individual, 
and industrial courage, the absence of tradition, and the American 
genius for systematizing and mechanizing. In the field of 
petroleum and solvent chemistry we may also justly be proud of 
our fundamental chemical achievements.

In a few of the chapters, particularly those of a historical 
character, the chemical engineer in assuming the role of author 
has laid aside his chemical and engineering tools. Adherence to 
accepted chemical nomenclature, the employment of chemical 
equations, and the introduction of curves and tables would have 
done much to make certain essays more instructive. It is sur
prising that no photographic illustrations were employed, to 
present more vividly the tremendous strides in chemical engineer
ing development. Incorporation of these details would have 
made the volume more valuable to large numbers in the chemical 
fraternity who have not had the benefit of membership in, and 
excursions with, the American Institute of Chemical Engineers.

All chemists will obtain educational and inspirational benefit 
from a perusal of this series of essays. It should serve as ex
cellent supplementary reading for courses in the history of 
chemistry and industrial chemistry. P. II. G ro g g in s

TECHNOLOGY OF CELLULOSE ETHERS. Volumes I to 
V. By E. C. Worden, I. 3396 pages. Published by Worden 
Laboratory and Library, Millburn, N. J.; exclusive sales 
agents, Chemical Catalog Company, Inc., 332 W. 42nd St., 
New York, 1933. Price, $45.00.

It  is  f o r t u n a t e  that this relatively new field of carbohydrate 
chemistry and technology should be treated by such an experi
enced correlator as Worden. The treatment of the subject is 
along the same lines as that followed by the author in his earlier 
work with the cellulose esters, there being little attempt to pass 
on the validity of the literature statements but rather to report 
faithfully the essentials of the patents and articles abstracted. 
About 13,173 separate patents and 2800 literary contributions 
have been edited. Together with the original reference to each 
piece of work, all abstracts appearing in any important technical 
periodical throughout the world are listed. The fifth volume is 
devoted entirely to indexing of patents, names, and subjects 
which makes it possible to find complete information on any de
sired subject quickly.

The subject matter has been divided into 15 chapters covering 
portions of the work which can logically be grouped together; 
each chapter is further subdivided into topics which bring to
gether all the pertinent facts on a given subject.

A great merit of these volumes lies in the ease with which a 
particular piece of information may be found. The style and 
subject matter are not such as to make fluent reading, but as a 
source of complete information clearly set forth on this class of 
carbohydrates, this work will be invaluable. D. R. W ig g am
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ENGINEER’S MANUAL OF ENGLISH. By W. 0. Sypherd 
and Charon Brown. 520 pages. Scott, Foresman and Com
pany, 623 S. Wabash Ave., Chicago, 1933. Price, S2.00.

T his manual is a workman-like guide to the art of technical 
writing in its many forms—correspondence, reports, articles, 
booklets, and specifications.

The authors have concentrated their efforts on the appropriate 
fashioning and structure of engineering writing and, with the aid 
of practical examples, have supplied the necessary illumination. 
Emphasis is laid on arrangement, grammatical completeness, 
accuracy, and conciseness. It is regrettable that the influence 
of the subject has resulted in a too short discussion of the great 
merits of conciseness in all forms of technical writing. Cer
tainly, technical journals provide examples of sentences, para
graphs, and articles which could be pared down with a mutual 
gain to the writer and the reader.

This is a useful addition to the practicing engineer’s shelf of 
reference works, and it also has merit as an English composition 
text for engineering students. A. E. M a r s h a l l

BERL-LUNGE CHEMISCH-TECHNISCHE UNTERSUCH-
UNGSMETHODEN. Edited by Ernst Berl. 8th edition.
Volume IV, 1123 pages. Julius Springer, Berlin, 1933. Price,
84 marks.

T he materials dealt with in the present volume are among the 
most interesting substances which enter the analyst’s laboratory. 
Pages 1 to 200 deal with coke-oven gases, combustible gases in 
general, and the carbonaceous materials from which they are pro
duced. The impurities—ammonia, gas tar, naphthalene, ben
zene, the oils for naphthalene absorption and for benzene ab
sorption—are determined as to amount present or degree of 
saturation by satisfactory procedures. The cyanide compounds 
cover pages 200 to 238. Coal tar is divided into raw coal tar, the 
intermediate products, and the finished products. Tar from 
brown coal has seven divisions, the last dealing with montan 
wax. The analyses for fats and waxes are divided into selected 
methods for systematic analysis of fats and technical methods 
dealing more directly with the products of the several industries. 
Mineral oils and related substances are treated exhaustively. 
Essential oils include the essential oils proper and odoriferous 
materials of any origin. The book concludes with 30 pages on 
writing and copying inks.

Short methods which will save the analyst’s time are numerous. 
Throughout there are various reproductions of photographs, 
line drawings, graphs, and tables. There are many cross refer
ences, references to the standard periodicals, and to less well- 
known monographs. The language is clear, direct, and free 
from involved sentences. The book is highly creditable to its 
authors for completeness and manner of presentation, and no 
less so to the printer for the set-up. This volume will be of 
superior value to the American analyst. E. Raymond R iegel

SICHERHEITGLAS (VERBUNDGLAS, PANZERGLAS, 
HARTGLAS, KUNSTDRAHTGLAS). By II. G. Boden- 
bender. 320 pages, 78 illustrations. Chemisch-technischer 
Verlag Dr. Bodenbender, Feuerbachstrasse 6, Berlin-Steglitz, 
1933. Price, 18 marks.

T he author has made an attempt to cover in relatively few pages 
material which would require volumes to treat adequately. 
Therefore, all discussions are limited, with the result that the 
text is little more than an outline; as such it should be of value.

Numerous literature references are given, including the author’s 
concept of the most important patents and a directory of the 
manufacturers of various types of safety glass.

In a very general way the principles underlying the manu
facture of the various types of safety glass, including laminated 
glass and single-layer safety glass, are discussed. The types of 
plastic used in multiple-layer safety glass (laminated safety glass) 
are complete and include the cellulose ester plastics, synthetic 
resins, gelatin, and the like. The various types of single-layer 
safety glass include hardened glass, glass reenforced with wire, 
plastic reenforced with wire, and transparent organic masses 
usually referred to as synthetic glass or glass substitutes.

The various types of mechanical equipment used in European 
plant operation for safety glass manufacture are illustrated; 
diagrammatic sketches for plant layout, personnel requirements, 
and cost of operation for definite safety glass schedules are given. 
The mechanical equipment, methods of processing, and bonding

adhesives, as described, are at least 3 years behind the American 
practice for the manufacture of laminated safety glass.

Chapter F which discusses the properties of the various types of 
safety glass, and Chapter H listing the possible uses for the 
different types of safety glass, would be of value in aiding one to 
select a suitable glass for a specific installation. However, the 
results reported in this book of comparative tests conducted on 
laminated safety glass made with different cellulose ester plastics, 
are not representative of American safety glass made with the 
corresponding plastic. George B. Watkins

DAS CELLULOID UND SEINE ERSATZSTOFFE. By 
Gustav Bonwitl. X X  +  813 pages, 264 illustrations. Union 
Deutsche Verlagsgesellschaft, Zweigniederlassung, Berlin, 
S. W. 19, 1933. Price, 87 marks.

Part I is devoted to a consideration of the raw materials for the 
manufacture of celluloid and includes a detailed discussion of the 
process of nitration as well as of the raw materials cellulose, 
camphor, alcohol, and coloring materials. Part II takes up the 
manufacture of the celluloid from nitrocellulose and camphor; 
in addition to the usual manufacturing technic there are included 
such subjects as alcohol recovery and the chemical and physical 
tests to which celluloid may be subjected.

Part III discusses in considerable detail the conversion of 
celluloid into a wide range of products such as combs, hair orna
ments, dolls, toys, toilet articles, cane and umbrella handles, and 
laminated glass. In this classification nitrocellulose lacquers and 
artificial leather are included. In Part IV there are grouped 
together the sections devoted to cellulose acetate, cellulose ethers, 
and plastic masses from casein and the several types of synthetic 
resins.

To anyone interested in the manufacture and use of the various 
synthetic plastic materials, particularly those derived from 
cellulose, this should be a valuable reference book. It is un
usual to find so much helpful information collected in a single 
volume. Furthermore the book is well illustrated and there are 
frequent references to the original literature.

Gustavus J. Esselen

ABSTRACTS OF GERMAN PATENTS (In several volumes). 
ABSTRACTS OF FRENCH PATENTS. The Patent 
Abstracting Co., 52 Vanderbilt Ave., New York, 1933. (See 
the following for prices.)

T h e  German Patent Office publishes an official journal in which 
abstracts (Auszuge) of the patents are given. These abstracts 
are about the type of those appearing in Chemical Abstracts and 
are, in general, good. The French Patent Office has a similar 
system. These books are mimeographed verbatim translations 
of German Auszuge and French Patent Office digests, as follows:
G e r m a n  P a t e n t  A b s t r a c t s :

Organic Chemistry:
One volume containing patents issued in 1931 $5.00
One volume containing patents issued in 1932 5 .00
Semi-monthly advance copies o f patents published in 1933 5.00

Dyes, Varnishes, Lacquers, Paints, Inks, Adhesives:
One volume containing patents issued in 1931 4 .50
Semi-monthly advance copies of patents published in 1933 4 .50

Synthetic Plastic Materials:
One volume containing patents issued from  1897 to June, 1932 4 .00
Semi-monthly advance copies of patents published from  June,

1932, to  end of 1933 4 .00
Rubber and Gutta-Percha:

One volume containing patents issued in 1931,1932 
Semi-monthly advance copies o f patents published in 1933 

F r e n c h  P a t e n t  A b s t r a c t s :
Chemical Products and Apparatus:

One volume containing patents issued in 1932 
Semi-monthly advance copies o f patents published in 1933

2.00
2.00

5.00
5.00

The books are good and useful. They form convenient refer
ences, putting in one place information which is scattered over 
many pages of Chemical Abstracts. The 35-year compilation of 
German patents on organic plastics is particularly convenient. 
This period is the most interesting one in the development of the 
modern synthetic plastics of the synthetic resin type. While 
not all the important inventions in synthetic resins were made in 
Germany, the German contribution to the art is substantial.

