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An Antidumping Episode
r P I IE  demand for butyl acetate having developed to im- 
-*■ pressive proportions, thanks largely to the activities 

of those American workers engaged in the development of 
protective coatings, certain foreign producers apparently de­
cided they should have a piece of the pie. Consequently, 
in due course increasing volumes of butyl acetate were im­
ported by Kuttroff, Pickbardt & Company, Inc., who chose 
as an effective way to obtain the business a cut in prices. At 
the time there were some fifteen producers of butyl acetate 
obtaining their butyl alcohol from the Commercial Solvents 
Corporation, who were pleased to have their butanol so used 
and refrained from manufacturing the acetate. These manu­
facturers became growingly suspicious of dumping, and evoked 
the antidumping provisions of the tariff act. After thorough 
investigation and hearings, an order was issued.

Before the antidumping provisions can be exercised, two 
things must be shown. First, it must be proved beyond a 
doubt tha t the prices a t which the product is offered in this 
country arc lower than home prices. Next, it must also be 
established that injury is being done domestic producers. 
I t  was not difficult to show that the prices in America were 
lower than in Germany, but the attorney for the defense held 
that the importation of butyl acetate was not responsible for 
the low prices in this country, but that they had resulted 
from the entrance of the Commercial Solvents Corporation 
itself upon the production of butyl acetate. However, the 
facts were that it was not until eight or ten manufacturers of 
butyl acetate had discontinued operations because of the com­
petition resulting from the dumped butyl acetate tha t Com­
mercial Solvents, as a manufacturer of one of the basic raw 
materials, found it necessary to enter the field to save the 
situation. Therefore in the end the case was completely 
proved, the order issued, and the primary purpose of the 
antidumping legislation achieved—dumping was stopped.

The next part of the episode is secondary to the main pur­
pose of the legislation. We refer to the assessment of duties 
and fines based upon an appraisal of the butyl acetate that 
had been imported. After due investigation Kuttroff, Piek- 
hardt & Company, Inc., were called upon to pay in round 
numbers three million dollars. Instead, approximately one 
hundred and fifty thousand were offered in compromise, have 
been declined, and the defendants have appealed from the 
assessments. This appeal has been taken but lately, and it 
should be clearly understood that the Government does not 
have an enforceable claim against the defendants until the 
courts have sustained the appraisal. Meanwhile it is a mat­
ter of litigation which may be prolonged for some years. In 
Others words, regardless of the decision that will be handed 
down in New York, either side might then appeal to the 
Court of Customs Appeals in Washington. If, after two or 
three years, a decision is handed down, it is barely possible 
that the case could then go to the Supreme Court.

In  the meantime Kuttroff-Pickhardt have undertaken a 
dissolution of their business, distributing their assets to the

stockholders. I t  would appear fortunate that the collection 
of fines and duties is a consideration secondary to the effective 
stopping of dumping.

This interesting case is typical of the effectiveness of our 
antidumping legislation. The investigation required not only 
meticulous care in ascertaining the status of the American 
industry, but extensive investigations abroad, which were 
made by an expert of the Bureau of Customs who journeyed 
to Germany for the purpose. The case is not an exception, 
but is typical of the work quietly going forward in the 
Treasury Department under the present laws which, when 
final action is taken, effectively protect our industry. Such 
instances may at least serve fully to convince any who may 
have entertained doubts as to the wisdom and efficacy of the 
steps which the law provides.

Blow  Your Horn
'T 'I I  ERE are many men who have attended every exposi- 
* tion of the chemical industries, and they easily remember 

when the most interesting and instructive booths were 
those in which the products of the industry were displayed. 
To bo sure, the equipment being developed in the early days 
of the exposition was just as important, and it was one of the 
objects of the project to let it be known that here in America 
were to be found those special devices and pieces of machinery 
essential to chemical production. No one passed these 
booths by, but after all it was an exposition of the chemical 
industries. In  those days we were inordinately proud, 
perhaps, of the chemical compounds which first came into 
the exposition in small numbers, then showed rapid increase, 
only practically to disappear from the later expositions. 
This change in the character of the shows has called forth 
comment in the technical press and elsewhere critical of 
those industries which, though definitely identified with 
chemistry and chemical products, have latterly been con­
spicuous by their absence.

Just why should all this occur? For our part, we see no 
sound reason for it. I t  is true that a small handful of dye- 
stuffs has grown to a large tonnage of great variety, account­
ing for some 95 per cent by weight of our domestic require­
ments. No longer are we dependent on other than our own 
resources for a long list of coal-tar synthetics, nor for a num­
ber of other products which our industry has developed. 
Even this progress and any strength it may indicate afford 
no adequate reason why the products of the chemical in­
dustry should not be continuously displayed a t these bien­
nial exhibits. Every progressive chemical industry has 
added some distinct product to its line during the past five 
years. Even since the last exposition some ten or twelve— 
perhaps fifteen—thousands of young men have been gradu­
ated into chemical careers. They should be effectively 
reached through the medium of the exhibit. The public has 
become more interested in chemical products, and the ex­
hibit offers the opportunity to reach large numbers of the 
laity. Today the layman is the purchaser of chemical stocks,
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and his interest must be obtained and held. An important 
by-product is the attention of the technical, trade, and daily 
press to the exhibits. They are news, and comment upon 
them is valuable publicity for our industries. We are never 
so strong but that strong public confidence is of the greatest 
benefit.

The returns on a well-planned exhibit of chemical prod­
ucts and the raw materials from which they are made are 
often immediate, but even though they are indirect, the 
general effect upon the whole industry is good and the ulti­
mate return satisfactory. I t  is not the extent of the exhibit 
tha t matters so much. I t  is its quality—the story it tells 
and how well it is told. The small exhibit with human in­
terest a t its center will always attract more buyers than the 
elaborate display which is nothing more than just that. Plan 
your booth along the right lines and the buyers will congre­
gate there.

Let the chemical industry see to it  tha t after the thirteenth 
exposition, the week of May 4, no one can say that we have 
lost either our leadership in the production of chemical prod­
ucts or pride in our accomplishments, or that the showing 
of chemical products was disappointing.

Get into the exposition. Blow your own horn, and re­
member “He that bloweth not his own horn, verily his horn 
shall not be blown.”

Naval Stores
HTHE older an industry the more reluctant it seems to be to 

avail itself of what science offers for its aid. Facts learned 
through the costly trial-and-error method of experience are not 
to be lightly discarded and may never be replaced by what 
science does. Yet when these old industries eventually 
turn to the research laboratory, they are often benefited 
immediately and quite out of proportion to the time and 
effort spent on their behalf.

The naval stores industry is perhaps the second oldest 
American industry, first place going to tobacco, thanks to 
the introduction of tha t famous weed into England by 
Sir Walter Raleigh and Sir Francis Drake. The English 
settlers who arrived in Jamestown in 1607 established the 
naval stores industry, which went on a business basis in 1622 
as Neill’s Virginia Company of London. The establishment 
was founded upon a commission from Queeif Elizabeth to the 
English settlement and its primary purpose was to secure 
in the new colonies a suitable supply of tar, pitch, rosin, tar 
oils, turpentine, etc.—all of which were urgently required 
in the construction of wooden ships for the English navy 
and the merchant marine. From tha t day to this naval 
stores have been among the prominent industries of our 
Southern States, but until recent years the character of 
the industry changed but little from those earlier times. 
Relatively little has been done by the producers to improve 
their product, to eliminate their wastes, to conserve their 
raw materials, or to expand their markets. With the passing 
of wooden ships a change in consumption took place and new 
markets were more or less permitted to develop themselves.

Notwithstanding this well-known apathy, there have al­
ways been individuals keenly interested in the improve­
ment of naval stores. Our own Doctor Herty is one of those 
who, beginning with marked improvements in methods 
for the collection of turpentine, has continued efforts to have 
the industry make progress and today is keenly concerned 
with the problem. A few years ago the Pine Institute of 
America was incorporated and this institute has begun 
a modest program of research. The Forest Products Labora­
tory has given special attention to the problems of the indus­
try. For years the Bureau of Chemistry and Soils, repre­

sented by F. P. Veitch and his associates, has been prominent 
in the field. Those individuals and organizations making the 
distribution of naval stores their principal occupation have 
developed an efficient machine for their purpose and through 
their numerous contacts have come to realize that if the 
naval stores industry is to continue as an important indus­
trial factor some energy must be put into educational cam­
paigns as well as into research.

In October, a t the eighth annual meeting of naval stores 
representatives, it was unanimously decided to set up a 
standing committee on turpentine advertising to plan a 
cooperative program for all naval stores interests. The 
public a t large is to be told something of the merits of tur­
pentine, not only in the manufacture of paint and varnishes, 
but as a thinner and for many other important manufacturing 
and household uses. An effort is to be made to overcome 
the apathy of producer and consumer, to make more firm 
the essential place of turpentine in industry, and to stress 
the fact that as yet no complete equivalent has arisen to 
replace it. Its  position being continually challenged by 
competitive materials, these representatives feel tha t the 
time has come to say more of its merits and to have them 
recognized.

The group also went on record in favor of certain reforms 
designed to assist the industry. Strangely enough, rosin 
is still sold by the antiquated unit of 280 pounds gross, this 
being equivalent to the old 20 stones of English weight. 
There should be a simplification of the number of grades 
and the elimination of unnecessary grades. Uniform and 
improved packages are to be adopted. The need for more 
intensive research for the improvement and development 
of new uses of naval stores products is to be stressed, and 
efforts are to be made to get a full cooperation of all units 
involved in the naval stores industry.

The active interest of the naval stores consumers—iden­
tified with the National Paint, Oil, and Varnish Association— 
should give further stimulation to the work in hand and be 
potent in initiating further effort.

Radium’s Competitor
N DECEM BER a t Los Angeles R.. A. Millikan and 
his associates displayed a new tube which may become of 

the greatest importance. Utilizing 650,000 volts, it emits 
rays quite comparable to those given off by radium, and one 
specialist calculated tha t with such a tube one might ac­
complish results that would be equivalent to those obtained 
with §5,000,000,000 worth of radium. There is no reason 
to believe tha t 650,000 volts is the uppermost limit, if there 
is any advantage in going higher, and we have confidence 
that the physicist can produce a tube with which results 
characteristic of radium can be obtained. One of these 
days radium, which has been listed as one of the wonders 
of the modern world, will find itself reduced by the new 
competition to a place where it  will be glad to be on speaking 
terms with a larger proportion of our population.

There are many cases where a special technic has been de­
veloped in', radium therapy. The insertion of tubes contain­
ing radium emanation into abnormal tissues affords an exam­
ple. We do not expect these new types of electric tubes to 
compete in this field, but it seems fair to assume that in many 
instances where radium therapy has already proved its worth 
this newer form of energy will be found equally efficient, more 
susceptible to control, and of course available a t but a fraction 
of the expense. Radium may retain its industrial applications, 
as for dial illumination, but the significance of the new 650,000- 
volt tube for industry is far-reaching and difficult to imagine. 
I t  is indeed intriguing.
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Progress in Education
A NNOUNCED plans and others in progress seem to us 

^  hopeful signs in the field of higher education. For some 
time there has been put forward the idea that students 
should be graduated from colleges whenever a suitable 
comprehensive examination can be passed, thereby enabling 
the brilliant student to waste less time and to be of less 
expense to the institution than is the case where he is held 
back by the procession, which according to precedent must 
take four years to reach a given point.

The University of Chicago through its trustees and faculty 
has sanctioned the initiation of the experiment. In  place 
of the present four-year undergraduate course, with its 
specified number of credits and the bachelor’s degree a t its 
conclusion, a new type of college is to be created in which 
the student can proceed directly in proportion to his capa­
bility and energy. A veritable genius might conclude the 
course in a few months; a few bright boys might save a 
year or two; and those who enjoy the social, athletic, and 
political aspects of student life may still be expected to 
put in their four years. In doing so, however, they will not 
impede the progress of the others. The plan has developed 
gradually at Chicago. A reorganization of the graduate 
school was involved, as well as a division into new groups 
of undergraduate courses. The announced departments 
of study include the humanities, social sciences, physical 
sciences, and biological sciences. There is also to be a college 
division. Without doubt this experiment will command 
wide attention.

At the Massachusetts Institute of Technology a  new 
scheme has been adopted which a t present operates to elimi­
nate unqualified freshmen. I t  is to be expected that ere 
long the system will extend to the sophomores, the juniors, 
and ultimately to the seniors. No one has ever seen any 
reason why the incapable or the lazy student should be 
allowed to get in the way, especially in these days of crowded 
academic halls. The problem has been how to eliminate 
such students and at the same time practice extreme fairness 
and helpfulness. After three years of study and experiment 
the Institute has developed a system which affords a measure 
of a student’s scholastic accomplishments and shows how 
they compare with minimum standards that have been 
established. I t  also indicates the grade of work which 
he must perform to maintain good academic standing. 
This is not the place to discuss this rating system. I t  is 
the result that is of interest. A student becomes disqualified, 
and thereby automatically dismissed, if he fails to meet 
minimum scholastic standards two terms in succession or 
in a total of three terms. Roughly stated, these minimum 
requirements are that he shall satisfactorily pass not less 
than half his work. Consideration is given to any student 
who is prevented from performing his wrork by some such 
unusual non-academic cause as continued illness. Great 
care has been exercised in establishing the minima, and it 
seems evident that when a student cannot or will not credit­
ably discharge half his work he should make way for those 
who can.

In  many educational institutions so much is being done for 
students tha t even remaining in classes, notwithstanding 
unsatisfactory records, has also been made easy. The 
success of the Institute in eliminating the unfit will be an­
other experiment worth the watching.

And then, what do you think? Some one has suggested 
that it  might be just as well to eliminate the leisure-loving 
professor! In  some faculties appointments have been made 
quite out of proportion either to the work to be done or the 
students to be taught. The men in industry and in business,

if they thoroughly understood just what a five- or a ten- 
hour teaching schedule means, would be sure to lose patience 
with their academic brothers and perhaps withhold support. 
By the new plan salaries are to be arranged on a basis of the 
number of hours taught or devoted to laboratory work. 
To be sure, the idea of lessening the teaching hours carried 
with it the assumption that the rest^of the time might be 
used for constructive research or investigation. In  many 
places this has worked; in others it has meant added leisure. 
If a minimum wage for a minimum service could be estab­
lished and the opportunity given to energetic professors 
to increase their income by increasing their hours of labor 
a t their academic job, several things might be accomplished. 
By concentrating upon the work in hand the teacher might 
greatly improve, for if he was able to earn an adequate 
income a t his chosen profession, outside activities to increase 
that income would be less appealing and less diverting. 
The friction tha t comes from the competition of professor 
with the graduate might also be lessened, and under such an 
arrangement also the unenergetic professor might see fit 
to take up another occupation, thereby enabling improve­
ment in staff and consequently in students.

These various developments are of interest to the industry, 
for it  is the academic institution that supplies raw material 
for the most important posts. You may have small patience 
with the academic profession, yet you must depend upon 
it for the type of man who comes into your business. The 
fundamental interests of industry cannot be separated from 
those of education.

Believe It or N ot
TN a recent issue of Mining and Metallurgy under the above

heading there was quoted a report of an analyst which is 
sufficiently unique to warrant reprinting here:

I received two samples of ferric-alumiuic, conglomerate ore 
marked No. 1 and No. 2 of which samples, special attention is 
to be given No. 1 for specific rare metals.

The ore consists of aluminum chemically combined with 
silica and chromium, cobalt, nickel, manganese, and iron.

P e rc e n ta g e s  o f O rg a n ic  E le m e n ts
Per cent

Aluminum 0 .9
Chrom ium 0 .6
C obalt 0 .Ö
Iron 0 .39
Nickel 0 .9
M anganese Trace
Silica 0 .32
Glucine Trace

We seldom comment on the value of mineralized ore unless 
there is some special characteristic to which the analysis has 
drawn our attention.

In this instance the footings of the analysis show tha t pressure 
and volcanic heat have a cement and alloy welded to the content 
of the rock which render the ore a transitory vehicle for the 
elements already selected and proportioned for a valuable 
hardener for copper, aluminum, manganese, and iron in the 
making of the hardeners of steel.

Upon inquiry we learn, as was to be expected, that the 
“analyst” has no professional standing in his community, 
and it is hard to understand why anyone would utilize his 
services. Perhaps it goes to show tha t our campaign to 
obtain a better appreciation and understanding on the 
part of the public of what chemistry is and can do is worth 
stimulation. We cannot expect ever to bring all men to 
display discrimination when choosing scientific advice, but 
there should be some way of making it difficult for the sort 
of workman whose results are reported here to do mischief. 
Licensing does not do it, since some of the professions where 
the greatest care is exercised harbor the best examples of 
harmful impostors. Another way must be found.
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ElectrioFurnace Production of High-Heat-Duty 
Refractories1

Fred W. Schroeder

CORHART REFRACTORIES COMPANY, IG™ AND LEE StS., LOUISVILLE, K y .

FOR many years the production of a high-heat-duty 
refractory with a vitreous body was believed to be 
impossible. However, approximately two and a half 

years ago the successful commercial production of such a 
refractory was commenced a t Louisville, Ky., by the Corhart 
Refractories Company, a subsidiary of the Corning Glass 
Works and of the Hartford-Empire Company. The re­
fractory had been used for several years a t the Corning 
Glass Works.

The process consists in its essentials of the introduction 
of a mixture of several clays of high-alumina content into

F ig u re  i —P a r t  of M o n o ra il  C o n v ey in g  S y s te m  a t  U n ifo rm iz e r  B in s

During casting the sand mold is disintegrated and the 
sand mixes to some extent with the insulating powder. 
The two materials are separated in a series of three gravity 
air separators, sand being recovered from the first and in­
sulating powder from the last, while the mixture from the 
second unit is returned to the feed of the first separator. 
The exit air from the third unit is passed through a bag 
filter to recover the fine particles which would otherwise 
be lost.

P rep ara tio n  of B atch

The raw materials for Corhart refractories 
arc obtained from Missouri and Kentucky. 
Diaspores containing from 9 to 18 per cent Si02 
are procured from several sources in order to 
even out irregularities in composition, and kaolin 
is used to adjust the alumina-silica ratio to the 
value desired.

Shipments of clay are first unloaded to bins 
in a shed, where storage capacity for from 6000 
to 8000 tons is necessary in order to carry the 
plant through the period of late winter and spring 
when ground conditions prohibit the digging of 
clay. The raw clay is first run through a crusher, 
then is calcined in a gas-fired rotary kiln, from 
which it is sent to storage in one of eight uni­
formizer bins, each bin containing a carload 
shipment. The material is handled on a mono­
rail conveyor system throughout. Part of this 
system a t the uniformizer is shown in Fig­
ure 1.

As required by the plant, clay is withdrawn 
from the u n ifo rm iz e r  bins, being fed from 
five or six bins a t a time in order to minimize

the top of an electric furnace, from which molten 
aluminum silicate is tapped a t intervals into 
molds built from sand slabs. The molds con­
taining the cast blocks are sent to storage where 
they anneal for from 6 to 10 days before the 
blocks are removed to final storage or shipment. 
Behind this sequence of apparently simple opera­
tions lies the customary long period of develop­
mental difficulties and a present system of accu­
rate control.

M aking M olds

High-silica sand is mixed with linseed oil, the 
slabs are formed on the slab tables, placed on 
racks, and baked in an oven. They are then 
trimmed to size with a cutting wheel and are built 
into molds of the desired shapes and sizes, using 
a graphite-gum binder. The molds are allowed 
to dry for from 24 to 36 hours. As required, they 
are set up in cans with an insulating material 
packed around them. The molds are then ready 
for the casting of the refractory blocks.

1 R eceived D ecem ber 10, 1930. F ig u re  2— C a s tin g  R e f ra c to r ie s  f r o m  E le c tr ic  F u r n a c e
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F ig u re  3—A n n e a lin g  S to ra g e  fo r  R e f ra c to ry  B locks a f t e r  C a s tin g

variations in composition. A feed-discharge control on 
each bin feeds clay to a belt conveyor running beneath 
all the bins, and this conveyor delivers the combined feed 
to a bucket elevator discharging into any one of three 
storage bins of 300 tons capacity each. During the filling 
of each storage bin samples of material are withdrawn 
periodically from the belt conveyor, quartered, and analyzed 
to check the composition.

Uniformized clay is withdrawn from the storage bins as 
needed and is conveyed by monorail to service bins at the 
two furnaces. Other service bins contain the kaolin used 
in adjusting the alumina-silica ratio of the batch. The 
relative amounts of the materials are calculated from their 
analyses, and these amounts are posted for the furnace 
operator, who -weighs out a furnace charge into a car by 
means of scales mounted on a weighing section of the mono­
rail. This charge is dumped to the furnace deck, where the 
operator mixes it by shoveling and feeds it to the furnace 
at a rate of about 750 
pounds per hour for 
the smaller fu rn ace  
and p ro p o r t io n a lly  
more for th e  la rg e r 
furnace.

M elting, C asting, and 
A nnealing

The e le c tr ic  fur­
naces used for the 
manufacture of these 
re f ra c to r ie s  are of 
the dipping-electrode 
resistance type. The 
first furnace installed 
was a 5 0 0 -k ilo v o lt­
am p ere  unit with a 
capacity of 600 pounds 
of refractory per hour.
A second furnace was 
put in o p e ra t io n  in 
June, 1930, using 750 
kilovolt-amperes. The F ig u re  4— G o rh a r t  B lo ck s  U sed In  B o ile r F u r n a c e  a t  C lin k e r  L in e

e le c tro d e s  are 8-inch graphite and 
the load is balanced manually between 
the three phases.

The furnace forms its own refractory 
lining by the natural cooling of the 
m e lt a d ja c e n t  to the steel walls. 
The liquid between the electrodes is 
probably in the n e ig h b o rh o o d  of 
4000° F. (2200° C.), since the stream 
of tapped liquid gives a reading of 
approximately 3400° F. (1870° C.) with 
an optical pyrometer.

At 2-hour intervals the furnace is 
tapped and the melted refractory is 
p o u red  into the molds. The cans 
containing the molds are handled to 
and from the furnace by an electric 
truck, as shown in Figure 2. After 
casting, the cans are allowed to stand 
for a while, the fonts are knocked off, 
and the cans are then carried on the 
monorail system to storage (Figure 3), 
where the cast blocks anneal for from 
6 to 10 days. After the annealing 
period the castings are dumped, cleaned, 
and sent to the shipping room or to 

storage, while the mixture of sand and insulating powder in 
the cans is reclaimed in the air separator system to which 
previous reference was made.

There is a t present a 1500-ton cullet pile composed of 
fonts from castings, which represents a loss of about 20 
per cent of the material melted in the furnace. Work is 
in progress on the utilization of this material, which may 
possibly be ground up and used for the production of a bonded 
refractory. I t  has not been found advantageous to return 
the cullet to the furnace for remelting.

P roperties and  Uses of R efractories

The refractory obtained from the electric-furnace casting 
process has a pvrometric cone equivalent of cone 37. I t  
has a close temperature range from solid to liquid, and does 
not defonn gradually under combined load and temperatures 
below its melting range. I t  has a vitreous, non-porous body

and shows a l in e a r  
coefficient of e x p a n ­
sion a p p ro x im a te ly  
one-half that of first- 
class fire brick. The 
finished blocks cannot 
be c h ip p e d , c u t ,  
w o rk ed , or shaped, 
although it is possible 
to g rin d  th em  on 
alundum wheels. Sili­
con carbide should not 
be used for grinding 
refractories for use in 
glass tanks because of 
the deleterious effect 
of small amounts of 
tins material on the 
quality of glass.

Difficulty has been 
ex p e rie n c ed  in the 
past in casting large 
blocks, owing to the 
fo rm a tio n  of pipes
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4 pictures an installation of blocks a t the clinker line of a- 
boiler furnace.

Examples of the durability .of these refractory blocks 
under extremely severe service conditions are shown in 
Figures 5 and 6. Figure 5 indicates the durability of Corhart 
refractory in glass-tank service, the purpose for which it was 
originally developed. The lighter-colored test blocks of 
Corhart were built into a wall of ordinary high-grade glass- 
tank refractory. When the tank was taken out of service, 
the Corhart blocks were practically untouched, while the 
other refractory had been eaten back as shown in the picture. 
Figure 6 pictures the interior of a high-duty forge furnace 
built of Corhart blocks as it looked after three months of 
service, the walls showing the durability of the refractory 
under the severe conditions imposed by this type of work.

Isolation of Quinic Acid from  
Fruits1

E.r F. K ohm an  an d  N. H* Sanborn

N ational Ca nners  Association , W ashington , D. C.

F ig u re  6— A p p e a ra n c e  o f C o r h a r t  B lo ck s  a f t e r  T h re e  M o n th s ’ S e rv ice  in  H ig h -
H e a t- D u ty  F o rg e  F u r n a c e  1 R eceived Jan u a ry  5, 1931.

TT HAS been known tha t certain fruits, noticeably prunes 
-*■ and cranberries, tend to create an acid condition in the 
system when eaten, even though then’ mineral content or 
ash after burning may be basic. In the case of these two 
fruits it has been shown tha t the hippuric acid to which they 
give rise is responsible. These fruits contain only traces of 
benzoic acid, however. I t  has recently been shown that 
grape juice may likewise have an acid reaction in the system, 
although the mineral residue is strongly basic. The cause 
of the acid reaction created by grape juice has not been 
demonstrated.

The writers have recently isolated quinic acid from prunes 
and cranberries. The basis for the method of isolation is 
the solubility of the lead and calcium salts of quinic acid 
compared with the relative insolubility of the same salts of 
other organic acids, and the low solubility of the double cal­
cium salt of quinic and acetic acids. The solubility of the 
lead and calcium salts is being made the basis of a quantita­
tive chemical method for determining quinic acid with a 

view to making a survey of the occurrence of 
quinic acid in other fruits. This is particularly 
desirable with those more or less closely related, 
to prunes and cranberries. Some evidence has 
been obtained that indicates a considerable 
variation in its occurrence in different members 
of the plum family. Although this isolation is 
not quantitative, there are indications that there 
is approximately 1 per cent of quinic acid in 
cranberries and prunes on the fresh basis. In­
conclusive evidence also suggests tha t grapes 
may contain some quinic acid. This is to be 
determined conclusively, if possible, by its isola­
tion from grapes.

The presence of this interesting acid in these 
fruits merits consideration from the standpoint 
of plant physiology. I t  is possible that it is an 
intermediary in the synthesis of more complex 
structures. The form in which quinic acid exists 
in these fruits is of interest and may throw light 
on the above question.

F ig u re  5— C o m p a ris o n  o f C o r h a r t  B locks  w ith  O rd in a ry  H ig h - 
G ra d e  R e f ra c to ry  in  G la s s -T a n k  S erv ice

as the result of the 15 per cent shrinkage during solidifica­
tion. This difficulty has now been largely overcome, and 
blocks as large as 18 by 18 by 48 inches weighing about 
1625 pounds are cast satisfactorily. As mentioned previously, 
all blocks must be cast to exact dimensions because of the 
high cost of grinding finished pieces.

Developed first for use solely in glass tanks, Corhart 
refractories have a number of other indicated uses, as in the 
lining of the hot zones of rotary kilns, in the portion of 
modern boiler furnaces exposed to particularly severe duty, 
and in metallurgical equipment such as forging furnaces. 
The refractories have the advantage of long life and the mini­
mum of repairs, which must be balanced against the greater 
first cost as compared with less durable materials. Figure
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Compatibility of Resins w ith Nitrocellulose 
Solutions1

IT WAS perhaps fortunate 
for the lacquer technolo­
gist that, when the in­

dustry commenced its present 
period of rapid growth a few 
years ago, butyl and amyl 
acetates were the principal 
nitrocellulose so lv e n ts  and  
rosin ester was the most popu­
lar resin. These will mix with 
nitrocellulose in any propor­
tions and give clear films, 
free from the white or turbid 
appearance often o b ta in e d  
with other resins and other 
solvents and commonly called 
a “gum blush.”

When experimenters in the 
laboratories of the lacquer 
manufacturers began to try  
other resins than ester gum, or 
products closely related thereto, they experienced difficulties, 
as they also did when they substituted certain newly de­
veloped synthetic solvents for the butyl acetate in their 
usual fonnulas. I t  would be found, for example, that a 
certain resin gave a satisfactory solution in a given solvent, 
as did nitrocellulose, but tha t when these two solutions 
were mixed a cloudy lacquer was obtained, which was en­
tirely unsatisfactory. Then it  was found that the addition 

,of certain liquids, themselves non-solvents of nitrocellulose, 
caused this cloudy solution to become clear, and in a number 
of instances the dried film deposited from the solution was 
clear also; but in some cases it was not. Butyl and amyl 
alcohols and toluene, as well as some other compounds, 
were heartily recommended by their makers for the elimina­
tion of this troublesome “gum blush,” which was said to 
result from the precipitation of the resin, or gum; hence 
the name. However, most of the information obtained with 
regard to the use of certain resins, and certain solvents, in 
nitrocellulose lacquers has been largely empirical in nature, 
and is applied to new products only with difficulty, and 
rarely with success.

In this paper the author calls attention to the possibility 
of arriving a t definite rules for handling solvents, resins, 
etc., by means of a systematic study of their properties, and 
presents some experimental data in support of this conten­
tion. The ideal will probably never be realized, since there 
are so many variables to consider, but if only a few general 
laws may be established, it will greatly lessen the uncertainty 
of lacquer formulation.

The usual dictionary definition of the word “compatibility” 
is “the ability to exist together in harmony or agreement” 
etc., and in its ordinary usage generally refers to the co­
existence in harmony or agreement of two entities. But 
in view of the nature of the phenomenon under examination 
here—namely, the behavior of nitrocellulose and a resin in a

1 R eceived N ovem ber 5, 1930. P resented  before the  Division of P a in t 
an d  V arnish C hem istry  a t  th e  80 th  M eeting  of th e  American Chem ical 
Society, C incinnati, Ohio, Septem ber 8 to  12, 1930.

solvent—it is necessary to 
think of this word as refer­
ring to the state of affairs 
existing in a system of three 
components. Thus, we will 
speak of the compatibility of 
ester gum with nitrocellulose 
in the presence of amyl ace­
tate, and not simply of the 
c o m p a tib ili ty  of ester gum 
with nitrocellulose.

Experim ental P rocedure

Two parts by weight of 
dried Vrsecond R. S. nitro­
cellulose and 2 parts of resin 
were placed together in a 
glass tube with 15 parts of 
the solvent being examined. 
The tubes were corked and 
fastened on a slowly rotating 

wdieel until both nitrocellulose and resin had dissolved. The 
solutions were then examined visually. Those exhibiting a 
cloudy solution were marked “X.” Those which were clear 
were tested by flowing a small portion on a glass plate and 
allowing to dry, then those clear solutions which gave clear 
films were marked “OK” and those which dried to dull or 
cloudy films were marked “F.”

After these preliminary tests the cloudy solutions, wiiich 
were in the majority, were examined further to ascertain 
what type of substance improves the compatibility to the 
greatest extent. Since a plasticizer is almost always used in 
lacquers, dibutyl phthalate, chosen as representative of this 
class of substances, tvas added in the ratio of 50 per cent of 
the nitrocellulose present. In the cases of kauri, manila, 
shellac, and pontianac, tricresyl phosphate was used, as it is 
a better solvent for these resins than dibutyl phthalate. 
This caused some of the clear solutions wdiich formerly pro­
duced cloudy films to produce clear films, but did not clear 
up any of the cloudy solutions.

The solutions, now containing 2 parts nitrocellulose, 
2 parts resin, and 1 part plasticizer, were then divided into 
four portions and to each portion was added an equal volume 
of diluent, as follows: 95 per cent denatured ethyl alcohol,
toluene, 50 per cent denatured alcohol and 50 per cent 
toluene, and 20 per cent butyl alcohol and 80 per cent toluene.

In one or more of these instances a clear solution was 
obtained for practically all resins and all solvents, but all 
of these clear solutions did not produce clear films. The 
behavior with the mixture of toluene and butyl alcohol was 
the same in nearly all cases as with the ethyl alcohol-toluene 
mixture, so the former is taken as being more nearly repre­
sentative of the diluents used in actual manufacture:

Those- mixtures which originally gave cloudy solutions, 
but which were clear and gave clear films with the addition 
of an equal volume of alcohol, are marked “A.” Those 
marked “H ” gave similar results when diluted with an 
equal volume of toluene, and those marked “M ” when 
diluted with a mixture of 80 per cent toluene and 20 per

H arry  E. H ofm ann

Valentin e  & Company, N ew  Y ork , N . Y.

R esins an d  solvents a re  divided in to  two groups, 
th e  alcohol-soluble type an d  th e  hydrocarbon-so lub le 
type. T he alcohol-type resins are m o st readily  soluble 
in  th e  alcohol-type solvents, and  th e  hydrocarbon- 
type resins in  th e  hydrocarbon-type solvents.

A few resins appear to  be solvents for nitrocellulose, 
b u t m ost o rd inary  resins are  n o t m iscible w ith  n itro ­
cellulose u n d e r all conditions and  in  all solvents. 
T his im m isc ib ility  is know n as incom patib ility , or 
“ gum  b lu sh .”

C om patib ility  is m o st readily  ob ta ined  by th e  use of 
a resin  an d  a solvent belonging to  th e  sam e class. 
In co m p a tib ility  can  o ften  be relieved by th e  add ition  
of a so lvent com plem entary  to  th a t  originally  p resen t 
in  th e  lacquer, an d  in  som e cases by th e  ad d itio n  of a 
resin  com plem en ta ry  to  th a t  already  used.

Plasticizers, w hich m ay be considered as solvents, 
affect com patib ility  in  d ifferent degrees. C hanging 
th e  solvent com position  d u rin g  th e  dry ing  of th e  
film m ay cause in com patib ility  to  develop.
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cent butyl alcohol (by weight). In no case did a solution 
fall both into the “A” group and the “H ” group, but a few 
in the “M ” group also fell into either the “A” or the “ I I” 
group.

R esults

Table I shows the behavior of each of the common resins 
with nitrocellulose in each of the ordinary nitrocellulose 
solvents. These solvents are also solvents for the resins, 
except in a few cases, where the incompatibility is caused 
chiefly by the insolubility or partial solubility of the resin.

N /T r tO C C L L U L O S C .

F ig u re  1—S y s te m  N itro c e l lu lo s e - E s te r  G u m -D ib u ty l  P l i th a la te  
in  th e  S in g le  S o lv e n t C elloso lve

A study of the results of these tests brings out at least 
two interesting points: (1) Some resins are compatible
with nitrocellulose in any solvent, but the majority behave 
differently in different solvents; and (2) certain resins are 
compatible with nitrocellulose in certain solvents only when 
another particular solvent is present.

The resins in the first class may be disposed of briefly 
with the simple and logical statement that they themselves 
are solvents of nitrocellulose. No limited miscibility is 
shown, because all the components are mutually miscible 
in all proportions. With resins that are not actually solvents 
of nitrocellulose, immiscibility is experienced in the presence 
of certain unfavorable solvents or solvent mixtures. I t  is 
this second type of phenomenon that will be discussed in the 
present paper.

M echanism  of G um  B lush ing

Brown and Crawiord (1) say tha t “as a general rule it 
may be said that nitrocellulose solvents are not good gum 
solvents, and vice versa. Gum solvents (diluents) some­
times precipitate nitrocellulose from solution when too 
much of the former is added in compounding a lacquer, and a 
precipitation of gum occasionally occurs when an excess of 
nitrocellulose solvent is added to a gum solution.” They 
also state tha t “many liquids which dissolve nitrocellulose 
are also solvents for gums and resins—but few' of these 
liquids will hold both materials in the same mixture.” Fi­
nally, they say (2) that gum blush “is caused by an excess 
of gum non-solvents (usually nitrocellulose solvents) over 
gum solvents in the drying film.” Other writers explain 
the phenomenon in different ways, but the consensus of 
opinion seems to be that some of the resin or nitrocellulose, 
or both, is precipitated during the drying of the lacquer film.

These explanations are, however, not satisfactory. I t  
is incorrect to say that the addition of a nitrocellulose solvent 
to a resin2 solution will precipitate part or all of the resin. 
This will take place only if the added material is a non­
solvent for the resin that is in solution. Whether or not 
this added liquid is a solvent for nitrocellulose is coincidental. 
As mentioned above, nearly all of the nitrocellulose solvents 
in common use are solvents for the resins ordinarily used in 
connection with them. The trouble is that the nitrocellulose 
and resin are not always miscible in the presence of such a 
solvent.

From several careful experiments and numerous obser­
vations of the phenomenon of incompatibility, the author 
has concluded that the troublesome phenomenon is merely 
a manifestation of immiscibility in a poly nary system (ter­
nary in the simplest cases) in which all of the components 
are not miscible with each other in all proportions. Consider 
the system water-ethyl ether-ethyl alcohol. Water is 
miscible in all proportions with ethyl alcohol; so also is 
ethyl ether. But w'ater and ether exhibit only a limited 
miscibility. If we start with a mixture of water and ether 
and add ethyl alcohol, twro separate phases wall continue 
to exist until considerable alcohol has been added. How­
ever, when sufficient alcohol has been added to the mixture, 
a homogeneous system of three components is obtained. 
Even after attaining this state, twro phases may again be 
obtained by changing the temperature of the mixture. 
The same effect may be obtained by adding more water 
or more ether. At the time two phases separate from the 
previously homogeneous system, each phase contains each 
of the tliree components but in different proportions. The 
phases usually differ in density and refractive index; hence 
the mixture appears turbid a t first, when globules of one 
phase are dispersed in the other phase. AVhen the difference 
in the densities of the phases and their fluidities permit, a 
complete separation into two clear layers takes place, each 
of them homogeneous, and of a definite composition depend­
ing upon conditions of temperature and relative solubilities 
or miscibilities.

F ig u re  2— S y s te m  N itro c e l lu lo s e - E s te r  G u m - E th y l  A b ie ta te  
in  th e  S in g le  S o lv e n t C elloso lve

The production of a turbid solution when nitrocellulose 
and a resin arc placed in the same solvent, which may be a 
good solvent for each of them separately, is due to th e ja c t

3 T he  au th o r prefers " re s in ” to  th e  chem ically incorrect term  "g u m .” 
A gum is usually a  w ater-soluble carbohydrate .
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T a b ic  I — B e h av io r o f R e s in s  w ith  N itro c e llu lo s e  in  N itro c e llu lo s e  S o lv e n ts  
O K — C lear solution and film. H — Clear solution and film when d ilu ted  w ith equal volume of toluene.
F — C lear solution b u t cloudy film. M — Clear solution and film when dilu ted  with 80 toluene, 20 bu ty l alcohol.
P — C lear solution and film w ith  addition of 1 p a rt plasticizer. G— Clear solution and film w ith M and ester gum added.
A— C lear solution and film when dilu ted  w ith equal volume of alcohol. X — C loudy film, all tests.

R esin

H ydrocarbon Solvents Alcohol Solvents

E thy l
aceta te

j« -B u ty l
ace ta te

B utyl
ace ta te

Amyl
acetitte

B utyl
propionate Acetone

M esityl
oxide

D iacctone
alcohol

E thy l
lac tate

Cellosolve 
Cellosolve ace ta te

B utyl
Cellosolve

Vinyl ace ta te OK OK OK OK OK OK OK OK OK OK OK OK
R osin0 F P F P F P F P FP FP F P OK F P OK F P OK
E s te r  gum F P OK OK OK OK M OK X X X X OK
Dammar*» OK OK OK OK OK F P OK X X HM H M OK
C um ar X X X X X X X X X X X X
Am berol H-9 M F P F P OK OK M F X X X X OK
Rezyl 12 OK AM AM AM AM F P OK OK OK OK OK OK
K auri M X X X X X X X X H M X OK
Pontianac A X X X X X X X X G X G
M anila X X X X X X X X X X X G
Shellac® X X X X X X X OK OK OK X OK

° E v iden tly  contains small am ount of rosin oil (hydrocarbons). 
b Almost com pletely dewaxed. 
e B leached, waxfrec.

that the nitrocellulose and resin are not miscible in all pro­
portions. Neither is precipitated. If this were true the 
precipitated materials would settle, but no sediment is found. 
The lacquer, if such it may be called, separates into two 
phases, one containing most of the nitrocellulose, the other 
containing most of the resin. The lacquer appears milky 
at first, but if allowed to stand will separate into two per­
fectly transparent layers.

Consider as analogous to the ether-alcohol-water system 
described above, the system nitrocellulose-ester gum- 
Cellosolve (monoethyl ether of ethylene glycol). The 
Cellosolve is a solvent for both the ester gum and the nitro­
cellulose, taken separately. When the two solutions are 
mixed, a separation into two phases takes place, producing 
turbidity, or incompatibility, but if allowed to stand for 
some time the mixture exhibits two clear transparent layers.

sc c - B u t y l  A c c t a t c

A l c o h o l
F ig u re  3— 4 N itro c e llu lo s e , 1 D ew axed D a m m a r , 2 P la s tic iz e r ,  

i n  th e  S y s te m  s e c -B u ty l A c e ta te -s e c -B u ty l A lc o h o l-T o lu e n e

That the state of affairs existing in this mixture is similar 
to that in immiscible ternary systems of ordinary organic 
compounds is further demonstrated by the fact that when 
some of this turbid mixture is warmed to about 50° C. 
it becomes clear and homogeneous. I t  can also be cleared 
up by the addition of another suitable compound. I t  is 
well known that even small amounts of a fourth component 
materially displace the equilibrium of ternary systems. 
The fourth component may be another resin, but is usually 
another solvent, or a plasticizer, which may be considered 
a non-volatile solvent.

Effect of N atu re  of Resin and  Solvent

In order to study the combinations of solvent and resin 
which produce clear films in the presence of nitrocellulose, 
the various resins and solvents have been divided into two 
groups—alcohol-type and hydrocarbon-type. The usual 
aliphatic esters are classed under the hydrocarbon-type, 
because they behave more like hydrocarbons than alcohols. 
The compounds containing a hydroxyl group are naturally 
classed as alcohol-type, as are the ketone solvents. Resins 
are classed according to their solubility in hydrocarbons or 
alcohols (S). Some resins arc "soluble in both hydrocarbons 
and alcohols, and in such cases the classification is made 
according to chemical structure or composition (4). In 
general, a solvent belongs to the alcohol class if it will dis­
solve refined shellac, and to the hydrocarbon class if it will 
dissolve cumar (coumarone) resin. A resin is in the alcohol- 
soluble class when it is almost completely soluble in 95 
per cent ethyl alcohol and in the hydrocarbon-soluble class 
when it is almost completely soluble in toluene.