It is purposed to continue this type of publication and make a 
permanent service. K. P. M c E l r o y
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THESE PRICES UNLESS O TH ERW ISE SPECIFIED AR E THOSE PREVAILING  IN TH E N EW  YO RK  M AR KE T, AUGUST 15, FOR COMMERCIAL
GRADES IN  CARLOAD Q UANTITIES

N ew er  C hemicals

Acetaldehyde, drums, lc-l.f wks........ lb.
Acetaldol, 50-gal. drum s........................lb.
Acetylene tetrachloride, see Tetra- 

chloroethane
Acid, abietic...............................................lb.

A d i p i c . .................................................lb.
Furoic, tech., drum s........................... lb.
L inoleic................................................... lb.
tíebacic, tech.......................................... lb.

Ammonium linoleate, drum s................ lb.
Ammonium oleate................................... lb.
Aroclors....................................................... lb.
Butyl carbitol, see Diethylene gly

col monobutyl ether 
Cellosolve, see Ethylene glycol 

m onobutyl ether
Furoate, tech., 50-gal. drum s.......... lb.

Calcium furoate, tech., drum s.............lb.
Capryl alcohol, tech ................................ lb.

P ure......................................................... lb*
Carbitol, see Diethylene glycol 

m onoethyl ether 
Cellosolve, see Ethylene glycol 

m onoethyl ether 
Acetate, see Ethylene glycol mono

ethyl ether acetate
Crotonaldehyde, 50-gal. drum s...........lb.
Dichloroethyl ether, 50-gal. drum s, .lb .
D iethylene glycol, drum s......................lb.

M onobutyl ether, drum s.................. lb.
M onoethyl ether, drum s................... lb.

Diethylene oxide, 50-gal. drum s.......... lb.
Dimethylamine, pure 25 & 40%  

sol.— 100%  basis, drum s.
Dioxan, see Diethylene oxide
Diphenyl..................................................... lb*
E thyl acetoacctate, 110-gal. drum s, .lb.
Ethyl furoate, 1-lb. tin s........................ lb.
Carbonate, 9 0% , 50-gal. drum s-------gal.

Chlorocarbonate, carboys.................lb.
Ether, absolute, 50-gal. drum s------- lb.
Furoate, 1-lb. t in s ...............................lb.

Ethylene chlorhydrin, 4 0% , 10-gal.
cb ys ......................................................lb-

Dichloride, 50-gal. drum s................. lb.
Glycol, 50-gal. drum s......................... lb.

M onobutyl ether, drums, w ks.. .lb . 
M onoethyl ether, drums, wks. . .lb . 
M onoethyl ether acetate, drums,

wks...................................................^b.
M onom ethyl ether, drum s........... lb.
Oxide, cy l........................................... lb.

Furfuramide (tech .), 100-lb. drum s, .lb .
Furfuryl acetate, 1-lb. tin s................... lb.

Alcohol, tech., 500-lb. drum s...........lb.
Glyceryl phthallate ................................ lb.
G lycol stearate..........................................lb-
Isopropyl ether, drum s.......................... lb.
Lead dithiofuroate, 100-lb. d rum s...lb .
Magnesium peroxide, 100-lb. cs.......... lb.
M ethyl acetate, 8 2% , drum s............... lb.

9 9 % ..............................lb.
Cellosolve, see Ethylene glycol 

m onom ethyl ether

Sodium abietate.

■Sulfuryl chloride, 600-lb. drums,

• 18H
.27

.06

.7 2

.35

.16

.58

.11

.10

.40

.60

.30

.85
2.50

.32

.16

.14

.26

.15

.26

lb. 1.20

.20

.37
1.00
1.85

.30

.50
5.00

.75

.05

.25

.20

.15

.16H.21

.75

.30
5.00 

.40 

.26 

.18 

.07
1.00 
1.15
.12
.15

Peroxide, 100-lb. drums.

lb 1.20
.lb. • 20K
.lb. .20
lb .06
lb .03
Ib .50

,1b. 1.25

lb .15
lb .40

.lb. .08K

.lb. ■ 09H
lb .35
lb .40
lb .35
lb 1.00

.lb. 1.00
lb 1.25
lb 1.25

C hemicals P reviously  Quoted

Acetanilide, U. S. P., powd., bbls....... lb. .26
A cetic anhydride, 9 2 -95% , cbys........ lb. .21
Acetone, drums, wks.............................lb. .09H
Acetphenetidin, bbls............................... lb. 1 .25
Acid, acetic, 2 8% , c/1., bbls... .100 lbs. 2.91

56% , c/1., bbls......................100 lbs. 5.50
Glacial, c/1., bbls................. 100 lbs. 10.02
Glacial, TJ. S. P ., c/1., carboys

.............................................. 100 lbs. 10.52
Acetylsalicylic, bbls............................ lb. .70
Anthranilic, 99 -100% , drum s....... lb. .85
Benzoic, tech., bbls............................. lb. .40
Boric, bbls.............................................. lb. .04
Butyric, 100% basis, cbys................ lb. .80
Chloroacetic, m ono-, bbls., w ks.. . .  lb. .18

D i-, cbys.............................................lb. 1.00
Tri-, bbls..............*...........................lb. 2 .50

Chlorosulfonic, drums, wks.............. lb. .0 4 ^
Chromic, 9 9% , drum s....................... lb. .12
Cinnamic, bottles ................................lb. 3.25
Citric, U. S. P ., cryst., bbls.............. lb. .29
Cresylic, pale, drum s....................... gal. .45
Form ic, 9 0% , cbys., N. Y ................ lb. .11
Gallic, U. S. P., bbls .......................... lb. .74
Glycerophosphoric, 2 5% , 1-lb.

b o t ........................................................ lb. 1.40
H, bbls., wks......................................... lb. .65
H ydriodic, 10% , U. S. P ., 5-lb.

bot........... . ' ....................................... lb. .67
H ydrobrom ic, 4 8% , cbys., w ks.. . .  lb. .45
H ydrochloric, 20°, tanks, wks.

.................................................. 100 lbs. 1.35
H ydrofluoric, 30% , bbls., wks.......... lb . .07

6 0% , bbls., wks................................lb . .15
Hydrofluosilic, 35% , bbls., wks. . .lb . .11
Iiypophosphoru8, 30% , U. S. P.,

5-gal. demis....................................... lb. .75
Lactic, 2 2% , dark, bbls..................... lb . .04

48% , light, bbls., wks.................... lb. .11
M ixed, tanks, wks.....................N  unit .07

S unit .08
M olybdic, 8 5% , kegs......................... lb. 1.25
Naphthionic, tech., bbls.................... lb. nom.
Nitric, c . p., cbys................................. lb. .11
Nitric, 36°, c/1., cbys., wks.

.................................................. 100 lbs. 5 .00
Oxalic, bbls., wks.................................lb. .11
Phosphoric, 5 0% , U. S. P ................. lb. .14
Picramic, bbls....................................... lb. .65
Picric, bbls., c/1.................................... lb. .30
Pyrogallic............................................... lb. 1.45
Salicylic, tech., bbls............................ lb. .33
Stearic, d. p., bbls., c/1...................... lb. .09M
Sulfanilic, 250-lb. bbls........................lb. .15
Sulfuric, 66°, c/1., cbys., wks.

.................................................. 100 lbs. 1.60
66°, tanks, wks............................... ton 15.00
60°, tanks, wks............................... ton 10.50
Oleum, 20% , tanks, wks..............ton 18.50

40% , tanks, wks.........................ton 42.00
Sulfurous, U . S. P., 6 % , cbys.......... lb. .05
Tannic, tech., bbls ...............................lb. .23
Tartaric, U . S. P ., cryst., b b ls . . .  .lb . .2 3 ^
Tungstic, kegs.......................................lb. 1.40
Valeric, c . p ., 10-lb. b ot..................... lb. 2 .50

Alcohol, U. S. P ., 190 proof, b b ls .. . gal. 2 .56H
Am yl, from  pentane, tanks.............. lb. .143
Am yl, Im p. drum s.............................gal. 1.75
Butyl, drums, c/1., wks......................lb. . 10M
Denatured, No. 5, comp, denat.,

c/1., drum s.......................................gal. .34
Isoamyl, drum s.................................. gal. 4 .00
Isobutyl, ref., drum s........................ gal. .75
Isopropyl, ref., drum s...................... gal. .50
Propyl, ref., drum s........................... gal. .75
W ood, see Methanol

Alpha-naphthol, bbls.............................. Ib. .65
Alpha-naphthylamine, bbls...................lb. .33

Alum, ammonia, lump, bbls., wks.
...................................................100 lbs. 3 .00

Chrome, casks, wks...................100 lbs. 4 .7 5
Potash, lump, bbls., wks_____100 lbs. 3 .00
Soda, bbls., wks..........................100 lbs. 4 .00

Aluminum, metal, N. Y ............... 100 lbs. 22.90
Aluminum chloride, anhyd., com 

mercial, wks., drums extra, c/1 .........lb. .04
Aluminum stearate, 100-lb. bbl............lb. .16
Aluminum sulfate, com m ’l, bags,

wks............................................. 100 lbs. 1.25
Iron-free, bags, wks.................. 100 lbs. 1.90

Aminoazobenzene, 100-lb. kegs.........lb. 1 .1 5
Ammonia, anhydrous, cyl., wks..........lb. . 15U

50,000-lb. tanks, wks......................... lb . .05
Ammonia, aqua, 26°, tanks, wks.,

contained N H j.................................lb. .0 5 ^
Ammonium acetate, kegs..................... lb. .33

Bifluoride, bbls.....................................lb. ! 15
Bromide, 50-lb. boxes........................lb. .3 5
Carbonate, tech., casks.....................lb. .08
Chloride, gray, bbls.................. 100 lbs. 5 *. 25

Lump, casks..................................... lb. . 10M
Iodide, 25-lb. jars ............................... lb. 4 .30
Nitrate, tech., cryst., bbls................lb. .08)4
Oxalate, kegs........................................ lb. .22
Persulfate, cases.................................. lb. .20
Phosphate, dibasic, tech., bbls......... lb. .0 8 ^
Sulfate, bulk, wks..............................ton 24.00

Am yl acetate, tech., from pentane,
tanks, delivered...............................lb. .135

Aniline oil, drum s....................................lb. . 141^
Anthracene, 80-85% , casks, wks____ lb. .7 5
Anthraquinone, subl., bbls................... lb. .4 5
Antim ony, m etal..................................... lb. .07
Antim ony chloride, drum s................... lb. .13

Oxide, bbls............................................ lb. .0 8 ^
Salt, dom ., bbls....................................lb. .22
Sulfide, crimson, bbls.........................lb. .25

Golden, bbls..................................... lb. .16
Vermilion, bbls................................ lb. .38

Argols, red powder, bbls....................... lb. .08
Arsenic, metal, kegs................................lb. .31

Red, kegs, cases...................................lb. .13
W hite, c/1., kegs..................................lb. .04

Asbestine, bulk, c /1 .............................. ton 15.00
Barium carbonate, bbls., bags, wks.. ton 47.00

Chloride, bbls., wks............................lb. .0 3 ^
Dioxide, drs., wks............................... lb. .12
Hydroxide, bbls................................... lb. .05
Nitrate, casks....................................... lb. .07

Barium thiocyanate, 400-lb. bbls........ lb. . 27
Barytes, floated, 350-lb. bbls., wks.