The more important solvents and resins are classified as 
follows:

Alcohol-T ype

E th y l alcohol 
B utyl alcohol 
Amyl alcohols 
Acetone 
M csityl oxide 
D iacetone alcohol 
Cellosolve 
Cellosolve ace ta te  
B utyl Cellosolve 
E th y l lac tate

Shellac
K auri
Pon tianac
Sandarac
M anila
G lyp tal resins (Rezyls)

SOLVENTS
H ydrocarhon-T ype

Toluene
Xylene
Petroleum  n aph tha  
E thy l aceta te  
B utyl acetates 
Amyl acetates 
B utyl propionate 
rrc-Hexyl ace ta te

C um ar
E ste r gum  (rosin ester) 
D am m ar
Amberol resins (phenol- 

form aldehyde)

By referring to the data of Table I it will be noted that when 
incompatibility exists in a mixture of nitrocellulose, resin, 
and solvent, the situation is often remedied by the addition 
of a solvent of the type opposite to that already present. 
For example, the cloudiness in a mixture of nitrocellulose, 
kauri, and Cellosolve (an alcohol-type solvent) can be 
cleared up completely by the addition of toluene (a hydro­
carbon-type solvent). The same holds true to a lesser extent 
with resins. A lacquer made of nitrocellulose, pontianac, and 
Butyl Cellosolve gives a turbid or heterogeneous film, even 
when toluene, etc., are added to the solution. But the same 
lacquer will produce a clear film if some ester gum (a hydro­
carbon-type resin) is added. The effect of alcohol-type and 
hydrocarbon-type ingredients appears to be complementary. 
This is not surprising, however, in view of the known effect
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of alcohol and hydrocarbon mixtures on the solubility 
of nitrocellulose (5).

Effect of P lasticizer

Having thus examined qualitatively the incompatibility 
phenomena existing in certain lacquer solutions, let us con­
sider the effect of varying the proportions of some of the 
ingredients, such as might take place in the actual formulation 
or manufacture of a nitrocellulose lacquer.

As pointed out previously, a solution containing nitro­
cellulose and a resin, which produces a cloudy or hetero­
geneous film upon drying, may be caused by the addition 
of a plasticizer to produce a clear and homogeneous film. 
That the effect depends upon the nature of the plasticizer 
as well as the amount added is shown by Figures 1 and 2. 
These charts represent graphically the behavior of various

N- B u t y l  A c c t a t c

n - B u t y l  To l u e n e
A l c o h o l

F ig u r e  4— 50 N itro c e llu lo s e ,  50 B le ac h e d  S h e lla c ,  i n  th e  
S y s te m  n -B u ty l  A c e ta tc - n - B u ty l  A lc o h o l-T o lu e n e

mixtures of nitrocellulose, resin, and plasticizer, all dissolved 
in the single solvent, Cellosolve. In  both cases the resin is 
ester gum, and the plasticizer is dibutyl phthalate in Figure 
1 and ethyl abietate in Figure 2. A test was made a t each 
point of the chart indicated—a circle indicates that a cloudy 
film was produced, and a cross, a clear film. These charts 
show that, with this particular solvent, in order to obtain a 
clear film, the maximum plasticizer is required when the 
nitrocellulose and resin are present in approximately equal 
quantities, and tha t dibutyl phthalate is somewhat more 
effective than ethyl abietate in this respect.

Effect of Solvent C om position

A lacquer solution may be perfectly clear and homogeneous, 
but deposit a very bad cloudy film upon drying The 
phenomenon familiarly called blushing is divided into three 
distinct kinds—the hydrocarbon blush, the moisture blush, 
and the gum blush. Only those vagaries of solvent compo­

sition which cause gum blush to develop in the evaporating 
lacquer film will be discussed here.

The development of gum blush when a clear lacquer 
solution evaporates is due to the widely different rates of evapo­
ration of the solvent constituents. In the original solution the 
ratio of ester-alcohol-hydrocarbon (or whatever the solvents 
may be) is correct for obtaining compatibility between the 
nitrocellulose, resin, etc. But after a portion of the solvent 
has evaporated, it  may be found that the concentration of one 
component, inimical to good compatibility, has greatly 
increased with respect to the others. Whether the compo­
nent which increases in concentration—and one of them 
must increase except in the rare instances of constant-evapo­
rating mixtures—is an ester, an alcohol, or a hydrocarbon 
depends upon the relative evaporation rates of the individuals 
present; and whether such an increase in the concentration 
of one of the solvent ingredients will cause incompatibility 
to develop will depend upon the nature of the resin present 
in the lacquer. Thus an increase in the relative concentration 
of alcohol as the solvent evaporates will probably cause 
trouble with certain hydrocarbon-type resins, and likewise 
an increase in the concentration of a hydrocarbon solvent 
will cause trouble with an alcohol-soluble resin. Examples 
of these two possibilities are given in Figures 3 and 4.

In Figure 3 the solid ingredients are 4 parts nitrocellulose, 
1 part dewaxed dammar resin, and 2 parts plasticizer. The 
solvent mixtures used were composed of sec-butyl acetate, 
sec-butyl alcohol, and toluene, in various proportions, as 
represented by points on the chart. I t  will be seen that 
after the concentration of alcohol in the original solvent 
mixture is increased beyond certain limits, an incompati­
bility develops during the drying on account of the excess 
of alcohol, w'hich is hostile to the compatibility of nitro­
cellulose with dammar (a hydrocarbon-type resin), even in 
the presence of considerable plasticizer. Solvent mixtures, 
represented by points above the dotted line, dissolve the 
given lacquer ingredients to a clear solution.

In Figure 4 the solid ingredients are equal parts of nitro­
cellulose and bleached, dewaxed shellac, and the solvents, 
butyl acetate, butyl alcohol, and toluene in various propor­
tions. In this case we find tha t good results are obtained 
only when the concentration of alcohol is above a certain 
limit. When the concentration of butyl alcohol is less than 
the minimum (about 20 per cent in this example), the relative 
concentrations of butyl acetate and toluene, both hydro­
carbon-type solvents, increase to the point where incompati­
bility results during the course of evaporation.

The experimental results recorded in Figures 3 and 4 
confirm the previous observation that compatibility is ob­
tained most readily by using an alcohol-type solvent with an 
alcohol-soluble resin, and, vice versa, a hydrocarbon-type 
solvent with a hydrocarbon-soluble resin.

L ite ra tu re  Cited

(1) Brown and  C raw ford, “ Survey of N itrocellulose L acquer,” p. 9 (1928).
(2) Ib id ., p. 19.
(3) C alvert, I nd .-E ng . C iie m ., 21, 213 (1929).
(4) H ofm ann and  R eid, Ibid., 21, 955 (1929).
(5) H ofm ann an d  Reid, Ibid., 20, 687 (1928).

The Sugar Situation in China—The latest reports state that 
there are ten sugar refineries and six sugar factories in China, 
the great bulk of the sugar being made by small mills employ­
ing crude processes. The three qualities are green (dark brown), 
brown (light brown), and white. The sugar is dark brown as it 
comes from the brewing vats and is bleached by exposure to the 
sun. The green and brown varieties are only slightly bleached, 
and the white is subjected to an extended bleaching process.

The five kinds of sugar imported into China are brown, white, 
refined, cube or loaf, and rock or sugar candy. The brown sugar 
is mixed with native sugar and also goes into cheap confectionery, 
to bakers, and to native doctors. The white sugar is used in 
the better-class households and for higher-priced candies, cakes, 
and pastries. Sugar candy is imported in sacks and is repacked 
into cartons and tins upon arrival and is in high favor as a 
gift.
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Purified W ood Fiber'
A Study of the Physical and Chemical Properties

SINCE early times man 
has endeavored to ex­
tend his use of cellulose 

and cellulose products. Cen­
turies ago he discovered that 
he could, by suitable macera­
tion of fiber and possibly by 
some extraction of undesir­
able c o n s ti tu e n ts , convert 
plant materials into sheets of 
interfelted fibers, which might 
serve as paper, textiles, and 
the like. He later found that 
some plants yield more favor­
ably than others to this con­
version process and that a 
suitable modification in the 
process would in many cases 
result in characteristic differ­
ences in the product.

Later he learned that all 
plant tissues consist in general 
of a fibrous constituent of 
marked durability, together 
with an accompanying mass 
of c e m e n titio u s  material 
which one must remove in order to secure a product of the 
greatest resistance to weather, heat, light, and moisture. He 
became cognizant of the fact that seed hairs such as cotton 
require much less purification than do grass and wood fibers. 
For many purposes there was no need of eliminating the 
less resistant ingredients. Indeed, many coarse textile 
coverings were fabricated from a substantially unrefined 
grass or bast fiber. With increased knowledge, however, 
the finer fabrics and papers were produced from cellulosic 
materials which had been subjected to more or less drastic 
refining operations.

The earliest procedure undoubtedly consisted in a simple 
scouring, steaming, or boiling of fibrous mass. Grasses, 
bast fibers, and the like were probably put through a crude 
retting or fermentation process, which yielded a softer prod­
uct because of the elimination of constituents which impart 
stiffness and harshness to the raw fiber.

Centuries later technicians became acquainted with the 
solvent properties of certain alkaline chemicals, and worked 
out ways of using such chemicals advantageously. I t  be­
came evident tha t hot alkaline solutions have the power of 
partly removing undesirable impurities such as waxes, resins, 
and semi-cellulose groups without severe injury to the cellu­
lose itself. This general principle of purification of cellu­
losic material is obviously based on the fact that a virgin, 
undegraded cellulose is very resistant to alkalies, and that 
much of the non-cellulosic material will be partially solvated 
in alkali a t elevated temperatures.

The increasing knowledge of chemical behavior quickly 
led to the utilization of raw materials which had not previously 
been used for textiles or papers. The known treatments 
were applicable only to raw products of the grass, bast-fiber,

1 Received D ecem ber 19, 1930.

and seed-hair families. In 
spite of the ab u n d a n c e  of 
wood, practically no use had 
been made of it for textiles or 
paper, since the crude retting 
and macerating treatments 
were not able to liberate fiber 
from the dense and heavily 
lignified wood substances.

Soon after caustic soda be­
came available in commercial 
quantities the use of alkalies 
in the cellulose industry be­
came widespread, not only in 
preparing cotton and linen for 
textiles, but also in the paper 
industry, where caustic soda 
was employed in the treat­
ment of cotton and linen rags 
prior to conversion into paper. 
Somewhat later it was used to 
liberate cellulose fibers from 
solid wood material by reason 
of its solvent action on a major 
portion of the cementitious 
matter which we now classify 

as lignin, wood gums, and the like.
The discovery of the value of alkali for this purpose im­

mediately suggested the utilization of natural resources of 
unlimited and ever renewed abundance, and for this reason 
marks the beginning of a new epoch in the cellulose industry.

The pulping of wood by means of alkali results in the prod­
uct known technically as soda pulp. Until quite recently 
soda pulp was produced chiefly by the alkaline digestion 
of short-fibered, deciduous woods. This restriction was 
based upon the observation tha t a soda pulp produced from 
the longer7fibered, coniferous wood was brown and very diffi­
cult to bleach to a fair degree of whiteness, whereas the pulp 
obtained from most deciduous woods could be brought to a 
reasonably high degree of whiteness and could therefore 
be used in white or light-colored papers in mixture with 
cotton or linen. Soda pulp was originally produced almost 
wholly from aspen and poplar wood, although certain grades 
of birch, beech, and other hardwoods are now being used 
successfully. All these woods yield a short-fibered pulp.

Inasmuch as it is almost impossible to produce a paper of 
suitable physical strength from a furnish comprising a soda 
pulp alone, this product was and still is used mainly to cheapen 
the furnish of rag papers and to impart certain modifica­
tions in texture, softness, and feel, which characteristics are 
more difficult to obtain with the long-fibered cotton alone.

Of late certain major developments in the wood-pulp 
industry have led to alkaline pulping processes which allow 
the preparation of a somewhat more easily bleachable pulp 
from the long-fibered coniferous woods. I t  is still very 
difficult, however, to secure maximum whiteness of fiber with­
out extreme sacrifice in the physical strength of papers pro­
duced therefrom, except by specially developed refining proc­
esses which will be discussed in subsequent articles in this series.

Geo. A. R ich ter

B rown C ompany, B e r lin , N . H.

An u n d ers tan d in g  of th e  significance of purified 
wood fiber in  m odern  in d u s try  dem ands a brief review 
of th e  successive advances m ade in  th e  cellulose field 
since early  tim es. The p resen t artic le  suggests th e  
reasons for each step  in  th is  progress tow ard th e  p repa­
ra tio n  of h ighly  purified cellulose p roducts from  o th e r 
sources th a n  co tton . The tes ts  w hich are used to 
characterize  cellulose products are in te rp re ted  and 
tab les are su b m itte d  to  illu s tra te  differences in  chem i­
cal analysis of cellulose w hich has been prepared from  
various raw  m ateria ls . Succeeding articles in  th e  
series will extend th e  s tudy  of those  characteristics 
w hich have d ifferen tia ted  co tto n  from  ord inary  wood 
pulps and  w hich have given co tto n  its  u n iq u e  position  
in  th e  cellulose in d u stry . E xperim ental evidence will 
be su b m itted  to  show th a t  these  d iss im ilarities are 
only superficial an d  th a t  no tab le  advance has been 
m ade in  th e  p rep ara tio n  of wood celluloses w hich have 
characteristics supp o rtin g  th e  generally  accepted 
theory  th a t  all n a tu ra l cellulose, from  w hatever source, 
is fu n d am en ta lly  th e  sam e, and th a t  th e  differences in 
physical and chem ical properties of th e  o rd inary  wood 
pulps and  co tto n  m ay be a ttr ib u te d  to  th e  relative 
crudeness of th e  m ethods em ployed for iso lation  of 
cellulose from  its  accom panying im purities.
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In  I860 there was a second discovery and development 
which added further impetus to the utilization of chemical 
wood pulps in the paper industry. Benj. C. Tilghman dis­
covered the solvent action of sulfites on lignin and C. D. 
Ekman assisted in the development of what is now known 
as the sulfite process.

Sulfite groups react more readily with lignin when in the 
presence of acids. This fact resulted in a preference for the 
bisulfite or acid sulfite solutions for pulping wood. Such 
acid sulfite solutions remove both lignin and wood-gum 
groups more effectively than do sodium hydroxide solutions, 
as is evidenced by the lower temperatures needed in the bi­
sulfite process and also by the fact that many coniferous 
woods can be converted into sulfite pulps which are easily 
bleached to high whiteness.

If a soluble sulfite is used in the absence of acid, much 
higher temperatures are necessary to effect fiber isolation. 
The resulting pulps contain a higher proportion of lignin 
and wood gum and they require larger amounts of oxidant 
for conversion into white products.
.  The past forty years have witnessed great strides in the 

paper industry, partly as a result of the introduction of sulfite 
pulp. Such a comparatively long-fibered white stock as 
could be obtained by the sulfite process from coniferous woods 
opened up possibilities which were quite unknown before. 
The sulfite pulps yield readily to hydration and because of 
length of fiber can be converted into satisfactory paper with­
out the addition of rag or linen stocks; or they may be em­
ployed as a part of the furnish in a great variety of papers 
where color, strength, and cleanliness are essential.

I t  is very evident that, as the knowledge of the chemistry 
of wood and other raw cellulosic materials has grown, there 
has been a continued effort to utilize all types of plant sub­
stances and to improve the quality of the liberated fiber by 
changing the methods of eliminating the non-cellulosic 
constituents which are present in the natural state.

Some investigators have had in mind primarily the im-. 
provement of fibers for paper-making; others were interested 
especially in the development of cheap and abundant raw 
materials for cellulose esters—for instance, during the war, 
cellulose nitrate. I t  is obvious that the requirements of 
these two major fields of use may not coincide in any particu­
lar; but as a m atter of historical fact the two fields have 
actually overlapped to a surprising degree. Paper-making 
and esterification will be discussed separately in this series 
of articles, not because of any fundamental difference of 
viewpoint, but simply for the sake of convenience.

Iden tification  of N a tu ra l Cellulose

In  the plant world cotton occupies a unique position. I t  
is representative of a raw material which in its natural state 
is very high in cellulose and from which the non-cellulosic 
impurities can be removed quite easily and completely. A 
long-staple cotton contains comparatively small amounts 
of impurities, as illustrated by the analysis given in Table 
I. All other plant products are lower in cellulose content, 
and it is usually correspondingly more difficult to isolate 
cellulose which shall be comparatively free from non-resistant 
cellulose, pentosan groups, oxycellulose, and lignin. Table 
I  typifies the differences in analysis of various plant materials.

I t  is to be noted that, while cotton appears to be in a 
class by itself, wood, in its various species and types, exhibits 
wide variations in the proportions of impurities accompanying 
the cellulose.

Because of the relative absence from raw' cotton of non- 
cellulosic constituents, there has been no great problem in 
its refinement to a product of high purity. This is strictly 
true only in those cases where the long-staple raw fiber is 
purified directly; it is more difficult to refine short-fibered

cotton such as linters, v'hich are richer in impurities. Neither 
is the refining process necessarily simple in case the long- 
staple cotton has been converted first into fabric and cordage 
and is to be re-used for chemical or paper-making purposes. 
Most textile operations deposit characteristic impurities 
in the form of waxes, sizing, and color, which are more or 
less firmly fixed on the fiber and which resist the action of 
chemical refining agents. I t  evidently follows that, since 
most cotton enters the paper and cellulose-esterificntion 
industries either by first passing through the textile stage 
or else directly as the relatively impure linters, the refinement 
of cotton for paper and for chemical conversion offers more 
difficulties than are a t first apparent. Even so, hou’ever, 
this refinement is in many cases less difficult than when wood 
substance is employed as a base material.

T a b le  I— A n a ly s is  of R aw  C o tto n  a n d  V a rio u s  W o o d s '1

P ento ­
sans L ig n in CC1« E xtractable

% % %
R aw  co tton 1 .18 1 .7 0 .62

W hite  spruce 
Yellow poplar

9 .3
23 .7

3 0 .0
2 7 .0

( 0 .8  (sapwood)
( 0 .6 5  (heartw ood)

W hite  birch
Slash pine (southern)

Loblolly pine (southern)

W estern hemlock 
E aste rn  hemlock 
D ouglas fir 
E aste rn  fir

29 .1  
5 .16  

5 .35

7 .2  
12 .0

6 .3
12.2

2 8 .0
32 .3

31 .5

33 .9
34 .5
37 .6
34.3

( 1 .16  (sapwood)
( 1. 52 (heartw ood)

1.21 (com posite sap  wood and  
heartw ood)

1 .08  (com posite sapwood and  
heartw ood)

Beech 22 .4 33 .4 (0 .2 7  (sapwood)
[ 0 .2 8  (heartw ood)

Sugar m aple (0 .2  (sapwood)
(0 .2 3  (heartw ood)

° T o ta l cellulose determ inations of wood substance have been om itted  
because of inconsistencies in labo ra to ry  results. T h e  au th o r prefers to  p o st­
pone publication  of to ta l cellulose values of wood substance  un til m ore re ­
liable d a ta  can be obtained . M iscellaneous findings from  o th e r laboratories 
are given in  "T h e  C hem istry  of W ood,” by  L. F . H awley and  Louise E . W ise, 
1926.

An ideal purification of cellulose would completely elimi­
nate non-cellulose groups and would cause no chemical or 
physical injury to the cellulose itself. Such a perfect treat­
ment has never been realized. The known chemical refining 
agents remove non-cellulose constituents more or less effec­
tively, but in no case does the elimination take place without 
some unavoidable injury to the cellulose. This partial deg­
radation may be evidenced in many ways, such as by change 
in fiber structure, by the formation of so-called “hydro­
cellulose,” or by a marked change in the viscosity of its 
cuprammonium solution. I t  is this secondary effect on the 
cellulose itself which makes it more difficult to procure unin­
jured cellulose from a cotton fabric or rag than from the 
virgin fiber. The same difficulty is encountered when wood 
substance is converted into pulps or fiber of substantial purity.

With proper care it is possible to select a refining sequence 
in which there is, first, a major removal of impurities without 
a drastic degradation of cellulose and, second, a final removal 
of residual impurities and of such degraded cellulose as was 
unavoidably formed in the first stages of treatment. If, 
however, the delignification a t any stage has been sufficiently 
drastic to effect profound changes in the cellulose, it is practi­
cally impossible to restore the natural cellulose characteristics, 
because such a severe preliminary treatment usually affects 
the fiber structure in a marked manner.

Schorger (I) has recently summarized some of the proce­
dures which have been recommended for the purification of 
wood pulps to contain high percentages of alpha-cellulose. 
When the purification steps are practiced on a sulfite pulp, 
the treatm ent may involve a partial delignification of the 
raw fiber by means of chlorine or its equivalent, and a sub­
sequent digestion with an alkaline liquor which a t elevated
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U nits of C haracteriza tion

The degree of purity of a cellulose product may be ex­
pressed in many ways. The units by which this purity is 
measured depend usually upon the viewpoint of the investi­
gator and upon the use for which the cellulose is intended.

Oftentimes the cellulose is defined indirectly in terms of 
physical and chemical behavior rather than by actual per­
centage composition. As examples of this type of evaluation, 
one may cite the permanence tests used to determine the 
probable life of papers and also the standardized estérifi­
cation procedures which are employed in expressing the 
worth of a fiber for conversion into_ acetates, nitrates, and 
the like. In the remainder of this article the most important 
tests which are accepted as measures of the relative value of 
cellulose products will be defined briefly. No special effort 
will be made to point out the full import of such tests as 
they are applied in different fields of the cellulose chemical 
industry. A more complete interpretation will be given 
as specific cases arise.

C hem ical Tests

T o t a l  C e l l u l o s e —The total-cellulose content of a prod­
uct represents that portion which resists the solvent action 
of successive treatments with chlorine and hot sodium sulfite 
solutions. The resulting residue may contain appreciable 
amounts of impurities which have also resisted the action 
of the refining agents, and in some cases contains degraded 
cellulose which is formed by hydrolysis or otherwise. A 
low total-cellulose content will obviously signify the presence 
of large percentages of impurities in the original fiber, but 
a high total-cellulose value is not always indicative of a high 
degree of purity. Resins, insoluble ash, and pentosan groups 
are not always removed effectively by this sequence of treat­

carbon filter used in the modification of Sieber and Walter 
[Schorger, “Chemistry of Cellulose and Wood,” p. 514, McGraw- 
Hill, 1926]. Groundwood samples are first extracted with 
benzene-alcohol (32 parts alcohol and 68 parts benzene) for 
6 hours, dried by suction, and washed with hot water. Kraft 
and other unbleached pulps are given, as a preliminary treat­
ment, a 30-minute boil with 1 per cent sodium hydroxide solution 
(1 gram bone-dry pulp), and are then filtered into the chlorina­
tion crucible and washed with hot water. In the case of bleached 
pulp no prctreatment is necessary, so tha t a test portion repre­
senting 1 gram of bone-dry original material is placed directly 
in the crucible and moistened. Washed chlorine gas is drawn 
through the crucible for 30 minutes. The pulp is washed with 
warm water, treated for 3 minutes with a 25-cc. portion of boiling 
2 per cent sodium thiosulfate solution, and then rewaslied with 
warm water using suction. The residue is then treated with 
25 cc. of 0.1 per cent potassium permanganate solution for about 
2 minutes and after washing is decolorized with 25 cc. of cold 
sulfurous acid solution. After washing well with cold water, the 
pulp is rechlorinated for 15 minutes and is retreated as before. 
The residue is then rechlorinated for one or more additional 15- 
minute periods each, followed by washing treatments until the 
residue is white. In the case of bleached pulps a single 1-hour 
chlorination period is given, this being followed by the treatments 
and washings as outlined above. The residue is dried to constant 
weight a t 105° C. and the results reported as per cent total cellu­
lose based on bone-dry original material.

L ig n in —Lignin is that part of a cellnlosic material which 
resists the solvent action of 72 per cent sulfuric acid under 
carefully prescribed conditions. I t  is assumed that all the 
cellulose will be hydrolyzed and converted into soluble 
products by this treatment. Suitable correction is made for 
the mineral content of the residue. The lignin content of a 
given type of fiber correlates well with the bleachability of 
the fiber, although this measure of bleachability cannot be 
applied indiscriminately to all types of cellulose. As an 
example, it is well known that a sulfite pulp of lignin content 
equal to that of a corresponding kraft pulp can be bleached
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temperatures will remove part of the non-alpha-celiulose 
constituents. To obtain a final white product it is often 
necessary to bleach the alkaline-treated stock with hypo­
chlorite under carefully controlled conditions. The pro­
cedure may be varied considerably depending on the charac­
teristics of the original fiber and upon the qualities desired 
in the finished product.

ments. Even where there is no evidence of accompanying 
impurities, the cellulose thus isolated may itself have under­
gone profound changes, as manifested by reduction in cu- 
prammonium viscosity and change in fiber structure.

Method. The method used for the determination of total 
cellulose is a modification of tha t of Cross and Bevan ["Cellulose,” 
p. 95, Longmans, 1916], in which is employed the crucible and



to whiteness by the use of less oxidant than the kraft pulp 
would require.

Method. Approximately 1 gram of bone-dry fluffed pulp is 
weighed accurately and placed in a 400-cc. beaker. Twenty 
cubic centimeters of 72 per cent sulfuric acid are added and 
the mass is well mixed with a stirring rod. After a 15-minute 
standing period 70 cc. more of the acid are added and the mix­
ture is stirred and set aside for a period of 18 to 24 hours. I t  is 
then diluted with distilled water to a volume of about 375 cc. 
and, after stirring, is digested for 2 hours on a steam bath. Just 
before the end of the 
digestion period a pinch 
of previously ignited as­
bestos is added. The 
m ix tu re  is f i l te re d  
through a Gooch crucible 
containing a thin m at of 
a s b e s to s , the crucible 
and m at having been 
p re v io u s ly  ig n i te d .
After the mixture has 
been thoroughly washed 
with hot, distilled water, 
the crucible and con­
tents are dried to  con­
stant weight a t 105° C.
The crucible is then ig­
nited, cooled in a desic­
cator, and re w e ig h ed .
The loss in weight upon 
ignition is calculated as 
ash-free lignin.

P e n t o s a n s — Pento­
sans are those con­
stituents in fiber which 
upon hydrolysis yield 
pentoses. A cellulose, 
on the other hand, will hydrolyze to produce hexoses or, more 
specifically, dextrose. In  the analysis the pentosans are con­
verted by hydrolysis to pentoses and finally to furfuraldé­
hyde, which is determined by precipitation and calculation. 
In  some instances the methyl pentosans are determined 
separately.

Differences in amount of pentosan present reflect differ­
ences in both the physical and the chemical behavior of the 
fiber. From the standpoint of cellulose purity alone' the 
pentosan groups must be considered as impurities. In  many 
cases, however, the pentosans are highly desirable constitu­
ents and impart characteristics which make the fiber pecu­
liarly suitable for certain purposes; pentosan-free cellulose 
would not serve in these cases a t all. For example, the 
semi-transparent Glassine papers and the strongest kraft 
papers possess their characteristic transparency or strength 
by virtue of the pentosans present in the pulp. Pentosans 
are often objectionable in cellulosic materials which are in­
tended for estérification. For example, there appears to be 
evidence that the presence of pentosans interferes with the 
proper acétylation of cellulose.

All types of raw vrood fiber contain substantial quantities 
of pentose-forming groups, whereas raw cotton contains 
less than 1 per cent of pentosans. Ordinary wood pulps con­
tain from 3 to 12 per cent. Purified wood pulps may be 
prepared under conditions -which will yield a product con­
taining less than 1 per cent pentosans. The refinement may 
also be carried out in such a way as to leave a somewhat 
higher percentage, so as to meet particular requirements in 
the paper field.

Method. The method for pentosans determination is th a t of 
the Association of Official Agricultural Chemists [Methods, pp. 
96-7 (1920) ] with the following exceptions: A sample of exactly 
2 grams of bone-dry material is used and the distillation carried 
out in a 500-cc. flask. A total volume of 270 cc. is distilled over; 
after the addition of the acid solution of phloroglucinol the vol­
ume is made up to 400 cc. with 12 per cent hydrochloric acid
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solution. The mixture is heated on the water bath a t 80-85° C. 
for 2 hours and is then allowed to cool to room temperature. 
The weight of phloroglucid obtained times 0.785 is taken to be 
the amount of pentosans present in the 2-gram sample.

A l p h a -C e l l u l o s e —Alpha- or resistant cellulose is th a t 
portion of a fiber which is not dissolved by exposure to 18 
per cent sodium hydroxide solution a t normal temperature. 
I t  is generally assumed that the portion which dissolves is 
less stable than the alpha-cellulose. This is obviously a

somewhat a r b i t r a r y  
method of testing cellu­
lose, but p e c u lia r ly  
enough, the results ap­
pear to correlate well 
with such properties as 
the p e rm an en ce  of 
cellulose when exposed 
to weathering agents, 
the response to easy and 
p ro p e r  estérification, 
and the paper-making 
characteristics.

Cotton, when prop­
erly purified, may be 
very high in alpha- 
ce llu lo se  c o n te n t .  
Other raw materials, 
such as wood fiber, can 
be refined to an equally 
high a lp h a -ce llu lo se  
content, and when this 
purification is carried 

out properly the product appears to equal cotton as a paper- 
making furnish and as a basic material for estérification. On 
the other hand, many chemical treatments, the most potent of 
which are oxidation and hydrolysis, are able to degrade either 
cotton or wood fiber, originally high in alpha-cellulose, to prod­
ucts which are comparatively low in alpha-cellulose. When 
this occurs, the fiber undergoes major changes in its physical 
and chemical properties.

As in the case of total cellulose, one must guard against 
unintelligent interpretation of the alpha-cellulose determina­
tion. To appreciate this caution one need only consider 
a case in which a groundwood fiber is thus treated. The 
residues will contain a large proportion of lignin and will 
not represent a true alpha-cellulose value.

B e t a -C e l l u l o s e —Beta-cellulose is that part of the dis­
solved fiber which will be reprecipitated when the 18 per cent 
caustic soda extract from an alpha-cellulose determination 
is treated with acid. This arbitrarily classified ingredient 
is also very indefinite in character. The recovered precipi­
tate may on further examination show the presence of such 
groups as pentosans, resins, and lignin, which may have been 
partly removed from the original fiber and which are repre­
cipitated to some extent when the alkaline extract is acidified.

In  a material which is low in lignin content a high beta- 
cellulose value points strongly to the presence of hydrolysis 
products. A weak, hot acid treatment of cotton or purified 
wood fiber will reduce the alpha-cellulose and raise the beta- 
cellulose content very markedly. Oxidation of cellulose, 
unless carried out under strongly alkaline conditions, will 
usually result in greater changes in gamma-cellulose than in 
beta-cellulose.

G a m m a - C e l l u l o s e —Gamma-cellulose is tha t portion of 
the 18 per cent sodium hydroxide extract which does not 
precipitate when the liquor is acidified. This percentage 
varies. I t  appears to be mostly dependent upon the presence 
of oxidation products in the original fiber. Whereas the
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beta-cellulose content may for some requirements be pur­
posely raised, as in the preparation of a base material for 
low-viscosity nitrates, the gamma-cellulose appears to have 
no value and is to be avoided in all cellulose products.

Method for Alpha-, Beta-, and Gamma-Ccllulosc. The pulp 
material in the form of loose shreds or of '/«- to s/8-inch (6- to 
9-mm.) squares cut from thin sheets is allowed to become air- 
dry. A 10-gram portion is divided into two exactly equal parts, 
the division being made with the parts each resting upon one of 
the pans of an analytical balance. One part is dried to constant 
weight a t 105° C. ; its bone-dry weight represents the amount 
of sample taken for the alpha-cellulose determination. The 
other part is placed in a 400-cc. beaker. To it are added from 
a pipet 50 cc. of 18 per cent sodium hydroxide solution a t 20° C. 
The mixture is washed with the flattened end of a glass rod until 
complete disintegration has taken place. After adding 50 cc. 
more of the 18 per cent caustic solution and stirring well with 
the rod, the beaker containing the mixture is set into a water 
bath maintained a t 20° C. and is allowed to stand for 30 minutes 
from the time the first portion of caustic readied the pulp.

A disk of new nainsook cloth is dried a t 105° C. and is weighed 
in a weighing bottle. The weighed do th  is then fitted into a 4- 
inch (10-cm.) Biicliner funnd, the funnd placed in a clean filter 
flask, and the flask connected to a suction apparatus with a Y- 
connection provided so th a t the suction can be conveniently re­
leased or applied. At the expiration of the 30-minute period 
300 cc. of distilled water a t room temperature are added to the 
caustic-pulp mixture in the beaker and the whole mass is well 
mixed. The contents of the beaker are washed quantitatively 
into the funnd, the pulp mass is spread evenly over the cloth, 
and suction applied. The edges of the pad are pressed down with 
a stirring rod. The pad of pulp formed upon the do th  is not 
disturbed during the remainder of the procedure. The pulp mat 
is washed with 1 liter of distilled water a t room temperature 
in several portions, the suction bdng rdieved before each addition 
of water. Finally, a solution of 20 cc. of glacial acetic acid in 80 
cc. of water is poured over the pulp, allowed to stand for a few 
moments, and then drawn off. The filtrate and washings are 
transferred a t this point to a 2-liter beaker and are set aside for 
the determination of beta-cellulose. The pulp mat is then washed 
with 1 liter of boiling distilled water in several small portions, is 
drawn as dry as possible with suction, and is dried in the oven 
to constant weight a t 103-105° C. The hot-water washings are 
discarded. The weight of the residue, corrected for the weight 
of the cloth, is calculated as per cent alpha-cellulose, based on 
the bone-dry original material.

The filtrate from the alpha-cellulose determination is acidified 
with acetic acid and is heated without active boiling for 1 hour. 
A pinch of previously ignited asbestos is added and the suspended 
matter filtered off into a Gooch crucible which has been previously 
ignited and which contains a thin mat of asbestos. The crucible 
and contents are dried to constant weight at 105° C., weighed, 
ignited, and reweighed. The loss in weight is calculated as per 
cent beta-cellulose based on the original bone-dry sample.

The sum of the alpha- and beta-cellulose percentages is sub­
tracted from 100 per cent and the différence reported as gamma- 
cellulose.

7.14 P e r  C e n t  S o d a -S o l u b l e —Some investigators prefer to 
measure non-resistant cellulose by a treatment of the fiber 
with a boiling 7.14 per cent sodium hydroxide or a boiling 
10 per cent potassium hydroxide solution. This test has 
often been considered to be equivalent (inversely, of course) 
to the alpha-cellulose determination. In some cases the 
two tests may correlate reasonably well, but this is not 
necessarily so. I t  is easily possible to prepare cotton or wood 
cellulose which will have a sum total of alpha-cellulose and 
7.14 per cent soda-soluble well over 100 per cent. A normal 
bleached sulfite pulp is an example of such a product. High 
soda-solubility is usually accompanied by a high copper 
number, but the alpha-cellulose content of the fiber may be 
high a t the same time; for instance, it is possible to bleach 
or oxidize a cotton or wood fiber which is high in alpha- 
cellulose in such a manner as to give a high soda-solubility 
and copper number without materially reducing the per­
centage of alpha-cellulose.

Method. The procedure followed is tha t given by D. F. J. 
Lynch [ I n d . E n g . C h e m ., 22, 952 (1930) ] and described by him 
as "the determination generally used by cellulose nitrators.”

A 25-cc. excess of acetic acid was employed and the undissolved 
cellulose collected upon an asbestos m at placed in a Gooch 
crucible.

C o p p e r  N u m b e r —The copper number of a pulp is 
simply a measure of its power to reduce Fehling’s solution. 
In  general, either mild oxidation or mild hydrolysis of the 
cellulose—the former producing the so-called oxycellulose, 
the latter, hydrocellulose—will increase its reducing power 
and hence its copper number. I t  is possible, however, 
actually to decrease the copper number by a controlled oxi­
dation of the cellulose under suitable conditions. Acid oxi­
dizing agents raise the copper number much more markedly 
than alkaline ones, possibly because the alkaline agent pro­
gressively dissolves the oxycellulose as it is formed; or the 
acid oxidant may exert a hydrolytic as well as an oxidizing 
effect.

Method. A 3-gram sample of bone-dry shredded pulp is placed 
in a 1.5-liter round-bottomed flask, a water-jacketed reflux 
condenser is attached to the flask, and the pulp suspension quickly 
brought to the boiling point. Portions of 50 cc. each of copper 
sulfate solution (09.3 grams CuS0<.5H20  crystals, c. P ., dissolved 
and made up to 1 liter) and alkaline Seignette solution (340 grams 
c. p. sodium potassium tartrate dissolved and made up to 1 
liter) are separately brought to the boiling point in small beakers. 
The two boiling solutions are mixed and the mixture a t once 
poured through the condenser tube and into the boiling pulp 
suspension. The liquid is kept actively boiling for exactly 
15 minutes and is then filtered through a small Biicliner funnel 
provided with a m at of asbestos. The residue on the filter is 
washed free from cupric copper with hot water. The filter mat 
with the collected material is returned to the flask, 50 cc. of 6.5 
per cent nitric acid are added, and the mixture is brought to the

T im b e r  S ta n d ,  R ic h a r d s o n  L a k e , M a in e

boiling point. As soon as all the cuprous oxide has been dis­
solved, the mixture is poured through the Büchner funnel into a 
clean suction flask. The first filtrate is returned through 
the filter mat. The copper solution is evaporated to a volume of 
about 100 cc., cooled, neutralized with ammonium hydroxide, and 
acidified with a slight excess of acetic acid. Five grams of potas­
sium iodide are then added and the liberated iodine titrated with 
20 N  sodium thiosulfate using starch indicator. In case the end 
point has not appeared when so much as 25 cc. of the thiosulfate 
has been added, 2 or 3 grams more of the iodide are added and the 
titration continued. The copper number is the number of grams 
of copper reduced by 100 grams of bone-dry pulp.



136 IN D U S T R IA L  A N D  ENGINEERING C H EM ISTRY Vol. 23, No. 2

V is c o s it y —Cellulose may be characterized by the viscos­
ity of its solution in cuprammonium hydroxide, prepared 
under carefully prescribed conditions. This determination 
is of great interest in controlling the preparation of cellulose 
esters. The test is sometimes regarded as a measure of the 
size of the molecular or micellar units. I t  is, however, 
seriously affected by the presence of hydrolysis or oxidation 
products, which often confuse the interpretation of viscosity 
figures. I t  is readily seen tha t a low-viscosity result may in 
reality connote a mixture of fibers of very low and very high 
viscosity—such a mixture as may be formed by a selective 
reaction on surface portions of fiber during a treatment or, 
more simply, by blending two components. The viscosity 
of fiber does not necessarily correlate with alpha-cellulose 
content, nor does it follow that a cellulose high in soda- 
soluble constituents is correspondingly low in viscosity. 
Some reagents will simultaneously effect a decrease in vis­
cosity and an increase in alpha-cellulose content—for instance, 
a treatment with mercerizing caustic soda solution. High 
temperature or acid conditions are also conducive to the reduc­
tion of viscosity. Possible correlation between viscosity and 
permanence of fiber will be discussed later in this series of papers.

Method. The sample is slushed with distilled water until a 
smooth suspension is obtained. The suspension is poured into a 
S'A-inch (14-cm.) Buchner funnel fitted with a piece of nainsook 
cloth. After removing as much water as possible with suction, 
the suction is released and 150 to 175 cc. of redistilled acetone 
are poured over the pulp m at and then drawn off. The pad is 
dried by passing through and around it a current of air warmed 
to 105“ C. I t  is then fluffed in a metal can, 5 '/s inches (14 cm.) 
in diameter and provided with a fiber-board cover, using as a 
disintegrator a star-shaped piece of Vu-inch (1.6-mm.) brass, 
2Vs inches (6.4 cm.) in diameter and turned by means of a direct 
connected motor a t from 5000 to 6000 r. p. m. The fluffed pulp 
is dried for 20 minutes a t 103-105° C.

A 6-gram portion of bone-dry fluffed pulp is weighed out and is 
added to a 300-cc. Erlenmeyer flask together with 9 grams of so- 
called “copper hydrate” powder. The "copper hydrate” is in 
reality basic copper nitrate corresponding in composition to the 
formula Cu(NO.)2,3Cu(OH)2; it must contain less than 1 per 
cent water-soluble m atter and less than 0.4 per cent moisture. 
After mixing the pulp and copper hydrate powder in the dry 
state, 225 =*= 0.5 cc. of 28 per cent ammonia solution are added, 
the flask is stoppered and is shaken vigorously in a mechanical 
shaker for 800 strokes over a  2-minute period. The flask is 
then placed in a water bath kept a t 25° C. for a period of 28 
minutes from the time shaking was commenced. The cupram­
monium solution is blown up into the pipct by means of air pres­
sure. The flow from the pipet is started a t exactly 30 minutes 
from the time shaking was started. The outflow time is converted 
into viscosity units by reference to the pipet calibration curve.

The pipet used is of the regular 100-cc. glass volumetric- 
apparatus type. Before calibration and use the constricted tip 
is cut off and the cut end fire-polished. In use the pipet is 
inverted so th a t the lower end is the one originally intended to 
be the upper.

The pipet is calibrated with several glyccrol-watcr solutions of 
known absolute viscosity values. A pulp is said to have a cer­
tain viscosity value if its cuprammonium solution requires the 
same time to flow from the pipet as did a glycerol-water solution 
of the same number of absolute viscosity units.

R e s in s —The so-called “resin” value of a cellulose is largely 
dependent upon the solvent which is employed for the extrac­
tion. Ether, acetone, carbon tetrachloride, and alcohol 
extract unequal amounts of soluble material. The relative 
amounts which each of these solvents can remove vary with 
different raw materials and are undoubtedly related to the 
character of the resins and waxy groups which are present in 
the fiber. In  some instances the solvent will remove water- 
soluble constituents, and even a hot-water extraction will 
remove material which can also be collected by solvent treat­
ment. In  the work which is discussed in these articles, no 
great emphasis is placed on the solvent-soluble material, al­
though there are included some values obtained by the use of 
carbon tetrachloride.

Determination. A 10-gram sample of bone-dry shredded pulp is 
extracted completely in a Soxhlet extractor using carbon tetra­
chloride as a solvent. The extract is evaporated to dryness at 
100-103“ C. and the weight of extracted material determined.

Paper-M aking  T ests

F i b e r  D im e n s io n s —Although there are well-known and 
generally satisfactory methods for determining the average 
fiber length of a sample of pulp, the results thus far have not 
had any great significance to the paper maker. No doubt 
this is mainly because the mechanics of even the simplest 
strength test of paper is so imperfectly understood. I t  1ms 
generally been assumed that increased length of fiber means 
increased physical strength of the paper which can be pro­
duced therefrom. This assumption becomes an absurdity 
unless duty limited. I t  is true tha t a paper of high tearing 
strength cannot be made from a very short fibered pulp. 
On the other hand, extremely long fibers cannot be success­
fully incorporated in a sheet, since they must be deliberately 
reduced in length by cutting and by beating in order to secure 
a paper of reasonably good formation and appearance. One 
rarely finds fibers exceeding 4 mm. in length in a,ny except very 
special papers. The proportions of fibers of different length 
present in a pulp possibly play a part in the properties of 
the paper which can be made from it, but as yet no quantita­
tive relationship has been found.

Fiber thickness and shape are also practically unknown 
influences in paper-making. The “brooming” or fraying 
of fiber during the beating operation appears to be of much 
greater significance.