........................................................... ton 23.00
Benzaldchyde, tech., d rum s................lb. .60

F. F . C ., cbys....................................... lb. 1 .40
U. S. P., cbys....................................... lb . 1.15

Benzidine base, bbls............................... lb . .65
Benzol, tanks, wks................................ gal. .22
Benzoyl chloridc, drum s....................... lb . .40
Benzyl acetate, F . F. C., bottles.........lb. .75

Alcohol, drum s...................................gal. .75
Chloride, tech., drum s.......................lb. .30

Beta-naphthol, bbls.................................lb. .22
Beta-naphthylamine, bbls.....................lb. .58
Bismuth, metal, cases............................ lb. 1.05
Bismuth, nitrate, 25-lb. jars ................ lb. .95

Oxychloride, boxes..............................lb. 2 .95
Subnitrate, U. S. P., 25-lb. ja r s .. .  .lb . 1.25

Blanc fixe, dry, bbls...............................ton 65.00
Bleaching powder, drums, wks.

...................................................100 lbs. 2 .0 0
Bone ash, kegs.......................................... lb. .06
Bone black, bbls....................................... lb. .0S}4
Borax, bags................................................lb. .018
Bordeaux mixture, bbls..........................lb. . 11H
Bromine, bot..............................................lb. .36
Bromobenzene, drum s............................ lb. .50
Bromoform, jars.......................................lb. 1.80
Butyl acetate, drums, c/1...................... lb. .11
Cadmium bromide, 50-lb. jars ............ lb. 1.25
Cadmium, metal, cases.......................... lb. .55

1065
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Cadmium sulfide, boxes......................... lb. .60
Caffeine, U. S. P ., 5-lb. cans................lb. 1.85
Calcium acetate, bags................... 100 lbs. 3 .00

Arsenate, bbls....................................... lb. .07
Carbide, drum s.................................... lb. .05)4

Chloride, drums, wks., flake...............ton 19.50
Cyanide, 100-lb. drum s..................... lb. .30
Nitrate, bags ....................................... ton 35.00
Phosphate, m onobas., b b ls ............... lb. .07 )4

Tribas., bbls...................................... lb. .11
Calcium carbonate, tech., bags,

........ ............................................100 lbs. 1.00
TJ. S. P ., precip., 175-lb. b b l............ lb. .06)4

Camphor, Jap., slabs.............................. lb. .50
Carbazole, b b ls ......................................... lb. .75
Carbon, activated, d ru m s.................... lb. .08
Carbon bisulfide, drum s........................ lb. .051
Carbon b lack ............................................. lb. .0275
Carbon dioxide, liq. cy l..........................lb. .06
Carbon tetrachloride, d ru m s .............. lb. .05%
Casein, stand, gr., bbls........................... lb. . 14%
Cellulose acetate, bbls ............................ lb. .80
Cerium oxalate, k egs.............................. lb. .25
Charcoal, willow, powd., bbls.............. lb. .06
China clay, b u lk ..................................... ton 8 .00
Chloral hydrate, drum s......................... lb. .70
Chlorine, liq. c/1., cy l.* ..........................lb. .055
Chlorine, tanks................................100 lbs. 1 .75
Chlorobenzene, m ono-, drum s............. lb. .06
Chloroform , tech., drum s...................... lb. .20
Chromium acetate, 20° soln., bbls—  lb. . 05
Coal tar, bbls., wks...............................bbl. 8 .50
Cobalt, metal, kegs................................. lb. 2 .50
Cobalt oxide, bbls.................................... lb. 1.15
Cod liver oil, bbls...................................bbl. 28.00
Copperas, c/1., b u lk ...............................ton 14.50
Copper, metal, elec.........................100 lbs. 8 .75
Copper carbonate, bbls., 5 2 /5 4 % ----- lb. . 1634

Chloride, bbls ........................................lb. .17
Cyanide, drum s....................................lb. .39
Oxide, red, b b ls .................................... lb. . 14 %
Sulfate, c/1., b b ls ........................100 lbs. 3 .75

Cotton, soluble, bbls ............................... lb. .40
Cream tartar, bb ls ................................... lb. .17
Cyanamide, bulk, N. Y .

..................................... Ammonia unit 1 .02 )4
Diaminophenol, kegs.............................. lb. 3 .80
Dianisidine, bbls ....................................... lb. 2 .35
Dibutylphthalate, drums, wks............. lb. .20 )4
Diethylaniline, drum s............................. lb. .52
Diethylene glycol, drum s...................... lb. .14
Diethyl phthalate, drum s......................lb. .23
Diethyl sulfate, tech., drum s............... lb. .20
Dimethylaniline, drum s......................... lb. .26
Dim ethylsulfate, drum s......................... lb. .45
Dinitrobenzene, drum s........................... lb. .18
Dinitrochlorobenzene, bbls....................lb. .13
Dinitronaphthalene, bbls....................... lb. .34
Dinitrophenol, bbls.................................. lb. .23
Diphenylamine, bbls ................................lb. .31
Diphenylguanidine, bbls.........................lb. ,30
Epsom  salt, tech., bbls., c/1., N . Y .

................................................... 100 lbs. 1 .70
Ether, nitrous, b o t ....................................lb. .80
Ether, conc., drum s................................. lb. .09
Ethyl acetate, tanks, c/1 ........................ lb. .0734

Bromide, drum s.................................... lb. .50
Chloride, drum s.................................... lb. .22
Methyl ketone, drum s........................ lb. .30

Ethylbenzylaniline, 300-lb. d rum s...lb . .88
Ethylene chlorohydrin, anhyd. drums.lb. .75

Glycol, c/1., wks.................................... lb. .26
Feldspar, bu lk .......................................... ton 6 .50
Ferric chloride, tech., b b ls .................... lb. .05
Ferrous chloride, cryst., bbls................. lb. .06
Ferrous sulfide, bbls ...................... 100 lbs. 2 .50
Fluorspar, 9 8% , b ags ............................. ton 31.00
Formaldehyde, bbls ................................. lb. .06
Formaniline, drum s................................. lb. .37)4
Fuller's earth, bags, c/1., m ines. . . .ton  15.00 
Furfural, drums, tech., contract,

works........................................................lb. .10
Glauber’s salt, bbls.........................100 lbs. 1.00
Glucose, 70°, bags, d ry .................100 lbs. 3 .14
Glycerine, c. p., drum s........................... lb. .1034
G salt, bbls..................................................lb. .42
Hexamethylenetetramine, tech.,

drum s....................................................... lb. .46
Hydrogen peroxide, 25 vol., bbls___ lb. .0534
Hydroquinone, kegs.............................. lb. 1 .20

* F. O. B. destination.

Indigo, 2 0% , paste, bbls....................... lb. .12
Iodine, crude, 200-lb. kgs................... kilo £1 5s
Iodine, resubl., ja rs .................................lb. 3 .35
Kieselguhr, bags..................................... ton 50.00
Lead, metal, N. Y ..........................100 lbs. 4 .50
Lead acetate, bbls., w hite.................... lb. .11

Arsenate, bbls....................................... lb. .10
Oxide, litharge, bbls........................... lb. .07
Peroxide, drum s...................................lb. .20
Red, bbls................................................ lb. .08
Sulfate, bbls............ ...................... .. lb. .06
W hite, basic carb., bbls.....................lb. .06 )4

Lime, hydrated, bbls ..................... 100 lbs. .85
Lime, live, chemical, bbls., wks.,

......................................... ...............280 lbs. 1 .70
Limestone, ground, bags, wks............ton 4 .50
Lithopone, bbls......................................... lb. .04)4
Magnesite, crude....................................ton 32.00

Calcined, 500-lb. bbls., wks............ ton 46.00
Magnesium, metal, wks......................... lb. .30
Magnesium carbonate, bags................ lb. .05%

Chloride, drum s................................. ton 36.00
Fluosilicate, cryst., bbls.................... lb. .10
Oxide, U. S. P., light, bbls............... lb. .42

Manganese chloride, casks........... .... .lb . .07)4
Dioxide, 80% , bbls............................ ton 80.00
Sulfate, casks........................................ lb. .09

Mercury bichloride, cryst., 100 lb s .. .  lb. . 77
M ercury flasks, 76 lbs........................ flask 64.00
Meta-nitroaniline, bbls...........................lb. .67
Meta-phenylenediamine, bbls.............. lb. .82
Meta-tolylenediamine, bbls.................. lb. .67
Methanol, pure, synthetic, drums,

delivered.......................................... gal. . 37 34
Tanks, delivered................................ gal. .35 )4

M ethyl acetone, dru m s.......................gal. .54
Salicylate, cases................................... lb. .42 .