Fiber Length Determination. A representative portion of the 
sample is disintegrated in water to a smooth suspension which is 
diluted so th a t a drop from a standard dropper (a glass tube 
with a 4-mm. opening) will contain approximately twenty-five 
fibers. The desired concentration will be about 0.38 gram of 
pulp per liter. Eight drops of the well-agitated dilute suspension 
are separately transferred to glass slides, the drops are dried 
down by placing the slides in a cabinet through which is flowing 
a current of warm air. Each slide, in turn, is placed upon the 
platform of a dissecting microscope. A drop of standard iodine- 
calcium chloride solution is placed upon the fibers. The standard 
solution is prepared by mixing 15 parts of a solution of 59 grams 
calcium chloride in 100 cc. of water with 1 part of a solution of 21 
grams potassium iodide and 1 gram of iodine in 50 cc. of water; 
the mixed solution is allowed to stand for 24 hours and is then 
decanted into a dark glass bottle. The surplus stain upon the 
slide is decanted from the fibers, care being taken th a t no fibers 
are lost in the operation. With a pair of dissecting needles 
every fiber on the slide is straightened out and is drawn towards 
the middle of the slide. The fibers are arranged so th a t they lie 
side by side and parallel to the longer side of the slide; they are 
then covered with a glass and the edge of the cover glass is wet 
with a small amount of the stain. The prepared slide is then 
mounted on the mechanical stage of a compound microscope pro­
vided with a filar micrometer and a 16-mm. objective. The 
micrometer reading is recorded for the length of each of two hun­
dred separate fibers. The total of the micrometer readings 
multiplied by the micrometer factor (converting readings into 
millimeters) and divided by 200 gives the average fiber length 
of the pulp in millimeters.

H y d r a t io n —The paper-making properties of cellulose 
may be attributed to its behavior-in water, which is quite 
different from the behavior of wool, silk, or hair. The exact 
mechanism of hydration by beating is not fully understood, 
but regardless of theory it is an established fact tha t if a 
normal cellulose is subjected to a rubbing or pounding action 
in the presence of water the fiber swells and then becomes 
slippery or slimy; in this condition the beaten stock will 
retain water tenaciously. I t  is still a debatable,point whether 
this change takes place because of an increased surface of 
fiber exposed or because of a partial loosening of fiber struc­
ture; at any rate, hydration is evidently a special case of 
the solvation of a colloid, complicated by the fact tha t the 
latter has an organized structure.
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Different types of cellulose will hydrate at different rates 
and to different degrees. Certain forms, such as mercerized 
fiber and regenerated cellulose, resist hydration to such an 
extent as to be considered useless as paper-making material 
(2). Virgin cotton resists hydration more than does most 
chemically treated cotton. A kraft pulp requires a more 
severe beating than does a sulfite fiber. A purified wood 
fiber simulates cotton in that it resists hydration and re­
quires a longer beating time than does a sulfite pulp.

sumers. The test is greatly influenced by fiber length, by 
the flexibility of the sheet, and by the character and amount 
of the cementitious cellulose gel which bonds the fibers to­
gether.

Sulfite pulp and short-fibered soda pulp yield papers of 
low tearing resistance. A high-quality rag or cotton stock 
will produce a sheet with a high tearing resistance, as will 
purified wood fiber which has been properly prepared. The 
high tear values of the cotton and the purified wood fiber

R e s e a rc h  L a b o ra to ry , B ro w n  C o m p a n y

The rate and degree of hydration may be studied in several 
ways. Space forbids a present discussion of the various 
chemical tests which have been used.' The paper maker 
measures hydration by a “slowness test,” which is expressed 
in terms of the time required for water to drain from the 
beaten stock which is retained on a wire screen under standard 
conditions. He thus attempts to establish a direct relation­
ship with the rate of removal of water from the beaten fiber 
on the wire screen of the paper machine. I t  is quite evident 
that this method of determining suitability of beaten stock 
does not discriminate between actual hydration and the sub­
division of fiber caused by the cutting action of the beater. 
For want of a better method, however, it is employed quite 
universally and serves its purpose very well. The evaluation 
of a pulp or a rag stock requires the study of the rate of 
hydration and of the character of the sheet which can be 
produced from the partly gelled stock.

Pop. T e s t —The pop-or puncture test is probably used 
more and in itself signifies less than any of the other commonly 
accepted paper tests. Although closely related to the ten­
sile strength of the sheet, it is actually a complex function 
of strength, stretch, and tear. The results are also pro­
foundly affected by the presence of such cementitious matter 
as wood gums, starch, or glue. The pop test has been used 
as a standard for so many years, however, both by manufac­
turers and by paper users, that it must still be considered 
when a sheet of paper or sample of paper-making pulp is to 
be evaluated.

T e a r  T e s t —The tear test is intended to determine the 
total resistance offered when a sheet is torn for a definite 
distance, starting from a cut in one edge. The Elmendorf 
tester is generally accepted as the best present-day instru­
ment for this purpose. The tear resistance of a paper is 
obviously of great practical importance and is demanding 
ever increasing attention from paper makers and paper con-

may be partly explained by the increased softness and flexi­
bility of paper made from them, while the presence of sizing 
agents which impart stiffness and some brittleness will cause 
a decrease in the tear value of any type of paper. I t  is well 
known that the use of glue or gelatin as a surface size for 
high-grade papers produces this effect.

F o l d in g  E n d u r a n c e —The flexibility and resistance to 
breakage by continued reversed fold are determined by 
flexing a paper under slight tension until a break occurs. 
In practice, two sets of test sheets are cut at right angles so 
as to include breaks both in the direction and across the 
direction of travel of the wire on the paper machine. In 
recent years this criterion of physical strength has assumed 
much greater importance than formerly and has become an 
important paragraph of practically all paper specifications. 
The fold test is influenced by many factors, among which 
are the character of the basic fiber, the length of fiber, the 
elasticity of the sheet, the softness or stiffness, and the type 
of sizing.

Most white wood-pulp papers have decidedly less folding 
endurance than do high-grade cotton rag papers. A low- 
grade cotton which has been drastically treated with chemi­
cals during the purification steps yields a paper of inferior 
folding quality, and is in many cases exceeded in this respect 
by the better grades of sulfite papers. A spruce wood pulp 
which has been carefully purified to an alpha-cellulose con­
tent of from 93 to 97 per cent may be converted into a paper 
which has as high a folding endurance as the better grades 
of rag papers. In  this respect it differs sharply from sulfite 
pulp.

T e n s il e  S t r e n g t h —The tensile strength is, as the term 
signifies, a measure of the load necessary to break a given 
standard width or cross section of paper. This is sometimes 
expressed in kilograms, but is preferably stated in terms of 
breaking length, which obviously corrects for differences in
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T able I I—C hem ical C haracteristics of Cellulose P roducts

C haracteristics

U nbleached  C o n if­
erous  S ulfite  P ulp

U nbleached  H ard­
wood S u lfite  P ulp

B leached  
Su lfite  P ulp B leached

Aspen
S oda
P ulp

Absorb­
en t

C otton
C otton L in te r s

Conif­
erous

H a rd ­
wood

A B C D E F G H I J K L M

% % % % % % % % % % % % %
T o ta l cellulose 96.67 93 .65 92.22 91 .94 96 .52 90 .65 99.78 99 .32 98 .73 100.0 100.0
Alpha-cellulose 87 .80 87.62 87.72 86.52 86.86 86.32 84.82 83.39 81.47 9 9 .70 98.97 97 .67 98 .17
Beta-cellulose 2 .9 0 2.54 2 .89 4 .66 9 .4 0 7 .36 7 .4 8 10.66 15.84 < 0 .5 1.97 1.63
Gam ina-cellulose 9 .3 0 9 .84 9 .39 S.S2 3 .94 6 .32 7 .7 0 6 .06 2 .6 2 0 .3 5 0 .2 0
F ib e r length 0 .67 0 .42 0 .32 0 .44 0 .4 8
C opper num ber 3 .Í6 2 .90 2.36 4 .56 3 .10 2 .72 3 .42 3 .08 2 .62 0 .5 8 1.52 0.84 1.24
Lignin 3 .03 3 .23 7 .4 2 5 .10 3 .34 5 .15 1.24 2 .16 1.16 0.33 0 .06 0.04
7 .1 4 %  soda-soluble 22.46 2 1 .8 2 1 .6 18.1 2 4 .0 23 .2 27.1 27 .4 22 .2 0.107 2 .25 5.29 3 .50
Pentosans 3 .7 0 4 .2 9 4 .2 7  . S .47 8 .34 8 .25 4 . IS 9 .3 11.68 0.69 0.66 0.54 0 .4 6
V iscosity in cupram m onium  solution 2 6 .0 14.0 50 + 24 .0 28 .0 17 .0 3 .0 3 .0 0 .6 680 30 + 1 .5 2 .6 0
R esins (CCU-extractable) 0 .8 0 0 .55 0 .66 1.16 0 .53 0.59 0 .6 8 0 .4 3 0.24 0 .14 0 .01 0 .07
Ash 0 .2 5 0 .37 0 .1 0 0 .3 8 0 .1 8 0.17 0.16 0 .1 9 0 .5 3 0.05 0.14 0 .0 5 0 .1 0
Color Light tan L igh t tan W hite W hite W hite W hite W hite W hite

C haracteristics
R ag P a per -M aking  Stocks

Co n if­
erous

G round-
wood

K raft P ulps

N O P Q R S T U V W X Y

% % % % % % % % % % % %
T o ta l cellulose 98.36 55 .0 93 .00 93 .50 94 .30 92 .27 91 .75
A lpha-cellulose 75.46 92.94 94 .84 97 .97 94.71 95 .23 94.91 91.73 92 .27 90 .80 94 .04 94 .60
B eta-cellulose 14.22 4 .26 2 .6S 1.94 4 .8 7 4 .14 2 .9 6 0 .50 0 .16 0 .5 0 < 1 .0 < 1 .0
G am m a-cellulose 10.32 2 .8 0 2 .4S 0 .13 0 .61 0 .63 3 .03 7 .77 7 .5 7 8 .7 0
F iber length 0 .6 0 0 .7 5 0 .5 8 0 .6 4
C opper num ber 4 .64 i . 94 1 .08 1.14 1.82 1.46 4 .0 6 1.16 2 .0 5 .1 0
Lignin 0 .26 0 .3 3 29. S 6 .3 4 .0 5 4 . SO 7.73 7 .5 5
7 .1 4 %  soda-soluble 2 3 .8 12.90 6 .37 4 .6 5 11.82 2 .53 18.6 10.7 15.3 12.0 7 .5 6 .1 8
P en tosans 0 .39 1.03 0 .52 0 .71 0 .57 0 .63 7 .7 7 .92 9 .5 7 .4 5 8 .8 5 5 .64
V iscosity in cupram m onium  solution 0 .4 0 3 .50 5 .3 0 11.60 0 .8 0 2 .30 Insol. 26 .8 20 .0 33 .0 Insol. Insol.
R esins (CCU -extractable) 0 .06 0 .0 5 0 .1 0 0 .07 0 .0 6 0 .1 2 0 .39 0 .1 2 0 .0 5 0 .0 8 0 .0 8 0 .1 2
Ash 0 .53 1.36 0 .0 5 0 .1 7 0 .4 8 0 .1 5 0 .3 8 0 .47 0 .5 8 0 .81 0 .54 0 .6 0
Color Yellow G ray W hite W hite W hite W hite Buff Brown Brown Brown Brown Brown

C haracteristics
P u r ified  W ood F ib e r

AA BB CC DD E E F F GG H H I I JJ K K LL M M

% % % % % % % % % % % % %
T o ta l cellulose 97 .20 9 9 .4 9 8 .9 99 .63 98 .98 99 .35 99.21 99 .63 100.0 9 9 .73
Alpha-cellulose 94 .32 95.13 93 .93 94 .32 92.79 94! 85 95 .53 94 .‘97 95 .50 97 .20 98 .39 98 .50 96 .45
Beta-cellulose 1.21 1.99 2 .07 1.59 1.98 2 .51 2 .78 0 .93 2 .5 0 1.42 1 .40 0 .9 0
Gam m a-cellulose 4 .4 5 28 4 .6 0 4 .0 9 5 .23 2 .64 2 .25 3 .5 7 0 .3 0 0 .2 8 0 .1 0 2 .6 5
F ib e r length 0 .8 3 0 .75 Ó.Ó0 0.86
C opper num ber 1.22 Ü 30 0 .9 6 ÓiÓO i!óo 1.30 1 .06 1.12 Ü 54 Ü 55 6*98 i! Í3 Í Ü 8
Lignin 1.06 0 .4 8 0 .52 0 .54 0 .57 0 .4 0 .2 0 0 .13
7 .1 4 %  soda soluble 7 .73 7 .0 0 6 .6 5 6 .42 7 .2 5 8 .30 6 .62 6 .74 ¿! 50 Í .9 0 5 .2 5 3 .8 5 4 .2 0
P entosans 3 .28 2 .9 8 4 .3 5 3 .9 3 4 .0 2 2 .2 8 1.87 2 .18 2 .4 5 2 .09 0 .9 9 0 .93 2 .3 5
V iscosity in cupram m onium  solution 38 .0 17.0 10 .5 6 .7 7 .1 5 .9 5 .1 6 .6 5 .0 2 .8 5 3 .0 8 1.65 . 4 .5
R esins (CCU -extractable) 0 .1 2 0 .0 7 0 .13 0 .0 6 0 .1 9 0 .1 5 0 .1 0 0 .04 0 .0 5 0 . 1 1 0 .0 9 0 .14 0 .04
Ash 0 .12 1.11 0 .17 0 .1 8 0 .14 0 .12 0 .0 8 0 .0 8 0 .0 9 0 .07 0 .0 5 0 .02 0 .05
Color L ight gray W hite W hite W hite W hite W hite W hite W hite W hite W hite W hite W hite W hite

C haracteristics
P u r if ie d  W ood F ib e r

N N OO P P QQ R R SS T T OU VV W W X X ZZ AAA

T o ta l cellulose
%  

99 .55
% % % % % % % % % % % %

A lpha-cellulose 
B eta-cellulose 
Gam m a-cellulose 
F iber length 
C opper num ber 
Lignin
7 .1 4 %  soda soluble

96 .70
0 .89
2.41

Ó. 88

5 .7

96 .38
2 .77
0 .8 5
0 .4 3
1.06
0 .27
5 .72

9 5 .6 94.69 9-.0 0

1.36

96 .25 95 .60 95 .10 95.56

0 .0 6

96 .23

1 .7

96 .30 95 .43 95.6

P entosans
Viscosity in cupram m onium  solution 
R esins (C C h-extractable)
Ash

1.87
3 .9
0 .02
0 .07

2 .82
5 .8
0 .1 0
0 .07

0 .6 0 .94 1 .09
0 .5

2 .0
9 .5

2 .2
5 .S

1 .2 0 .71
0 .8 0

1.0S
1 .0

0 .5 0 1 .00
1 .13

0.00

Color W hite W hite W hite W hite Buff ■ Buff Buff Buff W hite Buff W hite W hite W hite

L e g e n d  to  T a b le  II

A and  B — Pulps produced by cooking a  m ixture of spruce and  fir w ith  a  sulfite acid for 10.5 hours. T he sulfite acid contained  a b o u t 1 per cen t com ­
bined and  4.5 per cen t free su lfur dioxide. M axim um  cooking tem pera tu re  was 145° C.

C— A sulfite pu lp  which was cooked w ith an acid contain ing  abou t 2.5 p er cent com bined and  5 p er cent free sulfur dioxide. Cooking tim e was 10 hours. 
M axim um  tem pera tu re  was 150° C.

D , E , F — Pulps produced b y  digesting a  m ixture of birch, m aple, and  beech under conditions very  sim ilar to  those m aintained in A and  B.
G and H — Bleached sulfite stocks m ade by  bleaching raw  stocks such as A and  E  w ith  hypochlorite.
I — A com m ercial grade of bleached soda pulp which was m ade from  aspen wood.
J — A m edical grade of absorben t cotton.
K , L , M —T hree  grades of co tto n  lin ters which have been purified for conversion in to  cellulose n itra te s . T he  sam ple K , which has higher viscosity* 

is used in  p repara tion  of cellulose n itra te  films.
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L e g e n d  to  T a b le  I I  (Continued)
N , O, P , Q, R , S  Six different grades of so-called rag  half-stocks. All of these sam ples were cooked and  bleached for use in the  beater. T he com ­

m ercial grade of rags used in each case was: (N ) th ird s and blues; (0 ) blue overalls; (P) white sh irt cu ttings; (Q) new white rags; (R) fancy sh irt cu ttings;
(S) p ink  corset cuttings.

T — A com m ercial grade of groundwood which was produced for new sprint.
U , V, W —Three sam ples of k ra ft pulps. These pulps were produced by  a  digestion of coniferous wood (spruce and  pine) w ith an alkali liquor in which 

40 per cent of th e  to ta l active alkali is  present as sulñde. T he m axim um  tem pera tu re  of cooking in all cases was abou t 105° C. and the  cooking tim e about. 
4.5 hours.

X — A commercial sam ple of k ra ft m ade in the  Southern S ta tes and  presum ably from southern  pine species.
Y — A k ra ft fiber produced from a western hemlock. T he  cooking conditions are sim ilar to  those given in U, V, W.
A A— An unbleached coniferous fiber which was m ade by  trea tin g  a prechlorinated sulfite stock with alkali a t  100° C.
BB — A fiber which was obtained b y  bleaching a  stock such as given as AA. T he high viscosity of the cupram m onium  solution is im p o rtan t in some 

fields of esterification.
CC— A purified wood fiber in which th e  recooking conditions were selected so as to  em phasize good physical streng th  in th e  paper which can be p ro ­

duced therefrom .
D D  and  E E —Two grades of purified wood fiber in which good paper-m aking characteristics are desired. T he raw  stock from which th is fiber is m ade 

is cooked so as to avoid in ju ry  of fiber length.
F F — A purified fiber which is designed particu larly  for conversion in to  xan thates. F o r th is  type  of fiber i t  is necessary to  m ain tain  a high alpha-cellulose 

and  a  uniform  viscosity of ester solutions which are m ade therefrom .
GG, H H , I I —Three sam ples of wood cellulose which have been p repared  specifically for conversion in to  cellulose n itrates . For th is  grade of fiber it

is necessary th a t  the  resin con ten t be very  low and th a t  the  color of fiber be of exceptional degree of whiteness.
J J ,  K K , LL, M M , N N — A variety  of purified wood fiber products in which em phasis is laid on lower pentosans and  very  low soda-soluble constituen ts . 

Such types a re  of value for esterification purposes.
OO— A purified wood fiber which was m ade from poplar wood. Such a fiber has value for bo th  paper and  esterification purposes.
Sam ples P P  to  AAA were prepared by  digesting wood substance in a  series of steps in which tem peratu res and chem ical concentrations are chosen to

em phasize pulps which are high in alpha-cellulose and low in pentosans.
Sam ples R R , SS, T T , UU, and WAV were not bleached. P P , QQ, VV, X X , ZZ, and  AAA represent pulps which are com parable to  bleached co tton  in 

color.

the weight of the sheet and allows one to make direct com­
parisons. Tensile strength is of great importance in many 
special papers. I t  may be affected profoundly by fiber pat­
tern within the sheet, by the conditions under which the 
wet has been dried, by the degree of hydration of the pulp 
during beating, and by the nature of the fiber. In the great 
majority of machine-made papers the tensile strength is 
higher in the machine direction than across the sheet; this 
is the result of non-uniform arrangement of fibers in the 
sheet, together with directional tension during the drying 
process.

D iscussion of D ata

The above discussion of the methods which are used to 
characterize cellulose products will be of assistance in the 
interpretation of the chemical characteristics which are sum­
marized in Table II. These data arc for the most part 
expressed in units which are generally accepted by investi­
gators in this field of work. Exceptions will be noted. The 
listed data were secured in the Research Laboratory of the 
Brown Company, and inasmuch as the technic and the pro­
cedures are identical for all samples, the data are more di­
rectly comparable than is the case when attempts, are made 
to compare analytical figures which are assembled from a 
number of laboratories.

From this table it appears evident that, while the bleached 
sulfite wood pulps are as high in total cellulose as the puri­
fied wood fiber and the cotton products, they arc consistently 
lower in alpha-cellulose content. The lower alpha-cellu­
lose values for the bleached sulfite fiber as compared with 
the corresponding unbleached sulfite pulps may be due in 
part to the presence of lignin in the alpha-cellulose residue 
from the unbleached fiber.

Bleached soda pulp which is prepared from aspen wood 
is appreciably lower in alpha-cellulose than are the conif­
erous sulfite products. The soda pulp has a higher pentosan 
value than the sulfite fiber. This difference is partially 
the result of a higher initial pentosan value in the aspen 
wood; besides, the acid sulfite digestion is more effective 
than alkali in the removal of pentosan groups. As one 
would suspect, the kraft pulps simulate the soda pulps in 
that they also reflect the higher pentosan content of the 
original wood. The sulfite pulps which were-produced from 
spruce and hardwood, respectively, show differences in 
pentosans which may be traced back to the analysis of the 
raw woods.

All ordinary sulfite wood pulps are relatively high in those 
resinous groups which respond to carbon tetrachloride ex­
traction. The purified wood fiber and the cotton stocks 
contain much less of these constituents. This applies also 
to the kraft pulp. The alkaline nature of the digestion is 
undoubtedly responsible for the low content of resinous 
material in the kraft pulps.

The very low pentosan values found in many of the purified 
wood-fiber products prove quite conclusively that it is pos­
sible to simulate cotton in this respect. Some of the wood 
products which contain the least pentosans have paper- 
making characteristics of outstanding quality, as will be 
shown in the second article of this series.

The solubility of the material in boiling 7.14 per cent 
sodium hydroxide solution is very marked in the case of 
sulfite pulps of all types. Many of the kraft products show 
relatively high solubility, but in general less than the acid- 
digested fibers, which apparently suffer by acid hydrolysis. 
The cotton linters are usually quite low in soda-soluble 
materials. Paper-making rag stocks of the best grades com­
pare favorably with the cotton linters in this respect, as do 
many of the purified wood fibers. I t  appears that a chemi­
cal overtreatment of rag stocks will result in a high percent­
age of soda-soluble constituents. The soda-solubility of a 
purified wood fiber may be controlled as desired by a proper 
selection and sequence of refining steps in its manufacture.

A survey of the values listed in Table II  shows that it is 
possible to prepare refined cotton stocks or purified wood 
products which have alpha-cellulose contents ranging from 
92 to 97 per cent. There is much testimony that low alpha- 
cellulose values in the case of cotton signify extreme severity 
in the refining treatments, whereas in general low values in 
the case of purified wood fibers suggest relatively mild purifi­
cation steps. I t  is to be noted, however, tha t a high alpha- 
cellulose wood fiber will also sacrifice its alpha-cellulose con­
tent if it is overtreated.

The alpha-cellulose values of the kraft pulps and the 
groundwood sample are obviously absurd inasmuch as a 
very high percentage of the original ligneous matter resists 
the action of the 18 per cent caustic soda solution and re­
mains with the residue which is assumed to be alpha-cellu­
lose. This absurdity emphasizes the need of intelligent 
interpretation of alpha-cellulose results.

L ite ra tu re  Cited
(1) Sckorger, Cellulose, 250 (N ov., 1930).
(2) Shaw and Bicking, Paper Trade J 91, No. 10, 65-67 (1930).
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Corrosion of Metals by Phosphoric Acid1
Peter R. K osting an d  C onrad H eins, J r .

F ertilizer  and F ix ed  N itrogen  I nves igations . Bureau  or C hemistry  and S oils, W ashington , D. C.

THE increasing interest 
in the m a n u fa c tu re  
and use of phosphoric 

acid has created the need for 
information concerning the 
corrosion resistance of con­
s tru c t io n  materials to that 
acid. Present-day manufac­
turers, in an effort to combat 
the expensive corrosion which 
adds to  the cost of the acid, 
have made laboratory corro­
sion tests of various alloys, 
but quite often have not been 
able to correlate the results 
with those of plant installa­
tions.

R esu lts of Previous Investi­
gations

From the literature dealing 
with the action of phosphoric 
acid on materials of construc­
tion, much data of a general 
nature may be obtained, but little quantitative information. 
The following paragraphs summarize these data.

Many alloys have been mentioned as being of use around 
the phosphoric acid plant (5, 8, 18, 16, 24, 28, 4®, 43, 49), 
Bronzes of aluminum and of tin are used as condenser tubes 
to recover steam from its reaction with phosphorus (24)• 
Drying the air used to burn phosphorus to the pentoxide 
protects the metal vessels from corrosion {36).

Much has been claimed for the new stainless steels. To 
resist pure, boiling 85 per cent acid, the 24 Cr-15 Ni-3 Si 
alloy is recommended (31, 34)', for pure, boiling 45 per cent 
acid, the 18 Cr-8 Ni alloy (34); a t lower temperatures these 
austenitic steels are very resistant to all concentrations of 
acid (22, 40, 41)- Alloys of the cutlery type are slightly 
attacked by phosphoric acid (4, 21, 22, 33, 44). The corro­
sion of stainless steels increases with acid concentration 
(21, 33, 44).

Among the non-ferrous alloys, aluminum is not to be 
recommended (7, 25). Alloys of copper with silicon (15) 
and with aluminum (2, 26) are reported as being resistant to 
dilute phosphoric acid. Monel metal has also been used 
with dilute acid (12, 25, 32). Tin is said not to be attacked 
by the acid (23). The wires in Cottrell precipitators used in 
the manufacture of phosphoric acid have been made of 
nichrome and even silver (49).

Metals which are carefully coated with Bakelite (3,11) are 
said to resist dilute phosphoric acid, even when subjected to 
abrasion. Rubber-lined tanks, also, are reported resistant 
(17, 18). A specially precipitated latex has been developed 
which, when vulcanized, does not color the acid (10). The 
maximum temperature which rubber withstands when in the 
presence of 75 per cent acid is 50° C. (125° F.) (9). I t  is said 
that coatings of alkali metal fluosilieates protect the apparatus 
in evaporating crude acid (29). The reaction that takes 
place when parkerizing (the process of making iron rustproof 
by dipping it into a dilute solution of phosphoric acid con-

1 Received N ovem ber 11, 1930.

taining many different phos­
phates) ceases in a short time, 
owing to a phosphate film 
depositing on the iron.

Silica ware is described as 
being resistant to phosphoric 
acid under all conditions (8, 
42). Themaximum tempera­
ture a t which this material 
can be used is 400° C. (SS). 
At this temperature one deals 
not with orthophosphoric acid 
but with the pyro- and even 
the meta- acid, both of which 
are considered more corrosive 
than the former. Quartz fil­
ter stones seem to resist 50 per 
cent acid much better than 
the common grades of filter 
stone (46). Glass is even dis­
solved by solutions of sodium 
acid phosphate (48).

Starch, gelatin, quinoline, 
pyridine, aldehydes, pine oil, 

arsenic, sulfate, and other materials, may be considered 
inhibitors of the attack of phosphoric acid on iron (1, 5, 19). 
Because of the presence of inhibitors, concentrated crude 
acid is shipped in steel tank cars. For the same reason no 
lead is used for building apparatus a t a plant where con­
centrated crude acid is handled in making the different sodium 
salts (IS).

The quantitative data on corrosion by pure phosphoric 
acid as obtained from the literature and private communi­
cations were recalculated to give corrosion rates in centi­
meters per day and are listed in Table I. In some cases 
densities had to be assumed. Wherever possible, the condi­
tions of test have been indicated.

D escrip tion  of T ests

The plant conditions which must be simulated when mak­
ing accelerated corrosion tests in the laboratory involve high 
temperature, agitated solutions exposed to the air, and the 
presence of many impurities in solution. Crude acid, made 
by the sulfuric acid method, contains organic matter, arsenic, 
fluorides, fluosilieates, sulfates, etc. Crude acid made by the 
furnace method may be expected to contain, besides fluorides, 
fluosilieates, etc., traces of the meta- and pyrophosphorie 
acids, if the temperature a t the time of Cottrell precipitation, 
or even of concentration, be high. The effects on corrosion 
of the addition to c. p . acid of impurities such as found in the 
former crude acid were studied in a cursory manner.

M ateria ls

Altogether, 52 metals and alloys were tested in phosphoric 
acid of a t least one concentration. They were obtained 
from a large number of sources and were tested in the “as 
received” condition as regards heat treatment. Their 
compositions are listed in Table II. The general physical 
properties of a number of the metals and alloys used in the 
tests are given in the chart “Materials of Construction for

This paper gives d a ta  on th e  corrosion of m e ta ls  by 
C. P. an d  crude phosphoric acids. A ccelerated cor­
rosion te s ts  on  52 m e ta ls  and  alloys were carried o u t 
un d er various conditions, using  10, 25, 50, an d  85 per 
ce n t C. P . acids, an d  d ilu te  and  co n cen tra ted  acids. 
T he effects of tem p era tu re , ae ra tion , an d  p u rity  of 
so lu tion  were investigated , an d  th e  physical appearance 
of th e  d ifferent m e ta ls  a f te r  exposure was no ted .

I t  was found  th a t  te m p era tu re  rise increases the  
ra te  of corrosion. One non -fe rrous alloy showed a 
m ax im um  ra te  betw een 75°and  85° C. In  concen tra ted  
acid, th e  corrosion ra te s  of sta in less steels suddenly 
increase n ea r th e  boiling po in t. T he p u rity  of th e  acid 
affects th e  resis tance of m eta ls  to  phosphoric  acid. 
P roducts of corrosion tend  to  increase th e  corrosion 
of th e  special brasses an d  bronzes. H alogens destroy 
th e  passivity of s ta in less irons an d  steels an d  so cause 
rap id  corrosion. Arsenic, hydrochloric acid, p ine oil, 
m ucilage, an d  pyrid ine in h ib it th e  a t ta c k  of con­
cen tra ted  acid on iron . S u lfu ric  acid increases th e  
corrosion ra te  of iron , brasses, e tc ., b u t cu ts  down th e  
corrosion of lead. A eration  increases th e  corrosion of 
non -ferrous m eta ls  an d  alloys.
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Acid Concentration

Sample C omposition D ilute M edium C oncentrated

Acid Tem p. C. R. Acid Tem p. C. R. Acid Tem p. C. R. Acid Tem p. C. R.

% ° C. Cm. per day % ° C. Cm. Per day % 0 C. Cm. per day % 0 C. Cm. per day
metals

Alum inum  (7 )/ Poor in all concentrations 65 17/20 0.0042 72 17/20 0.0039
T an k  car steel/ 0 .2 3  C 65 17/20 0.018 72 17/20 0.016
M ild steel (JJ) 0 .3 5  C 5 18/20 0.0034 25 18/20 0.0OS0 66 .3 18/20 0.014 80 17/20 0.010
L ead / 65 17/20 0.00003 72 17/20 0.00003

NON-FERROUS ALLOYS
A lcum ite0 20 80 0 .00020 (max.)
Barberite® 40

50
R m
R m

nil
nil

85
85

R m
71

nil
0.000007

Bronze (15) 15 Sn 30 b. p. 0 .0 0 2 7 % /h r .
Bronze (2.6) 87 C u; 9 .8  Al;

3.1  Fe 10 22 0.000020 35 22 0.000013 50 22 0.000008 \
Bronze** Lead phosphor 30 0.00024
H astelloy  Do N i; Al; Si; Cu 85

85
70
160

0.00002
0.00050

Hytcnsl& 30 0.000041
M onel m etal *> 30 0.000078
M onel m e ta l/ 65 17/20 0.000003 72 17/20 0.000002
R ed brass (75) 30 b. p. 0 .0 1 9 % /h r.
Rcsistac** 30 0.00036
R otox it (15) 30 b. p. 0 .00087% /h r .
Still metalA 30 0.00025

FERROUS ALLOYS
A nka (33) 15.2 C r; 11.4 Ni 5 18/20 nil 25 18/20 nil 66 17/20 0.00016
Corrosiron«* 2.9 nil 17.6 0 .4 5 %
D uriron e 10 82/88 0.0000020 25 82/88  0.0000030 87 82/88 0.0000030

10 15/20 0.00000017 25 15/20 0.00000021 87 15/20 0.00000013
H astelloy  A o N i; M o; Fe 85 160 0.0040
H astelloy Co N i; M o; Fe 10 70 0.00001 40 70 0.00002 85 70 0.000009

N i; M o; Fe 85 160 0.01
KA-2A 17-20 Cr; 7-10 Ni 10 b. p 0.000003 45 b. p. 0.00001 80 110 0.0096

SO 115 0.041
R esistal 7 (J7) 25 Cr; 15 N i; l l/ t Resists all concentrations up

Si to  85%  acid
S tainless steel (JJ) 12.6 Cr; 0 .3  C 5 18/20 0.00015 25 18/20 0.00062 66 .3 18/20 0.0015
S tainless steel (22) 12-14 Cr 5 Slight a tta ck 25 Slight a tta ck 50 Slight a tta ck 75

and
100

Slight a tta ck

S tay b rite  (22) 18 C r; 8 Ni 5 nil 25 nil 50 nil 75 nil
Stellite  (20) 50-60 Co; 30-40 90 hot nil

C r; 8-20 W and cold
V2-A (33) 20.4  Cr; 8 .6  Ni 66 18/20 0.00035

NON-METALLIC
Alum ina (6) F ilter p late R esistan t to  all concentrations
Prodorite  (50) Pitch  aggregate R esists fum es from acidulated

crude phosphates
Q uartz  (-16) F ilter plate 50 100 0 .1 2 %  per m onth
Vitreosil (38) Excellent up to  400° C.

a A lcum ite Corp.. Bull. 1 (1925).
b American M anganese Bronze Co., T abulation  of Corrosion tests  
c B arber A sphalt Co. Letter. 24-hour test. 
d Bethlehem  Foundry  and M achine Co., "C orrosiron .” 
e D uriron Co., Bull. 116 (1920).

Chemical Engineering Equipment,” (SO), while Table III  
lists the physical properties of some alloys not given in this 
chart.

The c. p . phosphoric acid used was the product of both the 
J. T. Baker Chemical Company and the Mallinckrodt 
Chemical Company. The dilute and concentrated crude 
acids were commercial products freshly made by the sulfuric 
acid method. They were stored in paraffin-coated bottles 
to prevent any loss of fluorine by its reaction with the glass. 
Much of the suspended m atter was allowed to settle out of 
the acid prior to its use in the tests. Table IV lists the 
composition of these acids as used in the tests.

A pparatus an d  E xperim ental M ethod

The first series of tests was made in open beakers, using, 
for the most part, concentrated acid. The temperature of 
solution was maintained at 95° ±  5° C. When dilute solu­
tions were used, or when the solutions were aerated, con­
densers were used to prevent evaporation. The second 
series of tests was made with the aerated solutions. The air 
was neither purified nor controlled. Supplied to the labora­
tory at relatively low pressures, the flow varied from hour to 
hour and fell to almost nothing over night. The final form 
of apparatus is similar to that described by Pratt and Parsons 
(3-9), and diagrammatically shown in Figure 1.

A copper bath, 50 X 7 X 7 inches (127 X 17.8 X 17.8 cm.), 
was thermally insulated by means of a felt-lined wooden box 
(1 and 2 of Figure 1). The water was heated by two glass- 
covered coils of -nichrome wire (3). One coil extended di­

/  Fertilizer and  Fixed N itrogen Investigations L aborato ry , R ep t. 1920, 
breaker tests.

o H aynes Stellite  Co. L e tte r, 1930.
A Ludlum  Steel Co., Bull. X I ,  1929.

agonally across the bottom and the other extended around all 
four sides. A horizontal shaft with three propellers was 
coupled (23) to the end vertical shaft to serve as an agitator 
(4). A mercury thermoregulator (22) operating a Mereoid 
relay kept the temperature constant within 0.3° C. The 
temperature difference between the ends of the bath was 
0.2° C. at 65° C.

Straight-walled beakers (5), 2 Vs X 41/ t inches (6.03 X 
10.8 cm.), were made with small inside and outside ridges at 
the top. The outside ridge prevented the beaker from 
slipping through the copper washer used to suspend it in the 
bath and the inside ridge prevented the rubber stopper from 
slipping out. The rubber stoppers (6) had five holes, one 
for a thermometer (7), one each for air inlet (11) and outlet, 
one for specimen holder (8), and a glass bushing with mercury 
cup (12) passed through the fifth hole in the center. Pro­
pellers (10) with inverted cups for the mercury seal (12) were 
rotated from vertical shafts a t 360 r. p. m.

Air from high-pressure cylinders was used for aeration. 
Control was maintained by means of a flowmeter (25), and a 
constant gas-flow regulator (29) similar to that used by Ku- 
entzel (27). Sulfuric acid (27) and potash sticks (26) were 
used for purification. After bubbling through 25 per cent 
phosphoric acid (24) and passing through a 12-inch (30.5-cm.) 
condenser, the air was considered to be in the same condition 
as it would be after passing through the test solutions. This 
air was bubbled a t the rate of 95 cc. per minute through four 
solutions in series, 50, 25, and 10 per cent c. p . acids and dilute 
crude acid, passing through 12-inch (30.5-cm.) condensers (18)
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Sample Cu Ni Fe M n M g Si Sn Zn Pb A1 C Bi Sb Cr Co M o M isc.

% % % % % % % c70 % % % % % % % % %
METALS

1 A lum inum  sheet
2 Chrom ium 1. 96-97°
3 C opper (electrolytic) 99.993!> 0.007 P . 0; Ag, 0
4 Iron  (Armco) (*> 0.01 0.005 0.028
5 Lead 0 .0 5 0.006 0 .01 0 .0 2 0 99 .9 0 .01 0 As, 0
6 N ickel (rolled) O.OS m 0 .2 8 T race 0.14 0
7 Silver 7 .9 Ag, 89 .9
8 T an ta lu m
9 T in 99 .45

10 Zinc 99 .9
NON-PERROÜS ALLOYS

11 Adnic 67.1 2 8 .3 0 .3 0 1.48 0 .1 0 1.19 1 .75
12 A lcum ite G 87 .4 3 .75 0 .9 6 7 .8 0
13 Alpax 0 .1 0 T race 11.3 88. Qb
14 A m brac 7 3 .4 19.5 0 .1 3 0 .4 8 0.11 6 .39 0
15 Am pco 12 88 .9 0 2 .84 0 .0 5 0 .1 1 0 0 0 0 8.13
16 Am pco 18 85 .5 0 4 .2 8 0 .0 5 0 .1 5 0 0 0 0 .0 3 9 .9 7
17 B arberite 8S.1 5 .2 8 0 .4 2 0 .1 0 0.2S 1 .28 4 .4 0 0 0 .0 6 0 0 .0 3
18 Low brass A 85.1 0 0 .1 6 0 14.7 0
19 Low brass B 87 .5 0 .12 0 10.5 2 .5 7
20 M achine brass 66 .3 3 2 .5 0 .87
21 T obin  bronze 60.1 0 .1 0 0 .8 6 39.1 Trace
22 Yellow brass J . G. T . 62 .6 0 .1 8 0 .1 0 34 .5 2 .55
23 E verdu r 95 .5 0 0 .1 5 1 .22 0 .19 2.97
24 H astelloy  D 3.37 W 1 .05 1 0 .S 2 .36
25 H ills M cC anna  42 S9 .0 3.11 7 .76
26 H ills M cC anna  45 88 .6 0 1.33 0 .2 5 0 .25 0 0 9.92 0
27 H ills M cC anna 52 74.1 15 .8 3 .71 1.16 0 .0 5 5 .55
28 H ills M cC anna  55 27 .2 6 5 .8 2 .3 7 0 .9 9 0 .21 2 .75 0.21 0 .21 0 0 .3 4
29 H ytensl 6 7 .8 1.8S 2 .95 0 22 .5 0 4 .97
30 Illium  G 7 .9 0 60 .2 1.80!) 0 .39 0 .7 4 0 .5 0  0 .31 2 1 .5 4 .6 3 W , 1.99
31 Illium  50 4 .4 9 3 1 .8 47.06 0 .1 7 0 .5 9 0 .8 0 0 .43 11.3 2.51 W, 0 .89
32 Lead A 9 .4 0
33 Lead B 4 .3 5
34 Lead C 8 .44
35 Lead D 12.15
36 M ond 70 2 6 .3 68 .9 1 .10 3.51 0 .1 7 0 .03 0 .0 8 0
37 M onel 28 .4 6 6 .9 2 .19 2 .1 0 0.014 0 .1 8
38 N ichrom e IV 0 7 4 .5 0 .8 0 2 .06 0 .0 3 0 .35 0 .2 2 20 .7 0 .1 3 Cr*Os,

1 .18
FERROUS ALLOYS

39 A llegheny (18-8) m etal 0 .1 3 8 .49 W 0 .47 0 .1 7 0 .1 7 18.1 V, 0 .0
40 CrV3 (6) 0 .3 5 7 .7 V, 0 .1 8
41 CrV< « 0 .3 5 14.4 V, 0 .1 8
42 D urim et 0 .1 0 33 .7 (6) 1 .75 4 .3 8 11.7
43 D uriron \
44 E nduro  (C. L. P .) 0 .0 6 0 .37 (6) 0 .4 5 0 .6 2 0 .0 8 1S.1 0 V, 0 .0 5
45 F ah rite 0 .1 0 38 .9 (6) 0.71 0 .5 0 0 .74 17.3 0 V, 0 .0 3
46 H astelloy  A « 22 .2 2 .47 0 0.1S 0 19.4
47 H astelloy C (*) 9 .2 0 .2 0 1.06 11 .4 18.7 W , 3 .05
48 KA-2 0 .1 2 10.2 (6) 0 .17 1.26 0 .12 18.4
49 N on-corrodite— 12-22 0 .0 12.14 (6) 0 .0 0 .61 22 .4
50 Silchrom e 0 .0 7 0 .3 9 (6) 0 .3 0 2.89 0.33 18.6 V, 0 .3 9 ;

W , 3 .5
51 U niloy 1409 0 .0 5 0 .6 4 (6) 0 .2 7 0 .19 0.094 12.4 0 V, trace
52 Uniloy 2825 0 .04 0 .17 (6) 0 .26 0.13 0 .30 28.4 0 V, trace

3 M anufac tu re r's  analysis. 
b B y difference.

T a b le  I I I — P ro p e r tie s  o f A llo y s3

S ample Ultimate
S trength

Y ield
P oint

R eduction  
of Area

E longa­
tion D ensity

M achine
Qu a lities

F orm 
Available b

M ethod  of 
F a brication6

Lbs./sq, in. K g ./sq . cm. L bs./sq . in . K g ./sq . cm. % % in  2 in. Gram/
(5 cm.) cc.

32 Lead A 7,700 541 14 16 10 .6 Good B, C, C R B, Br, F
S, T , W R , SS, W

33 Lead B 2,570 181 48 11.5
34 Lead C 2,990 210 38 11.3
35 L ead D 3,420 240 36 11.3
36 M ond 70 89,000 6260 58,000 4080 8 .9 Sam e as mild steel C , H R , W All

91,000 6400 63,000 4430 R , C R, F r

3 T erm s are th e  sam e as in  ch art, “ M ate ria ls  of C onstruction  for Chem ical E ngineering E qu ipm en t (30)” which th is  supplem ents. 
b Form s availab le: B , b a r; C , castings; C R , cold-rolled; F r , forgings; H R , hot-rolled; S, sheets; T , tu b ing ; W , wire.
6 M ethod  of fabrication: B, brazing; Br, burn ing ; C, casting ; D D , deep-draw ing; F , flanging; R , rive ting ; SS, soft-soldering; W , welding.

between each solution. A flowmeter a t the exhaust end 
immediately showed the occurrence of leaks in the system.

With a flow of air of 95 cc. per minute, 25 per cent acid was 
concentrated to 25.5 per cent when maintained a t 65° C. for 
24 hours. The air bubbles were large and rose to the surface 
of the solution in a straight line slightly distorted by the mo­
tion of the liquid produced by the propeller a t the bottom of 
the beaker. The flow of air could be varied through wide 
limits without affecting the corrosion rates. The pressure 
drop over the four beakers was 1.11 cm. of mercury. The 
effect on the rate of corrosion due to increased solubility of 
oxygen brought about by this difference in pressure was 
found to be less than the experimental error.