M ethyl chloride, cylinders....................lb. .45
M ichler’s ketone, bbls............................ lb. 2 .50
Naphthalene, flake, bbls ........................lb. .04%
Nickel, m etal.............................................lb. .35
Nickel salt, single, bbls.......................... lb. .12

Double, bbls.......................................... lb. .12
Niter cake, b u lk ......................................ton 11.50
Nitrobenzene, drum s...............................lb. .08 )4
Oil, castor, N o. 1 ............. ....................... lb. .1034

China wood, bbls................................. lb. .07%
Coconut, Ceylon, tanks.....................lb. .03
C od, N. F ., bbls................................. gal. nom.
Corn, crude, tanks, mills.................. lb. .05 )4
Cottonseed, crude, tanks................. lb. .04
Lard, edible, bbls................................. lb. .08
Linseed, bbls..........................................lb. .109
Menhaden, crude, tanks..................gal. . 17
N eat’s-foot, pure, bbls....................... lb. .14
Oleo, N o. 1, bbls................................. lb. .0 6 K
Olive oil, denat., bbls...................... gal. .72

Foots, bbls......................................... lb. .06
Palm, Lagos, casks.............................. lb. -04)4
Peanut, crude, tanks.......................... lb. .05
Perilla, bbls............................................ lb. .0 9 K
Rapeseed, bbls.................................... gal. .68
R ed, bbls.................................................lb. .07
Soy bean, crude, ta n k s ..................... lb. .080
Sperm, 38°, bbls.................................. lb. . 103
W hale, bbls., natural, winter........... lb. .072

Ortho-aminophenol, kegs....................... lb. 2 .15
Ortho-dichlorobcnzene, drum s............. lb. .08
Ortho-nitrochlorobenzene, drum s. . .  lb. .28
Ortho-nitrophcnol, bbls..........................lb. .85
Ortho-nitrotoluene, drum s................... lb. .16
Ortho-toluidine, bbls...............................lb. .14 )4
Para-aminophenol, kegs........................ lb. .78
Para-dichlorobenzene............................. lb. .15)4
Para-formaldehyde, cases..................... lb. .38
Paraldehyde, tech., drum s....................lb. -20)^
Para-nitraniline, drum s......................... lb. .48
Para-nitrochlorobenzene, drums........lb. .25
Para-nitrophenol, bbls............................lb. .45
Para-nitrosodimethylaniline, bbls__ lb. .92
Para-nitrotoluene, bbls...........................lb. .29
Para-phenylenediamine, bbls.................lb. 1.15
Para-toluidine, bbls................................. lb. .58
Paris Green, 250-lb. kegs.......................lb. .23
Phenol, drum s........................................... lb. .1434
Phenolphthalein, drum s......................... lb. .52
Phenylethyl alcohol, 1-lb. b ot............... lb. 3 .75
Phosphorus, red, cases............................ lb. .45
Phosphorus trichloride, cy l....................lb. .18

Phthalic anhydride, bbls....................... lb. .15
Platinum, m etal.................................... oz. 24.00
Potash, caustic, drum s.......................... lb. .0734
Potassium acetate, kegs........................ lb. .27

Bicarbonate, casks.............................. lb. .07)4
Bichromate, casks...............................lb. .0754
Binoxalate, bbls................................... lb. .14
Brom ide..................................................lb. .31
Carbonate, 8 0 -85% , calc., casks.. . lb. .06%
Chlorate, kegs...................................... lb. .09
Chloride, crystals, bbls......................lb. .04%
Cyanide, cases...................................... lb. .55
Meta-bisulfite, bbls.............................lb. .1034
Muriate, fert., bu lk ..........................ton 35.55
Permanganate, drum s........................lb. .17)4
Prussiate, red, casks...........................lb. .35

Yellow, casks....................................lb. . 16)4
Titanium oxalate, bbls.......................lb. .21

Pyridine, drum s..................................... gal. . 85
Resorcinol, tech., kegs........................... lb. .65
Rochelle salt, bbls., U. S. P ..................lb. . 1134
R  salt, bbls.................................................lb. .40
Saccharin, cans....................................... lb. 1.70
Salt cake, bu lk ........................................ton 13.00
Saltpeter, gran., bbls...............................lb. .05%
Silica, ref., bags..................................... ton 22.00
Silver nitrate, 16-oz. b o t....................... oz. .2634
Soda ash, 58% , light, bags, contract,

wks..................................................100 lbs. 1.20
Soda, caustic, 7 6% , solid, drums,

contract, wka...............................100 lbs. 2 .55
Sodium acetate, bbls...............................lb. .05

Benzoate, bbls.......................................lb. .42
Bicarbonate, bbls......................... 100 lbs. 1.85
Bichromate, casks............................... lb. .05
Bisulfite, bbls........................................ lb. .02%
Bromide, bbls., U. S. P ......................lb. .31
Chlorate, kegs.......................................lb. .05%
Chloride, bags.................................... ton 12.00
Cyanide, cases...................................... lb. .15)4
Fluoride, bbls........................................ lb. .0734
M etallic, drums, 12y<-lb. bricks, .lb . . 19
Metasilicate, cryst....................... 100 lbs. 3 .25
Metasilicatc, gran., bbls.............100 lbs. 2 .65
Naphthionate, bbls..............................lb. .52
Nitrate, crude, 200-lb. bags, N. Y .

....................................................100 lbs. 1.26
Nitrite, bbls........................................... lb. . 07 34
Perborate, bbls..................................... lb. .17
Peroxide, cases......................................lb. .21
Phosphate, trisodium, bb ls .. .  100 lbs. 2 .50
Phosphate, disodium, bags. . .  100 lbs. 2 .00
Picramate, kegs................................... lb. .67
Prussiate, bbls......................................lb. . 1134
Silicate, drums, tanks, 40°.. .100 lbs. .75
Silicofluoride, bbls........................ . . l b .  .04%
Stannate, drum s...................................lb. .2934
Sulfate, anhyd., bbls.......................... lb. .02
Sulfide, cryst., bbls............................. lb. .02)4

Solid, 6 0 % ........................................ lb. .03 )*
Sulfocyanide, bbls............................... lb. .30
Thiosulfate, reg., cryst., bbls ..........lb. .02 )4
Tungstate, kegs................................... lb. .65

Strontium carbonate, tech., bbls___ lb. .07%
Nitrate, bbls......................................... lb. .09

Sulfur, bulk, mines, wks...................... ton 18.00
Sulfur chloride, red, drum s.................. lb. .05

Yellow, drum s...................................... lb. .03)4
Sulfur dioxide, commercial, cy l.......... lb. .07
Sulfuryl chloride, drum s........................lb. .10
Thiocarbanilid, bbls................................ lb. .25
T in ................................................................lb. .45)4
Tin tetrachloride, anhydrous, drums,

bbls...................................................... lb. .2034
Oxide, bbls.............................................lb. .50

Titanium dioxide, bbls., wks............... lb. .17%
Toluene, tanks........................................gal. .30
Tribromophenol, cases.......................... lb. 1.10
Triphenylguanidine, drum s..................lb. .58
Triphenyl phosphate, bbls....................lb. .37
Tungsten, powder................................... lb. 1 .65
Urea, pure, cases......................................lb. .15
Whiting, bags..................................... 100 lbs. 1.00
Xylene, 10°, tanks, wks.......................gal. .26
Xylidine, drum s....................................... lb. .36
Zinc, metal, E. St. L ouis................ 100 lbs. 4 .90
Zinc ammonium chloride, bbls............ lb. .05

Chloride, granulated, drums............ lb. .0 5 /4
Oxide, Amer., bbls............................... lb. .0 5 %
Stearate, bbls........................................ lb. .17

Zinc dust, bbls., c/1 ..................................lb. .0710
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T h e  higher crude goes the more you 
save by not skimming it

Skimming makes stra igh t-ru n  gaso
line and you can’t make anything on it 
— it knocks

S k im m in g  m ak es fuel oil, too, and 
there’s too much fuel oil already—you’re 
lucky if you can sell it at all

Dubbs cracking is the w ay to make 
gasoline—from fuel oil or any charging 
stock—volatile, anti-knock gasoline that 
holds old customers and makes new ones

D ubbscrack ing  m akes the biggest 
y ie ld  of th e  b e s t gaso line  from any 
charging stock at lowest cost —royalty 
and all

Universal Oil Products Co 
Chicago Illinois U S A

Dubbs Cracking Process 
Owner and Licensor
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CONTAINERS FOR GASES,
Chem ical shipments are protected— in HACKNEY 

DRUMS, with patented Raised O penings.

Even with plugs rem oved— and the head cov

ered with w ater— nothing can leak inside. S h ip 

ments are SA FE, too —  for HACKNEY CONTAINERS 

are designed to meet I. C. C. specifications.

Where the need for process steam is intermittent, the Ofeldt Gas Fired 
Steam Boiler is the ideal source. It eliminates the necessity of maintaining a 
steady steam supply, for it can be lighted just before the steam is needed, 
and in only 4 minutes— steam. W hat could be easier?
The Ofeldt is automatic, space conserving, dependable and clean. It elimi
nates much labor as well as the fuelstorage and ash disposal problems.
The Ofeldt comes in a wide range o f sizes to exactly meet your needs. Write 
for full details.

Executive Offices and Factory 
1903-1915 EAST HAGGERT ST., PHILADELPHIA

Branch Offices or Distributors in Principal Cities
Also makers of the well-known KANE  

Fire Tube Gas Steam Boiler

ALLIGATOR
TP.ADC MAPvK REO. U S. PAT. O FflCC

STEEL BELT LACING

PRESSED STEEL TANK CO M PA N Y

T h e r e ’ s  

w i t h  a n

s t e a m  i n  o n l y  4 m i n u t e s
■'Steam m 4 minutes

fe ld t

A T E A R L Y  a thousand belts per hour arc laced 
-L N  with Alligator Steel Belt Lacing, day in day 
out, year in  year out. Easy, rapid application with 
a  hammer as the only tool; the hammcr-clinchcd, 
visc-Iike grip  on  the belt ends, preventing friction 
o f  the plies; the patented, sectional, steel rocker 
pin which absorbs friction in  the hinged joint; 
the great surplus o f  strength and long serv ice- 
only Alligator Steel Belt Lacing combines these 
features which m ake it the choice o f  millions o f 

Smooth on both sides. Easily separable. 
Reliable both on light and heavy 
duty drives. Eleven sizes. Made also 
in  M onel Metal. Sold at wholesale 
and retail throughout the  world.

FLEXIBLE
CO.

208 S . La S a lle  St. B ld g ., Room 1137, C h ic a g o , III. 
1313 V a n d e rb ilt  Concourse  B ld g ., N ew  Y o rk , N . Y . 

6 6 0 9  G re e n fie ld  A v e ., M ilw au ke e , W is.
6 7 0  Roosevelt B ld g ., Los A n g e le s , C a l.

For sh ipm ent of 
C O R R O S I V E  A N D  N O N - C O R 
R O S I V E  L IQ U ID  C H E M IC A L S .

W rite  fo r com plete data.
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N IR A  urges action in place o f  delay. Buy n ow  the machines you  have wanted—  
perhaps needed— but deferred until the business upturn. It may be an uprush. 
Buy now . 
Capitalize to  your advantage our 38 years’ experience as both  chemical and mechan
ical engineers as w ell as builders o f  equipm ent for the process industries. 
C onsult us on  the equipm ent listed.

STOKES— Process Equipment
Vacuum Rotary Dryers 
Atmospheric Drum Dryers 
Vacuum Shelf Dryers 
Tablet Compressing Machines 
Vacuum Impregnating Apparatus 
Solvent Recovery Apparatus

Special Process Equipment

High Vacuum Pumps 
Vacuum Stills 
Crystallizers 
Extractors 

Evaporators 
Mixers

New materials and alloys available

Vacuum Fumigators 
Water Stills 
Autoclaves 
Condensers 

Deodorizers 
Dust Scrubbers

FJStukes machine company
Chemical Engineers and Equipment Manufacturers Since 1895 

5922 T A B O R  R O A D  OLNEY P. O . PH ILAD ELPH IA, P A .
New York Office— 103 Park Ave. Chicago Office— 307 N. Michigan Ave.

Los Angeles Office— 1231 E. 7th St.

N ew ly  installed  
battery o f  8 STOKES 
Vacuum Dryers— 
for drying starch
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BARNSDALL TRIPOLI
H a s  solved many abrasive problems. Because it is 
an outstanding material, entirely different in physical 
structure from ordinary abrasives, it is quite possible 
that Barnsdall Tripoli is the solution to your abrasive 
problem.

X T  is fast and at the same time, smooth— a combination 
highly desirable in many instances.

WE DO OUR TAXT

Gi[RADED to suit your requirements. Samples and 
complete information gladly given on request.

We Also Offer
VOLCANIC ASH

Extrem ely Fine, Very Pure
BENTONITE

H igh Grade W yom ing

Samples and complete information given on request

BARNSDALL TRIPOLI COMPANY
A  Barnsdall Subsidiary Since 1919

S E N E C A ,  M I S S O U R I ,  U .  S .  A .
C a b l e  A d d r e s s :  Tripoli Seneca C o d b s :  A.B.C. 5th and 6th, Marconi, Bentley’s

! (UuiMon

See the
WEATHER-OMETER
In Operation at 

Chicago's W o rld s  Fair
Will sun, rain, heat and cooling injure your 
products? The one reliable means of knowing 
is the Weather-Ometer. With this device you 
can determine in a few hours and with positive 
assurance just how long your products will re
sist the destructive action of the elements.
See this machine in operation at the Bureau of 
Standards, U. S. Government Building, at the 
Century of Progress exposition in Chicago; also 
at the Pittsburgh Testing Laboratory in the 
Home Planning Hall.

Write fo r  Bulletin

ATLAS ELECTRIC DEVICESICO.
377 West SuperiorjSt., Chicago

We make a specialty of building apparatus to 
suit your particular needs. Among our products
are:

Stills

Evaporators

Autoclaves
Heaters

Jacketed

Kettles
Digesters

Tanks

Coils
Pipes and 
Fittings Acetate Kettle w ith Agitator.

G E O R G E  F . O T T  C O .
213 Buttonwood St.
Works: Phlla.

Philadelphia, Pa.
Cable address: “ OTT" Phlla

O T T  SINCE 1870
C o p p e r  Equipment for All Industries
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AND HEAT RESISTING A LLO Y  STEEL

Increased Accuracy in
Electrolytic Analyses 'with 575 Hydrazine Sulphate

150 Hydroxylamine Sulphate

FJ—ERRORS often occur in the electrodeposition of metals from caustic 
or ammoniacal solutions owing to deposition of platinum transferred 
from the anode. Reichel, Z e it , f ü r  A n a l .  C h em ie , 89, 411-21 (1932), 
found that the addition of 4 to 6 g. of hydrazine sulphate or hydrox- 
ylamine sulphate to each 100 cc. of the electrolyte practically elimi
nated the platinum-iridium anode solubility. These organic compounds 
reduce the cell voltage, and appear to act as depolarizers. The use of 
hydrazine sulphate showed increased analytical accuracy on test deter
minations of zinc, nickel, and gallium.

Eastman Hydrazine Sulphate and Eastman Hydroxylamine Sulphate 
are carefully purified chemicals suitable for use in electrolytic analyses. 
Eastman Kodak Company, Chemical Sales Division, Rochester, N. Y.

EASTMAN ORGANIC CHEMICALS

J U S T  L I K E  V A C U U M  O R  P R E S S U R E  
F R O M  A  B I G  R E S E R V O I R

Lammert Vacuum-or-Pressure Pumps exhaust or com
press air or gas with a uniform, irresistible, non
pulsating flow—just the same as if used in connection 
with a big reservoir.
The rotary action makes very close clearances 
possible— minimizes slippage— insures full capacity 
at high vacuum (30 microns).
These pumps, due to the rotary principle and the 
fact that wear is automatically taken up, maintain 
their high initial capacity permanently.

W rite for descriptive catalog today.

LAMMERT & M ANN COMPANY
217 N. Wood Street Chicago, III.

AMERICAN SHEET AND TIN PLATE COMPANY, Pittsburgh, Pa.

IN THE INDUSTRIAL AND 
CHEMICAL FIELDS

Insist upon U S S  S t a i n l e s s  Steel Sheets— produced 
in a number of grades and finishes, and adapted to a 
wide range of applications. Write for literature and 
full information on the following alloys—
USS C hrom ium -N ickelSteels. Austenitic: 18-8; 18-12; 25-12 

U S S C h rom iu m -A lloy  Steels, Ferritic: 12; 17; 27
U S S  C hrontium -N ickel A lloy Steels produced under licenses o f  Chemi
ca l Foundation, Inc., N ew  York: a n d  Fried. K rupp  A . (J. o f  Germany.

This Company manufactures a full line of Galvanized Sheets. Galvannealed Sheets.
Am erican  Black Sheets, Keystone Rust Formed Roofinsrand Sidin* Products, Auto-
Rrsistinjr Copper Steel Sheets, Apollo Best mobile Sheets, Special Sheets, Tin andTeme
Bloom Galvanized Sheets, Heavy-Coated Plates, etc. Write for further information.
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Freon Compressors for a recent 
air conditioning installation, on 

lest, before shipment.

Industrial Plants Use 
All Types and Sizes

of Frick 
Refrigerating

Machines

Whether you need Re
frigeration for processing 
foods, for air condition
ing, for making ice, for 
cafeteria service, for a 
drinking water system, for 
quick freezing work, lab
oratory research or special 
industrial operations—
there’s a Frick Plant of 
the size and type to fill 
your needs exactly.

Write for literature 
and full details now.

Branches, Distributors and 
Stock Points in 85 Principal 
Cities Throughout the W orld

Citric Acid 

Tartaric Acid 

Cream Tartar 

Rochelle Salt 

Tartar Emetic 

Bismuth Subnitrate 

Bismuth Subcarbonate 

Potassium Iodide 

Phenolphthalein 

Gluconic Acid

Iodine Resublimed 

Calomel

Corrosive Sublimate 
Red Precipitate 

Potassium Citrate 

Sodium Citrate 

Strychnine & its Salts 

Cinchophen 

Chloroform 

Calcium Gluconate

C h a s . P f i z e r  & C o . ,  I n c .
M a n u f a c t u r i n g  C h e m i s t s  

E s ta b lis h e d  1849

81 Maiden Lane 
NEW YORK, N. Y.

444 West Grand Avenue 
CHICAGO, ILL.

NORMAL CONCENTRATED 

PROCESSED

R U B B E R
L A T E X

A  reliable source o f  Supply and 
Service. Am ple stocks for imme
diate delivery. T he cooperation 
o f  our technical staff in selecting 
the m ost suitable form  o f  latex for 
the results desired is available 
w ith ou t o b lig a t io n . M an u fac
turers’ technical correspondence 
invited and treated in confidence.

H E V E A T E X  CO RPO RATIO N
7 8  G O O D YEA R  A VE., M ELROSE,M ASS.
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epiuiMimff-PRICED RIGHT

Standard and Special
Cast Iron — Bronzes — Stainless Steel — Nickel 
Chrome — Niresist — Nickel — Monel — Steel — 
Semi-Steel — Aluminum — Aluminum Bronze — 
Everdur— Copper, and all castable alloys for 
chemical resistant requirements.
You get more than you expect o f a centrifugal 
pump when you order a Taber. Changeable Im
pellers is one o f the extra values.

Y our request for quotation w ill show  you our price 
is right. W hat are your needs? W rite us, re
questing comprehensive Bulletin G -631.

F ig . 603-G . Im peller is In true position . Stuffing  
B ox is fo u r  shaft diameters deep. A n  extra value pum p.

M EEM  P U M P  €®o
1293 Elm St., Buffalo, N . y .,  Est. 1859

To Manufacturers of

Crystalline Chemicals:
Do your finished products possess that 

snow-white purity, uniformity and brilliancc 
so necessary in meeting the demands o f  meticu
lous buyers?

Are you forced to recrystallize several 
times to attain purity?

Is your drying operation costly because 
o f non-uniformity o f crystal size and inefficient 
washing?

Are your yields as high as you would like 
to see them?

A simple laboratory test w ill reveal star
tling facts about what DARCO can do in 
eliminating impurities causing these difficul
ties. Write Dept. K. for a free sample today.

This
Trade-Mark D A R C O

On Every 
Carton

“ I T  GOES F U R T H E R ”

D A R C O  SALES C O R P O R A T I O N
45 East 42n d  Street 
N e w  Y ork , N . Y .

T e le p h o n e : G able A d dress :
V A n d erb ilt  3-1592 D A R C O SA L E , N ew Y ork
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A wide range of graded seals and laboratory ware 
is available for immediate delivery. Special appara
tus, including Quartz Gas-Discbarge Tubes, made 

to order to customers’ specifications.

H anovia F used Q uartz
has ideal properties fo r  

laboratory and industrial uses
Only the finest, clearest Brazilian crystals 

are used in making Hanovia quartz ware. 
The result is a product remarkably free 
from impurities, especially iron contami
nations. It is uniform, highly transparent 
and, because of the Hanovia method of 
manufacturing, contains exceptionally few 
air bubbles and striae. We are specialists 
in fused quartz manufacture, makers of the 
world-famous quartz-mercury Alpine Sun 
Lamp.

Characteristics of Quartz

Physical: About 0.7 as hard as diamond.
Transmits infrared and visible rays freely, and 
is highly transparent to ultraviolet down to 1850 
A. U. Constant under temperature changes; co 
efficient o f expansion is 0 .000,000,54. Quartz will 
not crack even when thrown into cold water after 
being heated to redness.

Electrical: It is so excellent an insulator as to 
offer special advantages in the construction o f spark 
plugs, radio power tubes, etc.

Chemical: Its exceptional purity makes quartz a 
highly valuable material for reaction vessels. It 
does not readily combine with many chemicals, 
thus obviating formation o f undesirable compounds.