Aerated tests with the concentrated crude acid could not 
be completed owing to a crystalline deposit blocking up the

air outlet. Open beaker tests were therefore made instead. 
The glass beakers were slowly etched, indicating the presence 
of small traces of free hydrofluoric acid. Beakers were either 
paraffin-lined or Bakelite-coated when carrying out tests with 
hydrofluoric acid additions to c. p . acids.

The volume of solution used was 150 cc. With 300 cc. no 
appreciable difference in corrosion was observable with a 
copper alloy whose rate of corrosion was affected by the 
corrosion products, and was of the order of 30 X 10"5 cm. 
per day.

The specimens varied considerably in shape, but were 
approximately 10 sq. cm. in area. The usual dimensions 
were about 0.5 X 1 X 3 cm., and the weight was in the 
neighborhood of 10 grams. Surface oxides and pits were 
removed by grinding on an Aloxite wheel, grade 50-G.
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The weighed specimens, cleaned by scrubbing with a 
bristle brush using soap and hot water, and dried by dipping 
in alcohol and in ether, were suspended on glass hooks in the 
acid, and exposed for 24 hours or more. After the initial 
exposure the specimens were scrubbed, dried, weighed, and 
again exposed. This was repeated as often as necessary. 
The scrubbing did not remove any tarnishing that occurred. 
To restore the original metallic luster between exposures was 
considered not simulating plant conditions.

R esults

The corrosion rates were combined with observed densities 
and calculated over to penetration figures expressed in centi­
meters per day, multiplied by 10~s. Thus, from Table V, 
copper dissolved in 85 per cent c . p . acid at the rate of 3.2 X 
10“ 6 cm. per dajr.

The results of the primary beaker tests and of the effects of 
aeration are given in Table V. Table VI shows the results 
obtained when air was bubbled through mechanically agitated 
solutions a t the rate of 95 cc. per minute. In these two tables 
the maximum and minimum corrosion rates observed, as well 
as the average of all observations, are recorded. Film forma­
tion is distinguished from tarnishing or discoloring in that the 
film can be scrubbed off the specimen with a bristle brush. 
Non-adherent films wash off under running water, whereas 
adherent films must be brushed off.

In addition to the information to be gained from a study 
of these tables, the following discussion on the behavior of

1— Wooden container for ba th
2 —Felt insulator
3— H eating  coil in Pyrex tub ing
4—A gitator
5—Straight-w alled beaker
6—R ubber stopper
7— Therm om eter
8——Glass specimen holder
9 —Specimen 

10— Propeller

F ig u re  2— E ffe c t o f C ru d e  P h o s p h o r ic  A cid  o n  F e rro u s  
A lloys

(1) W rought iron, (2) 18 C r-S  N i steel, (3) 28 C r steel; all in 
concentrated  F lorida pebble a d d  for 2 weeks a t  60° C., open 
beaker te st. (4) 18 C r-lO  N i steel in d ilu te  F lorida pebble a d d  
for 2 weeks a t  60° C. (5) 18 C r-10  N i steel in concentrated  
F lorida pebble a d d  for 2 weeks a t  60° C.

F ig u re  1— A p p a ra tu s  fo r  C o rro s io n  T e s ts
11— Air inlet
12— M ercury seal
13—Brass shaft
14— Bronze bushing
15—Fiber w asher
16—Brass bevel gear
17— Brass shaft
18— 12-inch condenser on a ir ou tle t
19—Fiber bevel gear
20—Fiber bushing

21—R ubber tub ing
22—Therm oregulator
23—Spring coupling of nichrome 

th rough  glass bushing
24—25 per cent phosphoric a d d
25— Flow m eter
26—C austic
27— C oncentrated  sulfuric a d d
28—T rap
29— C onstan t gas flow regulator
30— C onstan t w ater level device
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each metal and alloy includes observations not readily 
tabulated.

D iscussion

T he M e t a l s —Aluminum, nickel, tin, and zinc showed 
high corrosion rates in c. p. and crude acid. Metallic chro­
mium offered good resistance to c. p . acid but only fair resist­
ance to crude acid. After exposure the metal was bright and 
had no visible film. In  concentrated crude acid enlargement 
of the holes of the porous metal was noticeable. Both tem­
perature rise up to 100° C. and increase in acid concentration 
above 25 per cent increase corrosion in c. p . acid. The metal 
offers possibilities for chromium-plated pieces of apparatus to 
be used in cool dilute acid.

T a b ic  IV— C o m p o s i t io n  of C ru d e  P h o s p h o r ic  A cid

Constituent
F lorida P ebble T e n n essee  

B rown R ock

C oncentrated D ilute C oncentrated

% % %
PjO i 44.14 19.87 41 .38
SiOj 0 .02 0 .81 0.21
A1 0.77 0 .3 8 1.59
Fe 0 .73 0 .4 0 1.41
Ca 0 .03 0 .0 6 0 .01
SOj 5.32 2 .49 1.46
T o ta l F 0 .57 1.57 1.98
F  as F " 0 .53 0 .04 1.5S
F  as S iF fi-" 0 .0 4 1.53 0 .4 0
C1 0 .04 0.04 0.005
M u 0.023 0.010 0 .33
Cr 0.0031 0.0014 0 .0012
Cu 0.005 0.000 O.OOS
P b 0.000 0.00017 0.00062
As 31 p. p. m. 26 p. p. m. 46 p. p. m.
O rganic carbon 0 .27 0 .09 0 .1 3
Specific g rav ity  (22° C.) 1.581 1.237 1.560

Copper was resistant to non-aerated concentrated c. p . acid. 
Aerating 25 per cent acid increased the corrosion from 12 X

10 6 to 250 X 10 5 cm. per day, and there was formed a 
greasy black film which floated off the surface. Both the 
accumulation of products of corrosion and agitation of the 
solution raise the corrosion rate. In c. p . acid no pitting was 
observed. In dilute crude acid a heavy loose deposit was 
formed. The surface was rough and discolored. A similar 
film was formed in the concentrated crude non-aerated acid, 
but the surface beneath was only tarnished.

Iron and iron-carbon alloys dissolved rapidly in the c. p . 
acid, leaving, if steel, a smooth undulating surface. This 
metal was also dissolved by dilute crude acid, but not by 
concentrated crude acid. Figure 2 shows the appearance of 
wrought iron after being in the concentrated acid for 2 weeks 
at 60° C. A cursory study was made of the possible inhibit­
ing action of some of the impurities present in crude acid, 
the results of which are given later.

The corrosion rate of lead was low in dilute c. p . acid, but it 
was high in 25 and 50 per cent acid. Aerating 25 per cent 
acid increased the corrosion from 12 X 10~s to 60 X 10“6 cm. 
per day. However, microscopic pitting was more evident 
in the dilute solutions. The depth of some pits was as much 
as 0.1 mm. after 11 days, which is about 10 times the weight 
corrosion rate. Temperature changes in the range 80° to 
100° C. did not affect the corrosion rates. The presence of 
sulfuric acid in the phosphoric acid decreased corrosion to a 
negligible amount.

Silver and tantalum offered excellent resistance to corro­
sion. Tarnishing, very slight in the case of the latter metal, 
occurred, but no pitting did. The severest tarnishing of 
silver as judged by the eye was caused by dilute crude acid 
which did not attack the metal as much as c. p . acid.

N o n - F e r r o u s  A l l o y s—Very few non-ferrous alloys ex­
hibited low corrosion rates in c. p . or crude phosphoric acid.

T a b le  V— C o rro s io n  o f M e ta ls  in  P u re  P h o s p h o r ic  A cid 
(Specim en ground to  rem ove surface im perfections, washed in soap and  w ater, dried in alcohol and  in e the r; to ta lly  im m ersed in 150 cc.

of solution a t 95° ^ 3 °  C.)

Acid C orrosion  R ate p e r  D ay
R emarksS ample Strength M ax. M in. Average

1 A lum inum
%

85
Cm. X 10~6 
170,000

BEAKER

Cm. X 10“« 
140,000

TESTS

Cm. X 10~> ln .  X i t f “ 5 
160,000 63,000 Film , p ittin g

3 C opper 85 3 .5 2 .9 3 .2 1.3
C opper 2 5 .5 13 12 12 4 .7 Porous film

5 L e a d . 85 86 79 82 32
Lead 2 5 .5 ° 12 12 12 4 .7 B right, no adheren t film 

Film , p itting6 Nickel 85 * 380 360 370 150
9 T in 85 710 490 600 240 Film

10

13

Zinc
Zinc
Alpax

85
2 5 .5
25 .5 12,000 12,000

V ery high 
V ery high 

12,000 4700 Severe p ittin g
19 Low brass B 85 4 .8 2 .8 3 .7 1 .5

Low brass B 2 5 .5 1.9 1 .9 1.9 0 .74 Discolored
20 M achine brass 85 0 .9 0 .9 0 .9 0 .4 Discolored

M achine brass 25 .5 3 .2 3 .2 3 .2 1 .3 Copper-colored film 
Discolored37 M onel m etal 85 3 .0 2 .3 2 .6 1 .0

M onel m etal 2 5 .5 2 .7 2 .6 2 .7 1.1 D iscolored

AERATED TESTS
2 Chrom ium 25.4 7 .0 6 .2 6 .6 2 .6 B right
3 Copper 25 .5 250 250 250 9S N o adheren t film
4 Iron  (Armco) 5 0 .8 Dissolved
5 Lead 2 5 .5 “ 63 56 60 24 Film

12 Alcum ite 2 5 .5 “ 230 180 200 79 Film
15 Ampco 12 2 5 .4 “ 1000 150 600 240 R ough, p ittin g
16 Ampco 18 2 5 .4 “ 33 30 32 13 Film , p itting
17 B arberite 2 5 .7 “ 940 910 930 370 E tched , p ittin g
19 Low brass B 2 5 .5 18 16 17 6 .7 A dherent film
20 M achine brass 25 .5 24 17 20 7 .9 A dherent film
21 T obin  bronze 25 .7 55 50 52 20 Discolored
23 E verdu r 2 5 .5 “ 1500 930 1100 430 Porous film, microscopic p ittin g
26 Hills M cC anna 45 2 5 .5 “ 16 15 16 6 .3 D iscolored
27 H ills M cC anna 52 2 5 .5 “ 1300 1300 1300 510 E tched
28 H ills M cC anna 55 25 .5 190 140 160 63 E tched
29 H ytensl 2 5 .5 23 15 21 8 .3 Film
37 M onel 25 .5 34 32 33 13 Discolored
38 N ichroine IV 2 5 .5 490 460 480 190 Severe p ittin g

N o film, microscopic p itting39 Allegheny 2 5 .5 1 .5 0 .0 6 0 .6 0 .2
40 CrVj 2 5 .5 “ SO,000 30,000 Porous film, severe localized p ittin g
41 CrV< 2 5 .5 “ 210 200 200 79 A dherent film, severe localized p ittin g
44 E n duro  (C. L. P.) 2 5 .5 “ .& 0 .4 0 .2 0 .3 0 .1 N o film, b righ t 

N o film, b right52 U niloy 2825 2 5 .5 “ . b 0 .9 0 .1 0 .4 0 .2
“ P a rtia lly  im m ersed.
b V ery high corrosion ra te  upon in itia l exposure.
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F ig u re  3—T e m p e r a tu r e  E ffec t o n  C o r­

ro s io n  o f I Iy te i i8l i n  P h o s p h o r ic  A cid

Brownish non-adherent films formed on Adnic which was 
uniformly corroded at a high rate. Film fonnation occurred 
on Alcumite G whose high rate of corrosion was increased by 
products of corrosion. The depth of some of the pin holes 
which occurred in Alpax indicated a penetration rate of 0.03 
cm. per hour. W ith Am brae a loose yellow film was formed 
in c. p. solutions. The presence in solution of products of 
corrosion or of sulfuric acid increased its corrosion.

Ampco 12 and Ampco 18 were uniformly corroded when 
totally immersed, but were not when partially immersed,

especially the former 
alloy. Its high corro­
sion rate was increased 
tre m e n d o u s ly , that 
portion of the metal 
above the liquid line 
being a t ta c k e d  the 
most. The fairly low 
corrosion rate of the 
latter alloy was only 
doubled by partial im­
m e rs io n . In non­
aerated solutions the 
rate of co rro s io n  of 

Ampco 18 was but 50 per cent of tha t in solutions aerated at 
the rate of 50 and 95 cc. air per minute. The crude acid left 
the surface rough. This alloy was sensitive to products of 
corrosion, copper being reprecipitated on the ¡surface in form 
of blisters. The addition of 1 gram of copper phosphate 
to 150 cc. c .  p . acid increased the corrosion ten "to fort}' 
fold.

Barberite was badly corroded when partially immersed, 
the area above the liquid line being affected the most. The 
metal was etched and microscopically pitted. The depth of 
some pits corresponded to a penetration rate of but 30 X 10 ~6 
cm. per day. The corrosion rate a t room temperature was 
found to be 2.5 X 10"6 cm. per day in 25 per cent acid, as 
determined by a beaker test extending over 42 days.

Low brass A and Low brass B both have high corrosion 
rates. Non-adherent films were formed in c. p . acids. The 
presence of sulfuric acid and of products of corrosion in­
creased the corrosion rate of the former. A thick adherent 
film formed on the latter alloy when in crude acid. After 
the initial exposure no loss in weight was observable in non­
aerated non-agitated concentrated crude acid.

Little or no deposits were formed on Tobin bronze by c. p . 
acids, but the surfaces were part copper-colored and part blue- 
black. In 10 per cent acid there was microscopic pitting. 
Non-uniform tarnishing occurred in dilute crude, but in 
concentrated crude, on top of a uniform and adherent tarnish 
film was a loose gray outer deposit. The corrosion rates in 
10 per cent c. p . and in the dilute crude acids were initially 
high, but decreased with each exposure, rapidly at first, and 
then more slowly; the corrosion rate indicated is probably 
near the true rate. Products of corrosion seemed to have 
little effect on the fairly low rates of corrosion.

Yellow brass corroded uniformly at a fairly low rate, little 
affected by the accumulation of the products of corrosion. 
A black adherent film forms in aerated solutions as compared 
to the copper-colored surface when under conditions of non­
aeration. The addition of hydrofluoric acid to phosphoric 
acid at room temperature did not seem to affect the corrosion 
rate of a machine brass similar to the yellow brass.

Heavy crustations formed on the unexposed portion when 
Everdur was partially immersed in the acid, and microscopic 
pitting occurred. The depth of some pits indicated a pitting 
rate of 0.01 mm. per day. At room temperature the corro­
sion rate, as determined by a beaker test, was 2.7 X 10"6 
cm. per day.

Fine black deposits were formed on Ilastelloy D in all 
concentrations of the acid, the surface, after scrubbing, being 
left a smutty black. The film formed by concentrated crude 
acid turned green on exposure to the air. The alloy offered 
fair resistance to phosphoric acid.

Hills McCanna 42 in 25 per cent c. p . acid formed a light 
film which washed off, leaving the metal tarnished. The 
corrosion rate was high. In  dilute crude acid a thick ad­
herent film was formed and the metal surface was left rough. 
Hills McCanna 45 was more resistant to c. p. acid but less 
resistant to crude acid than the alloy 42. Slight non-ad­
herent films formed in c. p . acids and the surface was tarnished. 
In crude dilute acid a heavy crumbly film was formed and the 
surface was much roughened. The beaker test with con­
centrated crude acid showed a high initial corrosion rate 
followed by a very low one, an adherent film being formed. 
Hills McCanna 52, when partially immersed, was badly 
corroded and etching occurred. Hills McCanna 55 corroded 
at a slow rate when initially immersed, but corrosion reached 
a high rate at about the fifth day. Occasional pitting oc­
curred and the surface was etched.

Slight film fonnation occurred on Hytensl in c. p . acids. 
A thick, slightly adherent film was formed in crude acid. 
When in aerated solutions, maximum corrosion was observed 
in the temperature range 75° to 85° C., falling off rapidly at 
liigher temperatures, as shown in Figure 3. The maximum 
occurs when there is a balance between decreasing solubility 
of oxygen due to temperature rise and the increased rate of 
oxygen diffusion to the metal surface (45)- The higher value 
found for the corrosion rate in 25 per cent acid a t 80° C., as 
compared to what would be expected in 25.2 per cent acid as 
read from the curve in Figure 3, shows the degree of repro­
ducibility between two workers working with the same alloy 
and apparatus. The preparation of the surface before 
weighing was a con­
trolling factor.

Illium G show ed 
very good resistance 
to c. p . p h o sp h o ric  
acids of all concentra­
tions up to 50 per cent 
and a t temperatures 
up to a t least 95° C.
There was no film for­
mation nor pitting, 
and the m e ta ll ic  
lu s te r  w as n o t 
dimmed. The corro­
sion rate in the crude acids was also very low, a slight 
non-adherent film being formed leaving the surface dull. 
No pitting occurred. Sulfuric acid additions to c. p . acid, as 
well as the presence of products of corrosion, tended to 
increase the corrosion rate. The metal was porous and 
difficulty was encountered in drying the test specimens to 
constant weight.

Somewhat erratic results were obtained when determining 
the corrodibility of Illium 50. This metal was much less 
resistant than Illium G, being etched deeper and deeper with 
time, a non-adherent film being formed. The addition of 
sulfuric acid caused the formation of an adherent film, yet 
tended to increase corrosion. Products of corrosion increased 
the corrosion rate. The metal was severely attacked by 
crude acid.

The lead alloy, A, with 9.4 per cent antimony, was much 
more corrodible than lead, especially in the more dilute 
solutions. The corrosion rate was highest in 25 per cent c. p . 
acid, and a loosely adherent film was formed. At other con­
centrations the films formed were much more adherent. 
The low corrosion rate in crude acid was undoubtedly due to

- A r e a  o f  I r o n  3 . 3  sq. c m  -  

o - 1 - h o u r  e x p o s u r e  
y . -Z -h o u r  e x p o s u r e  
'a~ZO -hour e x p o s u r e

o% I * 0.6l 
%  * sz  °s .

a
o.z 0 .5 0 60 .3  0 .4

Yo A s
F ig u r e  4— E ffec t o f A rs e n ic  o n  C o rro s io n  

o f I r o n  b y  P h o s p h o r ic  A cid
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Yelk* Brass 
A d m c

Allegheny
N ichrom e

Z

Dur iron

Tobin d r c n i t

I I I  tum . G

nu
Phosphoric A c id

F ig u re  6— C o rro s io n  o f M e ta ls  i n  A e ra te d  P h o s p h o r ic  A cid  a t  95° C.

shortness of these tests. Corrosion rates were highest during 
the first immersion period, and slowly decreased with time.

Enduro (C.L.P.-18 Cr) offered slightly less resistance than 
1S-8 metal. Partial immersion did not affect the corrosion 
rate. The crude acid attacked this alloy a t a very rapid rate, 
and the more concentrated the acid, the more severe the 
attack.

Fahrite, a high carbon steel alloyed with nickel and chro­
mium, was very deeply pitted by c. p . acid.

Hastelloy A corroded a t a high rate, forming non-adherent 
black films in c. p. acid, and pitting slightly. Both the film 
formation and pitting were the most severe in 10 per cent 
acid. In  dilute crude, a non-uniform adherent film was 
formed, and the surface was discolored and roughened. 
Tarnishing and pitting occurred in concentrated crude acid 
with no film formation.

Hastelloy C appeared to be highly resistant to all concen­
trations of the acid. In the c. p . acids there was no film 
formed, no pitting, and the metallic luster was not dulled.
In the dilute crude a slightly crumbly film was formed, and in 
both the dilute and concentrated crude the luster of the metal 
was dulled, but no pitting occurred.

Allegheny metal, when totally immersed, offered excellent ' 
resistance to c. p. acids, but a considerable attack, accom­
panied by film formation, occurred in crude acid, as shown in 
Figure 2. When hydrochloric acid was added to c. p . acid, 
a thin non-adherent black film was formed and the corrosion 
rate was increased. KA-2 was similar in behavior. The 
difference in nickel content might explain the slight differ­
ences in corrosion rates. Pitting occurred along the edge of 
the plate and was most noticeable after treatm ent in crude 
acid. Figure 2 shows the appearance of the metal after 
being in crude acid for two weeks. Non-corrodite 12-22 
showed very good resistance to c. p . acid, no film being 
formed and the surface remaining bright. In  dilute crude 
acid a slight film fonned and the surface was etched. No 
film was formed in the concentrated crude acid.

UrTènihlUiumSa N/«i /rC-4j, nT.

m r;Qjnmtt

Per cent 
•  Coppcr-not Aerated

F ig u r e  5— C o rro s io n  o f M e ta ls  in  A e ra te d  P h o s p h o r ic  A cid  a t  80° C.

the protective action of the film. There was no evidence of 
pitting.

To be compared with the lead-antimony alloy are the lead- 
bismuth alloys, B, C, and D, all of which are in the solid 
solution range. The presence of bismuth raised the corrosion 
rate of lead in c. p . acid. Four per cent bismuth had the 
maximum effect. The more dilute the solution the less was 
the increase in corrosion rate. The effect of bismuth in 
alloys used in crude acid was not readily apparent. Indi­
cations are that corrosion is reduced. Any indentations in 
the metal were accentuated by the corrosion. Pitting was 
evident in specimens used in c. p . acid. The more dilute the 
acid, the coarser the pitting. However, the presence of bis­
muth tended to decrease the depth of pitting in pure lead. 
Crude acid merely accentuated any surface indentations in 
the same period of tune.

Mond 7 0  and monel metal behaved quite similarly as 
regards their high corrosion rates, film formations, and pitting. 
The former alloy pitted deeper than the latter and pitting 
was most noticeable in the c. p .  dilute acid. I t  was very 
evident on both metals when in dilute crude acid. The 
direction of pitting was perpendicular to the face of the sheet. 
Cuts from the grind wheel were widened and deepened.

Nichrome IV and nichrome ribbon offered very little re­
sistance to phosphoric acid and were deeply pitted.

F e r r o u s  A l l o y s—CrV3 and CrV4, steels containing 7 .7  
and 14.4 per cent chromium, respectively, were both badly 
pitted by c. p .  acid. I t  is believed th a t if CrV4 were heat- 
treated to keep the carbon in solution the corrosion resistance 
would be considerably improved.

The Durimet alloy tha t was tested was not particularly 
resistant to phosphoric acid. A black non-adherent film 
formed in c. p . acid, while in crude acid the film formed was 
adherent.

Duriron was very resistant to c. p . acid, even though 
etched, and offered fair resistance to crude acid. I t  is be­
lieved th a t the corrosion in crude acid is considerably affected 
by the presence of hydrofluoric acid. The discrepancy 
between these values and those shown in Table I  is due to the

H is ttt to fC

■IIHum 6
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Sample Acid S trength T e m p .
C orrosion  R ate per  D ay

R emarks
M ax. M in. Average

%  ■ ° C. Cm. X Cm. -X Cm. X In .  X
m etals 10-* 10~* 10~* 10~ *

2 Chrom ium
50 .8 81 3 .5 1 .4 B right
2 5 .0 SI 0 .0 0 .0 B right
10.3 81 0 .0 0 .0 B right
C rude dil. 81 26 10 B right
C rude concd.« 80 10 3 .9 B right, p ittin g

3 Copper (electrolytic)
50.0« 80 26 24 25 9 .8 N o film
25.0« SO 51 38 45 18 N o film
10.0« 80 62 56 59 23 Film
C rude dil. SO 540 530 535 210 Porous film, rough surface
C rude concd.«*» 79 250 240 245 96 Porous film, discolored

5 Lead 50 .8 81 48 42 45 18 Film
2 5 .5 81 34 26 30 12 M icroscopic p itting , rough surface
10.3 81 1 0 .0 1 0 .4 M icroscopic p itting , discolored
C rude dil. 81 G ain G ain 0 .0 0 .0 Discolored
C rude concd.« 80 0 .4 G ain 0 .4 0 .2 Discolored

6 N ickel . C rude dil. 80 560 220 Film , p itt in g /
7 Silver 50.0 80 0 .7 0 .5 0 .6 0 .24 D iscolored/

25 .0 80 0 .5 0 .2 0 .3 5 0 .14 D iscolored/
10.3 80 0 .4 0 .0 0 .2 0 .0 8 D iscolored/
C rude dil. 80 0 .1 0 .0 0 .1 0 .0 4 D iscolored/

8 T an ta lum 50 .8  b 98 0 .0 0 .0 D iscolored/
25.76 98 0 .0 0 .0 D iscolored/
10.86 98 0 .0 0 .0 D iscolored/
C rude dil. 98 0 .0 0 .0 D iscolored/

9 T in C rude concd.« 98 800 310 Etched
NON-FERROUS ALLOYS

11 Adnic
50 .8 98 68 27 Film , d iscolored/
25.7 98 75 30 Film , discolored/
10.3 97 130 51 N on-adheren t film, discolored/
C rude dil. 98 1300 510 Porous film, d iscolored/

14 Am brac 50 .8 98 38 38 38 15 Porous film, microscopic p ittin g
15 Ampco 12 50 .8 81 67 58 63 25 D iscolored/

25 .7 81 77 77 77 30 D iscolored/
10.3 81 160 160 160 63 Film , etched
C rude dil. 80 590 460 530 210 Porous film, localized p ittin g
C rude concd.« 79 11 1 .0 6 2 .4 Porous film

16 Ampco 18 50 .8 81 16 13 14 5 .5 D iscolored/
25.7 81 16 15 16 6 .3 D iscolored/
10.3 81 24 21 22 8 .7 D iscolored/
C rude dil. 81 390 390 390 150 Porous film, rough surface, localized p ittin g
C rude concd.« 79 95 14 25 9 .8 Film , p itting , d iscolored/

18 Low brass A 50 .8 95 160 150 155 61 Film , microscopic p itting , b r ig h t/
19 Low brass B 5 0 .0 80 56 22 Film , discolored/

25 .0 80 98 39 Film , d u ll/
10.0 80 170 67 Film , d iscolored/
C rude dil. 79 790 310 D iscolored/
C rude concd.« 79 0 .0 0 .0 D iscolored/

21 T obin bronze 50 .8 80 19 18 19 7 .5 Colored
2 5 .0 80 35 32 34 13 D iscolored/
10 .3 80 40 29 30 12 M icroscopic p ittin g , d iscolored/
C rude dil. SO 350 230 240 94 D iscolored/
C rude concd.« 79 31 19. 25 19 .8 D iscolored/

22 Yellow brass 50.8 97 25 23 24 9 .4 D iscolored/
25 .7 97 38 19 29 11 D iscolored/
10.3 96 26 24 25 9 .6 D iscolored/
C rude dil. 95 1400 550 Copper-colored, porous film

24 H astelloy  D 50.0 80 13 11 12 4 .7 Film , d iscolored/
25 .0 80 25 18 22 S .7 Film , localized p itting , discolored/
10.0 SO 39 32 35 14 Film , localized p itting , discolored/
C rude dil. 80 2 .7 0 .0 1.4 0 .6 Porous film, discolored/
C rude concd.« 79 56 55 56 22 A dherent film, localized p it t in g /

25 H ills M cC anna 42 25 .0 81 60 24 N on-adheren t film, discolored/
C rude dil. 81 380 150 A dherent film, rough surface, d iscolored/

26 H ills M cC anna  45 50 .8 81 S 3 .1 D iscolored/
25 .0 80 14 5 .5 Film , d iscolored/
10.3 SO 20 7 .9 Film , discolored/
C rude dil. SO 5S0 230 Porous film, rough surface, d iscolored/
C rude concd.« 79 3 G ain 3 1 .2 Porous film, discolored/

29 H y tensl 50 .8 80 34 30 32 13 Film , d iscolored/
25 .2 81 29 28 28 .5 11 Film , d iscolored/
25 .2 75 30 30 30 12 Film , d iscolored/
25 .0 80 38 37 37 .5 15 Film , discolored/
25 .2 83 32 28 30 12 Film , d iscolored/
25 .2 95 22 17 20 7 .9 Film , d iscolored/
10.3 80 40 38 39 15 Film , discolored/
C rude dil. 79 660 570 615 240 Film , rough su rface/
C rude concd.« 79 155 142 148 58 Film , d iscolored/

30  Illium  G 50 .8 9S 16 0 .4 8 3 Film
50 .0 80 1.1 Gain 0 .4 0 .1 6 B right
25 .7 94 0 .2 O.OS B right
25 .0 SO 0 .19 Gain 0 .0 0 .0 B righ t
10.3 94 0 .0 G ain 0 .0 0 .0 B righ t
10.0 80 2 .2 G ain 1.7 0 .7 B righ t
C rude dil. 94 15 9 .4 13 5 .1 Film , dull
C rude dil. 80 3 .0 1 .2 Film , dull
C rude concd. 94 11 4 .3 Film , dull
C rude concd.«* « 80 3 .4 1 .3 Film , dull

31 Illium  50 5 0 .8 97 53 51 52 20 Film , etched
C rude dil. 81 600 240 Film , rough su rface/

32 L ead A 50 .0 80 106 77 92 36 A dheren t film
25 .0 80 130 120 123 49 Film , discolored/
10.0 80 64 63 63 25 A dheren t film, d iscolored/
C rude dil. 80 1.2 0 .0 0 .6 0 .2 4 Black ad h eren t film
C rude concd.« 80 0 .36 0 .0 0 .1 8 0.07 Black adheren t film
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S ample Acid Strength T em p .
Corrosion  R ate pe r  D ay

M ax. M in. Average
R  EMARKS

% ° C. Cm. X Cm. X Cm. X /* .  X
METALS 10~* 10-* 1 0 ~* 10-*

33 Lead B 50 .8 81 116 47 106 42 M icroscopic p itting
25 .7 82 89 81 85 33 M icroscopic p itting
10.3 81 7 Gain 7 3 M icroscopic p itting
C rude dil. 81 0 .4 Gain 0 .2 0 .0 8
C rude concd.« SO 0 .4 Gain 0 .2 0 .0 8

34 Lead C 50. S 81 55 47 51 20 M icroscopic p itting
25 .7 81 50 31 41 16 P ittin g
10.3 81 5 G ain 3 1 .2 Localized p itting
C rude dil. 81 Gain G ain 0 .0 0 .0
C rude concd.« 80 0 .2 Gain 0 .2 0 .0 8

35 Lead D 50 .8 SI 62 49 56 22 M icroscopic p ittin g
25 .7 81 36 34 35 14 P ittin g
10.3 81 7 5 6 2 P ittin g
C rude dil. SI Gain Gain 0 .0 0 .0
C rude concd .« SO 0 .3 Gain 0 .2 0 .0 8

36 M ond 70 50 .8 80 34 13 Film , d iscolored/
2 5 .0 SO 52 20 Film , d iscolored/
10 .3 80 105 41 Film , microscopic p ittin g
C rude dil. SO 450 180 Porous film, severe microscopic p ittin g , discolored/
C rude concd.« 79 74 29 Thick film, d iscolored/

37 M onel 50 .8 80 . 34 13 Film
2 5 .0 SO 49 19 Film
10.3 80 95 37 Film
C rude dil. 80 480 190 Film , p ittin g , d iscolored/
C rude concd.« 79 70 28 Film , d iscolored/

38 N ichrom e IV C rude dil. 97 560 220 Severe localized p ittin g
FERROUS ALLOYS

39 Allegheny 50 .8 97 0 .7 0 .3 B rig h t/
25 .7 97 0 .2 0 .0 8 B rig h t/
10 .3 95 0 .2 0 .0 8 B rig h t/
C rude dil. 97 680 270 N on-adheren t film

42 D u rim e t 50 .8 80 31 12 Film , d iscolored/
25 .0 so 110 43 N on-adheren t film, b r ig h t/
10.3 SO 57 22 N on-adheren t film
C rude dil. 80 410 160 Porous film, rough surface/
C rude concd.« 80 140 55 Film , d iscolored/

43 D uriron 50 .8 97 5 .2 2 .0 E tched , b rig h t/
25 .7 97 1.1 0 .4 E tched , b rig h t/
10.3 96 4 .1 1 .6 E tched , b r ig h t/
C rude dil. 98 100 39 Film , discolored/

44 E nduro  (C. L . P .) 50 .8 98 1.7 1 .5 1 .5 0 .5 9 B rig h t/
25 .7 97 1.6 1.1 1.4 0 .5 5 B rig h t/
10.3 97 0 .9 0 .6 0 .8 0 .3 B rig h t/
C rude dil. 98 8500 3700 N on-adheren t film

45 F ah rite 50. S 98 350 230 280 110 Severe p ittin g , discolored/
46 H astelloy  A 5 0 .0 81 30 25 28 11 B righ t

25 .0 81 60 59 60 24 Dull
10 .0 80 85 76 80 32 Film , p ittin g /
C rude dil. 80 540 470 505 195 Porous film, rough surface/
C rude concd.«*»« 80 230 230 230 91 F ilm , p ittin g /

47 H astelloy  C 50 .0 81 3 .4 0 .8 2 .1 0 .8 B right
2 5 .0 81 4 .7 4 .5 4 .6 1 .8 B right
10 .0 81 5 .8 5 .2 5 .5 2 .2 B right
C rude dil. 80 11 10 10 .5 4 .1 Dull
C rude concd.«*»« 80 7 .8 6 .9 7 .4 2 .9 Dull

48 KA-2 50 .8 98 0 .7 0 .7 0 .7 0 .3 B right, p ittin g
25 .7 98 0 .5 0 .2 B right, p ittin g
10 .3 98 0 .4 0 .2 Bright
C rude dil. 97 440 220 330 130 Film , p itting

49 N on-corroditc— 12-22 5 0 .0 80 0 .82 G ain 0 .8 2 0 .3 2 B rig h t/
2 5 .0 80 0 .7 2 Gain 0 .7 2 0 .2 8 B rig h t/
10.3 80 0 .0 0 .0 0 .0 0 .0 B right
C rude dil. 80 25 9 .8 Film , etched
C rude concd.« 78 3 .0 2 .0 2 .5 0 .9 8 B right

50 Silchrom e 50 .8 98 1 .5 1.1 1 .3 0 .51 B right
51 Uniloy 1409 5 0 .0 80 13000 5100 R ough surface ,

25 .0 80 6700 2600 Porous film, rough su rface/
10 .0 80 1900 750 Porous film, rough su rface/
C rude dil. 80 9600 3800 Porous film, p itting
C rude concd.« 79 8700 3400 H eavy  porous film, rough surface/

52 Uniloy 2825 5 0 .8 99 0 .4 0 .2 0 .3 0 . 1 1 B rig h t/
50 .0 81 0 .3 0 .0 0 .2 0 .0 8 B rig h t/
25 .0 81 0 .0 0 .0 0 .0 0 .0 B rig h t/
10 .0 81 0 .0 0 .0 0 .0 0 .0
C rude dil. 99 3 .6 0 .0 1 .8 0 .7 Dull
C rude dil. 80 0 .0 0 .0 0 .0 0 .0 B right
C rude concd.« 80 1.7 1 .4 1 . 6 0 .6

° C rude H 3PO 4 m ade from  F lorida pebble phosphate . 
b P a rtia lly  im m ersed. 
c N o t aerated .

<* C oncen tra ted  crude from  Tennessee brow n rock n o t ag ita ted . 
« B eaker te s t— to ta lly  im m ersed, not aerated .
/  A fter scrubbing w ith bristle  b rush , soap, and  w ater.

Silchrome, an alloy with 19 per cent chromium, but high in 
silicon, was resistant to c. p . acid.

Uniloy 1409 showed very high corrosion rates. Film 
formation occurred, and the metal was pitted along the edge 
of the plate. But Uniloy 2825 was extremely resistant to 
phosphoric acid corrosion. No films were formed in any 
concentration of acid and the metallic luster was dulled only 
in the dilute crude.

O bservations on Passivity
When stainless irons and steels were first placed in c. p . 

phosphoric acid, the rate of corrosion was very high, but 
slowly fell off to a very low figure. The difference in rates 
was as much as 1000 X 10“6 cm. per day. If 18 per cent 
chrome iron was dipped in nitric acid, then placed in phos­
phoric acid, no reaction was noticeable, and the corrosion 
was low. But if it  was dipped in hydrochloric acid before
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being placed in phosphoric acid, rapid reaction occurred, 
even with air bubbling through the solution; if left over 
night, passivation ensued. Halides are well-known depassi- 
fying reagents. They caused film formation. The presence 
of hydrofluoric acid brought about an etching of the surface.

The behavior of some of these ferrous alloys when placed 
in hot acid was studied by watching the voltage changes of 
the cell,

Metal | HjPO« | tungsten

Phosphoric acid was placed in two beakers connected by a 
siphon. One beaker was on a hot plate and the other was 
heat-insulated and placed near by. A strip of metal was 
placed in the former beaker, and an electrode of tungsten, 
which offers excellent resistance to c. p . acid, was placed in the 
latter. The electrode was made of a thick piece of tungsten 
wire, one end of which was fused to a glass tube. Mercury 
was used to make electrical connection between the tungsten 
and the lead wire from the potentiometer used to determine 
the e. m. f. of the cell. If the metal was passive it was 
cathodic—i. e., current flowed within the cell from anodic 
tungsten to cathodic metal.

Simultaneous readings of temperature and voltage of the 
cell

Uniloy 2825 | heated 85% II3PO, | 85% II3PO, | W

were taken. Around 80° C . there were fluctuations of the 
voltage, but Uniloy 2825 remained cathodic; around 130° C. 
the voltage was 0; a t 140° C . Uniloy became anodic and rapid 
reaction took place, the voltage being around 0.25 volt. 
On cooling a hysteresis was noticed, the’voltage not reaching 
0 till 100° C ., which showed that passivation of the metal 
was a slow process in phosphoric acid.

The voltage of the cell
Enduro (C. L. P.) | heated 85% H,PO, | 85% H3PO< | W

had reduced to 0 at 80° C . and a t 135° C . vigorous reaction 
was noticeable, Enduro being anodic.

The cell
KA-2 | heated 50% H3PO, | 50% H3PO, | W

a t the boiling point developed only 0.05 volt (KA-2 anodic).
The cell

Uniloy 2825 | heated 50% H,PO, | 50% H3PO< | W

developed 0.05 volt (Uniloy 2825 cathodic) a t the boiling 
point of. the acid.

The cell
KA-2 | heated 10% HsPO, | 10% H ,P 041 W

increased in voltage as the acid was heated, KA-2 remaining 
cathodic. When a drop of hydrochloric acid was added to 
the boiling phosphoric acid, the polarity of the cell reversed, 
KA-2 becoming anodic with rapid reaction occurring. The 
voltage was 0.5 volt.

This data, in correlation with information in Table I, 
indicates a quick way of determining the maximum tempera­
ture a t which stainless irons may be used with phosphoric 
acid—namely, the determination of the temperature at 
which the stainless iron becomes the anode of the cell

Stainless iron | H3PO< | tungsten

In h ib ito rs  of th e  A ttack  of Phosphoric Acid on Iron

There is present in concentrated crude acid made by the 
sulfuric acid method, some inhibitor of the action of phos­
phoric acid on iron. In an effort to determine what the in­
hibitor is, Armco iron disks */* inch (1.27 cm.) in diameter by

3/s inch (0.95 cm.) thick were suspended in 50 per cent c. p . 
acid to which was added a small quantity of a possible in­
hibitor. The loss in weight was determined after the disks 
had been in solution for 1 hour at 80° C. Table VII lists the 
results.

T a b le  V II— E ffec t of I n h ib i to r s  o n  A rm c o  I r o n  In  P h o s p h o r ic  A cid
100 cc. so lution; 50 per cent HsPO*; SO0 C.; 1 hour

Addition Surface L oss in  W eig h t

%

---------------- —i
Gram

N one Pitting , film 0 .1 3
ÄS+++++ 0 .49 Bright 0 .0 0
HCJ 0 .75 Film 0.04
Pine oil 1 cc. Film 0 .0 5
M ucilage 1 cc. Film 0 .0 6 °
Pyridine 0 .75 Film 0 .1 0
H F 0 .4 5 Film 0.14
HjSiF* 0 .27 Film 0.14
H?SO< 0 .7 5 Film 0.16

° F roth ing.

The presence of sulfuric acid, fluosilicic acid, and hydrogen 
fluoride tended-to increase the corrosion of iron in phosphoric 
acid. Pine oil, mucilage, and pyridine inhibited the reaction 
of iron with phosphoric acid. I t  is quite possible that other 
types of organic material also inhibit the reaction. The in­
hibiting effect of hydrochloric acid was also noticed a t room 
temperature. I t  was because of the sluggishness of the re­
action and the unexpected result that the experiment was 
carried out at 80° C., as recorded above. Arsenic is an 
efficient inhibiting agent. Figure 4 shows the effect of various 
quantities of arsenic pentoxide on the corrosion of iron in 85 
per cent c. p . acid a t 80° C. Indications are that in 50 per 
cent acid slightly more arsenic is required to prevent corro­
sion, about 1400 p. p. m. This is much more than is found in 
the crude acid, so there must be present in the crude phos­
phoric acid other materials which inhibit corrosion.

C onclusions

This work has indicated that 18 per cent chromium should 
be present in stainless irons used to resist c. p. acids; that the 
presence of 8 per cent nickel with 18 per cent chromium is 
beneficial, and that more nickel is detrimental for use in c. p . 
acid and very beneficial for use in crude acid (S-5); that 
corrosion resistance increases with the chromium content; 
that concentrated acid attacks stainless irons more than 
dilute acids; that there is a maximum temperature for each 
alloy above which it should not be used in concentrated acid; 
that this maximum temperature is the temperature a t which 
the stainless iron becomes the anode of the cell

Stainless iron | HsPO, | tungsten

Only a few of the non-ferrous alloys can be compared to 
show relationships between composition and corrosion re­
sistance to phosphoric acid. For instance, the higher the 
aluminum content of copper-aluminum-iron alloys, the better 
the corrosion resistance to c. p . acid. The corrosion resistance 
to c. p . acid is decreased, but to crude acid increased by the 
presence of iron. Nickel is very detrimental to the corrosion 
resistance of these alloys.

Figures 5 and 6 show the corrosion rates of alloys tested in 
mechanically agitated solutions through which air bubbled at 
the rate of 95 cc. per minute. The corrosion rates in both 
c. p . and dilute crude acids are indicated. There are very 
few -cases where alloys show equal or better resistance to 
crude acid than to c. p . acid.

A corrosion rate of 1 X 10~6 cm. per day may be regarded 
as indicative of a resistant material. Those alloys whose 
corrosion rate is 10 X 10-6 cm. per day may be regarded as of 
doubtful use. Thus in c. p . acids, the stainless irons and 
steels, Uliinn G, Tantalum, Duriron, silver, chromium,
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Hastelloy C, and Hills McCanna 45 (concentrated acid) are 
possible resistant metals, and in dilute crude, 28 per cent 
chromium steel, Tantalum, lead and its alloys, Hastelloy D, 
and Illium G. If Duriron be taken as a standard for crude 
acid, then Hastelloy C, high nickel 18 per cent chromium 
steels, and chromium may be also considered.