For Catalog of Hanovia Quartz Ware, or 
information on special apparatus, address

H anovia Chemical & M fg. Co.
Research Apparatus Division 
N E W A R K , N E W  JE R S E Y
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T h e  New 1 9 3 3

Chemical Guide-Book

Page From New 1933 Chemical Guide-Book C o n t a i n s

C O P P E R  S IL IC O F L U O R ID E  (Cupric Silicofluoride, Cop
per Fluosilicate, Cupric Fluosilicate)

CuFsSiF«.6H20% Blue, solid, hygroscopic cryst. Sp. gr. 2.182. Sol. 
yrater» . Uses— m dyeing and hardening stoneware; as fungicide and 
insecticide. Grades—  tech. Cont.— kegs (100 lbs.). Tariff, 2 5 % : see 
copper acetate.

City Chem Co, 2 3  W  2 4 th  it , N Y  W atkins 9 -2 7 2 3
Jungm ann &  Co, Ine, 1S5 6th  nr, N Y W alker 5 -7 1 5 3

C O P P E R  S T E A R A T E  (Cupric Stearate)
Cu (C isH j«02)2. Light blue, amorp. pwr. Sol. ether, chloroform, benzol, 
turpentine; insol. water. Uses— m fr. anti-fouling paints; bronzing pur
poses.. Grades— tech. Cont.— kegs (100 lbs.). Tariff. 2 5 % ; see copper 
acetate.

•Do© &  Ingalls, Ine, 1 9 0  Milk st, B oston

Buchanan Chem Co, C G,
Cincinnati, O 

Harshaw Chem Co, Cleveland, O

H ancock  8 5 4 0

Nat Oil Prods Co, Harrison, N J 
Shepard Chem Co, Cincinnati, O

C O P P E R  S U B A C E T A T E  (Basic Copper Acetate, Green 
Verdigris)

Cu ( CiHjOaJa -4- 6HaO, t Greenish-blue pwr. Sol. water, alcohol, acids. 
Uses— mfr. pigments in paints and varnishes, anti-fouling paints, copper 
acetoarsenitc, copper pigmeMs, indigo and vat dyes; as mordant in dye
ing and printing textiles particularly dyeing wool black; insecticide and 
fungicide; laboratory reagent; in electroplating nickel. Grades— tech. 
Cont.—-bbls. (400, 440, 550 lb s .); kegs (100 lb s .); boxes (25 lbs.). 
Tariff, free; see copper acetate.

♦Doe &  Ingalls, Ine, 19 8  M ilk st, B oston

Buchanan Chem Co, C G,
Cincinnati, O 

Eimer & Amend, New York

lla n rork  8 5 4 0

Roesslcr & Hasslacher Chem Co,
W ilm ington, Del

C O P P E R  S U B C A R B O N A T E , see Copper Carbonate 

C O P P E R  S U B O X ID E , see Copper Oxide, Red 

C O P P E R  S U L F A T E  (Blue Vitriol, Blue Stone, Blue Cop
peras, Roman Vitriol, Salzburg Vitriol)

CuSOi.5 H :0 . Blue, crystalline pwr. or lumps. Efflorescent (when 
dehydrated almost white). Sp. gr. 2.284 (1 5 °C .) . Loses water at 
110 C. Sol. water, alcohol. Uses— mfr. copper salts, printing inks, 
electric batteries, Paris p^ecn, Bordeaux ‘ mixture, casein glues; as mor
dant in printing and dyeing textiles; germicide, insecticide and fungicide; 
laboratory reagent; wood preservative; dehydrating agent (anhydrous 
fo rm ); pigments in paints and hair dyes; copper plating, etching, and 
in electrolytic baths; for  drawing w ire; proccss engraving and photo 
engraving; tanning leather; purifying drinking water ana swimming 
baths; preserving pulpwood and ground pulp ; in medicine. Grades— C .P .; 
tech.; 99%  cryst.; granulated; powdered. Cont.— crystal, bbls. (450 
!b s .); gran., bbls. (450 lb s .); powd.; bbls. (350 lbs.). Tariff, free; 
see copper acetate.

♦Baker Chem C o, J T , N B road  st, Ph illlpsbn rg, N J 
♦Doe &  Ingalls, Ine, 1 9 8  M ilk at, B oston  
Fergusson C o, A lex  C, 2 0  O regon  av, Phila 
•General Chem Co, 4 0  R ector  st, N Y 
Lewis &  C o, Ine, Chas H , 2 2 8  Canal st, N Y 
•M allinckrodt Chem W ks, 2 n d  &  M allin ckrodt sts, St 
•M erck & C o, Ine, L in co ln  ar, Rahway, N J 
M organ Inc, C larence, 9 1 9  N M ichigan ar , Chicago 
R ogers & M cClellan, 141 M ilk st, B oston  
R osenthal C o, H H, 2 5  E 2 6 th  st, N Y  
•Stauffer Chem C o, 4 2 0  L exin gton  av, N  Y  
W ishnlck -T um peer Inc, 2 5 1  F ron t st, N Y

P h illlpsbn rg  5 -2151  
H ancock  8 5 4 0  

O regon  8 1 0 7  
W hitehall 4 -2 2 2 0  

Canal 6 -7 5 7 3  
His T y ler  0 7 7 0

Rahway 7 -1 2 0 0  
S u p erior  2 4 6 2  

L iberty  0 9 9 5  
C aledon ia 5 -6 5 4 0  

M ohaw k 4 -1 8 7 7  
Beekm an 3 -6 7 3 2

Am A gric Chem Co, N  Y  
A m er Smelt & R ef Co, N  Y  
Barada & Page, Kansas City 
Bowker Chem Co, N  Y  
Bradley & Baker, N  Y  
Braun Corp, L os Angeles 
Bryant Z inc Co, Chicago 
Burkart-Schier Chem Co.

Chattanooga 
Butcher Co, L  H , L os Angeles

Merchants Chem Co, In c, Chicago 
Midwest Chem Co, St Paul 
M iller-Baker Chem Co, Baltimore,

Md
M iller & Co, Carl F , Seattle, Wash 
Mountain Copper Co, San Fran 
Niagara Sprayer & Chem Co,

Middleport, N  Y  
N ichols Copper Co, N  Y  
Ore & Chem Corp. N  Y

* F or full list products o f  these firms, see Part I.

Chemical Guide-Book ( 1 9 5 )

4-41 pages listing 1,257 chemicals, 
in alphabetical order, with all physi
cal and chemical properties, all 
commercial uses, trade and scientific 
synonyms, formulas, tariff rates, 
odors, solubilities, boiling points, 
containers, and who makes and 
sells each.

44 pages listing in geographical 
order over 3,000 names and ad
dresses of manufacturers and dis
tributors of chemicals. This list is 
invaluable for mailings, salesmen’s 
calls and checking, and has been 
compiled from the latest available 
information.

41 pages listing various containers, 
packing and shipping supplies used 
in chemical and chemical consum
ing industries and who makes and 
sells each—74 pages of statistical 
information of interest to chemical 
and allied industries.

(full size)

Price $2.00
Three Dollars including subscription 

for C H EM IC A L M A R KETS

CHEMICAL MARKETS, I n c .
25 Spruce Street 

NEW YORK
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DO YOU HEAT OR C O O L^  
THROUGH A S B E S T O S -

Of course not, but a layer of 
your material may be as bad!

Do you realize that many materials such as acetic 
acid, benzene, etc., are poorer conductors o f heat 
than asbestos-—that a layer o f chilled bees’ wax is a 
better insulator than cork, and that water not in 
motion is a better insulator than glass?
Scrape stagnant films o f material away from your 
kettle wall and you speed up heat transfer.
Dopp positive-scraping agitators in Dopp seamless

kettles do this— mechanically and continuously—  
even in the case o f  materials which without contin
uous scraping harden so that they can only be labor
iously chipped off w ith chisel and hammer.
Use the Dopp Experimental Department to find out 
the savings that positive scraping will make for you 
in your mixing processes which are combined with 
heating or cooling. Do this in advance o f purchase 
without charge or obligation to buy.

G OW ERS M ANUFACTURING CO.
M A N U F A C T U R E R S  O F  D O P P  E Q U I P M E N T  
F O R  H E A T I N G ,  C O O L I N G  A N D  M I X I N G

1 303 Niagara St., Buffalo, N. Y.

Trona on Searles Lake, California

T H R E E  E L E P H A N T

K e g . U .S .  P a t . O ff . R e e . U . S . P a t . O ff.
Purity Guaranteed over 9 9 .5 %

A N D

B O R I C  A C I D
Slocks carried in principal cities 
of the United Stales and Canada

-^oTA-yp-"
| T R O N A |

Reg. U. S. Pat. Off.

" T R O N A "  
MURIATE OF POTASH
AM ERICAN PO TA SH & C H  EM ICA LCO RP.

Woolworfh Building New York

COSTLY, 
BOTHERSOME 

PACKING PROBLEMS 
E L I M I N A T E D  BY 

V I B R O X
Are you still packing 
your materials into 
b a rr e ls  b y  h a n d?  
Or are you using an 
“ auger”  type packer 
with its slow operation, 
the throwing in and 
out of clutch levers, 
and th e  e x c e s s i v e  
amount of horsepower 
required to operate it? 
V IB R O X  eliminates 

all of these disadvantages. No clutches, no 
starting or stopping as VIBRO X continues to 
operate while the empty barrels are placed on 
the platform and the filled ones removed. It is 
as simple as it sounds and a trial will convince 
you that V I B R O X  spells the end of all pack
ing troubles.
V IB R O X  is a self contained unit and is shipped com 
plete with a one H .P. m otor and " V ”  Belt Drive, ready 
for installation.

Bulletin V-21 illustrates and describes the complete 
line o f  V IB R O X  P A C K E R S  and their principle 
o f operation. II is sent promptly upon request.

Established 1872 
Mixing, Sifting and Packaging Equipment

415-423 S. C linton  St. Chicago, III.

Your October advertising copy with cuts should be forwarded 
so that we will receive it by September 10

October Forms Close
for Press September 15

Advertising Department

Industrial and Engineering Chemistry
332 West 42nd Street N ew  York
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WA N TED
B a c k  J o u r n a l s  o f  t h e  

A m e r i c a n  C h e m i c a l  S o c i e t y

Address all packages to the American Chemical Society, 20th and 
Northampton Streets, Easton, Pa., and pay transportation charges. Be 
certain that your name and address appear on outside of package. If 
you desire payment, which some members do not, send memorandum to 
Charles L. Parsons, Secretary, Mills Building, Washington, D. C. 
Journals must be received in good condition. This offer is subject to 
withdrawal without notice.