I t  must not be construed that other metals, like copper, 
cannot be used on certain occasions. Before using any metal 
in large quantities, preliminary trials should be made. Such 
trial should be under actual working conditions and should 
involve checking up totality of immersion, concentration 
changes, composition of the acid, relative velocity between 
specimen and acid, the possibility of the metal surface being 
rubbed, temperature, degree of aeration, and metallic con­
tacts.
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Limitations of Phenol Coefficients of Coal-Tar 
Disinfectants1

C. M. Brewer an d  G. L. A. R uehle

F ood and D rug Adm inistration , U. S. D epartm ent  of Ag ricu ltu re , Washingto n , D. C.

T HE aim of many researches since disinfectants were first 
studied has been to devise a simple laboratory test for 
indicating the value of a germicide under practical 

conditions of use. As a result of this effort, the idea of the 
phenol coefficient has been conceived, and today an integral 
part of the bacteriological examination of a disinfectant 
consists in the determination of its phenol coefficient. Its 
value lies in its convenience and reliability when carried out 
under strictly standardized laboratory conditions. Unfor­
tunately, the phenol coefficient test does not duplicate ac­
curately the many diversified conditions met with in the 
fields in which disinfectants are used. In  fact, it is too 
much to expect a single laboratory test to accomplish this. 
However, there seems to be a tendency, even among experi-

1 Received October 20, 1930.

enced workers, to place too much reliance upon the phenol 
coefficient. Attempts have been made with the usual types 
of disinfectants to establish a ratio between the killing dilu­
tions for B. typhosus {Eh. typhi) and those for the other 
common pathogens, and thus from the B. typhosus phenol 
coefficient to specify the desirable dilutions to be used for 
certain pathogenic organisms under certain conditions. This, 
of course, would result in a great saving in time and labor.

Philbrick (1) has recently tested four coal-tar disinfectants 
against several pathogenic organisms, and concludes from 
his experiments tha t if the B. typhosus phenol coefficient of a 
coal-tar disinfectant is known, it is possible to calculate the 
approximate efficiency of the preparation against Staphylo­
coccus aureus, B. diphtherias, Streptococcus hemolylicus, and 
Pneumococcus. Such a statement, however, must be closely
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T a b le  I— C o a l-T a r  D is in fe c ta n ts  G lvinft M ilk y  S o lu t io n s

P henol
C o efficien ts Appro x . 

R atio of 
C o ef­

ficients

P henol
Co efficien ts Appr o x . 

R atio of 
Co e f­

fic ie n t sB. typhosus Staph.
aureus B. typhosus Staph.

aureus

0 .66 0.25 3:1 3 .3 1 .0 3 :1
0 .8 0 .04 20:1 3 .6 0.33 11:1
0 .8 0 .4 2:1 3 .6 0 .67 5:1
0 .9 0 .17 5:1 3 .6 0 .67 5:1
1.4 0 .1 14:1 3 .6 0 .7 5 5:1
1.55 0 .12 12:1 3 .9 0 .2 5 16:1
1.55 0.15 10:1 3 .9 0 .33 12:1
1.7 0 .12 14:1 3 .9 0 .33 12:1
1.7 0 .17 10:1 3 .9 0 .33 12:1
1 .7 0 .25 7:1 3 .9 0 .33 12:1
1.7 0 .5 3:1 3 .9 0 .4 10:1
1.7 0 .06 3:1 3 .9 0 .4 10:1
1.7 0 .66 3:1 3 .9 0 .4 10:1
1.7 0 .66 3:1 3 .9 0 .4 10:1
1.8 0 .33 5:1 3 .9 0 .5 8:1
2 .0 0 .12 16:1 3 .9 0 .5 8:1
2 .0 0 .15 13:1 3 .9 0 .5 8:1
2 .0 0 .25 8:1 3 .9 0 .5 8:1
2 .0 0 .2 5 8:1 3 .9 0 .5 8:1
2 .0 0 .33 6:1 3 .9 0 .6 7:1
2 .0 0 .33 6:1 2 .9 0 .6 7:1
2 .0 0 .33 6:1 3 .9 0 .67 6 :1
2.1 0 .33 6:1 3 .9 0 .67 6:1
2 .2 0 .12 18:1 3 .9 0 .67 6:1
2 .2 0 .17 13:1 3 .9 0 .67 6:1
2 .2 0 .17 13:1 4 .2 0 .33 13:1
2 .2 0 .17 13:1 4 .2 0 .8 5:1
2 .2 0 .20 11:1 4 .4 0 .33 13:1
2 .2 0 .25 9:1 4 .4 0 .4 11:1
2 .2 0 .25 9:1 4 .4 0 .5 9:1
2 .2 0 .2 5 9:1 4 .4 0 .5 9 :1
2 .2 0 .25 9:1 4 .4 0 .5 9:1
2 .2 0 .2 5 9 :1 4 .4 0 .5 9 :1
2 .2 0 .33 7:1 4 .4 0 .5 9:1
2 .2 0 .33 7:1 4 .4 0 .5 9:1
2 .2 0 .33 7 :1 4 .4 0 .6 7:1
2 .2 0 .33 7 :1 4 .4 0 .6 7:1
2 .2 0 .33 7:1 4 .4 0 .67 7:1
2 .2 0 .33 7:1 4 .4 0 .67 7:1
2 .5 0 .12 20:1 4 .4 0 .67 7:1
2 .5 0.33 8:1 4 .4 0 .67 7:1
2 .5 0 .33 8 :1 4 .4 0 .67 7:1
2 .7 0 .33 8:1 4 .4 0 .67 7 :1
2 .8 0 .17 17:1 4 .4 0 .67 7:1
2 .8 0 .17 17:1 4 .4 0 .67 7:1
2 .8 0 .17 17:1 4 .4 0 .67 7:1
2 .8 0 .2 5 11:1 4 .4 0 .75 6:1
2 .8 0 .25 11:1 4 .4 0 .83 5:1
2 .8 0 .2 5 11:1 4 .4 1 .0 4:1
2 .8 0 .2 5 11:1 4 .4 1.0 4:1
2 .8 0 .3 0 9:1 4 .7 0 .83 6:1
2 .8 0 .33 8:1 5 .0 0 .33 15:1
2 .8 0 .33 8:1 5 .0 0 .5 10:1
2 .8 0 .33 8 :1 5 .0 0 .67 8:1
2 .8 0 .33 8:1 5 .0 0 .67 8:1
2 .8 0 .4 7:1 5 .0 0 .75 7:1
2 .8 0 .4 7:1 5 .0 0 .75 7:1
2 .S 0 .4 7:1 5 .0 0 .75 7:1
2 .8 0 .5 6:1 5 .0 0 .8 3 6:1
2 .8 0 .5 6:1 5 .0 0 .83 6 :1
2 .8 0 .6 5:1 5 .0 1.0 5:1
2 .8 0 .67 4:1 5 .0 1 .0 5:1
2 .8 0 .83 3:1 5 .0 1.17 4:1
3 .0 0 .25 12:1 5 .0 1.17 4:1
3 .0 0 .33 9:1 5 .3 0 .5 11:1
3 .0 0 .33 9:1 5 .5 0 .67 8:1
3 .0 0 .5 6:1 5 .5 0.67 8:1
3 .0 0 .5 6:1 5 .5 0 .67 8:1
3 .3 0 .25 13:1 5 .5 0. S3 7 :1
3 .3 0 .2 5 13:1 6.1 0 .5 12:1
3 .3 0 .25 13:1 6 .1 0 .83 7:1
3 .3 0 .2 5 13:1 6.1 0 .9 7:1
3 .3 0 .3 11:1 6.1 1.5 4:1
3 .3 0 .3 3 10:1 6 .6 0 .83 8:1
3 .3 0 .33 10:1 6 .6 0 .83 8:1
3 .3 0 .33 10:1 7 .2 1.1 6:1
3 .3 0 .33 10:1 7 .7 1.7 5:1
3 .3 0 .33 10:1 8 .0 1 .17 7:1
3 .3 0 .4 8:1 8 .8 1.25 7:1
3 .3 0 .5 7 :1 12.2 5 .0 2:1
3 .3 0 .5 7 :1 12.5 2 .5 5:1
3 .3 0 .5 7 :1 15.0 2 .5 6:1
3 .3 0 .5 7 :1 16.6 5 .0 3:1
3 .3 0 .6 6 :1 17.7 10.0 2:1
3 .3 0 .6 6 :1 19.5 4 .1 5:1
3 .3 0 .67 5:1
3 .3 0 .67 5:1

examined, since numerous considerations and difficulties 
underlie all attempts to make generalizations in this field. 
At present sufficient work has not been done to determine a 
criterion of resistance for the great bulk of the pathogenic 
species. For instance, any figure purporting to give the 
Strep, hemolyticus phenol coefficient of a certain disinfectant 
is likely to be grossly misleading in the absence of work on the 
resistance to disinfectants of a large number of strains of this 
organism. In  general, it may be said that for every different 
germicide there is a different ratio between the B. typhosus

phenol coefficient and the phenol coefficient for other or­
ganisms. Thus, a chlorine disinfectant having a B. typhosus 
phenol coefficient of 6.0 might also have a Staph, aureus 
phenol coefficient of 6.0, whereas a mercury compound 
having a B. typhosus phenol coefficient of 6.0 (or even 20.0) 
would in all probability have a Staph, aureus phenol coeffi­
cient far below 1.

I t  is true that the ingredients of the coal-tar disinfectants 
do not present such extreme variations as the examples 
noted, but nevertheless the complex nature of these disin­
fectants necessitates consideration of this difference in 
behavior toward different organisms.
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T a b le  I I— C reso l C o m p o u n d s  a n d  C o m p o u  n d s  F o rm in g  C le a r 
S o lu t io n s

P henol  Co efficien ts
R atio  of Co efficien ts

B. typhosus Staph, aureus

0 .66 0 .33 2 .0 :1
1 .7 0 .83 2 .0 :1
1 .7 1 .0 1 .7 :1
1.7 1 .0 1 .7 :1
1.7 1 .0 1 .7 :1
1.7 1 .0 1 .7 :1
1.7 1 .0 1 .7 :1
1.7 1.17 1 .5 :1
1 .7 1.17 1 .5 :1
1 .7 1.17 1 .5 :1
1 .7 1.33 1 .3 :1
1.8 1 .0 1 .8 :1
1 .8 1.33 1 .3 :1
2 .0 0 .83 2 .4 :1
2 .0 0 .83 2 .4 :1
2 .0 1 .0 2 .0 :1
2 .2 1.17 1 .9 :1
2 .2 1.25 1 .8 :1
2 .2 1.25 1 .8 :1
2 .2 1 .5 1 .5 :1
2 .2 1 .5 1 .5 :1
2 .8 1.67 1 .7 :1
2 .8 1.67 1 .7 :1
2 .8 2 .25 1 .2 :1
2 .8 2 .3 1 .2 :1
2 .8 2 .67 1 .1 :1
3 .3 1.83 1 .8 :1
3 .3 2 .0 1 .7 :1
3 .3 2.1 1 .6 :1
3 .3 2 .1 1 .6 :1
3 .3 2 .5 1 .3 :1
3 .9 2 .5 1 .6 :1
4 .4 2 .1 2 .1 :1
5 .0 2 .9 1 .7 :1

In  view of the fact that Philbrick reported on the results of 
only four disinfectants of this type, it seemed desirable to 
collect data on a much larger number of such preparations 
before accepting his conclusions as final. We have used the 
same type of disinfectant2 (coal-tar disinfectant) as that 
used by Philbrick and have compared the B. typhosus and 
Staph, aureus phenol coefficients. Our work was limited to an 
organism whose resistance to phenol has been pretty well 
established and accepted, the Department of Agriculture 
strain of Staphylococcus aureus.

The B. typhosus and Staph, aureus phenol coefficients were 
obtained from 206 samples recently received at this labora­
tory. The results shown on the cloudy emulsifying type of 
disinfectants are given in Table I, and those of the clear 
solution type, similar to liquor Cresolis Composilus in 
Table II. Both the Staph, aureus and B. typhosus coefficients 
were determined by the R. W. modified method (2) in use 
for some years a t the Department of Agriculture and used by 
Philbrick. I t  will be noted tha t the list includes preparations 
having B. typhosus phenol coefficients ranging all the way from 
0.66 to 19.5, which covers the usual range of products offered 
in the market. The ratio of the two coefficients is given in 
the third column. I t  is realized, of course, th a t calculating 
the phenol coefficients to the second decimal place may seem

* T he  coal-tar d isinfectant, as  s ta ted  above, is n o t a specific com pound. 
T h e  proportions and  kinds of phenols, n eu tra l oils, or o th e r ingredients 
m ay v a ry  widely, b u t if it be necessary to  lim it th e  d is in fec tan t to  a  single 
com pound of know n concen tration  before we can use th e  phenol coefficient 
to  calculate th e  desired inform ation , such knowledge would be of little  prac­
tical use.
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to give a false inference as to the accuracy of the method 
employed, and for this reason only one decimal place is 
customarily given. In this case, however, such a large 
proportion of the Slaph. aureus phenol coefficients are below 
unity tha t a wide disparity from the true ratio would result 
by eliminating the second decimal place. If Philbrick were 
correct in his conclusion, a fairly constant ratio between 
the two coefficients should be maintained, since his figures 
indicate a ratio of approximately 4 or 5 to 1.

The data in the tables need very little discussion. The 
lack of any definite or reasonably fixed relation between 
the first two columns is quite apparent. I t  may be seen that 
the ratio between the two coefficients varies from 2.0 to 20.0, 
a discrepancy of 1000 per cent. In the case of the phenol and 
cresol preparations which form clear solutions, one might 
expect to find a very close comparison to phenol itself—i. e., 
a ratio between coefficients of 1 to 1. However, in the co­
efficients of the 34 preparations given in Table II, deviations 
of 100 per cent are noted, although in general the ratios are 
much more consistent than in the other type of prepara­
tions.

From these figures we may conclude that it is impossible 
to calculate the Staph, aureus phenol coefficient from the 
B. typhosus coefficient, a t least in the case of coal-tar phenol 
disinfectants, and tha t the phenol coefficient is limited in 
usefulness to interpretations based on comparisons of different 
disinfectants against the test organisms alone and only under 
the prescribed conditions of the tests.

Noting the absence of a constant ratio of the phenol co­
efficients of a single type of disinfectant when tested against 
two organisms of standardized resistance, and having in 
mind the lack of standardization among other species of 
pathogenic bacteria and the fact that the resistance among 
individual strains of any one species varies widely, it seems 
reasonable in the present state of our knowledge to conclude 
that any attem pt to estimate the efficiency of a disinfect­
an t against other species of pathogenic bacteria from the 
B. typhosus phenol coefficient is unreliable and unsafe.

L ite ra tu re  Cited
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Aluminum Chloride and the Friedel-Crafts 
Reaction12

P. H. Groggins

C olor and F arm W aste D iv isio n , B ureau  op Ch em istry  and So ils , W ashingto n , D . C.

THE utilization of an­
hydrous a lu m in u m  
chloride as a reagent 

for chemical reactions has in­
creased tremendously during 
the past decade. The recent 
marked decline in the price of 
this chemical has stimulated 
widespread interest in further 
uses for it and the expansion 
of existing p ro cesse s . A 
d iscu ss io n  of a lu m in u m  
c h lo r id e  an d  th e  Friedel- 
Crafts reaction is therefore

T he recen t m arked  decline in  th e  price of anhydrous 
a lu m in u m  Chloride has s tim u la ted  widespread in te re s t 
in  fu rth e r  uses for it. I t  is e s tim a ted  th a t  a lm ost 2 
m illion  pounds are used an n u a lly  for th e  p rep ara tio n  
of a n th ra q u in o n e  an d  its  derivatives. The exceptional 
fastness of th e  vat colors m ade from  these in te rm ed ia te s  
an d  th e  fac t th a t  they  are being m ade available a t  p ro ­
gressively lower prices has  resu lted  in  a n  increase in  
vat dye p roduction  of 500 per cen t in  five years. The 
use of a lu m in u m  chloride in  th e  p roduction  of s a tu ­
ra te d  pe tro leum  products, vat colors, an d  o th e r  useful 
com pounds is ce rta in  to  increase on acco u n t of th e  
m an y  im p o rta n t developm ents now receiving co n ­
sideration .

distinctly a p p ro p r ia te  at
this time. This synthesis is the foundation of the vat-dye 
industry in the United States. The statistics in Table I, 
furnished by the U. S. Tariff Commission, give evidence of 
the rapid growth of this industry.

I t  is difficult to estimate the quantity of aluminum chloride 
required for the preparation of these vat colors, since alumi­
num chloride may be used, not only in the preliminary syn­
thesis of anthraquinone and its derivatives, but also in many 
of the subsequent steps of manufacture. Furthermore, and 
unfortunately so, the data in Table I  are not based on simple 
strength dyestuff. The poundage represents commercial 
pastes having an actual dyestuffs content ranging from 8 
to 25 per cent. I t  is estimated tha t the consumption of 
anhydrous aluminum chloride will be approximately equal 
to the production of actual net dyestuffs.

In  the field of petroleum technology the quantities of
1 R eceived D ecem ber 4, 1930. P a r t  of p ap er p resen ted  before th e  

m eeting  of th e  A m erican In s ti tu te  of Chem ical Engineers, N ew  O rleans, 
L a., D ecem ber 8 to  10, 1930.

1 One h undred  an d  eigh ty-six th  con tribu tion  from  th e  Color and  F a rm  
W aste  D ivision, B ureau  of C hem istry  and  Soils, U . S. D ep artm en t of 
A griculture.

aluminum chloride used are 
m uch  g re a te r . In 1929 
McAfee (10) stated that the 
Gulf Refining C o m p an y  
m a n u fa c tu re s  a lu m in u m  
chloride a t the rate of 75,000 
pounds per day, or about 
25,000,000pounds per annum. 
By examining the approxi­
mate production figures for 
the United States from all the 
available data and the figures 
s u b m it te d  by McAfee of 
the Gulf Refining Company,
it becom es apparent that 

most of the anhydrous aluminum chloride produced in this 
country is manufactured and used by the Gulf Refining 
Company.

T a b le  I— D o m e s tic  C o n s u m p t io n  o f V a t D yes O th e r  T h a n  In d ig o , 
1924 to  1929

Y ear

1924
1925
1926
1927
1928
1929

D omestic P roduction 
Lbs.

1,821,319
2,608,361
2,815,241
4,925,512
6,514,132
9,464,067

I mport
Lbs.

1,493,851
2,418,842
1,845,208
1,724,910
2,301,761
2,694,901«

° C onstitu tes 42 per cen t of all dyestuffs im ported.

T a b le  I I— P r o d u c t io n  o f A lu m in u m  C h lo r id e  in  th e  U n ite d  S ta te s ,  
1924 to  1929

Anhydrous

Y ear

1924
1925
1926
1927
1928
1929

T otal
P roduction

Lbs.
12,020,000
26.665.000
34.500.000

Anhydrous
AhCle
Lbs.

29.200.000
28.990.000
28.57.4.000

Crystals 
AhCU. - 
12HîO 
Lbs.

540.000
744.000
730.000

AhCl« 
P roduced 

Solution  by G ulf 
30%  AhCl« R e fin in g  Co

Lbs.

5.520.000
4.806.000
4.798.000

Lbs.
10,718,699
21,386,530
27,264,297
26,550,186
27,016,750
26,840,146
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Whether the Friedel-Crafts reaction is responsible for 
the development of cheap aluminum chloride or whether 
the introduction of this halide at progressively decreasing 
prices is responsible for the extensive industrial application 
of the reaction is an academic question of interest. What is 
important, however, is the fact that when chemical invcsti- 

. gation showed the value of aluminum chloride, first in or­
ganic synthesis and later in petroleum-cracking processes, 
the chemical engineer evolved practical methods for supplying 
the demands of industry.

P reparation  of A nhydrous A lum inum  Chloride

Although the product was expensive, the cost of preparing 
anhydrous aluminum chloride proved no deterrent to the 
early investigators who explored its properties. Three out­
standing engineering processes which are in use today deserve 
some measure of attention. Jacobson (7) in 1921 developed 
the process which depended on the preliminary formation of 
aluminum bromide. This step was accomplished by the 
mere addition of bromine to metallic aluminum. AVhen a 
stream of chlorine was bubbled through the molten alumi­
num bromide, the bromine atom was displaced and aluminum 
chloride formed. The liberated bromine was, of course, 
recovered for further use in the operating cycle. The physi­
cal form of the product made by this process may range from 
large lumps to a fine powder.

This method of preparing aluminum chloride exercised a 
powerful influence on the domestic dyestuffs industry. By 
effecting a marked and continuous reduction in the cost 
of the condensing agent, it was instrumental in bringing about 
the change in the method of synthesizing anthraquinone. 
The time-honored procedure of oxidizing anthracene with 
chromic acid was displaced by the Friedel-Crafts synthesis. 
This procedure involved condensing phthalic anhydride 
with benzene in the presence of anhydrous aluminum chlo­
ride. The early development of the American vat-dye in­
dustry can, therefore, justly be attributed to the develop­
ment of (1) Gibbs and Conover’s catalytic vapor-phase 
preparation of phthalic anhydride from naphthalene, (2) 
Jacobson’s aluminum chloride process, and (3) the subse­
quent chemical-engineering achievements of the E. C. Klip- 
stein and Sons Company. This organization has not only 
produced and marketed the aluminum halide on a large scale, 
but has continuously used it with success in the manufacture 
of anthraquinone.

The Savell-Sayre Electro Chemical Company next entered 
the aluminum chloride industry. By employing the elec­
tric furnace in the area of low power costs this organization 
developed an economical manufacturing procedure. Metallic 
aluminum is melted and dry chlorine passed into the molten 
charge. Aluminum chloride is formed and vaporized. These 
vapors are condensed and a colorless product of high purity 
is obtained. The determining factor in the cost of aluminum 
chloride prepared by this and the preceding method is ob­
viously the price of scrap aluminum. These two organiza­
tions have been successful in supplying the ever increasing 
demands of the consuming industries at progressively lower 
prices. Thus, in a short period of six years, the price of 
anhydrous aluminum chloride had fallen from approximately 
25 cents per pound (1922) to 12 cents (1928).

Simultaneously with these two developments McAfee and 
his associates of the Gulf Refining Company had made out­
standing progress in the art of preparing anhydrous alumi­
num chloride. This undertaking was a logical and inevi­
table activity. The seeds for this enterprise were sown when 
McAfee discovered the technical and economic advantages 
of using aluminum chloride as a chemical cracking agent in 
petroleum technology (9). The most noteworthy achieve­

ment was the substitution of bauxite, A120 (0 H )4, for metallic 
aluminum in the manufacturing process. This was a revo­
lutionary change. I t  made operations on a huge scale 
feasible and economical. These chemical-engineering ad­
vances resulted in a reduction in the cost of the product. In 
1929 it was announced that the benefits of this economical 
manufacture would be passed on to other consuming indus­
tries.

The process as described by McAfee is carried out as 
follows: Crude bauxite ore which is reasonably low in silica 
and iron is calcined at about 1000° C. to drive off the free 
and combined water. To the dehydrated ore is then added 
one-third of its weight of coke or coal. The mixture is 
pulverized and coated with a carbonaceous liquid binder, 
such as wax tailings or asphalt. This mass is briquetted 
and then heated to approximately 800° C. The volatile 
m atter in the coke or coal is driven off, and a hard briquet 
composed of 82 per cent bauxite and 18 per cent carbon 
remains. The hot carbonized briquets arc charged into the 
chlorinating furnaces. Chlorination is accomplished at a 
temperature of 850° C. in a vertical shaft lined with circular 
fire brick.

C om parative P roperties of Technical an d  C. P. A lum inum  
Chloride

Unlike the colorless product obtained by the Savell-Sayro 
electrochemical process and the Klipstein displacement 
process, the aluminum chloride obtained from bauxite ore 
is brown. I t  contains appreciable quantities of ferric chlo­
ride and titanium tetrachloride. The quantity of such 
extraneous constituents of technical aluminum chloride 
depends, of course, on the character of the bauxite used. 
The actual AljCle content does not, however, fall below 
95 per cent. A typical analysis follows:

A n a ly sis  of T e c h n ic a l  A n h y d ro u s  A lu m in u m  C h lo rid e  
(Gulf Refining C om pany Product)

% %
N on-volatiles..................................... 1 .34

T iO j................................................ 0 .0076
FciCb.............................................. 0 .172

%
A hO j............................................... 0 .491
C arbon -\- undetd . (by diiT.). 0 .672

AhCU............... 95 .10 T itan ium , iron, and  alum inum  
detd . as oxides............................F eC lj.................. 1.53 38.26

TiCl«.................. 1.00 TiCb................................................ 0 .42
N on-volatiles. 1.34 FejOa..............................

AI2O3 (by diflf.)...........................
Chlorine com bined........................

0 .92
36 .92

77.75
T iC h ...............................................  0 .90
F e C h ..............................................  1.00

{ AlaCU.............................................  75 .85

The technical product is a distinctly granular material. 
This granular characteristic will obviously be demonstrated 
in two ways. The product will flow readily on inclined 
planes, and it will not pick up atmospheric moisture so 
rapidly as a powdered or screened material. The following 
simple experiments should make this clear. In Table I I I  
are shown the data obtained by delivering 50-gram samples 
of a teclmical and a screened c. p. anhydrous aluminum 
chloride to an inclined metal plane. The material was fed 
from a funnel so that a uniform rate of deliver}' was assured. 
I t  is apparent tha t a slope of 30 degrees is insufficient for a 
satisfactory flow of the halide. I t  is also obvious that the 
screened c. p. aluminum chloride does not flow so readily 
as the technical product. When the slope was 45 degrees 
more than three times as much screened c. p . aluminum chlo­
ride as technical product remained on the plane, and when 
the slope was 60 degrees almost six times as much remained.

The data for the quiescent condition in Table IV show that 
the screened c. p. aluminum chloride absorbs atmospheric 
moisture more rapidly, forming the hydrate, Al2Cl6.12H20 . 
The tests were conducted by exposing 100-gram samples in 
crystallizing dishes a t normal laboratory conditions. AVhen
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the anhydrous aluminum chloride was agitated, there was a 
progressive loss in weight, owing to the formation of alumi­
num hydroxide. The data in Table IV show that the re­
activity of both products under such conditions was similar. 
On allowing these experiments to stand quiescent after these 
tests, there was a distinct increase in weight owing to the 
formation of hydrated aluminum chloride.

T a b le  I I I — C o m p a ra t iv e  F lo w  of A n h y d ro u s  A lu m in u m  C h lo r id e  o n  
In c l in e d  P la n e

L ength  of chute , 18 inches (46 cm .); w idth of chute, 4 inches (10 cm .); 
sam ple, 50 gram s; tem peratu re , 29° C .; re la tive  hum id ity , 50 per cent.

30° S l o p e  45° S l o p e 60° S l o p e

Grams Grams Grams
S C R E E N E D  C. P . A N H YDROUS A LU M IN U M  CH LO RID E

Left on feeder 
D ischarged

4 8 .0  7 .5  
2 .0  42 .5

6.0
44 .0

5 0 .0  50 .0 50 .0
GU L P R E P IN IN G  CO. T E C H N ICA L ANHYDROUS A LU M INUM CH LO RID E
Left on feeder 
D ischarged

4 8 .0  2 .0  
2 .0  48 .0

1 .0
49 .0

50 .0  50 .0 50 .0

T a b le  IV— R a te  of H y d ra t io n  a n d  H y d ro ly s is  o f A n h y d ro u s  
A lu m in u m  C h lo r id e

T em peratu re , 25° C.
R elative  hum id ity , 49 per cent
W eight of m ateria l taken , 100 gram s

T e c i i . A U C U  S c r e e n e d  c . p . A ls C U
T i m e  I n c r e a s e  i n  W e i g h t  I n c r e a s e  i n  W e i g h t

M in . Gram Gram
HY D RA TIO N — Q U IE SC E N T  CONDITION

5 + 0 .0 5  + 0 .1 0
10 + 0 .1 0  + 0 .1 5
20 +0 .11 + 0 .20
30 + 0 .1 2  + 0 .2 5

H YD RO LYSIS— MANUAL A GITATIO N
5 0 .0 0  0 .00

10 -0.10 -0.10
20 - 0 . 2 5  - 0 . 3 0
30 - 0 . 5 0  - 0 . 5 5

20 hours quiescent + 8 .2 5  + 8 .5 0
R atio , w eight in gram s to  *00 =  1.0526 gram s per 100 =  1.0309 gram s 
exposed surface, sq. cm. 95 sq. cm. 97 p er sq. cm.

The loss in weight in the experiments with agitation is 
readily explained. Anhydrous aluminum chloride upon ex­
posure to air containing water vapor is decomposed according 
to the following reversible reaction:

AljCls +  6H20  5 = £  Al2(OH)6 +  6HC1

When the material is stirred the hydrogen chloride will 
escape. Since the molecular weight of the hydrogen chloride 
evolved is twice as great as the water of reaction, there will 
be a corresponding loss in weight. The equation above rep­
resents the limit of aluminum hydroxide formation. In 
fact, hydration and hydrolysis take place simultaneously. 
After 5 minutes the increase in weight due to hydration is 
just balanced by the loss due to hydrolysis.

When the mass is quiescent a crust forms on the exposed 
surface. This will offer resistance to the passage of water 
vapor and hydrogen chloride. The effusion of these two 
gases through the crust will follow roughly Graham’s law 
as a limit; i. e., the passage will be inversely proportioned 
to the square roots of their densities. The tendency of gases 
to effuse through small apertures is a manifestation of the 
motion of their molecules. This activity may be represented 
by the following equation:

«1 _  Idi _  Im,
ut \  di \  nti

where tq and u2 denote the mean velocities of translation 
of the molecules of any two gases whose densities are dx 
and ch, respectively, and mx and rtu denote the molecular 
weights of the two gases.

Since the molecular weight of hydrogen chloride is twice 
as great as tha t of water vapor, the flow of water vapor in­

ward will be \/30.5/18, or 1.415 times as great as the effusion 
of hydrogen chloride outwards. The reversibility of the equa­
tion

A1,C1, +  6H20  5 = t  Al2(OH)e +  6HC1

holds only when no hydrogen chloride leaves the system. The 
hydrogen chloride then reacts with A12(0H)$, forming A ir 
Cl6 and 6H20 . The water thus formed unites with the 
aluminum chloride, forming A12C16.12H20 . In  practical 
operations some hydrogen chloride escapes, and the end prod­
ucts are principally Al2Cl6.12H20  and Al2(OH)o-

From the preceding discussion it is clear tha t the two types 
of anhydrous aluminum chloride exhibit differences in both 
physical characteristics and chemical composition. The 
effect of such differences when the aluminum halide is used 
in oil-cracking processes or in the preparation of aromatic 
hydrocarbons may be considered negligible. Here the metal 
halides do not accompany the volatile distillates. In the 
Friedel-Crafts synthesis of keto acids, however, the con­
densing agent must be separated from the reaction mass by 
hydrolysis.

The principal impurities in technical aluminum chloride 
are ferric chloride and titanium tetrachloride. These con­
stituents are not inert. Both ferric chloride and titanium 
tetrachloride, as will be shown, are moderate condensing 
agents. Chemically these constituents behave like aluminum 
chloride and are removed with it during the course of opera­
tions.

F unction  of A nhydrous A lum inum  Chloride

Anhydrous aluminum chloride can be used as a catalytic 
agent in the preparation of hydrocarbons, as a condensing 
agent in the synthesis of ketones and keto acids, and as a 
cracking agent in petroleum technology.

The following reactions illustrate the formation of hydro­
carbons. The process involves the elimination of HX in 
the presence of aluminum chloride, the H (hydrogen) atom 
being linked to a carbon in a ring, while the X  (halogen) 
atom must be linked to a carbon not in a ring.

In the preceding reactions aluminum chloride behaves as a 
catalyst and less than the molecular quantity of halide con­
sidered as AICI3 can be used.

The formation of ketones and keto acids takes place as 
follows:

Beuzophenone
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- C t J j Q
O OH 

o-Benzoylbenzoic acid

The synthesis of the ketones requires a t least one molecular 
proportion of anhydrous aluminum chloride considered as 
AICI3, whereas the preparation of keto acids necessitates 
its presence as 2A1C13, or A12C16. Here it functions as 
a condensing agent and is not regenerated during the re­
action. Instead, it forms a stable and inactive aluminum 
addition complex of the newly formed ketonic or acylic groups. 
In the preparation of o-benzoylbenzoic acid from phthalic 
anhydride and benzene, the aluminum addition compound 
would probably best be represented as follows:

/CO-C.H5-A1C1,
c ,h /

x CO-OA1C!2

In order to obtain the keto acid it  is necessary to hydrolyze 
this addition compound. When dilute hydrochloric acid is 
used it results in the formation of the keto acid

/ C0\C,H,< \ c 6H,
N C

IK
O OH

and the regeneration of aluminum chloride. The former is 
precipitated out while the latter goes into solution.

A lum inum  Chloride as a Cracking A gent in  
P etro leum  In dustry

When used in petroleum-cracking processes, aluminum 
chloride probably functions as a labilizing and catalytic 
condensing and polymerizing agent. That the halide exer­
cises such properties is definitely established.

Note—The following references shed some light on the multi­
tudinous reactions tha t take place when hydrocarbons are treated 
with aluminum chloride:
D uval, Cornpt. rend., 146, 341-3 (1908), reports-d isp lacem ent of hyd ro ­

carbon radicals in Friedel-C rafts reaction .
G ustavson, Ib id ., 146, 640 (1908); fission and  add ition  p roducts  obtained  

b y  trea tin g  benzene w ith  a lum inum  chloride.
L avaux, Ib id ., 146, 345 (1908); form ation  of d im ethy l an th racenes from 

to luene and  chloroform , acety lene te trab rom ide , e tc ., show n. 
Boeseken, Rec. trav. chitn., 29, 85-112 (1910), believes ca ta ly tic  reac tiv ity  

is due to  a to m  o r group of a tom s being e ithe r (1 ) en tire ly  e lim inated 
from  re s t of molecule and  reacting  as such, o r (2) a c tiv a te d  w ithout 
being separa ted  from  th e  re s t of th e  m olecule. E xperim ental evidence 
is c ited.

Copisarow  an d  Long, J . Chem. Soc., 119, 442 (1921); condensation, m igra­
tion , and  pyrogenic fission takes place when A1C1* reacts on brom o- 
benzene.

Copisarow  and  Long, Ib id ., 119, 1806 (1921), believe th a t  action of AlCli 
on benzene represents a  reversible reaction  in so fa r as m igration of 
a lkyl groups is concerned. Fission of benzene nucleus is facilita ted  
by  high tem pera tu re , AlCli concen tration , ex ten t of a lky lation  of 
hydrocarbon , and  prolongation of reaction . E xperim ental evidence 
is cited.

B as te t, Chem-Ztg., 37, 564 (1913), ob ta ins num erous add ition  an d  po lym ­
erization  p roducts  from  add ition  of series C2II4 to  C iC lito  benzene. 

N orris  and  Couch, J .  A m . Chem. Soc., 42, 2329, (1920); u n sa tu ra ted  com­
pounds contain ing  double bond can replace a ry l hydrocarbons in 
th e  Friedel-C rafts synthesis.

Groggins, I nd . E ng . Chem ., 20, 597 (1928); in p reparing  resins by  ch lo rin a t­
ing  0-cym ene, observed (1) chlorination  in side chains in presence 
of alum inum , (2) condensation of side chains to  form addition  com ­
pounds, and  (3) polym erization w ith form ation of resins.

M ichel, U . S. P a te n t 1,667,214 (1929), re. 17,548; condensation p roducts 
from  olefins an d  hydrocarbons of th e  naph thalene series w ith A lCh. 

Johnson, B ritish  P a te n t 306,437 (1929); m anufacture  and production of h y ­
drocarbons of low boiling poin t using alum inum  chloride and  Borneo 
m ineral oil, 55  p er cen t of original m ateria l a re  recovered as conver­
sion p roducts , 25 per cen t of which consists of benzene and  toluene.

From our knowledge of the composition of crude oils and the 
nature of the distillates after cracking, it is safe to assume that 
all three reactions proceed simultaneously. The result is the 
formation of the more stable saturated compounds. Large 
molecules are labilized and broken down; the fission of the 
larger nucleus with the formation of carbon being favored 
by extreme conditions of temperature and concentration of 
aluminum chloride. Side chains become chlorinated and 
either form addition compounds or migrate. These smaller 
migratory molecules then condense or polymerize, forming 
more stable compounds. Finally unsaturated compounds 
containing a double bond react according to the Friedel- 
Crafts reaction, producing new compounds, which become 
saturated in the presence of carbon under the conditions of 
operation.

McAfee (-9) states:

With proper control of the vapors leaving the distilling system 
and entering the final condenser, and with sufficient time given 
the aluminum chloride, high boiling oils can be completely 
broken down into lower boiling oils, and no matter how un­
saturated the high boiling hydrocarbons may be, the low boiling 
oils produced therefrom are sweet smelling, water-white, and 
saturated. The reaction gives little gas and only about the 
right amount of carbon to allow production of saturated products. 
The carbon is deposited, not in the form of a hard, baked-on 
carbon, but as a granular, coky mass, easily removed from the 
still.

When Texas crude oil (20 to 28° B6.) was distilled until 
free from moisture and until the naturally occurring gasoline 
and kerosene had been distilled over and then cracked by 
employing 15 per cent by weight aluminum chloride, the 
following results were obtained by McAfee.

P r o d u c ts  f r o m  A1CI* P ro ce ss  (P e r C e n t  C ru d e  Oil)
L u iir i-

G aso- G as K ero- Gas cating
l in e  N aphtha sen e  O il  Oil  T otal

% % % % % %
D istillate:

P rim ary  0 .3 0  0 .1 8  2 .7 9  . . .  . . .  )
Secondary 17.45 12.85 5 .87  17.15 2 5 .5 8 )  82.17

Loss due to:
D istilling p rim ary  d is tilla te ................... ............................. 1 .60
D istilling w ith  AlCIa  14.60 I 17.83
R edistillation  of prim ary  d is tilla te ...................................  0 .0 8  (
R edistillation  of secondary d is tilla te ................................ 1 .5 5 /

T o ta l ...............................................................................................  100.00

C o m p a r is o n  o f A1C1« P ro ce ss  w ith  U su a l P ro ce ss  
(Per C en t of C rude Oil)

AlCIa P ro c e s s  U s u a l  P ro c e s s  
% %

G asoline  17.75 0 .00
G as n a p h th a .......................................................  13.03 0 .10
K erosenes.............................................................  8.66  4 .3 0
G as o il...................................................................  17.15 52 .00
L ubricating  o ils . . . . . . . .   ..............................  25 .58  25 .50
A sphaltic  residual o il.......................................................  12.00

Sum of p ro d u c ts   82 .17  93 .90
Loss  17.83 6 .10

T o ta l  100.00 100.00

Chemical Engineering in  Friedel-Crafts Reaction

There are a number of general chemical and chemical- 
engineering problems involved in the practical application 
of the Friedel-Crafts synthesis. The exact nature of the 
chemical-engineering problems can, of course, be forecast 
by a study of the theoretical and chemical aspects of the 
reaction. Efficient operation depends, therefore, on (1) 
proper preparation and handling of reacting materials,
(2) scientific design of apparatus, and (3) control of the re­
action so as to lead to the formation of the specific products 
desired.

Assuming, as a basis of discussion, that the synthesis 
relates to the preparation of o-benzoylbenzoic acid,
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O

O O OH

we may then expect to be confronted by the following con­
siderations:

I —Handling of materials
(A) Anhydrous aluminum chloride
(B) Phthalic anhydride
(C) Aromatic hydrocarbon

(1) Storage and transportation
(2) Effects of moisture
(3) Preparation for use in the reaction

I I—Design of apparatus
(A) For reactions using molecular proportions of the

reactants
(B) For reactions using an inert solvent or an excess

of liquid aromatic hydrocarbon
(1) Materials of construction
(2) Mechanical devices for feeding the charge
(3) Type of agitation

(a) Relation of size of charge to size of vessel
(b) Relation of size of charge to type of agitation

(4) Corrosion problems
(5) Discharging and hydrolyzing the reaction mass

I I I—Control of Friedel-Crafts reaction
(1) Obtaining homogeneity
(2) Insuring formation of intermediate addition com­

pounds without deleterious by-products
(3) Maintaining anhydrous operating conditions
(4) Removal of hydrogen chloride

H andling  of M ateria ls

When anhydrous aluminum chloride is packed in iron 
drums under conditions which insure the absence of appreci­
able moisture, it may be stored for long periods, or conveyed 
over long distances with safety. McAfee has stated that 
“hundreds of tons of the halide have been shipped in inter- 
refinery operations without any difficulty.” At the Edge- 
wood Arsenal this material has been stored in properly sealed 
iron drums over a period of years without deleterious effect 
either on the drum or the contents.

When, however, water is pennitted to come in contact 
with anhydrous aluminum chloride, hydrogen chloride is 
certain to be formed. The quantity of hydrogen chloride 
will depend on the amount of water and the degree of agita­
tion of the halide. If sufficient moisture is present, particu­
larly in the free space in the container or reaction vessel 
or a t the point of contact with the outside atmosphere, then 
hydrocliloric acid is formed. The presence of this acid leads 
to problems of corrosion.

Phthalic anhydride and the aromatic hydrocarbons—ben­
zene, toluene, naphthalene, etc.—offer no special corrosion 
problems. They may therefore be stored in any suitable 
containers. These compounds, furthermore, do not absorb 
atmospheric moisture with great avidity. Less attention 
is consequently paid to the storing and handling of these 
materials preparatory to their utilization in the Friedel- 
Crafts reaction. In fact, indifference in this m atter often 
brings serious consequences. Substitution of fresh alumi­
num chloride, especially fused phthalic anhydride and de­
hydrated aromatic hydrocarbons, for materials tha t had been 
previously used, increased the yield from 2 to 6 per cent.

I t  has been shown that finely divided refined aluminum chlo­
ride absorbs atmospheric moisture more readily than the tech­
nical product. I t  is equally true that a powdered phthalic 
anhydride takes up moisture and forms o-phthalic acid more 
readily than does the crisp flaked product. Such powdered 
products are more difficult to handle either manually or 
mechanically. When dry they constitute unnecessary fume

and dust problems. When moist they suffer an added dis­
advantage by a decreased efficiency in use.

If it were advisable to accelerate the reaction a t the start, 
the employment of powdered reactant might be desirable. 
But theoretical and practical considerations show that such 
is not the case. The work of Heller and Sehulke (6) points 
to the necessity of a slow starting reaction, and the results 
obtained by Professor Allan and his students warn against 
the formation of undesirable phthalides. Moreover, plant 
experience relating to the delivery of the reactants to the 
reaction vessel demonstrates the inadvisability of using 
finely divided materials. To retard the reaction until all 
the materials are thoroughly mixed it  is advisable to employ 
both granular phthalic anhydride and aluminum chloride. 
In conducting researches in this field a t the Edgewood Ar­
senal, G. E. Miller concludes: “These results indicate 
clearly that the grinding has no effect on the catalytic acti­
vity of the aluminum chloride. Compact lumps of the 
material are preferable, due to the fact tha t it suffers very 
much less decomposition on handling and storage when it is 
in this condition.”

The retardation of the initial reaction may also be ac­
complished by chemical means. Ferric chloride and titan­
ium chloride are known to be moderate condensing agents. 
Their catalytic efficiency, based on the yields obtained in 
various condensations, ranges from 20 to 95 per cent of the 
theoretical and depends largely on the nature of the com­
pounds being treated (I, 2). When small proportions of 
these milder condensing agents are present as constituents in 
anhydrous aluminum chloride, in reactions involving molecu­
lar proportions of the reactants, they cannot be considered 
deleterious.