Journal of the American Chemical Society
Vol.
30/ Nos. 4 , 5 , 6  @  .25 each 
34, No. 11 @ .25 each

Analytical Edition, I. & E. C.
Vol.
2, No. 3 @ .25 each
3, Nos. 2, 3 and 4 @ .25 each

News Edition, I. & E. C.
Vol.-

11, No. 1 @ .25 each

Chemical Abstracts
Vol.
1, Nos. 12 and 14 @ $1.00 each
1, Nos. 2 ,3 ,1 3 ,1 6 ,1 9 ,2 0  and 22 @ .75 each
1, Nos. 4, 5, 7, 8, 9 ,1 0 ,1 1 ,1 5 ,1 7 ,1 8 , 21,

23, 24 and Index @  .50 each
2, Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14 

15, 16, 17, 18, 19, 20, 21, 23, and 24 @ 
.50 each

3, Nos. 1, 2, 3, 4, 5, 7, 8, 9 ,1 1 , 13, 15,16; 17, 
20, 21, 22, and 23 @ .25 each

3, Nos. 6, 10, 12, 14, 18, 19, 24 and Index @ 
.50 each

4, Nos. 1 and 24 @ .50 each 
26, Nos. 21 and 22 @ .50 each



PHOSPHORIC ACID, 
PHOSPHATES AND 
PHOSPHATIC 
FERTILIZERS

WM. H. WAGGAMAN
Scientist in Fertilizer Investigations 

Bureau of Soils, U. S. Department of Agriculture

A. G. S. M ONOGRAPH  
NO. 34

Phosphorus, always an essential in plant and ani
mal life, now bids fair to displace sulfuric acid for 
a number o f  purposes, due principally to the com 
mercial development o f  the pyrolytic process o f 
production. This volume contains a complete dis
cussion o f this process, together with descriptions 
o f the phosphate industry in the United States and 
abroad and the production and uses o f  various 
phosphorus acids and compounds.

370 Pages Illustrated Price $5.75

The Chemical Catalog Company, Inc.
330 WEST 42ND STREET, NEW YORK, N. Y.

What's New 
in M i x i n g ?

Main Office and Plant: Saginaw, Michigan
Sales Offices in 

New York, Chicago, San Francisco
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We would say that the most interest
ing new development is something that 
might be called intensive mixing 
or super mixing or dare we say it?
— molecular mixing.

It is the result of compressing the 
mass and keeping it confined tightly 
but flexibly in the mixing and kneading 
zone, and working with blades of the 
proper design for each type of problem.

The machine pictured above is an 
Intensive Mixer. We will be glad 
to run a batch of your material in it if 
you are interested in dispersing pow
ders in plastic masses, compacting or 
densifying your material, or otherwise 
improving the mixing and kneading 
effect.

Baker Perkins Company, Inc.
Werner & P ft eider er Division

DESIGNED TO YOUR NEEDS 
— OR BU ILT TO SPECIFICATIONS

The G R A V E R  Organization has unexcelled facilities for manu
facturing and^ fabricating tanks, elevated tower tanks and steel 
plate up to 2 in. thick, nickel clad steel, stainless steel, aluminum, 
or special alloys and the B. F . Goodrich Vulcalock process rubber 
lined steel.

Our engineering department will cooperate with you in any 
degree desired, specializing in modern, economical welded con
struction.

G R A V E R ’S production costs are low. Our field erection is 
recognized for its good workmanship. Our experience and re
sponsibility are long standing. In addition to tanks and steel 
plate, G R A V E R  makes a com plete line of oil industry and water 
conditioning equipment. Estimates supplied gladly.

Q R A V E R  T a n K & M FG. C ORP.
General Sales Office: 332 South Michigan Ave., Chicago 

General Office and Factory: East Chicago, Indiana 
Representatives in Principal Cities
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U S E F U L  
B O O K S

U S E F U L  
B O O K S

T IN
C . L. M AN TELL a .  C. S. Monograph No. 51

353 Pages Illustrated $5.25

A compréhensive survey of the various phases o f the pro
duction of tin from its ores to its commercial application. 
The history, physical and chemical properties, and the pro
duction, distribution, and consumption o f the metal have 
been presented and discussed from the viewpoint o f the chem
ist, the metallurgist, and the chemical engineer rather than 
from the viewpoint of the mining engineer or the mechanical 
engineer. Secondary tin and detinning of tin-plate scrap 
has been treated from the economic as well as from the 
metallurgical and chemical viewpoint.

TH E FREE ENERGIES OF SOME  
O R G A N IC  C O M PO U N D S

G. S. P a r k s  a n d  H. M. H u f f m a n  a . C. s. Monograph No. 60

249 Pages Illustrated $4.50
A New Tool for the Aid of the Organic Chemist

This work brings together and presents in a useable, classified 
form all o f the at present available free energy data on organic 
compounds. These data have been obtained from various 
sources and when possible are critically examined. Examples 
o f the use of such data in handling the problems of the organic 
chemist and other possible uses are suggested.

Empirical methods of estimating free energies from the 
structure of a compound are given. This part should prove 
to be especially useful because of dearth of experimental data.

BEARING  M ETALS A N D  
BEARINGS

W . M. C o r s e  A . C. S. Monograph /Vo. S3

383 Pages Illustrated $5.25

A survey of the fundamental principles and practices involved 
in the selection of bearings and bearing metals, together with 
a bibliography o f reference literature from 1900-1928 inclusive.

FIXED  N ITR O G E N
Edited by H a r r y  A. C u r t is  a. C. S. Monograph No. 59

517 Pages Illustrated $12.00

This monograph is an exposition of the scientific facts and 
theories of nitrogen fixation and of the essentials o f commer
cial processes for obtaining and elaborating nitrogen com
pounds. Data are included on the physical properties of the 
six gases, hydrogen, nitrogen, ammonia, methane, carbon 
monoxide and carbon dioxide, encountered in the study of the 
processes for the fixation of nitrogen and on the physical 
methods o f studying chemically active states of gases and of 
investigating catalyst surfaces. The chapters on the synthe
sis of ammonia and o f urea and on the oxidation of ammonia 
will be of great interest from both the theoretical and practi
cal standpoint. The chapter on “ Nitrogenous Fertilizers" 
gives an excellent summary of the commercial fertilizers with 
practical information on their methods of manufacture, com
position, preparation for market, application, etc. The final 
chapter on “ Nitrogen Statistics”  shows the results of the 
previously described technical developments which have 
brought about a dropping of prices which has resulted in 
increased consumption.

VEGETABLE FATS 
A N D  OILS

G e o r g e  S. J a m ie s o n  a . C. s. Monograph No. ss
444 Pages $6.50
This monograph contains a large quantity of selected data 
and other facts on the sources of these products, their char
acteristics, composition, properties and uses, including also 
those of oil-mill and refining by-products. Commercial and 
laboratory processes for the preparation and extraction of 
fats and oils from oleaginous seeds, clarification, bleaching, 
deodorization, hydrogenation, refining and other treatments 
in special cases are discussed. Attention has been paid to 
grades and specifications covering both crude and refined oils. 
Methods are given in detail for the sampling and examination 
of seeds, oils, fats, press cake and meals as well as tests for 
evaluation purposes and for the detection of adulterants.

KINETICS OE 
H O M O G EN EO U S GAS REACTIONS

A . C. S. Monograph N o. 57

$6.50
Loins S. K a s s e l  

330 Pages
Until now, there has been no book available devoted to a 
complete and critical discussion of this field. In the arrange
ment o f material, the requirements of all classes o f readers 
have been kept in mind. Theory and experiment are pre
sented separately; in the experimental part, in particular, 
every effort has been made to provide in non-mathematical 
language a statement of all the essential features of the 
theoretical developments. The recent work on chain reactions 
is treated in great detail, and a considerable amount of photo
chemical work is discussed, since in many cases the combina
tion of thermal and photochemical data permits much dearer 
interpretation than would otherwise be possible. In the 
theoretical treatment there is a detailed discussion of the 
applications which have been made o f the new quantum 
mechanics; this treatment is designed to be understandable 
by chemists whose knowledge of the recent developments in 
physics is quite meager.

T h e  C H E M IC A L  C A T A L O G  C O ., In c.
330 WEST 42 STREET NEW  Y O R K , U. S. A.

T h e  C H E M IC A L  C A T A L O G  C O ., In c.
330 WEST 42 STREET NEW  Y O R K , U. S. A.
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Wait till you hear the 
advice I give 

t h i sguy! J z k  M m ]

Don’t  spend money fo r a 
te m p e ra tu re  regulator- 
yourmencan 
a d ju s t  t h e ^ y F $  i  

v a l v e s  if
accurately]

Oh boy! It w on’t  be long 
n o w  before th e  old marj 
» ^ M o s e s  a bu nch o f, 

\  m o n l y g ^ J g

What did I tell y o u - t h a t  
fellow t u rne<fe,on enough 
heat to r u i n u ^ . — 
thewhole/. 
batch

Wei I, the fun's all 
over-he's boughta 
SARCO TEMPERATURE 
REGULATOR so they 
won’t spoil a n y 
m o r e  good s

S A R C O  CO.

ACIDS CANNOT ALTER

w r  STOKES *■
GENUINE HARD RUBBER 

P I P E  F I T T I N G S  a n d  U T E N S I L S

Engineers please note—

The Stokes Rubber Co. has had over 
36 years’ experience in studying, ex
perimenting, testing and manufacturing 
GENUINE HARD RUBBER GOODS 
and they offer products and a service 
that is believed to be unequalled.

Bring your problems to our staff of ex
perts, consult them free of charge.

ACID BUCKETS
1 to 4 gal. capacity carried In stock. 
A ll bail handles reinforced with 
steel, which is entirely covered with 
Hard Rubber.

ACID DIPPERS
1 Pt, 1 at., 2 a t, 3 at.
capacity carried in stock.

Look for the 
Mark of Quality

Moulders 1 i~r~
1897

^  Trenton N.J. 
Canadian Plant, Welland, Ontario 

Hard Rubber in Every Conceivable Form

Reg. U.S. Pat. OfT.
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PROFESSIONAL DIRECTORY
Personal Services Only 

1-lnch Card, $4.40 per Insertion. 0  2-lnch Card, $8.80 per Insertion.

•k

DR. HENRY ARNSTEIN
191 E, Roosevelt Boulevard 

Philadelphia, Pa.