Design of Apparatus

F l u id  R e a c t io n s —Most of the early investigators of 
the Friedel-Crafts synthesis carried out the reactions in a 
liquid medium. This precaution insured a homogeneous 
reaction mass. By providing sufficient solvent, or liquid ve­
hicle for the viscous intermediate reaction product, little diffi­
culty was experienced in stirring the charge.

When aluminum chloride functions as a true catalyst, the 
reactants and final products are liquid and no problem in 
agitation is encountered. In the preparation of ketones and 
keto acids the formation of viscous intermediate addition 
compounds necessitates giving this subject consideration. 
The necessary fluidity is obtained consequently by utilizing 
either an excess of the liquid aromatic compound (benzene, 
toluene, chlorobenzene) or an extraneous inert solvent 
such as carbon disulfide or tetrachloroethane. In some in­
stances where there is considerable variation in the reactivi­
ties of aromatic compounds a t fixed temperatures, one can 
be used as a vehicle while the other enters into the reaction. 
Thus, Groggins and Newton (5) successfully employed o- 
dichlorobenzene as the inert solvent in the Friedel-Crafts 
preparation of a-naphthoylbenzoic acid by condensing naph­
thalene with phthalic anhydride.

Heller and Sehulke (6) have pointed out that in the prepa­
ration of keto acids the reaction proceeds from the liquid 
stage to the viscous addition compound. During this transi­
tion it  is difficult, if not impossible, to stir the charge with 
the usual vertical type agitators unless a solvent is employed 
to provide the necessary fluidity (3).

These considerations have led to the adoption of two 
types of apparatus for carrying out such syntheses. The 
older procedure involves the use of ordinary jacketed, agi­
tated vessels, preferably enamel-lined. In these (Figure 1) 
the charge is kept fluid by the most desirable expedient, as 
previously indicated. Operations according to this system
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are described in a number of reports from the Color Labora­
tory and also in numerous United States patents. The 
preparation of chloroacetophenone as carried out by the 
Edgewood Arsenal chemical division follows this procedure. 
Figures 1, 2, and 3 show diagrammatieally the arrangement 
of the apparatus that is used.

I t  is obvious that the introduction of inert solvents or an 
excess of aromatic hydrocarbon entails an economic loss of 
considerable magnitude. I t  involves (1) cost of solvent 
recovery, (2) loss of solvent or equivalent, (3) increase in 
operating time, (4) more complex and more costly operating 
system, (5) additional problems regarding corrosion, and (6) 
deleterious effect on product.

A number of such drawbacks in the liquid-phase reactions 
are brought out in Table I I  of a previous article (4). The 
data show that with increasing economy in the use of solvent 
there is a proportional increase in the percentage lost. . There 
is also a reduction in the yield when the chlorobenzene ratio 
is reduced from 3:1 to 2:1. When the solvent ratio is low 
difficulty is axperienced in drawing off the charge for hydroly­
sis. Consequently this step must be carried out in the prin­
cipal reaction vessel. Experience at this laboratory and at 
Edgewood Arsenal shows that sooner or later flaws will 
develop in the enamel lining, thus necessitating its replace­
ment.

M o l e c u l a r  R e a c t i o n s  i n  I r o n  R e a c t o r —Appreciating 
the inherent deficiencies of the prior methods of operation, 
Stone and Jacobson, of the E. C. Klipstein & Sons Company, 
devised, patented, and utilized the apparatus which is shown 
in Figure 4. This is essentially a horizontal rotary ball 
mill which is provided with inlet and outlet connections for 
solids, liquids, and gases, so that it constitutes a closed re­
actor. The reacting materials may be introduced in any 
desired sequence and then mixed a t a temperature so low 
that practically no reaction takes place.

When a reaction vessel of this type is used it is possible to 
employ approximately the molecular combining proportions 
of the reactant materials. This economical procedure now 
becomes feasible because homogeneity of the reaction mass is 
obtained by the grinding action of the balls or bars, in the 
reactor. The rotary effect and grinding action of the iron 
weights thoroughly mix the reactants, and with proper control 
of temperature a smooth and substantially complete reaction 
is obtained. The charge in the mill becomes viscous and 
porous during the intermediate stages of the reaction, even 
when all the reactants are solid (S). During this period the 
din of the crushing mechanism becomes deadened. If in­
sufficient balls are present, they will be enmeshed in the 
viscous charge and no grinding action takes place. As the 
reaction progresses the anhydrous aluminum compound of 
the keto acid is formed and separates out as a fine colored 
powder.

That the aluminum complex of the keto acid may be ob­
tained as a freely flowing dry powder is a matter of great 
importance. This fact makes possible a division of opera­
tions, such as condensation in the reactor followed immedi­
ately or subsequently by hydrolysis in any suitable covered 
agitated vessel. Since hydrolysis takes place in solutions 
that are weakly acid with mineral acid, it is advisable to use 
vessels of wood, silicon iron, or other suitable acid-resistant 
material for this operation. The dry, powdery, hygroscopic 
aluminum salt may be delivered to a dry, enclosed hopper, 
where it is cooled. I t  is then delivered in a regulated stream 
into the hydrolyzer, which contains cold, dilute mineral 
acid. The hydrolysis can therefore be easily controlled so 
that the maximum temperature does not rise above the opti­
mum for condensation. This precaution leads to the for­
mation of purer products.

By far the most important advantage in the use of the 
horizontal mill reactor is the practicability of using iron in 
its construction. When the necessary precautions have been 
observed, practically no free or combined moisture • enters 
the reactor. Hydrogen chloride only is then liberated during 
the condensation. This will not attack iron to any appreci­
able extent. At the Color Laboratory a small iron reactor 
has been in use for more than three years and does not yet 
show any effects of corrosion. This is particularly remark­
able because of its intermittent use for various investigations 
and failure to exercise continuously some of the known pre­
cautions against corrosion. Replacements were necessary 
only a t the connection where the hydrogen chloride was ex­
hausted.
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F ig u re  1— A p p a ra tu s  fo r  th e  C o n d e n s a t io n  a n d  D ro w n in g  
o f C h lo ro a c e to p h e n o n e

The size of . the horizontal reactor must be considerably 
out of proportion to the weight of the reacting materials. 
This precaution is necessary in spite of the fact tha t molecular 
proportions of the reactants are taken. During the transi­
tion from the liquid to the viscous stage the reaction mass 
becomes porous, owing to the liberation of hydrogen chloride. 
This spongy mass tends to fill the entire vessel. This phe- 
nomenoii occurs even when the weight of the charge is only 
one-tenth the water capacity of the reactor. When pres­
sure develops in the vessel, some of the spongy reaction mass 
oozes out into the hydrogen chloride exhaust line, which 
is a t the horizontal axis of the reactor (Figure 4).

The formation of a spongy, viscous intermediate compound 
is a general characteristic of all the aluminum complexes 
in the synthesis of keto acids by the Friedel-Crafts re­
action. The porosity of this mass appears to vary ac­
cording to the nature of the aromatic compounds being 
condensed. The tendency of the viscous mass to exude is 
dependent upon the proportionality existing between the 
hydrogen chloride formed and the viscosity of the reaction 
mass. When it is difficult for the gas to escape, the charge 
becomes swollen and fills the reactor. An increase in the
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reaction temperature produces a more fluid mass and gives 
the hydrogen chloride a better opportunity to escape. An 
increased reactivity induced by the use of a larger quantity 
of grinding blocks a t low temperatures produces a more 
swollen reaction mass.

F ig u r e  2— A p p a ra tu s  fo r  V a c u u m  D is t i l la t io n  of 
C h lo ro a c e to p h c n o n c

E f f e c t  o f  A g i t a t i o n — The rate of reaction is, of course, 
a function of the weight and efficiency of the grinding mech­
anism. In fact, grinding efficiency has a vital influence on 
the yield and purity of the product. When the viscous 
compound is not stirred and broken up, the reaction will 
not properly proceed to the formation of the powdery alumi­
num complex of the keto acid. Insufficient or inefficient 
mixing may lead to uncondensed reactants or to the forma­
tion of phthalides.

In the condensation of diphenyl with phthalic anhydride 
according to the Friedel-Crafts reaction, it was found that 
the yields increased with the grinding efficiency (Table 
V). The experiments are divided into three groups, as 
follows: (1) in a vertical enamel-lined vessel fitted with an 
anchor-type agitator; (2) in a horizontal mill with insuffi­
cient agitation—i. e., where the weight of iron blocks in pounds 
was one-third the water capacity of the mill; and (3) when the 
weight of iron grinding blocks was equal to the water capac­
ity  of the reactor.

T a b le  V— E ffe c t o f T y p e  o f A g ita t io n  in  P r e p a r a t io n  o f 4 '- P h e n y l-2 -  
B e n z o y lb e n z o ic  A cid

P hthalic  anhydride, 1 mol. =  148 gram s; diphenyl, 1 mol. =  154 
gram s; alum inum  chloride sublim ed, 10 per cen t excess =  293 gram s; 
yield, theory  «  302 gram s.
T y p e  o p  A g i t a t i o n  T e m p .  T i m e  C r u d e  Y i e l d  P u r i t y

° C .
E X P E R IM E N T  I

A gitated k e ttle   ̂  ̂ 55—60
M ill w ith insufficient agitation® 55-60 
M ill w ith  efficient ag ita tion* 55-60

A gitated  k e ttle
M ill w ith  insufficient^agitation® 
M ill w ith efficient agitation«*.*

E X P E R IM E N T  I I

60-65 
60-65 
60-65

H ours Grams % %
L A

18 244 SO. 8 9 7 .4
20 27S 92.1 97 .6
18 290 96 .0 9 7 .8

• I I
12 208 6 8 .9 97 .5
12 239 79.1 9 7 .S
12 292 96 .7 98 .0

° R atio , weight of iron blocks in pounds to  w ater capacity  of mill ■ 
6 R atio , weight of iron blocks in pounds to  w a ter capac ity  of mill

oily reaction product is drawn off onto drying plates and slowly 
heated to between 80° and 100° C. in a drier, while drawing 
off the hydrogen chloride by the aid of a  vacuum or a current 
of gas, until the reaction is complete. A foamy, blown-up, 
brittle mass is obtained which, when introduced for instance 
into dilute add, is converted into 4'-chloro-2-benzoylbenzoic 
add.

I t  further states that "the reaction may also be carried 
out continuously for example on a moving band forming a 
long trough.” This feature, however, does not appear in 
the claims allowed.

I t  is obvious that the mechanical or engineering merits 
of this procedure suffer in comparison with the process 
of Stone and Jacobson. As to the chemical aspects of this 
mode of operation, it  is known from McMullen’s work (IS) 
tha t the oily liquid is not a homogeneous mass, but rep­
resents transitory stages of the reaction. By treating the 
clear oil incidental to the preparation of o-benzoylbenzoic 
with naphthalene, McMullen obtained GO per cent benzoyl- 
benzoic acid, 35 per cent naphthoylbenzoic acid, and 5 
per cent naphthylphenyl phthalide.

D i s c h a r g i n g  a n d  H y d r o l y z i n g  t h e  R e a c t i o n  M a s s —  
When the Friedel-Crafts synthesis is carried out in a sol­
vent medium, the hydrolysis of the aluminum complex may 
take place either in the reaction vessel, or preferably, in 
a separate hydrolyzer. In  either case, the vessel must be 
able to withstand the action of dilute mineral acids.

The recovery of the finished product may be effected by 
direct distillation with steam to remove the solvent, or by 
separating the oily layer containing the ketone or keto acid 
and subsequently treating this by suitable means to remove 
the solvent.
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Appreciating the intrinsic value of the horizontal iron 
reactor for the Friedel-Crafts synthesis, Müller and Ap­
penzeller (18), of Germany, have evolved a modification 
of the operating process.2 By way of example they state:

In  an iron vessel provided with a stirrer 160 parts of mono- 
chlorobenzene, 200 parts of phthalic anhydride and 360 parts 
of anhydrous aluminum chloride are stirred a t room temperature 
until a brown oily mass (liquid stage) is obtained. * * * The

1 T h e  G erm an p a te n t, 495,447, is practically  iden tical w ith  S tone and  
Jacobson ’s U , S. P . 1,656,575.
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F ig u r e  3— A p p a ra tu s  fo r  S te a m  D is t i l l a t io n  o f C h lo ro a c e to p h e n o n e

Murch (14) separates 4'-chloro-2-benzoylbenzoic acid in 
the following manner: The reaction mixture is slowly added, 
with stirring, to a solution of sodium carbonate in water a t a 
temperature of about 90° C. Considerable heat and carbon 
dioxide are evolved, and large quantities of the excess chloro- 
benzene may distil off. The mixture is then heated with 
a current of steam, external heat being used if necessary, to 
keep the volume of the mixture approximately constant, 
until the excess chlorobenzene is removed by distillation. 
The remaining solution is then filtered, and the residue is 
washed free from alkali. The filtrate is made acid by the 
slow addition of sulfuric acid a t 25° to 30° C. 4'-Chloro- 
2-benzoylbenzoic acid is precipitated and recovered by filtra­
tion.

Tinker and Gubelmann (17) in the preparation of the 
same product, treat the reaction mass as follows: The alumi­
num compound of 4'-chloro-2-benzoylbenzoic acid is charged 
into ice and water, sufficient ice being used to keep the tem­
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perature of the final mixture a t about 25° C. or below. A 
mineral acid is added to fix the aluminum as a soluble salt 
and to precipitate out the keto acid. Upon settling, a three- 
layer system is formed: The lower layer is chlorobenzene, 
the middle layer comprises the precipitated 4'-chloro-2, 
benzoylbenzoic acid, and the upper layer comprises the 
aqueous solution of the aluminum salt of the mineral acid. 
The aluminum salt layer is removed by decantation and 
washing. The solvent and keto acid layers are then made 
alkaline, and the excess of chlorobenzene is removed by 
distillation with steam. The alkaline solution of the keto 
acid is filtered to remove the final traces of aluminum and 
other insoluble impurities. By treatment with cold dilute 
mineral acid the 4'-chloro-2-benzoylbenzoic acid is reprecipi­
tated.

When the horizontal reactor is employed, no solvent re­
covery problems arise. The powdery anhydrous aluminum 
complex that is obtained behaves in many respects like 
aluminum chloride. I t  is very hygroscopic, particularly 
when warm. I t  will flow readily on an inclined plane. W ien 
the aluminum complex is discharged it has a characteristic 
color, depending on the particular keto acid that is formed; 
but upon hydrolysis, the keto acid obtained is colorless.

The feeding and discharging devices for the horizontal 
reactor may be made of iron. I t  has already been shown 
(Table III) that the inclined plane should be set a t an angle 
of 60 degrees. The chutes should be completely enclosed 
to minimize the absorption of moisture. The discharging 
chute coming in contact with the hydrolyzer will of necessity 
be subjected to the most severe service.

Control of F riedel-C rafts R eaction

What is probably the most important problem in the con­
trol of the Friedel-Crafts reaction may be expressed in one 
word—homogeneity. No other single factor appears to 
exert such a vital influence on the reaction. I t  is recognized 
tha t excessive heating will affect adversely the yields and 
quality of the product. But when an effort is made to con­
trol this factor, its deleterious effects are not of the same 
magnitude as may arise from insufficient or inefficient agita­
tion.

Table I I  of a previous article (4) shows that a decrease of 
approximately 10 per cent in yield of 4'-chloro-2-benzoyl- 
benzoic acid results when the temperature is raised from 
50° to 90° C., whereas it is approximately 35 per cent in 
experiment 6, in which there was no agitation. Similar 
results are obtained in the preparation of a-naphthoylben- 
zoic acid. The data in Table VI show a lower yield and 
inferior product when a less efficient solvent or a smaller 
quantity of solvent is employed. The solvent functions 
here merely as an inert chemical agent for producing homo­
geneity.

T a b le  VI— C o m p a r is o n  o f S o lv e n ts  in  P r e p a r a t io n  o f a - N a p h th o y l-  
b c n zo ic  A cid

R n- R e ­ Solvent
ACTION action Solvent R e­ Y ield M elting

E xpt . T im e T em p . Solvent R atio covery N .B .A. P oint
Hours ° C. % % ° C.

1 2 15 CeHe 1 2 :1 97 97.6 165-168
2 4 5 C#H« 6 :1 97 95 .0 150-160
3 5 0 CeHe 3:1 97 92 .0 140-155
4 2 15 CSj 1 2 :1 90 95 .0 145-155
5 4 5 CS2 6 :1 90 93.0 140-150
6 5 0 CSj 3:1 90 92.0 135-145
7 2 15 C«H4Ch(l,2) 1 2 :1 99 97 .5 167-170
8 4 5 C«H4C1i (1,2) 6 :1 99 97 .0 168-171
9 5 0 C«H4C1i (1,2) 3 :1 99 9 7 .5 170-172

To control the Friedel-Crafts synthesis successfully homo­
geneity must be obtained a t the beginning of the opera­
tion. Homogeneity depends on the efficiency of the mixing 
or grinding mechanism and the time of agitation, provided no

appreciable reaction takes place before the batch becomes 
uniform. If the reaction is permitted to proceed prematurely, 
the main synthesis suffers interference. Thus, in the prepa­
ration of o-benzoylbenzoic acid it is necessary to have one 
molecule each of the reactants intimately associated; for 
example,

.co. r  .coc.m .Aiciri
C.H<< > 0  +  C .H . +  2A1CI. >  CeHt< +  HC1

co  L n c o o a ic u  J

Heller and Schulke (6) and Rubidge and Qua (IS) have shown 
tha t the yield drops off when insufficient aluminum chloride 
is present. McMullen (11), Laurance and Oddy (S), and 
numerous other investigators have shown that phthalides 
are formed when phthalic anhydride (or other anhydrides) 
reacts on the viscous intermediate compound obtained in this 
reaction. Consequently, if the temperature of the batch

F ig u re  4— M a n u f a c tu r e  o f  U se fu l P r o d u c ts  by  M e a n s  of 
F r ie d e l- C r a f ts  R e a c t io n

is permitted to rise prematurely to the active reaction point, 
various stages of the synthesis will be present a t one time. 
Under such circumstances some uncombined phthalic an­
hydride will probably exert an influence toward the forma­
tion of phthalides. When phthalides are formed, more 
benzene than phthalic anhydride from the charge is used up. 
Consequently the hydrolyzed reaction mass will contain both 
o-phthalic acid, which separates out from the hot acid filtrate, 
and phthalides, which remain insoluble when the keto acid 
is treated with dilute alkaline solutions. These observa­
tions can be confirmed by accelerating the reaction a t the 
start and then regulating the subsequent temperature at 
any desired point.

The preceding discussion brings up the question of the 
order of feeding the reactants to the reaction vessel. Most 
of the German references indicate a preference for adding 
the aluminum chloride as a final constituent. Some of these 
investigators add the halide in small portions, whereas others 
prefer to incorporate it all at once. Stone and Jacobson 
(16) first mix the aluminum chloride with phthalic anhydride 
and then add the benzene to the finely divided mixture. 
This procedure unquestionably facilitates the mechanical 
and operating phases of the reaction and reduces fume prob­
lems to the minimum. When aluminum chloride is added 
intermittently to a charge that is reacting, it may reasonably 
be expected tha t the excess of phthalic anhydride present 
will react on some of the oily or viscous intermediate products 
already formed, leading to the formation of phthalides. The 
safest way to  insure the formation of the desired product 
is to put all the ingredients in the reactor and mix throughly 
a t a temperature below tha t required for promoting the re­
action. A homogeneous charge is thus obtained. After
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this there should be a slow and gradual increase of tempera­
ture up to the optimum range.

I t  is obvious that satisfactory results in the Friedel- 
Crafts synthesis cannot be obtained when the delivery of 
the reacting materials takes place in a moist atmosphere. 
Maximum efficiency cannot be expected in a reactor or 
reaction medium tha t contains moisture. I t  is essential, 
therefore, to provide approximately anhydrous operating 
conditions.

In small-scale work this is simpler than in factory practice. 
I t  is feasible, however, to provide a separate dehumidified 
room for the reactor. All connections to the reaction vessel 
should be closed after each run to prevent the absorption of 
moisture by the hygroscopic residual material. I t  is further­
more desirable to sweep the reactor with hot, dry air or gases 
before each run. These precautions are simple and inex­
pensive steps in the right direction.
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N itration of D iethylene Glycol1
W m . H. R inkenbach  an d  H. A. A aronson

P lC A T IN N Y  A R 3 B N A L , D O V E R , N . J .

THE nitration of diethyl­
ene glycol (/3,|S'-dihy- 
droxyethyl ether) was 

first studied by AVurtz (3), 
who showed that nitric acid 
caused the fo rm a tio n  of 
glycolic, oxalic, and an un­
named acid by oxidation, but 
found no evidence of the for­
mation of nitrate or nitro derivatives. He made no effort to 
use mixed acids for the purpose of bringing about substitution.

The preparation of the dinitric ester, CH2(N03).CH2.0 .- 
CH2.CH2(N 03), was first reported by one of the writers (2), 
who obtained it by the use of several mixtures of nitric and 
sulfuric acids. Little effort was made to determine the opti­
mum conditions of nitration with respect to the composition 
of the nitrating acid, as the yields obtained were considered 
sufficiently satisfactory for the purpose of preparation and 
study.

Diethylene glycol dinitrate was found to possess properties 
which suggested its application in the manufacture of ex­
plosives, and an increasing interest in the. compound has 
made it desirable th a t a study be made of the mechanism of 
the nitration and the determination of the conditions giving 
the maximum yield. This paper gives the results of such a 
study and adds to the existing data concerning the properties 
of the compound.

Commercial diethylene glycol usually contains about 5 
per cent of ethylene glycol, which gives a high yield of ethyl­
ene glycol dinitrate when treated with mixtures of nitric 
and sulfuric acids. Because of this, commercial diethylene 
glycol was purified by fractional distillation and freezing 
before nitration. A number of nitrations of the commercial 
material were also made for purposes of comparison.

1 R eceived S ep tem ber 20, 1930. Pub lished  by  perm ission of th e  Chief 
of O rdnance, U . S. W ar D epartm en t.

I t  was recognized tha t a 
complete study should evalu­
ate the following variables 
with respect to maximum 
yield:

(1) Ratio of nitric to sul­
furic acid in nitrating acid

(2) Percentage of water in 
nitrating acid

(3) Ratio of nitric acid to diethylene glycol
(4) Solubility of dinitrate in spent acid
(5) Effect of temperature
(6) Loss by oxidation
(7) Losses during purification

In addition, it was considered desirable to study the sta­
bility of the purified product, the nature of the spent acid 
from the nitration, and the toxicity of pure diethylene glycol 
dinitrate.

P u rifica tio n  of D iethylene Glycol

Commercial diethylene glycol was distilled under a pressure 
of 120 mm. and the fraction boiling a t 184-187° C. was sepa­
rated. This was further fractionated by freezing. The 
pure compound so obtained was found to have a freezing 
point of —11.5° C. as compared with —11.3° C. reported pre­
viously {2).

W ater in  N itra tin g  Acid

The efficiency of a nitrating system, given the theoretical 
requirement of nitric acid and constant temperature and 
pressure conditions, is largely dependent upon the dehydrating 
value of the sulfuric acid present (DVS). This is best ex­
pressed as the quotient obtained by dividing the actual 
sulfuric acid content by the total water present when the 
reaction is completed (1).

A number of nitrations were made by adding 25.0 grams 
of pure diethylene glycol to 91.7 grams of mixed acid main­

D lethylene glycol d ln ltra te  has been p repared  w ith  a 
yield of a b o u t 85 per ce n t of th e  theo re tical by th e  use  
of a  mixed acid differing radically  in  com position  from  
those  used in  n itra tin g  o th e r  com pounds.

T he pu re  d ie thy lene glycol d ln itra te  ob ta ined  is 
toxic w hen absorbed th ro u g h  th e  sk in , o r its  vapors are 
inha led . T h e  sym ptom s are  s im ila r to  th o se  produced 
by nitrog lycerin .



February, 1931 IN D U ST R IA L  A ND  ENGINEERING C H EM ISTRY 161

tained a t 6-10° C. As the amount of nitric acid, representing 
an excess of 54.4 per cent over that required by theory, was 
the same in each case, the nitric acid ratio was a constant 
in this series. The results are given in Table I.

T a b le  I— E ffec t o f W a te r  In  N i t r a t in g  B a th  o n  Y ie ld  o f D ie th y le n e  
G lyco l D in itT a te

Composition  ok M ix ed  Acid DVS of 
M ix ed  
Acid

Y ib i .d
H N O i HiSO. HiO

% % % %
50.0 30 .0 20 .0 1.02 0 .5
50 .0 35 .0 15.0 1.44 21 .5
50 .0 4 0 .0 10.0 2 .07 78.3
50 .0 42 .35 7 .65 2 .5 0 81 .0
50.0 45 .0 5 .0 3 .15 83 .0
50 .0 50 .0 0 .0 5 .39 75.2

When these results are plotted (Figure 1), it is seen that 
a nitrating acid having a DVS value of 3.15 represents an 
optimum with respect to yield of the dinitrate. I t  is be­
lieved that the reduction in yield when a mixed acid of higher 
DVS value is used is due to the tendency of strong sulfuric 
acid to dehydrate diethylene glycol. Such dehydration 
would result in the formation of polyethylene glycols (di­
hydroxy polyethers), which give lower yields of dinitrates 
on subsequent nitration.

N itric Acid R atio

Nitrations carried out with all the variables held constant 
except the ratio of nitric acid used to that theoretically neces­
sary gave the results shown in Table II.

T a b ic  I I — E ffec t o f N itr ic  A cid  R a t io  o n  Y ie ld  o f D Ic th y le n e  
G lyco l D in l t r a te

D i-
BTHYL-

1ÏNB
G lycol

M ixed
Acid T em p .

Composition  
of M ix ed  Acid DVS

OF
M ix ed
Acid

R atio
HNO»
U sed

to
T heory

Y ihld

H N O . HtSO* HtO

Grams Grams “ C. % % % %
25.0 68.6 5-10 43 .3 51 .7 5 .0 3 .15 1 .0 66.6
25 .0 78.74 5-10 45 .3 40 .7 5 .0 3 .1 5 1 .2 74 .8
25 .0 80.2 6-10 48 .2 4 0 .8 5 .0 3 .15 1.4 80.4
25 .0 01.7 6-10 50 .0 45 .0 5 .0 3 .15 1.54 83 .9
25 .0 9 5 .6 5-10 51 .2 43 .8 5 .0 3 .15 1 .65 85 .4

When these results are plotted as shown by Figure 2, it is 
seen tha t the yield increases almost directly with the excess 
of nitric acid. The limit approached, however, is not 100 
per cent, but about 89 per cent, because of the solubility 
of the dinitrate in spent acid and in wrater. The maximum 
yield recorded is therefore within 3.5 per cent of the practical 
maximum, and the curve indicates that this discrepancy 
could be reduced by increasing further the nitric acid ratio.

In viewr of the nature of the curve given in Figure 2, it is 
evident that the choice of a nitric ratio to be used in a mixed 
acid which is to be economically optimum must depend upon 
the relative values of nitric acid and the dinitrate produced. 
For experimental purposes a ratio of 1.55 wTas considered 
satisfactory.

Effect of T em p era tu re

In order to determine the effect of temperature of nitration 
on the yield obtained, a number of nitrations were made with 
temperature as the only variable. In making these nitrations, 
50 grams of diethylene glycol were added to 183.4 grams of 
mixed acid which was actually maintained within a narrower 
temperature range than indicated in each case. After the 
addition of the diethylene glycol was complete, the mixture 
was stirred for */2 hour, while cooling to about 5° C., before 
separating and washing the dinitrate. Nitration took place 
without difficulty. Allowed to stand a t 30-35° C., the tem­
perature of the two-layer system gradually rose, and the

whole fumed off in less than 2 hours. The results are given 
in Table III.

T a b le  I I I — E ffec t o f T e m p e r a tu r e  o n  Y ie ld  o f D ie th y le n e  
G ly co l D in l t r a te

Composition  of M ix ed  Acid
T e m p . Y ield

T im e  of 
Addition 

of
D ibthylbnb

G lycolHNO» H*SO< HtO

% % % ° C . % M in,
50.26 44.74 5 .0 5-10 8 3 .3 °
60.20 44.74 5 .0 5-10 84.6*
50.26 44.74 5 .0 10-15 85.56 56
50.26 44.74 5 .0 15-20 S3 .66 43
50.26 44.74 5 .0 20-25 83.76 32
50 .26 44.74 5 .0 25-30 84.16 10
50.26 44.74 5 .0 30-35 N o tc 6

a Pure d iethylcne glycol used; nitrogen con ten t of p roduct, 14.20 per 
cent.

6 Com m ercial d icthylene glycol used.

These results show that the presence of a small amount 
of other glycols does not interfere with the nitration of di­
ethylene glycol and that the yield is not appreciably influenced 
by the use of temperatures as high as about 30° C. The 
effect of allowing the dinitrate oil to remain in contact with 
spent acid is shown by the fume-off noted above.

/
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/
/

/
/

1.0 13 t e  t$  I S  S S  SO  J l  Jf J 7 t o  « 3  •»« *» S S  3 .5

DNS.

The temperature of nitration is of practical importance, 
however, if the time required is considered. Oxidation by 
the spent acid in the above experiments was prevented by 
cooling immediately after nitration, but on a large scale 
this would be less convenient. However, the time required 
for nitration might be reduced to a minimum by carrying out 
the nitration at 20-25° or 25-30° C. and then cooling.

C om position of S pen t Acid

As the composition of the mixed acid found best for the 
nitration of diethylene glycol differs radically from those 
used for the nitration of other polyhydroxy derivatives and 
the benzene homologs, the spent acids from two such nitra­
tions were analyzed and the results are recorded in Table IV.

T a b le  IV— C o m p o s i t io n  o f S p e n t  A cid

H N O . H,SO< NO. D initratb H.O«

% % % % %
10 58 60.76 1.13 3 .60 24.03
10.93 60. SI 0 .6 3 3 .17 24.46

a By difference.
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I t will bo noted tha t the maximum yields of acid-free 
dinitratc are only from 82 to 85.4 per cent of the theoretical. 
I t  wua thought that this might bo due to solubility of the 
dinitrato in the spent acid, oxidation of the raw material 
or product, and solubility of the dinitratc in the wash waters; 
and efforts were made to evaluate the effect of each of these 
possible factors.

In carrying out the nitrations tho diethylenc glycol was 
added slowly to tho cooled and well-agitated mixed acid, 
the addition being made a t such a rate that the tcmperaturo 
of tho mixture would bo maintained within tho desired 5° C. 
range. Agitation was continued for ‘/ s hour after all tho 
diethylenc glycol had boon added, the temperature of tho 
mixture being lowered to about 5° G. by means of an ice bath. 
The acid and dinitrato were allowed to form two layers and 
were separated by means of a separatory funnel. Tho acid 
was run into ico water and any dinitratc separating out was 
returned to the funnel.

The dinitrato was first washed with about eight times its 
weight of water (300 grams), then with 200 grams of a 2 per 
cent sodium carbonate solution, and finally to neutrality 
to litmus with additional changes of water. Usually two 
water washes of about 250 grams each were sufficient. Any 
dinitrato adhering to tho funnel was dissolved in ether and 
added to the bulk of the product. The ether was removed 
by air-drying and the dinitrato was placed in a vacuum desic­
cator for 3 or 4 days before weighing and calculating the yield.

On analysis, spent acid from a nitration made under opti­
mum conditions was found to contain 3.3 per cent of dis­
solved dinitrate. The solubility of the compound has been 
reported (2) as 4.1 grams per liter of water a t 24° C.

On this basis it is possible to explain the losses encountered 
in nitration and purification. From 25.0 grams of diethylenc 
glycol there should be obtained 46.2 grams of the dinitrate. 
With a yield of 85.4 per cent, 39.45 grams of purified material 
arc obtained. The 1250 cc. of washes and spent acid dilution 
account for about 5.0 grams, or 11 per cent. This leaves 
1.7 grams, or 3.6 per cent, to be accounted for. From Figure 2 
it would appear that this unexplained loss is due to the fact 
that the maximum excess of nitric acid was not used and that 
nitration was not complete. I t  was thought that oxidation 
of some of the diethylene glycol by nitric acid might be re­
sponsible for this loss, but tests of spent acid for oxalic, 
formic, lactic, malic, citric, and tartaric acids gave negative 
results. No increase in the yield was noted when the time 
of nitration was increased, and it  is uncertain whether the 
loss of 3.6 per cent unaccounted for is due to incomplete 
nitration or to complete oxidation of a portion of the di­
ethylene glycol to carbon dioxide and water.

In view of the foregoing it does not appear that a yield

much greater than 80.5 per cent of tha t theoretically possible 
can be obtained on a practical production basis. Those 
reported above include the dinitrato recovered by drowning 
the spent acids, and this is not economical if the spent acid 
is to be recovered and concentrated. Furthermore, the 
dinitratc dissolved in spent acid is decomposed when the 
latter is heated or allowed to stand a t ordinary temperatures.

The purification by washing is necessary, as dicthylcne 
glycol dinitratc is unstable in the presence of free acid; and 
this purification cannot be abbreviated if an acid-free product 
is to be obtained.

S tab ility

As stated above, diethylenc glycol dinitratc is unstable 
in the presence of free acid. This is reflected by the fact 
that when spent acid having the composition 10.7 per cent 
nitric acid, 60.8 per cent sulfuric acid, 0.9 per cent oxides of 
nitrogen, 3.3 per cent diethylene glycol dinitratc, and 24.3 
per cent water is allowed to stand a t room temperature for 
about 2 hours, the dissolved dinitrato is oxidised and a fume- 
off takes place.

The diethylenc glycol dinitratc prepared from pure di­
ethylenc glycol in tho course of tliis work was of high purity, as 
shown by tho nitrogen content of 14.26 per cent noted under 
Table III, while tho theoretical value is 14.29 per cent. This 
material was used in studying the inherent stability of pure 
diethylenc glycol dinitrate.

This compound is easily decomposed by the application 
of heat (2), and the empirical heat tests for stability arc no 
more applicable to this than to nitroglycerin. Storage 
tests were made by placing a sample of pure, anhydrous 
neutral dinitratc in an unhentcd magazine for 1 year and an­
other portion of the same sample was covered with an equal 
weight of water and placed in a small magazine for 3 months 
during the hottest part of the summer season. Each bottle 
was stoppered tightly so as to permit the acceleration of 
decomposition by the development of gas pressure incident to 
decomposition.

When tested a t the end of the times noted, the dry sample 
was found to contain less than 0.005 per cent, and the wet 
sample not more than 0.004 per cent, of free acid calculated as 
nitric acid. These results indicate that pure diethylene 
glycol dinitrate is a t least relatively stable when kept under 
storage conditions which are normal with respect to tempera­
ture.

Toxicity

I t  had previously been reported (2) that diethylene glycol 
dinitrate did not appear to be toxic. In  the course of the 
first experiments made under the program reported in this 
paper the occurrence of headaches was noted. I t  was 
thought that these might be due to the formation of glycol 
dinitrate in the nitration of commercial diethylene glycol, 
but it was considered advisable to redetermine its toxicity 
with a larger number of subjects.

In making the test, 1 cc. of alcohol containing 0.02 gram 
of pure diethylene glycol dinitrate was placed on the m is t 
and forearm of each of twenty-seven people of both sexes. 
The results were definitely positive. Ten of the subjects 
were unaffected, five were only slightly affected, and twelve 
reported headaches during the next 12 hours. Those having 
nervous temperaments were much more affected than those 
classified as phlegmatic. The symptoms, similar to those 
produced by nitroglycerin, varied from a feeling of tenseness 
of the head, with some discomfort, to headache of extreme 
intensity, and considerable duration.

In the case of nitroglycerin many workers have developed
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an immunity after experiencing the usual headaches, and 
the question might be raised as to possibility of their doing 
this when handling diethylene glycol dinitrate. Although 
data of sufficient scope are not available, it might be noted 
that severe headaches lasting from 2 to 4 hours were ex­
perienced by the worker after making the first two nitrations. 
In subsequent work no headaches were caused, but if the 
worker was feeling physically subnormal, a feeling of slight 
heaviness and tenseness about the head with general dis­
comfort was experienced after making a nitration.

I t  would appear that diethylene glycol dinitrate is definitely 
toxic and that, since its structure and the symptoms produced

are similar to those of nitroglycerin, it affects the heart 
action and blood pressure in approximately the same ways.
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W ITH  respect to the 
action of the sicca­
tives on drying oils 

only the bare facts are known.
The metals salts apparently 
have to be co n s id e re d  as 
c a ta ly s ts ,  since compara­
tively small quantities speed 
up the drying process and film formation. Our present knowl­
edge of the process indicates tha t the drying of the oil is a 
complex reaction, involving colloidal as well as chemical 
processes, polymerization, oxidation, and even loss of sub­
stance have been observed. Catalysts can be positive or 
negative, which in the case of drying oils means speeding 
up and retarding the process, respectively. I t  is probable 
tha t in the course of the present work both types have been 
encountered.

With the hope of getting an insight into the action of 
siccatives, an attem pt was first made to simplify the driers, 
both as to the purity of the chemicals used and as to their 
constitution.

The metal resinates or oleates tha t have been used have 
several obvious disadvantages. Since the metal part only is 
the carrier of the drying (catalytic) activity, the organic 
remainder, of high molecular weight, is largely ballast. The 
organic part, however, is considered indispensable for fur­
nishing dispersibility of the siccative in the oils. To de­
crease the molecular weight of the organic part should there­
fore prove advantageous. I t  is difficult to obtain metal 
resinates and oleates of standard activity, no m atter by what 
method they have been prepared, since they are chemically 
not uniform. As a result the quality of the products depends 
largely on the skill and experience of the manufacturer. 
The preparation of siccatives of well-defined chemical con­
stitution was therefore attempted.

The literature shows that attempts have already been 
made in tha t direction. For example, the use of metal oxa­
lates, benzoates, succinates, palmitates, and napthenates as 
siccatives has been patented. All but the last two are of 
comparatively small molecular weight and, except for the 
last, it should be easy to prepare them in sufficient purity to 
insure products of definite standard. The napthenates 
alone, however, are sufficiently soluble in the oils to make 
an efficient drier.

* Received O ctober 15, 1930.

E xperim ental

In the writers’ experiments 
cobalt compounds were used 
as driers and China wood oil 
as the drying oil. The former 
were chosen, because a larger 
variety of compounds could 

be prepared and tested than with the other metal salts so far 
used as siccatives, while the latter was selected.to save time dur­
ing the drying process and on account of the relative uniformity 
of its chemical constitution (80 per cent eleostearic acid).

The preparation of cobalt compounds of definite structure 
and their use as siccatives were a t first tackled from the view­
point of their solubility or dispersion in the oil. Most of 
the simpler compounds of known structure were found to be 
either insoluble or soluble only with difficulty. To facilitate 
their solubility the use of an organic solvent,2 miscible with 
the oil, was thought to be advantageous. The requirements 
of such a solvent and solution may be summarized thus: 
(1) I t  must dissolve the siccative readily; (2) it  must be easily 
miscible with the drying oil; (3) it should be non-aqueous 
and not miscible with water; (4) it must not appreciably 
retard the drying action of the siccative, and (5) it must have 
no bad effect on the film to be formed.

Benzene and its homologs were first used, but since some of 
the cobalt compounds were found to be insoluble, benzoni- 
trile, benzaldehyde, benzyl chloride, benzyl alcohol, benzyl 
cyanide, furfural, aniline, nitrobenzene, and amyl alcohol 
were also tested. Intensely colored solutions were obtained. 
Work on other solvents is in progress.

With the exception of furfural such siccative solutions were 
found to be well miscible with China wood oil. Furfural 
as such was likewise found to be miscible with the oil, but 
in presence of the cobalt salts it separated out again.

Aniline and amyl alcohol were found to retard appreciably 
the catalytic action of the substances tested and the films 
formed were inadequate. Benzyl chloride had to be dis­
carded on account of the possible formation of hydrochloric 
acid and its insufficient solvent action.

Benzonitrile, benzaldehyde, benzyl alcohol, benzyl cyanide, 
and nitrobenzene, therefore, must be considered the best

* T h e  te rm s “ so lv en t” and  “ so lu tion”  as used in  th is  p ap er a re  n o t 
m ean t to  im ply  definite s ta tem e n ts  as to  w hether th e  cobalt com pounds 
a re  in tru e  o r (u ltra) colloidal solution.

Several coba lt com pounds of know n s tru c tu re  and  
p u rity  have been tested  as siccatives. T h e ir so lu tions 
in  o rganic solvents have been found to  be efficient driers 
in  m o st cases. Som e such  siccative so lu tio n  caused 
th e  fo rm a tio n  of g lass-clear film s of C hina wood oil. 
S im ple sa lts  such  as th e  anh y d ro u s cobalt halides have 
also been tested  and  found  to  be sa tisfac to ry  driers.
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To test the drying action both 5 and 1 per 
cent solutions of the respective cobalt com­
pounds in the above solvents were prepared. 
One part of the cobalt solution was mixed 
with five parts of China wood oil and a few 
drops poured over a glass plate, tilted to an 
angle of 45 degrees. Two controls were also 
made, one consisting of the same amounts of 
solvent and China wood oil without the cobalt 
compound, the other containing a cobalt resí­
nate siccative of high quality. The cobalt 
content of each was the same as in the so­
lution to be tested.

R esu lts
Figure 2—Benzyl AlcoholFigure 1— Benzaldehyde

Table I  shows the drying activity of the 
various solvents with several cobalt com­
pounds. With the exception of cobalt ni- 
t ro s o n a p h th o l ,  cobalt acetylacetone, and 
benzaldehyde plus mixtures in which metal­
lic cobalt, lead, or manganese has been dis­
solved, all the substances tested showed a 
definite drying action on the oil. The sub­
stances listed as “good” compare favorably 
with commerical siccatives of t’he h ig h e s t 
grade.

In  these drying experiments two facts 
were noted especially: (1) Cobalt compounds 
having apparently the same s o lu b il i ty  in 
the organic solvent and oil mixture did not 
show  th e  same drying activity; (2) the 
character of the dried China wood oil film 
changed according to the solvent used. Es­
pecially on two pairs of cobalt compounds 
it was clearly seen tha t changes in the chemi­
cal constitution of the siccative greatly in­
fluenced its activity. Cobalt acetylacetone 
and cobaltnitroso-naphthol were found to 
have p ra c t ic a l ly  no drying action, while 
their molecular compounds with pyridine were 
excellent catalysts. All four of the com­
pounds are readily soluble in the solvents 
mentioned and such solutions mix equally 
well with China wood oil.

These facts are contrary to expectations, 
since according to prevalent c o n c e p tio n s  
the solubility or dispersion of a siccative in 
the oil was considered of primary impor-

Figure 4— B enzonitrileFigure 3—Benzyl Cyanide

Figure 5—C ontrol 

F i lm s  P ro d u c e d  w ith  C o b a l t  D r ie rs  In  V a rio u s  S o lv e n ts

solvents a t the present time. In the case of benzaldehyde 
the formation of benzoic acid, catalytically hastened by 
the cobalt compounds can be disadvantageous both as a loss 
of solvent and as a danger for the film formed. Benzoic 
acid crystals embedded in the surface of the film could be 
washed out by water and so affect the resistance of the 
film “oxyn.” As a m atter of fact no such crystal formation 
can be seen under the microscope, so the use of benzaldehyde 
as a solvent was thought to be feasible.

The literature on the solubility of cobalt compounds which 
are soluble in the above solvents is rather scarce. The types 
of compounds which were found to be soluble were metal 
salts of tautomeric reacting substances (keto-enol tautom- 
erism), salts and complex salts of both aliphatic and aromatic 
nitroso compounds, double salts of cobalt halides with bases 
or oximes, or double salts of cobalt compounds with tertiary 
bases such as pyridine, and anhydrous cobalt halides.

tance. Furthermore, it was thought that 
substances with free  re s id u a l v a le n c e s  
would be s u p e r io r  as c a ta ly s ts  to the 

same compounds after their valences have been taken care 
of by double-salt formation (acetylacetone, acetylacetone 
plus 2 pyridine).

Based on the above observation the following conception 
of the action of a siccative was put forward as a working 
basis:

In an efficient siccative the valences as well as the residual 
valences of the metal atom will be largely saturated. The satura­
tion, however, will be of such an order tha t in contact with a 
non-hardened particle of the oil a reaction, or possibly a "double 
decomposition,” between the catalyst and the oil will occur. 
This in turn hastens the polymerization and oxidation processes 
of the particle in question. Soon after these reactions have been 
started, the valence forces of the oil are taken care of by the 
changes in the oil itself. As a result the catalytically active metal 
or metal complex is again given off, possibly with restoration of 
the original complex. This in turn is again capable of inducing 
in other non-hardened oil particles a chain of reactions which 
lead finally to film formation.
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T a b le  I— D ry in g  A c tio n  o f C o b a l t  C o m p o u n d s  in  V a rio u s  S o lv e n ts

!
1J Benzonitrile 
2) B enzaldehyde 
3) Benzyl alcohol 
4) Benzyl cyanide 
5) N itrobenzene 
C o b a l t  C o m p o u n d s

Furfural
Aniline
Benzyl chloride 
Amyl alcohol 
Benzene

S o l v e n t s

GOOD DRYIN G ACTIV ITY
C obalt
C obalt
C obalt
C obalt
C obalt
Cobalt-
C obalt

C obalt
C obalt
C obalt
C obalt

chloride (anhydrous) 
sulfocyanide (anhydrous) 
chloride (acetaldoxime)««* 
nitrosoacetophenonea 
benzyldioxime pyridinea
2 -n itroso-l-naph tho l pyridine<7 
acety lacetone (pyridine)

M ED IU M  DRYIN G A CTIV ITY
chloride (benzaldoxime)<<* 
acety lacetone (quinoline)ja
sulfocyanide hexam ethylenetetram inepyridinec 
chloride (anilinehydrochloride)jd

1 to  4 
1 to  9 
2, 3, 10 
1 to  4 
2, 3 
10
1-4, 10

10, 2, 3 
1 to  4 
10 
7

IN S U F F IC IE N T  D RY IN G  A CTIV ITY
C obalt-2-n itroso-l-naphthol 10
C obalt-l-n itroso-2-naphthol 10
C obalt acetylacetone* 10
C obalt, manganese, lead in benzaldehyde plus to luene /

a H ieber, W ., and  L eu tert, F ., Ber., 60, 2296 (1927). 
b B iltz, W ., and  Clinch, J . A., Z. anorg. Chcm., 40, 223 (1904). 
e Gmehlin Friedhcim , H andbuch der anorganischen Chem ie, B and V, 

I, p. 295.
d B y rk it, G. O., and  D ehn, W . M ., J . A m . Chcm. Soc., 51, 1167 (1929). 
« U rbaine and  D ebierne, Compt. rend., 129, 304 (1899).
/  Bernoulli, A. L ., and  Schaaf, F ritz , Helv. Chim. Acta, 5, 721 (1922). 
o P repared  in course of p resen t s tu d y ; m ethods will be published la ter.

A cracked and wrinkled surface is characteristic of the dried 
China wood oil film. However, when benzonitrile, benzal­
dehyde, benzyl alcohol, or benzyl cyanide was used as a sol­
vent for the cobalt compound, smooth and glass-clear sur­

faces were obtained. Under the microscope only the thickest 
parts of the film were found to be of a wavy appearance when 
dried on tilted glass (Figures 1 to 4). The accompanying 
photomicrographs are characteristic of each of the solvents 
used: benzaldehyde (Figure 1), a comparatively large number 
of short waves starting in a right angle from several middle 
lines; benzyl alcohol (Figure 2), a few wavy wrinkles start­
ing in a right angle from a single middle line; benzyl cyanide 
(Figure 3) somewhat like Figure 1 but with still smaller 
wrinkles; benzonitrile (Figure 4), wrinkles with no direction; 
finally in Figure 5 we see a typical China wood oil film as a 
control.

I t  was previously known that the China wood oil effect 
(wrinkles and cracks) can be restricted by the addition of 
phenols or old turpentine to the oil. To explain this fact it 
was assumed tha t these substances act as diluents and thus 
make possible a more uniform oxidation. The high absorp­
tion of the phenols in the ultra-violet possibly cuts out light 
catalysis of the oil and as such adds to the uniformity of the 
hardening process. If these substances mentioned as well 
as the solvents used in the present experiments actually 
produce smooth films through light absorption in the ultra­
violet, and so cut down light catalysis, they would have to be 
considered as negative catalysts, or possibly as compounded 
catalysts, the positive action being due to the cobalt-con­
taining substance, while the solvent and solution would be 
responsible for the retardation.

Solubilities of Salts in Ethylene Glycol and in Its 
Mixtures w ith W ater1

H . M. T rim ble

O k l a h o m a  A g r i c u l t u r a l  a n d  M e c h a n i c a l  C o l l e g e , S t i l l w a t e r , O k l a .

Et h y l e n e  giycoi for 
this study was pre­
pared from Prestone or 

from dynamite grade glycol.
A slight u n p le a s a n t  odor, 
somewhat resembling tha t of 
crude pyroligneous acid, was 
removed by drawing dried air 
through the material for 12  hours or more, holding it mean­
while a t about 100 ° C. The glycol was then distilled a t atmos­
pheric pressure, saving the portion which came over within 
about 0.3 degree of 197.2° C. (corrected for pressure and emer­
gent stem), the accepted boiling point. On redistilling this 

'fraction most of the glycol came over a t 197.2° C. (corrected). 
This portion was saved and used in the experiments. Its 
density and index of refraction were exactly those given for 
pure glycol in the literature.

The salts whose solubilities were determined were all of 
the highest obtainable purity. Some of the less common 
water-insoluble salts were prepared when wanted by pre­
cipitation from- solution, using only the purest of reagents. 
The others were commercial products. All the salts were 
dried in an oven a t 105-110° C. just prior to determining 
their solubilities when this could be done. Some salts whose 
water of crystallization would have been lost if subjected to

1 R eceived N ovem ber 7, 1930. P resented  before th e  D ivision of 
Physical and  Inorgan ic  C hem istry  a t  th e  80 th  M eeting of the  Am erican 
Chem ical Society, C incinnati, Ohio, Septem ber 8 to  12, 1930.

this treatment were not sub­
jected to preliminary drying.

In a preliminary study, 
which was planned to furnish 
a basis for more detailed in­
vestigation, the solubilities of 
some hundred salts were de­
termined in a semi-quantita- 

tive way. Roughly weighed quantities of the salts were placed 
in test tubes together with known volumes of glycol, and the 
test tubes were then rotated a t room temperature for periods of 
24 to 36 hours. In  case a salt was seen to dissolve completely, 
more was added. The amount dissolved in a given experi­
ment was estimated by weighing roughly the salt which re­
mained undissolved a t the end, after pressing it between 
filter papers to free it from most of the adsorbed glycol. 
In  case the salt was only slightly soluble one or other of its ions 
was precipitated, after diluting the saturated solution with 
water, and the quantity of salt which had dissolved was 
estimated.

Those salts which are insoluble in water were found to be 
insoluble, or only slightly soluble, in pure glycol.

Of the anhydrous salts which are soluble in water, the 
halides proved to be, in general, readily soluble also in glycol. 
The order of increasing solubility of these salts for a given 
cation was, as with water, fluoride, chloride, bromide, iodide. 
The order of increasing solubility of salt for any one of the 
halide anions was generally the same as the order of increasing

T he solubilities of sa lts  in  ethy lene glycol are, in  
general, less th a n  in  w ater. T he relative o rder of 
so lubilities is m u c h  th e  sam e, th o u g h  ce rta in  sa lts  
w hich are readily  soluble in  w ater are  nearly  or qu ite  
inso lub le in  glycol. T he so lubilities of sa lts  in  glycol- 
w ater m ix tu res have been s tud ied . D ata and  illu s tra ­
tive curves are given.
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atomic weight of the cation. Those halides which show 
marked tendency to crystallize with water of crystallization, 
however, were very highly soluble in pure glycol. There is 
much evidence to show that these salts form solvates with 
glycol, which may account for their unusual solubilities.

T a b le  I— D a ta  o n  T e r n a r y  S y s te m s , E th y le n e  G ly c o l-W a te r -S a l t  
a t  30° C .

G l y c o l

0.00 
8.08

19.26
32.27 
51 .57  
66 .41

0.00
12.73
28 .29
46 .08
65.67
86.32

0.00
7 .34

22.26
28 .50
50 .25
66.66
71.61
67.71

0.00
4 .21
9 .01

18.64
28 .90
38 .58
49.75
65.62

100.00

0.00
14.93
32.11
51.13
71.97
93 .38

0.00
15.08
33.47
62.00
73.27
94 .90

Anhydrous salts whose anions contain oxygen exhibited 
different degrees of solubility. In  some cases they were slightly 
soluble or insoluble in glycol. Anhydrous potassium sulfate 
and sodium sulfate, aluminum sulfate, chromic sulfate, and 
cadmium sulfate were so little soluble th a t their solutions, 
after diluting with water, gave barely perceptible precipi­
tates of barium sulfate. These salts were prepared by de­
hydrating their hydrated forms by heating for several hours 
a t temperatures slightly above their decomposition tempera­
tures. Anhydrous cupric sulfate dissolved to the extent 
of 0.5 per cent a t 30° C. The alkali hydrogen sulfates were 
somewhat more soluble. The alkali carbonates and bicar­
bonates were moderately soluble. The secondary and ter­
tiary alkali phosphates were only slightly soluble. The 
anhydrous nitrates varied in solubility from potassium ni­
trate and sodium nitrate, which were only slightly soluble, 
through the moderately soluble lead nitrate, to silver nitrate, 
which proved to be highly soluble. Sodium, potassium, and 
ammonium arsenates were fairly soluble. Ammonium molyb- 
date crystals were decomposed to a white powder, which was 
nearly completely insoluble. The alkali formates and ace­
tates were very highly soluble. Some potassium salts of higher 
acids in this series proved less soluble. Roughly, the solu­
bility of such a salt is less the higher its molecular weight.

The addition of water of crystallization to an anhydrous 
salt serves, in every case studied, to increase its solubility 
in glycol very markedly. Thus, CuS04.5H20 , Na2S 04.-

W a t e r S a l t D e n s i t y

% %
G ly c o l-W a ter-K I

39.49 60.31 1.7302
35.14 55.90 1.6655
29 .76 50 .98 1.6031
22 .35 45 .38 1.5395
10.16 38.27 1.4687

0 . 0 0 33.59 1.4272
G ly co l-W ater-K B r

58.42 4 1 .58 1.3876
51.45 35.82 1.3417
42.07 29.64 1.2995
30.34 23 .58 1.2637
16.30 18.03 1.2338

0 . 0 0 13.68 1.2131
G lycol-W ater-C uSO *. 5HaO

72.35 27 .65 1.2259
67 .20 25 .46 1.1941
59.72 18.02 1.1502
56 .66 14.84 1.1363
40.49 9 .2 6 1.1202
24 .18 9 .1 6 1.1406

4 .77 23 .62 1.2535
0 . 0 0 32.21 1.3267
G lycol-W ater-K iSO *

88.86 11.14 1.0881
85 .95 9 .84 1.0812
82 .88 8 .11 1.0737
7 5 .70 5 .66 1.0651
67 .43 3 .67 1.0627
59.01 2 .41 1.0646
4 8 .80 1.45 1.0708
33 .75 0 .6 3 1.0823

0 . 0 0 0 . 0 0 1.1060
G lyco l-W ater-N aC l

7 3 .48 26.52 1.1960
62.93 22.14 1.1816
50.22 17.67 1.1694
35.42 13.45 1.1593
18.61 9 .4 2 1.1518

0 . 0 0 6 .62 1.1485
G lyco l-W ater-K C l

7 2 .90 27.10 1.1820
62 .95 21.97 1.1648
50 .00 16.53 1.1510
36.16 11.84 1.1424
18.98 7 .75 1.1371

0 . 0 0 5 .1 0 1.1368

10iI2O, and A12(S04)3.18H20  are all highly soluble, though 
their anhydrous forms are very little soluble. Hydrated 
salts in general are highly soluble, the only exceptions found 
in this study being potassium citrate and tartrate and sodium 
tartrate. Usually a salt is more soluble the higher the number 
of molecules of water of crystallization it carries.

Glycol shows different solvent powers toward the com­
ponents of mixed salt. Thus, K 2A12(S04)4.24H20  and 
K 2Cr2(S04)4.24H20  are split up, potassium sulfate is sepa­
rated out in the form of fine crystals, and the heavier metal 
sulfates which are left are dissolved to a great extent. The 
alums containing the ammonium radical, both of whose 
components are soluble when taken singly, are highly soluble.

As would be expected, the addition of water to glycol 
increased the solubilities of many salts, particularly the 
anhydrous ones. This effect decreases as the salts carry 
more molecules of water of crystallization, and may even be 
reversed for some of the salts which are highly hydrated. 
Thus, as will be seen, the solubility of CuS04.5H20  in glycol 
is actually decreased throughout a certain range by adding 
water.

Most salts were found to dissolve in glycol with but little 
thermal effect. I t  was found, too, th a t the temperature 
coefficients of solubility for many salts dissolving in glycol 
a t about room temperature are quite low; whence it may be 
inferred that thermal effects on solution are generally small. 
Potassium iodide and a few other anhydrous salts, however, 
showed a cooling effect, just as these same salts do on dis-

I—KI 
I I —K B r 

I I I —N aCl

IV — KC1 
V— CiiSOi.öHjO 

W I— KjSO.

solving in water. When anhydrous salts form solvates 
with glycol the quantity of heat evolved is often rather great. 
Anhydrous aluminum choride and ferric chloride react vio­
lently with glycol, evolving much heat and copious fumes of 
hydrogen chloride. The more common acids and bases, 
together with strongly basic salts such as the alkali carbonates, 
also apparently enter into reaction with glycol—again with 
evolution of heat.

Comparisons were made between solubilities a t room tem­
perature and a t the boiling point of ethylene glycol. Con­
trary to expectations, it was found th a t only in exceptional 
cases are salts very much more soluble a t the higher tempera­
ture than a t the lower. One such exceptional case is tha t of 
magnesium ammonium chloride, whose solubility change is so 
great tha t it might very readily be recrystallized from glycol 
if desired. A number of salts were found to show an in­
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creased solubility a t the boiling point momentarily. On 
holding these solutions a t that high temperature for a short 
time, however, salts were again 'thrown down as amorphous 
precipitates. Mercuric chloride and mercuric acetate yielded 
gray precipitates which slowly turned black, presumably 
due to the formation of metallic mercury. Copper sulfate 
pentahydrate was dehydrated, forming a mixture of anhydrous 
CuSO< and of the monohydrate. The compositions of these 
precipitates were not investigated further. The alkali halides 
generally show but little greater solubility a t high than at 
low temperatures, even in those cases where solvation seems 
to occur.

T a b le  I I — S o lu b i l i t ie s  o f S a lts  In  E th y le n e  G ly c o l-W a te r  M ix tu re s
G l y c o l S a l t  p e r G l y c o l S a l t  p e r G l y c o l S a l t  p e r

i n 100 G r a m s i n 100 G rams i n 100 G r a m s
S O L V E N T S o l v e n t S o l v e n t S o l v e n t S o l v e n t S o l v e n t

% Grams % Crams % Grams
P otassium  Iodide Sodium  Chloride CuSCU.öHtO
0 .0 0 153.20 0 .0 0 30.09 0 .0 0 38 .22

20 .30 126.80 19.17 28.44 9 .8 5 34.16
39 .30 104.00 38.99 21.46 27.15 21 .98
59.08 83.08 59.07 15.54 33 .47 17.43
83.41 62 .00 79.45 10.40 55 .38 10.20

100.00 50.58 100.00 7 .09 73 .38 10.08
93 .75 30.92

100.00 46 .88
Potassium Brom ide Potassium  Chloride P otassium  Sulfate

0 .0 0 71.17 0 .00 37.18 0 .0 0 12.54
19.83 55.81 19.33 28.10 4 .67 10.91
40.21 42 .13 40 .10 19.80 9.81 8 .83
60 .30 30.85 58 .98 13.43 19.76 6 .0 0
80.12 22.00 79.42 8 .40 30.01 3 .81

100.00 15.85 100.00 5.37 39 .53 2 .47
50.48 1.47
66.03 0 .6 3

100.00 0 .00

Concentrated solutions of salts in glycol’display high vis­
cosities. Partly as a result of the viscosity of the solvent, 
saturation is reached slowly, quite high degrees of super- 
saturation may be attained in some cases, and the return to a 
state of saturation, even in the presence of added crystals, 
is slow compared with the same phenomenon in water solu­
tions.

Salts in solution in glycol are ionized. Even when condi­
tions are completely anhydrous, metathetical reactions occur 
readily. When precipitates insoluble in glycol are thus 
formed they are very finely colloidal; they remain suspended 
for long periods of time, and they show no tendency to grow 
larger either by growth of larger at the expense of smaller 
particles or by clumping together. Some of the colloidal 
precipitates formed seem worthy of careful study. Reactions 
in which one metal displaces another occur, too, just as in 
aqueous solutions, the relative activities in this regard 
being those indicated in the electromotive series of the metals. 
Cations may be separated from anhydrous solutions in 
glycol by electrodeposition just as from aqueous solutions, 
though the potential differences required are high. Conduct­
ance experiments in a few cases showed that under anhydrous 
conditions degrees of ionization are quite low. The addition 
of water to these solutions, of course, increases the degree 
of ionization of the salts, and with it the velocities of all the 
above-named accompanying effects.

Solubilities in  M ixtures of Glycol an d  W ater

Since it appears probable that solutions of salts in mixtures 
of glycol and water will prove of more importance than solu­
tions in pure glycol, a careful study of solubility relations 
for some typical salts was made. Glycol for these determina­
tions was prepared as before, the final distillation being 
carried out just before the glycol was wanted for experiments. 
The salts were of the highest obtainable purity.

Glycol-water mixtures were made up by weight for the 
experiments with the alkali halides. The mixtures were 
then sealed up in test tubes, together with excess of salt,

and rotated a t 30° C. for 18 to 36 hours. Samples were then 
removed for analysis and for the determination of density. 
Densities were determined in the usual way, using Ostwald- 
Sprengel type pycnometers. The analysis was performed 
by precipitating silver halide from weighed portions of 
the saturated solution in the usual manner, after diluting 
largely with water, then heating and weighing. A number 
of tests showed that the presence of glycol in concentrations 
up to 10 per cent does not interfere with the analytical deter­
mination of the halide or sulfate ions. From the percentage 
of alkali halide found and the composition of the solvent the 
concentrations of each of the components of the solutions 
were calculated. Analysis of the undissolvcd salt showed 
that in every case unsolvated alkali halide was the solid 
phase a t equilibrium.

The saturated solutions of copper sulfate were analyzed 
directly for both glycol and copper sulfate content. In 
determining glycol the method involving its oxidation in 
sulfuric acid solution with standard potassium dichromate 
followed by electrometric titration of the excess was used. 
As before, CuS0,|.5H20  was the solid phase in every case in 
which solubility determinations were made with this sub­
stance.

The solubility relations are set forth in the accompanying 
tables and graphs. As will be apparent from the curves, the 
solubilities of the alkali halides and of potassium sulfate 
decrease regularly with increasing concentration of ethylene 
glycol, the decrease for the halides being relatively more rapid

M ix tu re s

the greater the solubility of the salt in water. Cupric sulfate 
pentahydrate shows a decrease to a minimum, followed by a 
rise to a maximum with increasing concentration of glycol. 
This salt is more soluble in pure ethylene glycol than in water. 
This seems to indicate that glycol forms a solvate of some 
kind with the salt a t higher concentrations. No indication 
of the formation of a solvate in the solid phase was found with 
potassium sulfate.
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Asphalt Shingles1
Jo h n  M orris Weiss

ASPHALT shingles sur­
faced with m in e ra l 
granules are an im­

portant material in the roof­
ing industry. According to 
the statistics of the Depart­
ment of Commerce, about 
10,856,690 squares of asphalt 
shingles were sold in 1928 
and 11,974,539 squares in 
1929 by the forty-one pro­
ducers who comprise the industry. About 90 per cent 
of the shingles sold are of the strip type. These consist 
of several units joined together in flat strips and are 
frequently called “multiple shingles.” They can be laid 
more rapidly and with less labor than individual shingles and 
have “cut-outs” so as to give the same roof appearance as 
when individual shingles are used. Figure 1 shows a photo­
graph of this type of roof.

A common type is a four-shingle strip with square butts 
32 or 36 inches long, I2 V2 inches wide with cut-outs 4 inches 
deep and 3/< inch wide. When these are laid, with a 4-inch 
exposure to the weather, from 311 to 312 square feet of 
actual shingle are required to cover 100 square feet of roofing 
surface, and this amount is known as a “roofing square.” 
The amount required per roofing square varies with different 
design shingles and with different exposures to weather.

Such shingles are made from a base of roofing felt (a rag 
paper with or without other fibers), saturated with a bitumi­
nous material (asphalt) and covered on the weather side with 
an asphalt coating in which are embedded mineral granules, 
usually slate. Often the bottom surface of the shingle is also 
treated with a very thin layer of asphalt coating and finished 
by dusting with mica or soapstone. Such shingles are sold 
under brand names and not on specification, and as the gen­
eral outward appearance of all shingles is the same, except for 
the variation in color of the mineral surfacing, the purchaser 
cannot intelligently select between one brand and another.

A. S. T. M. Specifications

These shingles are the subject of a standard A .S .T . M. 
specification (D225-29) entitled “Standard Specifications 
for Asphalt Roll Roofing and Asphalt Shingles Surfaced with 
Mineral Granules.” Their requirements as to composition 
of the finished product may be summarized as follows:

W eight per 108 sq. f t   M inim um  80 lbs.
S a tu ra tion  in fe lt ...................................................  M inim um  150%
W eight of felt per 108 sq. f t   M inim um  10 .8  lbs.
Ash in d ry  fe lt........................................................  M axim um  10%
M ineral m a tte r per 108 sq. f t ...........................  M axim um  35 lbs.°
° If  above 35 pounds to ta l weight m ust be equally  above 80 pound 

lim it.

Apart from the above, requirements are general and not 
specific in character, except for a heat test a t 80° C. for 2 
hours, which practically all commercial materials will pass.

All tha t these specifications really provide is that there 
shall be a certain minimum weight per unit area of shingle, 
a minimum weight of felt per unit area, a minimum per­
centage of saturation in the felt, a maximum of ash in the 
felt, and a maximum of mineral matter per unit area of 
shingle.

I R eceived October 11, 1930.

E xperim ental T ests

In  the last eight years the 
writer and his associates have 
had occasion to determine the 
composition of a number of 
grades of roofing.

These tests were made on 
samples submitted to them, 
and usually consisted of three 
strips supposedly chosen to 

represent the average of the material. The total weight of 
the strips submitted was determined in the laboratory and the 
pieces selected for actual test were selected so as to have the 
same average weight-area relationship as the average of the 
strips received. The methods used for examining the 
samples were variations of the methods suggested by Abra­
ham (1). The fiber counts of the felts were made according 
to A. S. T. M. Tentative Standard (D272-29T).

Table I shows the result of representative tests of the 
proximate composition of sixteen brands of 36 inches long, 
I 2V2 inches wide strip shingles, with square butts. Shingle 
No. 8 represents an asbestos' felt base shingle of a different 
class than the others, and is therefore not subject to direct 
comparison.

Only one of the brands tested is below the minimum weight 
of the A. S. T. M. requirements, which incidentally are sub­
stantially the same throughout as those of the Underwriters 
Laboratories, whose approval tag is usually on brand shingles 
of this type. This approval is, however, primarily from the 
standpoint of fire-retarding properties and not necessarily of 
durability and service. Two of the brands (Nos. 1 and 3) 
have used less felt than the requirements of the A. S. T. M. 
specification, while two others (Nos. 5 and 14) are above the 
maximum requirement for surface mineral matter. However, 
these will pass the specification since the excess over 35 
pounds per 108 square feet is compensated by an excess in 
total weight over the 80 pound minimum.

T a b le  I— C o m p o s i t io n  o f V a rio u s  B ra n d s  of S t r ip  A s p h a l t  S h in g le s

S h i n g l e
No.

T o t a l  
W e i g h t  
p e r  108
SQ . FT .

W e i g h t  o f  C o m p o n e n t  P a r t s  p e r  108 s q . f t .

F e lt
S a tu ­
ra n t

T op M ineral 
coating surfacing

B ottom
coating

B ottom
m ineral

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs.
1 83 .6 10.5 19.1 27.1 2 5 .8 0 .5 0 .6
2 84 .4 11.6 17.1 2 1 .0 32 .4 1 .2 1.1
3 83 .2 10.2 18.1 19.5 27 .3 7 .0 1.1
4 81 .4 11.7 21 .5 2 3 .4 22 .5 1 .6 0 .7
5 8 2 .8 12.1 22 .2 9 .9 36 .3 1 .2 1.1
6 80 .9 11.9 17 .8 2 7 .0 21 .3 2 .1 0 .8
7 8 0 .0 11.7 2 0 .3 20 .4 2 5 .8 1 .0 0 .8
8 84 .0 2 0 .9 16 .2 17.4 2 8 .4 0 .2 0 .9
9 8 2 .0 11.6 2 4 .8 24 .2 2 0 .5 0 .3 0 .6

10 7 8 .4 11.6 2 2 .6 20 .4 2 2 .4 0 .7 0 .7
11 90 .1 11.7 25 .2 2 1 .3 29 .6 1 .2 1.1
12 85 .3 11.8 19.4 2 0 .5 33.1 0 .2 0 .3
13 87.1 11.1 21.1 23 .8 30 .2 0 .6 0 .3
14 9 3 .9 11.0 2 1 .0 2 3 .3 37 .9 0 .3 0 .4
15 8 1 .8 11.1 19.1 26 .6 18.5 5 .7 0 .8
16 90 .8 11.9 17.4 29 .6 29 .0 2 .5 0 .4

A. S .  T .  M . 
require- M in. 
m ents 80

M in.
10 .8

M ax.
3 5 .0

From a material cost standpoint, felt is the most expensive 
item in shingle manufacture, saturant and coating come next,

Wbiss and Downs, Inc., New York, N. Y.

A sphalt shingles surfaced w ith  m inera l g ranu les have 
becom e a n  im p o r ta n t roofing m a te ria l, an d  th e  p u b ­
lished specifications now  in  use do n o t appear to  be 
sufficient to  secure ad eq u a te  q u ality . T he re su lts  of th e  
exam ina tion  of sixteen b rands of a sp h a lt sh ingles th a t  
a re  sold for roofing are p resen ted , to g e th er w ith  com ­
m en ts  on  th e  d ifferen t com positions w hich are en ­
coun tered . C erta in  reco m m en d a tio n s as to  th e  d irec­
tio n  in  w hich specifications should  be changed are 
suggested.
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and mineral surfacing is the cheapest. The raw material 
cost for No. 9 is about 25 cents more per roofing square than 
that for No. 1, although the finished weight per roofing square 
is considerably less in No. 9 than in No. 1 .

Nos. 3 and 15 have a very heavy bottom protective coating, 
which differentiates them from the other brands tested.

F ig u re  1—R o o f C o v ered  w i th  M u lt ip le  A s p h a l t  S h in g le s

Table I I  shows the percentage saturation in the felt, and 
the tests of the dry felt. Excluding No. 8, the asbestos 
shingle, two (Nos. 2 and 10) are below the A. S. T. M. satura­
tion limit and one (No. 6) is just on the limit. TheAast 
three (Nos. 14, 15, and 16) are too high in ash. Too light 
weight felt has been used in Nos. 1 and 3, as was indicated 
also in the tests of Table I. All of these represent consider­
able differences in cost of manufacture and probably in 
service. Those with low saturation in the felt usually show 
curling and blistering in service to a marked degree, although 
low saturation is not the only cause of such blistering. Figure 2 
shows a roof on v^iich curling has occurred and illustrates 
the undesirable appearance caused by this action.

As to the felts, a variation from a 45.5 to a 53.5 felt is 
quite considerable and represents a 17 per cent variation in 
the most expensive of the components.

T a b le  I I— S a tu r a t io n  T e s ts

F elt F iber  C ount

Sh in -
GLB
N o.

Satu­
ra ­

tion No. Ash Wool C otton
Chem i­

cal
wood

Me-
Jcliani-

cal
wood

Ju te-
m anila

Asbes­
tos

1
%

182 47 .0
%
5 .2

% % % % % %
2 148 51 .5 7 .6
3 177 4 5 .5 6 .8
4 184 52 .0 7 .6
5 184 53 .5 6 .6 Ü 4 ÖS.5 15^0 ii ‘ i í :ó
6 150 52 .5 6 .3 3 .7 71.7 15.0 7 .4 2 .2
7 174 5 2 .0 4 .7 4 .3 70 .9 10.0 13.0 1 .8
S 80 9 5 .0 65 .5 7 .9 26 .9 63! 4
9 214 49 .5 7 .7 2 .2 70.9 12.0 ii !o 3 .0

10 195 52 .0 6 .7 2 .1 65 .2 10.4 17.0 5 .3
11 216 4 8 .5 9 .3 1 .3 70 .2 9 .0 16.3 3 .2
12 165 52 .8 6 .8 3 .2 69.9 10.0 15.9 3 .0
13 190 50 .0 7 .9 5 .0 68 .2 5.1 16.9 4 .8
14 191 4 9 .0 10 .6 3 .0 80 .5 4 .4 7 .4 4 .7
15 172 4 9 .5 13.5 1 .0 7 1 .0 19.0 5 .0 4 .0
16 146 52.9 10.8 3 .0 42 .0 12.0 34 .0 9 .0

A. S. T . M . 
require- M in. 
m ents 150

M in.
48

M ax.
10

The character of the felts is also of interest. The extremes 
of 83.5 per cent rag fibers (cotton +  wool) in No. 14 and 45 
per cent in No. 16 is also of interest. Rags are far more 
expensive than wood fibers and, although it is a mooted

point as to how much wood can be used with safety, in the 
writer’s opinion No. 16, with almost 50 per cent wood and a 
saturation of only 146 per cent, will give service results which 
are decidedly inferior to many of the others with much 
higher rag content and more complete saturation.

Discussion of Specification R equ irem en ts

The asphalt roofing industry has been very highly com­
petitive in the last few years and there has been a tendency 
to reduce the material costs, often at the expense of real 
quality. More rigid purchase specifications are very de­
sirable. The ideal specification, of course, would be a 
service test, but as yet no accelerated tests which have been so 
correlated with actual service records as to be reliable are 
available for general use.

Somewhat stricter limits than the A. S. T. M. requirements 
are necessary to assure real quality of product and prevent 
competition from further abstracting from the inherently 
necessary higher grade of raw materials. These requirements 
should place some upper limit on the wood-fiber content of 
the felt, increase the minimum allowable saturation, and 
prescribe a ratio between surface coating and mineral matter 
so that if the latter is increased the coating will be proportion­
ately increased to insure there being enough to hold the grit 
to the surface. In  general mineral-surfaced roofing lasts 
considerably longer than smooth-surfaced roofing where the 
asphaltic coating forms the wearing surface. There must be 
enough mineral matter to cover and protect the coating 
adequately. No. 15, with only 18.5 pounds of mineral sur­
facing per 108 square feet, seems deficient in this respect, 
and this is confirmed by the visual appearance of the sample. 
On the other hand, No. 5, with 36.3 pounds mineral surfacing 
and only 9.9 pounds asphalt coating, has not enough coating 
and the grit is loose and can easily be detached from the 
surface. The exact limits to be imposed will vary with the 
type of mineral surface employed.

F ig u r e  2—R o o f o f A s p h a l t  S h in g le s  o n  W h ic h  C u r l in g  H as  O c c u r re d

On the saturation specification, the writer would be in­
clined to set a low limit of 170 per cent, which would exclude 
Nos. 2, 6, 8, 12, and 16 (see Table II), and would further give 
consideration to the ratio between actual saturation and 
saturating capacity of the felt used. Felts vary in their 
capacity to take saturation. Some makers control saturation 
by making a kerosene absorption test on dry felt and regu­
lating the saturation to at least 90 per cent of tha t which the 
felt should theoretically absorb. This practice seems to be 
an excellent one to insure thorough saturation of the felt.

I t  must also be considered tha t improper manufacturing
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methods can detract from values even if adequate amounts of 
suitable-quality raw materials are used. Analyses of the 
type given here will naturally not detect such differences 
which are to a certain extent evident by inspection of the 
roofing. However, in general, the higher the grades of 
materials used in the roofing the greater care will be taken by 
the makers. Tests of the kind outlined here will do much 
toward eliminating the lowest grades of product from con­

sideration and should give the consumer a better chance of 
obtaining service from the brand of roofing which he pur­
chases. From time to time, based on experience, the limits of 
acceptable quality can be narrowed so as to insure more 
adequate service.

L ite ra tu re  Cited

(1) A braham , H ., “ A sphalt and  Allied Substances,” 1929.

Solubilities of Oils and W axes in Organic 
Solvents—II1

Jo h n  W ard Poole and  C ollaborators

F u e l  a n d  G a s  E n g i n e e r i n g  D e p a r t m e n t , M a s s a c h u s e t t s  I n s t i t u t e  o p  T e c h n o l o g y , C a m b r i d g e , M a s s .

IN A previous article by 
the senior author in col­
laboration with R. K.

Opper a n d  A. K .  Scott [ I n d .
E n g . C h e m ., 21,1098 (1929)] 
there has been p u b lish e d  
qualitative data for twenty- 
eight organic solvents. In 
addition, quantitative data 
on the solubilities of oil and 
wax in a c e to n e , in n-butyl 
alcohol, in n-butyl aldehyde, 
and in a “50-50” mixture of 
acetone and n-butyl alcohol 
were presented graphically as 
a function of temperature.
Similar curves were given for 
the solubility of wax only, in 
butyl acetate, chlorobenzene, 
and toluene. With the last three solvents oil is completely 
miscible, a t least over the temperature range in question.

The work reported in this article, however, did not finish 
the program for this group of solvents. Certain solvents not 
quantitatively investigated seemed to offer considerable 
possibilities and a different type of data was also needed to 
determine the commercial and analytical significance of the 
selective powers shown. Furthermore, there were other 
solvents known to possess, or which might possess, the quali­
fications necessary for wax removal. This paper deals with 
progress in the above fields.

S O L U B IL IT IE S  O F  PE N N SY LV A N IA  O IL S  AND P A R A F F IN  W A X  
IN  N A PH T H A , T U R P E N T IN E , E T H Y L E N E  D IC H L O R ID E , M E T H Y L  
E T H Y L  K E T O N E , n -B U T Y L  A L D E H Y D E , IS O P R O P Y L  A L C O H O L , 

AND n -A M Y L  A LC O H O L

W ith  F . C . F a h n e s to c k  a n d  E . L . K ra ll

Of the solvents investigated in the previous paper only 
seven were investigated quantitatively, although it was 
recognized that others in the group showed equal or nearly 
equal promise of high selectivity. The work covered in this 
section represents the completion of various solubility-tem- 
perature curves for this group.

I t  will be noted, however, tha t certain solvents are not 
represented in the accompanying graphs. The reasons for 
this are several. Ethyl alcohol, diacetone alcohol, acetic 
anhydride, glacial acetic acid, Cellosolve, and Methyl Cello- 
solve either possess very low solvent power for oil or seem 
to have little selective ability. Amyl acetate, xylene, mesityl

1 R eceived N ovem ber 24, 1930.

oxide, and Butyl Cellosolve 
all boil a t temperatures so 
elevated as to make their 
rem o v a l difficult. Certain 
of this group are subject to 
further drawbacks. Carbon 
tetrachloride and tetrachloro- 
ethane appear to be too re­
active to be useful. Solu­
tions c o n ta in in g  either of 
the last two co m pounds 
and oil d a rk e n  on stand­
ing.

In  the previous article it 
was reported tha t ethylene di­
chloride solutions also dark­
ened on s ta n d in g . In  the 
present work, however, no 
such trouble was encountered 

when using fresh chemically pure solvent. In  view of the 
considerable number of determinations necessary to obtain 
the desired data, it seems probable that ethylene dichloride, as 
such, is not undesirably reactive.

E xperim ental Procedure

The experimental procedure for the determinations re­
ported in this paper was identical with that used in the pre­
vious work. For each temperature two determinations were 
made, and unless these checked within about 3 per cent 
of the total wax dissolved further determinations were run. 
In  certain cases, usually with either very high or very low 
solubilities, it was necessary to make several determinations 
and average those which came close together. When a 
widely divergent solubility was observed, extra determina­
tions were always made. Each point shown on the plot 
represents the average value for a t least two independent 
determinations, which frequently were identical. The data 
are probably accurate to within 5 per cent of the total 
hydrocarbons dissolved.

C haracteristics of M ateria ls Used

The solvents used in this work were as follows: light 
naphtha—water white, A. P. I. gravity 59.9°, boiling range 
88° to 138° C.; heavy naphtha—water white, A. P. I. 
gravity 49.5°, boiling range 157° to 231° C.; commercial 
turpentine; n-butyl aldehyde, technical grade; ethylene 
dichloride, chemically pure; n-amyl alcohol, chemically 
pure; methyl ethyl ketone, chemically pure; isopropyl 
alcohol, chemically pure.

These d a ta  were collected to  fu rn ish  fu n d am e n ta l 
in fo rm atio n  for com m ercial and  ana ly tica l processes 
w herein i t  is necessary to  separa te  paraffin  wax from  
liqu id  hydrocarbons. T he so lu b ility -tem p era tu re  d a ta  
are show n graphically  for n -am y l alcohol, a  com m ercial 
m ix tu re  of am yl alcohols (Pentasol), isopropyl alcohol, 
n -b u ty l aldehyde, paraldehyde, ethy l chlorocarbonate, 
e thy lene dichloride, b u ty l fo rm ate , m ethy l ethy l ketone, 
two solvent n ap h th as , an d  tu rp en tin e .

F u rth e rm o re , consideration  has been given to  th e  
im p o rta n t fac to r of oil co n cen tra tio n  on  th e  so lub ility  
of wax in  solvent-o il m ix tu res. B utyl ace ta te , para lde­
hyde, n -b u ty l alcohol, chlorobenzene, and  P en taso l 
were investigated  fo r th is  study.

Finally , in  order to  b roaden th e  field of solvents 
available for dewaxlng processes, tw enty-six  com ­
pounds on w hich d a ta  are practically  n o n -ex is ten t have 
been investigated  qualita tively .
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Commercial paraffin wax, melting point 50° C.

Note—T he wax used is identical w ith  the  " in te rm ed ia te '’ wax m entioned 
in th e  first paper of this series. A t th a t  tim e three  different waxes were 
exam ined. A ctually th e  high and low waxes were derived from  th a t  m elt­
ing a t  50° C., by repeated  recrystallizations from acetone, all m aterial 
m elting above th e  original wax in each case being placed in one fraction 
and  all m elting lower th a n  this in the  second fraction. In  every instance 
i t  was found th a t  the  lower the  m elting po in t the  greater was the  solubility 
in any given solvent. Nevertheless, th e  curve for the  original or interm edi­
a te  wax was very close to  a  m ean for th e  o ther two. Consequently, i t  was 
considered unnecessary in subsequent work to  use m ore th an  th e  one wax.

Pennsylvania paraffin-base oil, specific gravity 0.877; vis­
cosity a t 100° F., 240 seconds Saybolt; pour test 20° to 25°F .; 
flash 400° F.; color about 5 N. P. A.

In te rp re ta tio n  of R esults

The solvents with which this paper is concerned have been 
divided for convenience into two rough classifications. The 
first consists of those solvents which are completely miscible 
with oil and in which wax also becomes very soluble as the 
temperature is moderately increased. This type includes 
three solvents which are very similar chemically—solvent 
naphtha (gravity 59.9° A. P. I.), solvent naphtha (gravity 
49.5° A. P. I.), and commercial turpentine (Figure 1). In 
view of the similar chemical nature of these compounds it 
is not surprising that their ability to dissolve the hydrocarbons 
in question should also be similar.

The second group of solvents (Figure 2) consists of ethylene 
dichloride, n-amyl alcohol, n-butyl aldehyde, methyl ethyl 
ketone, and isopropyl alcohol. Each of this group dissolves 
wax but sparingly over the range investigated and all but 
the last two appear completely miscible in oil. Since methyl 
ethyl ketone and isopropyl alcohol have t>nly limited ability 
to dissolve oil, additional graphs drawn to a smaller scale 
(Figures 3 and 4) are included for these solvents. The cor­
responding curve for wax has also been included for purposes 
of comparison.

N a p h t h a s—Both light and heavy naphthas show selec­
tivity in their solvent powers at low temperatures and seem 
completely miscible with oil in all proportions over the range 
in question. The wax solubility, however, increases rapidly 
with increase in temperature, and a t no temperature investi­
gated is it low enough to make these solvents attractive

commercially. The heavy naphtha has the lower wax solu­
bility, but even here the value is greater than 20 grains per 
100 grams of solvent a t 20° C.

C o m m e r c ia l  T u r p e n t in e —Like the naphthas, turpentine 
is completely miscible with the oil and shows marked selec­
tive properties at low temperatures, but above 10° C. the 
wax solubility increases rapidly, while a t 20° C. it reaches a 
value of nearly 20 grams per 100 grams of solvent. The 
curve is, in fact, practically coincident with that of the heavy 
naphtha. In addition to possessing no decided advantages 
over the latter solvent, turpentine has the disadvantage of 
leaving in the oil a considerable residue, probably resulting 
from oxidation.

E t h y l e n e  D ic h l o r id e —Among the solvents which possess 
very low wax solubilities a t the temperatures investigated, 
ethylene dichloride is onewhich seems to showdefinite promise 
as a dewaxing agent. The value of the wax solubility for this 
solvent is less than 5 grams per 100 a t the highest temperature 
investigated. Ethylene dichloride is miscible with oil in all 
proportions a t the temperatures under consideration, and 
with such a high degree of selectivity it would seem well 
suited to serve as a dewaxing medium. No undesirable 
qualities were noted, while the low viscosity of the solvent 
rendered filtering comparatively easy.

A m y l  A l c o h o l—Amyl alcohol possesses many of the same 
characteristics as ethylene dichloride. I t  is miscible with oil 
in all proportions and has a low wax solubility. In  the latter 
respect it  appears to be even better than ethylene dichloride.