Expert in Fermentation and Distillation
Specializing In the construction and operation of

Breweries, Sugar Factories, A lcoholic Motor Fuel Plants
and In the recovery of

By-Products (Yeast, Liquid & Solid C O  
Cattle-Feed, etc.)

Complete Chemical and Food Producing 
Plants Constructed and Operated

Dr. Waiter Cross Dr. Roy Cross

KANSAS CITY TESTING 
LABORATORY

Chem ists— Eng i n eers— I nspectors
700 Baltimore A ve., Kansas City, Mo.

Harvey A . Sell, Ph.D. Earl B. Putt, B.Sc.

SEIL, PUTT & RUSBY
Incorporated

Consulting Chemists
Specialists in the analysis of 

Foods, Drugs and Organic Products 
16 E. 34th Street, New York, N. Y. 
Teleohone— Ashland 4343-4344

MEIGS, BASSETT & SLAUGHTER
Incorporated

"From Research to Plant 
in Operation”

Chemical Engineers
Research— Design— Engineering 

Reports on Projects for Financing 
Drexel Building Philadelphia

SKINNER &  SHERMAN, Inc.

Research Analyses Physical Tests 
Engineering Bacteriology

246 Stu»rt SL Boston, Man. |j

GUSTAVUS J. ESSELEN, INC.
Chemical Research and Development

An Organization Experienced in the Ap
plication of Chemistry and Chemical 

Engineering to Industry and 
Business.

Cellulose and its derivatives 
Textile fibres and fabrics 
Dyes and their applications 

Pulp Paper Leather Rubber 
Industrial Bacteriology Synthetic Resins

73 Newbury Street Boston, Mass.

CONSULTANTS
and other professional 

men and organizations 

find this directory a 

dignified, effective and 

economical medium for 

starting negotiations with 

new clients.

FOSTER D. SNELL, INC.
Chemists—Engineers

A  technical organization offering 
complete consulting, research, 
operating and management service.

305 Washington SL  Brooklyn, N. Y. J

IVAN P. TASHOF
Attorney and Counselor at Law  

Patents
Specialist in the Protection of Inventions Relating to 

the Chemical and Metallurgical 
Industries

Victor Bldg., Washington, D. C 1

F. B. Porter R. H . Fash 
B.S., Ch.E., Pres. B.S., Vlce-Pres.
THE FORT WORTH LABORATORIES

Consulting, Analytical Chemists and 
Chemical Engineers

When you have propositions In the Southwest 
consider using our staff and equipment to save 
time and money.

Fort Worth, Amarillo, Dallas, Houston and San Antonio

EDWARD THOMAS
Attorney-At-Law

Registered Patent Attorney

Chemical Patent Problems 
Woolworth Bldg,, New York City I

FOSTER & CODIER
Specialists In Chemical and Metallurgical Patents 
and Applications Involving Processes and Products. 

Ex-Examiners in Chemical Divisions, 
li .  S. Patent Office

726 9th St. 414 Marine Bank Bldg. 
Washington, D. C  Houston, Texas

W. FAITOUTE MUNN
Chemist—Microscopist 

Photomicrography
Photomicrographs and 

Color transparencies Lantern slides of 
Chalk control tests commercial products for 

Research & Investigation patent litigation, for 
advertising purposes 

and control.
318 White St. Orange, N . J.

THOMAS & HOCHWALT 
LABORATORIES

Incorporated
A n organization offering complete chemical 
research and chemical engineering service.
Pilot Plant facilities. Patents Investigated.

Nicholas Road Dayton, Ohio

FROEHLING & ROBERTSON, INC.
Established 1881

Inspection Engineers and 
Chemists

Richmond, V». New York, N . Y .

Established 1891

SAMUEL P. SADTLER & SON, INC.
Consulting and Analytical Chemists 

Chemical Engineers

Special and Umpire Analyses 
Small and Large Research Projects 

Legal Testimony and Patents

210 S. 13th SL , Philadelphia, Pa. 

"Nothing Pays Like Research”

THE WESTPORT MILL
Westport, Conn.

Laboratories and Testing Plant of 
TH E DORR C O M P A N Y

Chemical, Industrial and Metallurgical Engineers

Homogeneous Laboratory of the 
H O M O G E N E O U S  EQ U IP M EN T C O .
Specialists In Corrosion Problems 
Protective Metallic Coatings 
Homogeneous Lead and Pure Block Tin Linings 
Patents Investigated 
Consulting, Testing, Developing.

Francis R. Glenner, Chemical Engineer 
Office— 485 Drlggs Ave., Brooklyn, N. Y. 
Laboratory— Greenpoint, Brooklyn, N . Y.

A. W. WILLIAMS 
INSPECTION COMPANY

Specializing In the Inspection of 
P O L E S , P IL IN G , C R O SS A R M S , C R O SS  TIES, 
C O N D U IT , LU M BER, ST R U C TU R A L TIM BER .nd 

P R E S E R V A T IV E  TR EA TM EN TS  
Analysis of Wood Preservative!

M O B ILE , A L A B A M A  
Inspectors for Assignments at A ll Plants
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C O M P A C T  
FILTERING 

UNIT
* 12" Filter Press Mounted on Cast-Iron 

Table with Drain Connection.

* Ratchet Closing Device For Rapid Closing 
and Opening.

* Bronze Plates and Frames Fitted With  
Monel Metal Screens.

Motor Driven Rotary Bronze Pump.

* Bronze Piping and Pressure Regulating 
Valve.

Now» . ^ EasJr by i>. R . SPERRY & CO., BATAVIA, ILL. San

SP ER R Y F IL T E R  PRESSES

PLATINUM MASS CATALYSTS ARE BETTER 
AND MORE ECONOMICAL

SUBSTITUTES, as compared with platinum mass catalysts, have no advantage as regards conversion 
efficiency at normal flow rates. Platinum mass catalysts have a very distinct advantage in emer

gencies. They will take care of huge overloads, with satisfactory conversion percentages. Substitutes 
cannot do this.

Gas cleaning, before conversion, is essential in any well designed sulphuric acid plant no matter what 
catalyst is used. Unless this be done, the resulting product will not have the purity required for C.P. 
acid. A t best, it can compete only with chamber acid.

In plain dollars and cents, platinum  mass catalysts actually cost you less, because 90 per cent of the 
metal can be recovered. Our services are always available for reclaiming such material. The metal 
cost o f replacements, therefore, is but 10 per cent of the original cost, plus a small refining charge. 
Substitutes, when outworn, are waste— nothing more.

We should like very m uch to go into the details of this subject with you. Just tell us you are interested.

New York

BAKER & CO., INC.
54 Austin Street, Newark, N. J.

San Francisco Chicago
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ANNOUNCING 
A SECOND EDITION

INDUSTRIAL CHEMISTRY
Revised and Enlarged 

Emil Raymond Riegel, Ph.D.

The new edition thoroughly revised and brought down to date presents a faithful picture o f 
the numerous commercial activities which make up the Chemical Industry. W ritten for the

• most part in non-technical language, it deals with practically every important phase o f chemical 
manufacture both from the standpoint o f  its technological application and its economic 
relationship.

Expressly planned for those who wish to familiarize themselves with the changes that new 
processes and products are bringing about in established businesses. The author has been care
ful to arrange each chapter in logical sequence with sketches and drawings designed to illustrate 
modern development in the industry. Tables, production figures and prices, all o f  recent date, 
serve to emphasize the econom ic importance o f each group o f  manufacturers from the stand
point o f yearly business. A  special point has been to make the list o f  reading references as rich 
as the literature allowed, with emphasis on recent publications. 

The Second Edition is 20%  larger and costs the buyer a third less than the First Edition. 
It contains—

800 Pages . 50 Chapters . 232 Illustrations . Price $6.00

THE C H E M I C A L  C A T A L O G  C O M P A N Y ,  INC.
330 West 42nd Street New York, U. S. A .
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DEAIRATED VACUUMIZED

OUNCING
N e w  S u p e r i o r  P r o d u c t

¿ f t  ( s A e m ¿ c ¿ i /  < z z ? £ o 7 ie w w i e  . . .

KNI GHT- WARE

MAURICE A. KNIGHT, Kelly Avenue, Akron, Ohio

NOW , after a year of experimental and 
development work with a new process 

in the ceramic industry— “ Deairing”—  
Maurice A. Knight offers a new, vastly 
improved quality of acid-proof chemical 
stoneware— Deairated  (Vacuumized) 
Knight-Ware.

This new ware has a tight, close-grained 
body of low porosity which is tough, uni
form, and wholly vitrified. Lamination is 
completely eliminated. There are no fis
sures, blisters, or pin holes to allow the 
retention and seepage of corrosive sub
stances. The thickness of this new body is 
materially cut down, giving a higher coeffi
cient of heat transfusion, greater resis
tance to thermal shock, and greatly re
duced weight.

Here, then, is a new Knight-Ware with all

Upper views show cross 
sections o f  a piece o f  old 
type 2" bore chemical stone
ware pipe. Note lamina
tions, crevices, unnecessary 
thickness and weight. Lower 
sections show new Deairated 
( Vacuumized) Knight-Ware 
Pipe, 2* bore. Note close- 
grained, uniform texture, 
total absence o f  lamination, 
and thinner walls.

its original advantages— absolute imper
viousness to all acids (except hydrofluoric), 
to alkalis, to chemicals and corrosives, 
weak or strong, hot or cold— but with a 
new compactness and smoothness and les
sened weight. Deairated (Vacuumized) 
Knight-Ware is now available at no extra 
cost.
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77'te FUTURE beionq±to the
PROGRESSIVE...
To You . . .

who are not afraid of new ideas.

To You . . .
who can scan the horizon for new developments in 

service and research that w ill improve your product and 
set it into the tempo of the young progressive markets 
of today.

To You . . .
who are approaching the future in this spirit we 

have important news.
u u ■ ■

Our chemists and research engineers are ready after long 
months of study and experiment to offer to the chemical and 
process industries important new discoveries in the use of LATEX, 
LO TO L and DISPERSITE that w ill open up broad, new markets.

These discoveries make possible new and profitable developments 
through impregnating, sizing, coating, cementing, combining and 
"fixing" your present materials.

We have done the ground work. Now  it is up to you to profit 
by it. At least, you should learn about these new developments 
for your own protection.

LATEX- DISPERSITE -LOTOL
T h e  N a u g a t u c k  C h e  mi c  a I C o m p a  n y

DISPERSI ON S P ROC ESS, INC.
1 7 9 0  B R O A D W A Y  . . . N E W  Y O R K ,  N.  Y .