On the other hand, this solvent is decidedly more viscous 
and filters with difficulty.

r - B u t y l  A l d e h y d e —In view of the solubility data above, 
n-butyl aldehyde would seem to have the same possibilities 
as a dewaxing agent as ethylene dichloride and amyl alcohol. 
On the contrary, it  was found that, like turpentine, it leaves a 
residue on evaporation and thus becomes of doubtful value.
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F ig u r e  2 — T e m p e r a t u r e - S o l u b i l i t y  
C u rv e s  fo r  W ax in  E th y le n e  D ic h lo rid e  
n -B u ty l  A ld eh y d e , n -A m y l A lcoho l,
M e th y l E th y l K e to n e , a n d  Is o p ro p y l 
A lcoho l

M e t h y l  E t h y l  K e t o n e  a n d  I s o p r o p y l  A l c o h o l —Al­
though methyl ethyl ketone and isopropyl alcohol both show 
marked selectivity for oil over wax, both possess limited 
power to dissolve oil. In  the case of isopropyl alcohol this 
would appear to be a decided drawback, the solubility reach­
ing no more than 14 per cent a t 30° C . However, it does 
seem superior to acetone, inasmuch as it dissolves oil some­
what more readily and wax a little less readily than does 
tha t solvent. Possibly it might be used as an acetone sub­
stitute where a wax precipitant is desired in connection with 
a very powerful solvent. In one of the few cases where true 
solvent extraction is commercially used, the oil-wax mixture 
is dissolved in benzene, from which the wax is precipitated by 
acetone and a low-pour-test oil thereby produced.
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E F F E C T  O F  O IL  ON  S O L U B IL IT Y  O F  W A X  IN  B U TA N O L, B U T Y L  
A C ETA T E, AND C H L O R O B E N Z E N E

W ith  F . C . F a h n e s to c k  a n d  E . L . K ra ll

The first paper of this series and the preceding section of 
the present paper have been concerned with two-component 
oil-solvent or wax-solvent systems. In the present section 
the effect of oil on the solubility of wax in each of three 
promising solvents is considered.

Although data on two-component systems are important 
in the development of the problem, it  is evident that in all 
actual use of selective solvent power we will encounter 
systems of three components. In  such systems, consisting 
of oil, wax, and solvent, it  is logical to suppose th a t the varia­
tion of any one of the components will influence the relation­
ship of the other two. Since without exception the mis- 
cibility of oil and solvent exceeds tha t of wax and solvent,
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F ig u re  3—T c m p e r a tu r e - S o lu b l l i ty  C u rv e s  
fo r  W ax a n d  O il in  M e th y l  E th y l  K e to n e

the oil and solvent in some cases being m isciblejn all pro­
portions, the oil-solvent ratio has been considered the inde­
pendent variable, and the effect of tha t ratio on the amount 
of wax dissolved has been presented in graphical form. The 
quantity of solvent in the solution being examined has 
been used as a basis of reference.

E xperim ental P rocedure

The procedure used in collecting these data was similar 
to that described in the first paper, bu t owing to the added 
complications of a three-component system it was necessary 
to alter the method somewhat, particularly with respect to 
calculations.

A number of oil-solvent solutions of varying oil concentra­
tion were prepared. For a determination about 50 cc. of 
solution were placed in a 1 by 8 inch (2.5 by 20 cm.) test tube, 
and sufficient melted wax was added to furnish an excess 
amounting to 1 or 2 drops. These tubes were then placed in a 
constant-temperature bath and allowed to remain overnight. 
The next morning a portion was forced by air pressure through 
a cotton filter into a tared weighing bottle. After weighing, 
the sample was evaporated to constant weight on a hot plate 
and under a mild air jet, the temperature being maintained at 
about 70 ° C. Blanks were run simultaneously on the original 
oil-solvent solution as a check on the oil-solvent ratio. From 
these data the quantities of wax, oil, and solvents were cal­
culated. The solvent was considered equal to the loss by 
evaporation. The oil was found from the ratio of oil to 
solvent in the prepared mixture, the composition of which 
was simultaneously checked by the blank determinations. 
The wax was considered as being equal to the difference 
between the calculated oil and the residue remaining in the 
weighing bottle. In  each case three determinations were 
made which, with a few explainable exceptions, deviated from

the mean by less than 2 grams of wax per 100 grams of sol­
vent. With low solubilities the determinations were much 
closer than this, no values being considered which deviated
10 per cent from the mean value of wax dissolved. Except 
in isolated cases this deviation was less than 5 per cent. 
Occasionally high values were obtained, but such data were 
neglected on the ground of probable solvent evaporation. 
I t  will be seen from a consideration of the method that evapo­
ration would cause the calculated oil to be less than the actual
011 and raise the apparent wax-solvent ratio both by making 
the calculated quantity of wax too high and the calculated 
solvent too low. This m atter of evaporation is probably the 
most serious deficiency of the method.

The data were then plotted in the manner shown.

M ateria ls Used

The solvents used were technical grade butanol as manu­
factured by the Commercial Solvents Corporation, c. p . butyl 
acetate, and c. p . chlorobenzene.

The oil and wax were the same as described in the previous 
section.

In te rp re ta tio n  of R esu lts

The limitations of the data obtained in this work must be 
completely understood and thereafter borne in mind if a 
correct interpretation is to be made. For an ideal condition 
it would be necessary to use for “oil” a mixture of liquid 
hydrocarbons entirely free from members of the paraffin 
series. This, of course, is next to impossible with any paraf­
fin-base lubricant. Consequently, an oil of 20-25° F. pour 
test was used and arbitrarily considered wax-free. Such an 
oil, without doubt, contains a material percentage of low- 
melting paraffins together with traces of those which consti­
tu te commercial paraffin. T hat such compounds were pres­
ent must be kept in mind if the true significance of these 
data is to be understood.
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F lf tu re  4 — T e m p e r a tu r e - S o lu b i l l ty  
C u rv e s  fo r  W ax a n d  O il In  I s o p ro p y l 
A lco h o l

Owing to this arbitrary placing of the wax origin on the 
plots, it has developed in certain cases—i.e., 0 ° and 10 ° C. 
curves for butanol—that the data show negative values for 
wax solubility. This means tha t the original oil, under the 
conditions of experimentation, has been further dewaxed 
by an amount corresponding to these negative solubilities. 
This feature can be understood best by referring to Figure 
10, where grams of total solute per gram of butanol are 
plotted against percentage of wax in lubricating oil thus de­
waxed.

Another limitation of these data is tha t they apply only 
to the particular types of oil and wax which have been used. 
For instance, it  is not unreasonable to suppose tha t an oil of 
lower hydrogen-carbon ratio than the one here considered 
would have a greater tendency to increase the dissolved wax. 
I t  seems to be more or less generally true tha t the lower this 
ratio the greater is the capacity of the substance to enter 
solution with other organic compounds. Such a factor might 
appreciably change the character of analogous data.

Again it should be remembered tha t a commercial paraffin 
wax was used in collecting these data. Such a wax represents
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S o l v e n t B . P.

o o O 21° C. H i g h e r  T e m p e r a t u r e s

Penna. Texas Wax Penna. Texas Wax Penna. Texas Wax

° C. % % % % % % % % %
Isoam yl alcohol0 130 0 1 0 0 0 .5 - 8 1 0 0 0 .7 5 100 (33)/ 1 0 0 12 (41)sec-Amyl alcohol 118 1 0 0 1 0 0 0 .5 1 0 0 1 0 0 0 .5 1 0 0 1 0 0 12 (39)Amyl chloride 106 1 0 0 1 0 0 6 1 0 0 1 0 0 22 1 0 0 1 0 0 100 (33)Brom obcnzene 157 1 0 0 1 0 0 3 1 0 0 1 0 0 19 1 0 0 1 0 0 100 (34)Isobu ty l alcohol0 106 0 1 0 0 0 .5 - 9 1 0 0 0 .5 100 (42) 1 0 0 12 (41)itfC-Butyl a lcohol0 09 0 0 0 .7 0 0 0 .7 - 8  (40) 0 15 (43)B u ty l chloride 78 1 0 0 1 0 0 6 1 0 0 1 0 0 22 1 0 0 1 0 0 100 (31)B uty l form ate 107 1 0 0 1 0 0 0 .75 1 0 0 1 0 0 2 1 0 0 1 0 0 25 (37)Chloroform  6 61 1 0 0 1 0 0 1 2 1 0 0 1 0 0 50 1 0 0 1 0 0 100 (30)Crotonaldehydc® 104 0 25 0 . 8 0 1 0 0 0 .8  (27) 100 (53) 1 0 0 12 (42)Dichlorocthylene 55 1 0 0 1 0 0 6 1 0 0 100 26 1 0 0 100 100 (29)D iethy l carbinol 114 100 100 0 .2 1 0 0 100 2 .4  (24) 1 0 0 100 30 (38)E th y l bromide 39 100 100 5 1 0 0 100 25 1 0 0 100 100 (31)E th y l carbonated 126 100 1 0 0 0 .25 1 0 0 1 0 0 0 .5 1 0 0 100 5 (40)E th y l chlorocarbonate« 94 100 100 1 0 0 100 2 .5 100 1 0 0 45 (38)E thy lene  brom ide 130 100 100 i  .2 100 100 1 .2 100 100 25 (34)
E th y l fo rm ate / 54 - 1 7 18 0 .5 - 1 7 18 0 .5 - 1 7 1 0 0 15 (43)E th y l proprionate«* 98 - 1 2 1 0 0 0 .6 - 1 5 100 2 .3 - 2 5  (45) 1 0 0 12 (33)Furfu ra l 161 0 0 0 0 0 0 0 0 0 (05)M ethy l ace ta tca 57 6 - 1 0 3 - 1 5 - 6 1 0 0 3 (50)Paraldehyde^ 124 - 3 3 1 0 0 1 .2 1 0 0 1 0 0 i  . 2 100 100 50 (40)
P en tach lo roethane 161 1 0 0 100 6 100 100 20 100 100 100 (32)Petro leum  c thc rt 1 0 0 100 9 .5 1 0 0 1 0 0 25 100 100 100 (28)
Pyridinco 115 - 1 2 100 1 - 2 5 100 1 100 1 0 0 25 (39)
T etrachloroethylcnc 120 100 100 31 100 100 46 100 100 100 (29)
T richloroethylene 87 100 100 20 100 100 40 100 100 100 (28)

a Solvent layer colored by  Pennsylvania oil.
6 2 .9  per cent wax a t  1° C.
c Pennsy lvan ia  oil insoluble a t  43° C ., solubility  point sharp. 
d 20 per cen t oil solution cloudy; 33 per cent oil solution clear w ith 

P ennsy lvan ia  oil.
• R eac ts  w ith oil when heated  to  evaporate  solvent.

/  W ax solution c loudy a t  high tem peratures. 
o Solvent layer colored w ith bo th  oils. 
h Pennsy lvan ia  oil com pletely miscible down to  14° C.
< 0 .7  per cen t wax a t  4 degrees
j  N um bers in parentheses ind ica te  tem pera tu res in degrees C entigrade.

only a portion of the material which normally would be 
separated by dewaxing. Subsequent to its removal from the 
original wax distillate, the crude wax has been further sepa­
rated and refined by the removal of lower melting waxes and 
by filtration. Probably if instead of commercial paraffin 
there had been used an unfractionated wax similar to the 
material which must be removed by a dewaxing process, the 
quantities of wax dissolved would have proved to be greater, 
possibly materially greater under certain conditions. One 
might expect a considerable increase a t the higher tempera­
tures and oil concentrations where the greatest solubilities are 
found. On the other hand, it is to be doubted that any 
appreciable difference would have been noted where negative 
solubilities were encountered. In such cases the oil itself 
has produced a wax of the type most easily dissolved by the 
solution, and the data can be considered as closely approxi­
mating those for conditions which actually would be met.

F ig u re  5—T e m p e r a tu r e - S o lu b i l i ty  C u rv es  fo r  W ax i n  V a rio u s  
S o lu t io n s  o f O il a n d  B u ta n o l

Finally it is well to understand the limitations inherent in 
the procedure used to produce these data. Of such there 
seems to be one which, if proper care were not exercised, 
might be the source of serious inaccuracies. This is the 
m atter of solvent evaporation. Although each test tube was 
tightly stoppered before being placed in the constant-tem- 
perature bath, it was not always possible to obtain good 
agreement of the three determinations. This trouble was

confined, without notable exceptions, to the higher tempera­
tures and lower oil concentrations, from which it seems reason­
able to deduce that the deviations were due to evaporation. 
In the accompanying plots, when an occasional high solubility 
determination was found, tha t particular value was neglected 
and the point on the plot located from two determinations 
only.

F ig u re  6—T e m p e r a tu r e - S o lu b i l l ty  C u rv e s  fo r  W ax i n  V a ri­
o u s  S o lu t io n s  o f O il a n d  B u ty l A c e ta te

In  view of the nature of analysis to which the data were 
subjected and of the generally good coordination of values, 
it is believed tha t the data are reasonably accurate for the 
material used. The probable error is within 5 per cent 
of the wax dissolved, except a t low solubilities, where a 
small absolute error develops a large error in percentage. 
In such cases the data probably are good to 0.20 gram of 
wrax per 100 grams of solvent. This degree of precision should 
be sufficient for ordinary requirements and, considering 
certain of the limitations previously discussed, is probably 
better than application of these data would warrant.

As to the facts and tendencies shown by the plots them­
selves, little need be said. Figures 5 and 6 show how tem­
perature affects the wax solubility, other factors being con­
stant. Figures 7, 8, and 9 present the effect of oil on the 
solubility of wax, the 20-25° F. pour point oil being used as a 
reference point of zero concentration of wax. Figures
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10, 1 1 , and 12  are the most significant, indicating the extent 
of dewaxing which will occur as the quantity of dissolved 
material is varied.

F ig u re  7— 011 C o n c c n tr a t lo n - W a x  S o lu b i l i ty  C u rv es  fo r  
B u ta n o l  a t  V a rio u s  T e m p e ra tu re s

These plots clearly show that solution in a large quantity 
of solvent is by no means desirable, tha t the optimum com­
position for dewaxing may be one in which only a small pro­
portion of solvent is used. I t  is also shown tha t this opti­
mum point varies both with the nature of the solvent and the 
temperature of separation. In  general, it seems that the 
higher the temperature the less should be the quantity of 
solvent used to obtain the best results, although the data by 
no means indicate that the higher temperatures are advan­
tageous for wax separation.

In considering these curves it should be remembered that 
they are based,’ not on the solvent present in the whole system, 
but only on that present in what might be termed the “oil” 
phase. In many cases considerable solvent will also be held 
in the “wax” phase, so that it would be inexact to calculate 
the ratio of grams of total solute to grams of solvent using as 
grams of solvent the total quantity placed in the system. In 
the present work no correction was made for this distribu­
tion of solvent between the phases, but since the wax phase 
was kept so small as to constitute a negligible portion of the 
whole, this involves no appreciable error. Even on the 0° C. 
curve for butanol, where considerable dewaxing occurred, this 
solid phase would equal only 8.25 per cent of the total. 
Qualitative tests have shown that butanol does not constitute 
a large fraction of the precipitated phase, so tha t even in such 
an extreme case neglect of this factor would not introduce 
a serious inaccuracy.
q u a l i t a t i v e  i n v e s t i g a t i o n  o f  t w e n t y - s i x  a d d i t i o n a l  

SO LV EN TS

W ith  W . G. M u r ra y  a n d  R . M . W ilso n

The results presented thus far have all been based on a 
group of twenty-eight solvents. Although there remained a 
considerable amount of data to be obtained on this group, it 
was deemed advisable to add certain new solvents to the 
list of those being studied, in some cases because of their 
having recently become available a t prices consistent with 
their large-scale use, in some cases because of a desire to 
extend the range of chemical types of solvents being studied. 
The present section covers work on twenty-six solvents not 
included in former investigations.

Experim ental P rocedure

As with previous work, each solvent investigated was first 
subjected to approximate solubility determinations. Three 
solutes were considered—paraffin wax melting a t 50° C., 
a light medium Pennsylvania oil, and a medium Coastal oil. 
The wax and Pennsylvania oil were the same as used in the 
previous sections. Chemically pure solvents were used.

The procedure in the case of the two oils was to place equal 
volumes of oil and solvent in a graduated cylinder, obtain the 
desired temperature, and then report as the “qualitative”
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B u ty l  A c e ta te  a t  V a rio u s  T e m p e r a tu r e s

solubility of the oil the percentage decrease in the layer 
richer in oil. This method is exact only when there exists one 
type of solution, oil in solvent. Rarely, if ever, is such a 
circumstance encountered, although the solubility of oil in 
solvent usually seems greatly to exceed tha t of solvent in oil. 
Consequently, in this manner it is possible to indicate roughly 
the solution of oil in solvent.

I t  will be noted, by reference to Table I, tha t occasionally 
the oil layer increased (reported as negative solubilities). 
This means that the predominating solution is solvent in oil.

In  the above manner determinations were made and re­
corded for both oils a t three temperatures—about 10° C., 
about 21° C., and a t some more elevated point. The last 
temperature was widely variant, being determined from a 
number of considerations: If the oils and solvents were 
not completely miscible a t 2 1 ° C., the temperature of com­
plete miscibility was usually chosen; if the oils were mis­
cible a t 21° C., the point was chosen somewhat above that 
a t which the solubility of the wax began rapidly to increase; 
in case there was no point meeting one of the above require­
ments a t moderate temperatures, determinations were made 
just below the boiling point, if that did not exceed 65° C.; 
'they were made a t 65° C. if the solvent boiled above that 
point. Temperatures for wax determinations were usually

.2» .40 .7» UJ 121 LJO
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G h lo ro b e n z e n e  a t  V a r io u s  T e m p e r a tu r e s

the same as for oils, but manipulation was somewhat different. 
A known quantity of warm solvent was placed in a test tube, 
and melted wax was added bit by bit from a 5-cc. graduate. 
The solution was then cooled to the desired temperature. 
If the solutions remained clear, wax was added until a slight 
cloud appeared. If the solution was cloudy after the first 
addition of wax, more solvent was added from a measuring 
buret and the quantity noted a t the point where the cloud 
disappeared. The volume percentage of wax dissolved was 
then calculated from the data thus obtained.

The data from these determinations are shown in Table I.
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In te rp re ta tio n  of R esults

S e c o n d a r y  A m y l  A l c o h o l , S e c o n d a r y  N o r m a l  A m y l  
A l c o h o l  ( D ie t h y l  C a r h in o l ) , B u t y l  F o r m a t e , E t h y l  
C a r b o n a t e , E t h y l  C h l o r o c a r b o n a t e , E t h y l e n e  B r o ­
m id e , P a r a l d e h y d e —The qualitative data indicate that this 
group of solvents includes those most likely to be useful as 
dewaxing agents. Of these, a number possess certain proper­
ties which might restrict their usefulness. For instance, 
ethyl chlorocarbonate tends to react with the oil when the 
temperature is raised to remove the solvent. For commercial 
work this would probably constitute a serious drawback. 
On the other hand, its excellent selective qualities might make 
it very useful for certain types of analytical work.

F ig u re  10—E ffec t o f  H y d ro c a rb o n -B u -  
t a n o l  R a t io  o n  P e rc e n ta g e  o f W ax In  D e­
w axed  L u b r ic a t in g  O il

Certain others of this group might also prove to possess 
undesirably low volatilities. In fact, all except ethyl chloro­
carbonate boil a t a temperature above 105° C. Neverthe­
less, if these solvents do not tend to decompose up to the 
vaporization point of oil and wax, this problem could probably 
be solved. The greatest drawback would be the difficulty of 
removing the last traces from the separated wax or oil. 
Although the amount thus included might be insignificant 
from the viewpoint of solvent recovery, the presence of even 
traces in finished wax or lubricating oil would be dubiously 
permissible. Wax thus contaminated might prove most objec­
tionable for domestic use. The oil might become less desir­
able from a number of angles. For example, resistance to 
emulsion and stability of color are two qualities which could 
conceivably be harmed.
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W ax in  D ew axed  L u b r ic a t in g  O il

I so a m y l  A l c o h o l , I s o b u t y l  A l c o h o l , C r o t o n a l d e -  
h y d e , E t h y l  F o r m a t e , E t h y l  P r o p io n a t e , M e t h y l  
A c e t a t e , P y r id in e —These solvents constitute a group 
possessing solubility characteristics which would probably 
make its members of less general use than those already dis­
cussed. They are characterized by the low solubility of wax

and paraffin-base oil, but possess high miscibility with Coastal 
oil. Occasionally an oil coming roughly under the latter 
classification presents a dewaxing problem, although nor­
mally such a crude petroleum possessing the weaknesses of 
both paraffin-base and naphthene-base oils would not be used 
to produce lubricants. However, such cases do arise, a notable 
example being Mexican native lubricants, in which case 
manufacture from uneconomical sources is made possible 
by the protection afforded by a high import duty. Occasion­
ally other factors, such as transportation difficulties, produce 
a similar result.

A m y l  C h l o r id e , B r o m o b e n z e n e , B u t y l  C h l o r id e , 
C h l o r o f o r m , D ic h l o r o e t h y l e n e , E t h y l  B r o m id e , P e n -  
t a c h l o r o e t h a n e , P e t r o l e u m  E t h e r , T e t r a c h l o r o e t h y l - 
e n e , T r ic h l o r o e t h y l e n e —This group also appears to 
have possibilities, but it is subject to temperature limitations. 
At the temperatures of experiment these solvents all dissolve 
undesirably large amounts of wax. If further investigations 
were made a t lower temperatures, it would not be surprising 
to find that certain ones could effect excellent separations. 
However, low temperatures are not so convenient for opera­
tion as those of 20° C. or higher, and there seems to be no 
shortage of solvents which are selective at room temperature.

I t  will be noted that both oils are highly miscible with these 
solvents a t the temperatures above 10° C. Wax solubilities 
a t 10° C. vary from 3 to 31 grams per 100 grams of solvent. 
With the exceptions of chloroform and the two chlorinated 
ethylenes all dissolve wax to no greater extent than 6 parts 
per 100. While not so attractive as the first list, all with the 
three noted exceptions warrant further investigation.
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S e c o n d a r y  B u t y l  A l c o h o l , F u r f u r a l —Of all the sol­
vents covered in this work only the above two come into the 
category of no apparent value. Neither of these solvents 
appears to possess selective power to even a slight degree 
and further work with them would appear to be a waste of 
time.

An interesting fact, indicative of the need of testing each 
prospect separately, is shown by a study of these qualitative 
data. These data, with those published in the first paper, 
show how great an influence molecular structure has on the 
power of a solvent to form solutions with hydrocarbons. In 
four amyl alcohols and butyl alcohols at 10° C. the solubilities 
of various solutes were as follows:

P e n n a . T e x a s
S o l v e n t O i l O i l W a x W a t e r ®

n-Am yl alcohol 100 100 Slight 2 .7  (220°)
Isoam yl alcohol 0 100 0 .5 Slight (150°)
sec-Amyl alcohol 100 100 0 .5 16.7 (150°)
D iethyl carbinol 100 100 0 .2
n-B utyl alcohol 30 100 Slight
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co»o 
CO 

C
lIsobu ty l alcohol 0 100 0 .5

sec-B u ty l alcohol 0 0 0 .7 29 (20°)
° H odgm an-Lange, H andbook of C hem istry  and Physics, 14th ed., pp . 

308 and  320.
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15.0 17.5 20.0 2 2 .5  2 5 .0  2 7 .5  50 .0
YEM* *C.
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In  V a rio u s  S o lu t io n s  o f O il a n d  P a ra ld e h y d e

These comparative solubilities are of hydrocarbons in 
solvents whose only difference is structure. They afford one 
indication of the difficulty of choosing a solvent for hydrocar­
bon separation by other than empirical methods.

S O L U B IL IT Y  O F W AX IN  PE N T A SO L  A ND PA R A L D E H Y D E  

W ith  W . C . M u r ra y  a n d  R . M . W ilson

Four of the better prospects indicated by the preceding sec­
tion were chosen for further study.

Of the solvents investigated qualitatively paraldehyde, 
ethyl chlorocarbonate, and butyl formate were selected, 
chemically pure material being used. The amyl alcohols as a 
group also seemed to merit study. I t  would have been 
desirable to study each of these five-carbon alcohols sepa­
rately, but the time available was not sufficient to permit 
the continuation of the work on such a scale. I t  was there­
fore decided to consider a commercial mixture of five amyl 
alcohols which is marketed under the trade name of “Pen- 
tasol.” This mixture, being easier to manufacture, is con­
sequently cheaper and easier to obtain than any of its pure 
components. I t  should not be inferred, however, tha t its 
characteristics are representative of its various constituents. 
As was noted in the previous section, the isomeric five-carbon 
alcohols vary widely in their solvent powers, although a 
number do possess selective solvent power for oil over wax. 
Pentasol should be considered as a solvent possessing its own 
peculiar characteristics. Chemically it is a mixture of five 
compounds, and is described by the manufacturers as “a 
uniform mixture of pure amyl alcohols” as follows:

F ig u r e  14—T o m p e r a tu r c - S o lu b l l i ty  C u rv e s  fo r  W ax i n  V a rio u s  
S o lu t io n s  o f O il a n d  P e n ta s o l

■ Z |  . a  .4  .5  -6 -7 .6  .9  LO I 2  2  4

CHAUS OF 0 0 . PER CRAM O f  SOLVENT

F ig u re  16— O il C o n c c n tr a t lo n - W a x  S o lu b i l i ty  C u rv es  fo r  
P e n ta s o l  a t  V a rio u s  T e m p e r a tu r e s

%
C H i.C H s .C H O H .C H i.C H a .............................................................  18
C H a.C H O H .CH a.C H t.CH a...................................................  8
C H tO H .C H (C H a ) .C H s .C H s ..........................................................  32
(C H a )j .C H .C H i.C H s .C H s O II .......................................................  16
C H a O H .C H 2 .C H 3.C H s .C H 3 ...........................................................  26

E xperim ental P rocedure

The procedure did not differ materially from th a t pre­
viously discussed and the materials used were the same as in 
the preceding section.

In te rp re ta tio n  of R esu lts

Following the method of presentation employed heretofore, 
Figure 13 shows the effect of temperature on the solubilities 
of wax in two component systems of wax and solvent. Since 
the qualitative work showed oil to be highly miscible with 
all the solvents, there are shown no corresponding curves for 
oil. To be sure data of such a nature would be interesting 
in the study of paraldehyde and Pentasol, particularly since 
a t low oil concentrations the systems tend to separate into 
two phases. A knowledge of the composition of these phases 
would help one to finish those portions of the curves (in 
Figures 14 to 19) which fall in the region of low oil concentra­
tions. In  the case of paraldehyde and Pentasol the solvents 
in-oil type seems to be that with which this investigation is 
interested. When oil concentrations became low the oil 
became saturated and the formation of another phase gave 
the mixture a cloudy appearance. This point is briefly dis­
cussed later.
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F ig u re  17— O il C o n c c n tr a t io n - W a x  S o lu b i l i ty  C u rv es  fo r  

P a ra ld e h y d e  a t  V ario u s  T e m p e ra tu re s
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CRAMS Of TOTAL SOLUTE (Oft. ♦ WAX) PER CRAM Or SOLVENT
F ig u re  19—E ffec t o f H y d ro c a rb o n -P a ra ld e h y d c  R a t io  o n  P e r ­

c e n ta g e  o f W ax in  D ew axed  L u b r ic a t in g  O il

As in previous work, three-component systems were next 
studied, determinations being made of wax solubilities in 
solutions of various oil-solvent ratios. These data are pre­
sented in Figures 14 to 19.

In general these curves are similar to the data discussed 
in the second section of this paper, although a few minor 
points should be noted.

First, only two of the solvents covered by Figure 13 are 
included in the curves dealing with three component systems. 
Butyl formate is absent for no other reason than failure to 
secure promptly the necessary quantity of solvent. On the 
other hand, ethyl chlorocarbonate was dropped from further 
consideration when it was found to be reactive with oil when 
heated to remove the solvent. However, this fact does not 
conclusively demonstrate tha t the solvent is useless for our 
purpose; it might possibly be separated under conditions 
which would not cause it to be reactive. That feature does, 
of course, make it less flexible of manipulation, and in view 
of the considerable number of good prospects it becomes 
correspondingly less worthy of attention.

With paraldehyde and Pentasol there is encountered the 
unusual type of miscibility previously mentioned. Appar­
ently all hydrocarbons are but slightly soluble in these two 
solvents, but they both seem to be highly soluble in oils. 
Of the two, Pentasol is the more soluble. With temperatures 
as low as 15° C. and a Pentasol concentration as high as 4 
parts per part of oil, no difficulty was encountered through 
two-phase formation. Data were collected, therefore, at 
15°, 21.9°, and 27.6° C., using oil-solvent ratios varying from 
0.25 to 4.0. At temperatures below 15° C. and oil-solvent

F ig u re  18—E ffec ts  o f H y d ro c a rb o n -P e n ta s o l R a t io  o n  P e r ­
c e n ta g e  of W ax In  D ew axed  L u b r ic a t in g  O il

ratios of less than 0.25 the formation of the other phase 
caused the solutions to become cloudy.

With paraldehyde the difficulties due to two-phase forma­
tion became more serious. Even at 27.6° C. no determina­
tions could be made with oil-solvent ratios of less than 0.40. 
At 15° C. only two points could be determined. These facts 
do not eliminate paraldehyde as a dewaxing agent, however, 
since there is no trouble caused by the formation of two 
phases as long as the parts oil per part of solvent lie between 
values of 2 and 4.

As a m atter of fact, since all the curves in Figure 19 slope 
downward to the right, it would seem desirable to work 
with low solvent concentrations. Furthermore, low solvent 
concentrations possess the very decided advantage of reduc­
ing the quantity of expensive solvent required to effect de­
waxing. All in all both Pentasol and paraldehyde, possessing 
as they do fairly good dewaxing ability a t high oil concen­
trations, might well prove to be among the best media for 
solvent separation. The accuracy of this work is about the 
same as for the data reported in the second section.

C O N C L U S IO N S

The reported data indicate that the number of solvents 
that might be used for dewaxing is very large and is made up 
of many divergent groups.

Analysis of the work thus far completed suggests that data 
of a different kind might profitably be secured. To the petro­
leum refiner the actual amount of wax left in an oil is of no 
interest or significance. The important point is the pour 
point of a finished oil. Consequently, it would be advisable 
to amplify the problem, using a hydrocarbon distillate con­
taining its original wax. This distillate would be dissolved 
in the different solvents in varying oil-solvent ratios and the 
wax precipitated by cooling to the desired temperatures. 
Pour points of the oils thus dewaxed would be determined 
and curves drawn which would be analogous to those in 
Figures IS and 19. Pour points would be used as ordinates 
in place of the present quantity or percentage values. To 
the average petroleum refiner such data would possess a 
definite practical significance.

C orrection
In the "Chemical Kaleidoscope for 1930” published in the 

January, 1931, issue of I n d u s t r ia l  a n d  E n g i n e e r i n g  C h e m ­
i s t r y , the credit for the isolation of the female sex hormone was 
given to A. Butenandt, of Gottingen. While Doctor Butenandt’s 
work was in progress a t the same time as tha t of E. A. Doisy, of 
the St. Louis University School of Medicine, it now appears that 
the latter was the first both to isolate the hormone and to report 
his findings.
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Notes on the Carbon-Black Flame1

A C A R B O N -B L A C K  
flame may be defined 
as any self-luminous 

hydrocarbon flame burning in 
s e c o n d a ry  air which is so 
“drafted” as to furnish opti­
mum yield of the d e s ire d  
grade of black, it  being un­
derstood that the black is 
caught by impingement upon 
a surface placed within the 
flame. From this same flame 
there may be produced the 
totally d if fe re n t  p ig m e n t 
known as la m p b la c k , pro­
vided only that the drafting be altered to induce the forma­
tion of free soot. This soot, collected (by whatever means) 
extraneously to the flame, constitutes lampblack, in one or 
other of its many forms.

With this distinction in mind it is readily understood why 
carbon black may be obtained from the flame of burning tar 
oils, even though not economically, and why lampblack may 
be and is made from the flame of burning natural gas. Hence 
also the synonyms “impingement black” and “channel 
black” for carbon black, the name “gas black” being less 
suitable because ambiguous.

The carbon-black flame is susceptible of almost infinite 
variations depending on the composition of the gas, the struc­
ture of the flame, the arrangement and motion of the collecting 
surface, size and shape of burning house, drafting, etc. Many 
of these factors, and by no means the least important ones, 
are exceedingly difficult to duplicate on a laboratory scale, 
a circumstance which has greatly impeded the systematic 
study of the various relationships. The present discussion 
will be restricted to some of the salient characteristics of the 
flame itself, as affecting the carbon black formed therefrom.

The question naturally arises, “Why does the collection, by 
impingement upon a surface within the flame, of the lumi­
nous carbon particles produce a black generically different 
from tha t which results when the flame is caused to smoke 
and the free soot collected?” No complete answer to this 
important question seems to have been offered. The follow­
ing possible factors are put forward as merely suggestive:

Early Fixation. By quick removal of the carbon particles 
from the flame there tends to be less opportunity for growth or 
accretion, thus resulting in finer particle size.

Electrical Repulsion. The luminous carbon particles emit 
electrons, and as a result are positively charged (<?). This will 
tend to keep them apart up to the point of collection.

Gaseous Adsorption. The luminous particles of carbon are 
in an active condition due to the heat released by their own 
combustion, as also to th a t developed in the regions of gaseous 
combustion. They are bathed in carbon monoxide, carbon 
dioxide, hydrogen, nitrogen, as well as some oxygen (£>). As a 
result they carry with them, to the collecting plate or channel, 
an adsorbed layer of gases which is known profoundly to affect 
their properties. These conditions are totally different in the 
case of free soot.

Post-Impingement Conditions. Many layers of carbon are 
deposited on the channel in succession. They are thus exposed 
to  continued high temperatures and to the various gases present

1 R eceived S ep tem ber 20, 1930. P resen ted  before th e  D ivision of 
R u b b er C hem istry  a t  th e  80 th  M eeting  of th e  A m erican Chem ical Society, 
C inc innati, Ohio, S ep tem ber S to  12, 1930.

in the flame reactions. These 
factors are known to be capa­
ble of bringing about important 
differences in quality.

In any event, and what­
ever the governing cause, the 
impingement process is the 
only one thus far developed 
which produces the unique 
combination of fineness of 
subdivision, brilliance and 
intensity of color, tinctorial 
and hiding power, and the 
“adhesion” or surface con­
ditions which have led to 

the present wide and ever extending use of carbon black in 
the arts.

Two Types of Carbon-Black Flames

In Figures 1 and 2 are shown, respectively, a round and 
a flat flame capable of producing carbon black by the simple 
expedient of inserting a metal or other surface somewhere in 
the luminous portion of the flames. These flames are very 
similar to the ordinary candle flame. They include the same 
four major regions, (a) the dark region, (b) the yellow region, (c) 
the blue region, and (d) the faintly luminous envelope. I t  is 
not proposed to review the prevailing ideas as to the genesis 
and chemistry of these regions (see 1, / ,  5, 7).

On examining more closely these two types of flame, it  is 
seen tha t their essential difference is tha t in the latter case the 
flame is flattened out with consequent increase in surface 
area. This shape was developed in the days of gas illumina­
tion where the flat flame was found brighter, cleaner, and 
steadier, and thus proved a more satisfactory illuminant (S).

I t  will be useful to express the ratio of flame surface to 
flame volume by the quotient s/v. More broadly, s may be 
defined as the total combustion surface or approximately 
the sum of regions c and d (v. s.). By v will be understood 
the volume of gas contained within s. The expression s/v 
has been found convenient in the study of carbon-black flames, 
but having thus far not been worked out in mathematical 
detail it  will a t this time be employed solely in a qualitative 
sense.

The flat flame2 clearly exhibits a greater s/v than the round 
flame. However, the flat flame is not uniformly flat. At 
both edges it swells, forming wings which approach a circle 
in cross section. This thickening has been ascribed to an 
overlapping effect (2). For this reason the s/v is not uni­
form at all points in the flat flame, being greater between than 
at the wings.3 This inequality may, however, largely disap­
pear in the case of multiple flames in close proximity under 
the channel, as in the case of a carbon-black-burning house, 
and by control of drafting (v.i.)

In  any case the round flame shows in general a lower and 
more uniform s/v.

i T h e  ty p e  of fla t flam e here  described is often called th e  "b a tw in g .” 
T h e  ' ‘fish ta il”  v a rie ty  of fla t flam e is really  to ta lly  d is tin c t in  s tru c tu re . 
T h e  form er issues from  a  narrow  slo t; th e  la t te r  resu lts  from  th e  im pingem ent 
of tw o  cylindrical je ts .

* In  general th e  sm aller th e  rad iu s  of c u rv a tu re  of sim ilar bodies th e  
g rea te r s /v . In  th is  case th e  c en tra l region of th e  fla t flam e is m uch th in n e r, 
so th a t  s /v  is g rea te r desp ite  th e  longer radius.

W. B. Wiegand

B in n by  & S mith  C om pany, 41 E ast 42nd St ., N ew  Y o rk , N . Y.

The basic difference between carbon black and lamp­
black is defined In terms of the method of collection. 
Possible causes of the unique properties of impinge­
ment black arc discussed. By reference to two types 
of carbon-black flames—round and flat—the concep­
tion of “combustion quotient” (s/v) is developed and 
applied to variations in flame size and shape, and to 
drafting.

The position of the Impingement surface, the effect 
of flame, shape of gas flow, and of position of channel are 
briefly discussed in relation to the quality and quan­
tity of black obtained.

Factors of Importance in large-scale operations are 
mentioned.
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Flam e Size and  s/v

If either the round or fiat flame is turned down to a point 
where the yellow region almost disappears, the relative in­
crease in regions c and d, may be described as due to the in­
crease in s/v because of the smaller size of flame. In the ab­
sence of luminosity and of separated carbon the possible 
yield of carbon black is of course low. This will illustrate 
the effect on carbon-black yields of an excessively high s/v.

If the flames are now turned up, s/v diminishes, luminosity 
develops, and so the free carbon available for deposition in­
creases. This decrease in s/v reaches a limit in both flames. 
In  the case of the round flame a point is reached where the 
thickness no longer increases and where the flame virtually 
becomes a cylinder and s/v is therefore independent of height.

d

b

F ig u re  1—R o u n d  C a rb o n -B la c k  F la m e

In  the case of the flat flame s/v also will reach a more or 
less constant value for the reason that increased flow of gas 
causes the flame to spread out laterally as well as vertically 
and without sensibly changing in thickness. We are thus 
virtually dealing with an increase in the size of a lamella of 
constant thickness—likewise a condition where the ratio of 
surface to volume remains constant.4

Thus with any given burner tip an increase in the size of 
flame can effect only a limited decrease in s /v. Further con­
trol of combustion is therefore dependent on the following:

D rafting

If a candle is allowed to burn itself out in a closed vessel, it 
will be seen tha t the flame increases in size before suffocation 
ensues. All flames tend to become larger the greater the 
volume of the gases required to complete combustion {/). 
Thus, one effect of drafting or limiting the supply of air may 
be to alter s/v through a change in the size of the flame. This 
applies to both the round and flat types.

I t  is also probable that the effect of “smothering” is to de­
crease the thickness of the combustion sheath or envelope 
so tha t the heating effect, and therefore the cracking effect, on 
the hydrocarbon gases within the flame is altered by the 
drafting. Since it is generally agreed that the presence of 
carbon particles in a luminous hydrocarbon flame is due to the 
thermal cracking of the gas, it is natural to expect that the 
quality and the yield of carbon black obtained from any given 
gas will depend upon the temperature and upon the combus­
tion losses, and this in turn upon the size and shape of the 
flame and the drafting conditions.

The best flame for any given quality or grade of carbon

black will require a nice balance in the above variables and in 
practice many different combinations of orifice or tip (which 
regulates shape), channel distance and gas pressure (which 
affect size), and drafting (which may affect both) are em­
ployed.

P osition  of Im p in g em en t Surface an d  Q uality  of Black

Figure 3 shows the impingement diagrams obtained with 
a round flame upon an asbestos plate inserted at various 
heights. I t  is interesting to note—and this is also true for 
flat flames—that when the plate is depressed beyond about 
50 to 60 per cent of the height of the free flame6 the central 
deposit begins to show a decrease in blackness. On scraping 
off the black and testing in the usual way in an oil vehicle, it 
is found that this black is of distinctly grayish color as com­
pared with the deposit a t the periphery. The decrease in 
color is also accompanied by decreased adsorptive activity. 
The explanation for these differences is not entirely clear. I t  
seems, however, to be due to the lower temperature and de­
creased supply of oxygen.

Effect of F lam e Shape on  Q uality  of Black

The carbon black obtained from a round flame is different 
from that obtained from a flat flame, being in general charac­
terized by a grayer color, lower oil absorption, increased 
“flow” characteristics, lower adsorptive activity, easier mis- 
cibility in rubber, but diminished reenforcing effects in rubber 
compounds. For example, when mixed to the extent of 
about 40 per cent on the rubber in a test mixing accelerated 
with diphenylguanidine the tensile strength a t equivalent 
cure was 3800 pounds per square inch (266 kg. per sq. cm.) as 
compared with 4700 pounds per square inch (330 kg. per 
sq. cm.), and the elongation 580 per cent as compared with 
630 per cent. The yield was also below the normal value 
for the flat flame.

d

b

F ig u re  2—F la t  C a rb o n -B la c k  F la m e

F actors C ontro lling  Yield

The results summarized in Figures 4 and 5 were obtained 
in a laboratory set-up in which a short length of standard 
channel iron was mounted in a rebuilt fume cupboard. No 
attem pt a t smothering was made for these tests, it having 
been found practically impossible to obtain duplicate figures 
owing to variability in draft. The yield figures are therefore 
subject to a correction and so are not strictly comparable 
with field conditions. In the case of the round Haines six

4 T hese considerations do n o t app ly  when e ither th e  round  or th e  * A t ab o u t 30 per cen t of heigh t of free flame th e  deposit becomes
fla t flame is increased to  th e  p o in t of turbulence. very  sm all in  am o u n t and for th e  m ost p a r t  gray.
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0.25-inch (6 .3-mm.) round brass tips were employed with 2- 
inch (5-cm.) spacing. In  the case of slotted tips three of 
0.034-inch (0.86-mm.) opening were used spaced a t 4 inches 
(10 cm.) In  all cases the channel was scraped every 2 min­
utes. For convenience the gas used for these experiments 
was city gas of the following composition:

H ydro g en .............................................................. 36 .0
C arbon m onoxide..............................................  26 .4
M eth a n e ................................................................ 16.4
N itro g en .................................................................... 6 .4
Illu m in an ts ..............................................................  7 .2
C arbon d ioxide.......................................................  3 .8
O xygen......................................................................  0 .8

The later substitution of methane made no essential change in 
the relationships.

r,x\

I unwiiurr: Ypfzoxi:

i ' iJ . muiwir.

aii ■“

exceedingly sensitive to slight changes in flow, whereas the 
latter is relatively unaffected. This may be ascribed to the 
effect of gas pressure or flow on the heights of the free flames in 
the two cases. With the round burner tip increased flow 
results in increased height of free flame. In  the case of the 
slotted burner tip, on the other hand, the flame expands 
laterally as much as, or even more than, it does vertically, so 
that in this case the position of the channel relative to the 
height of the free flame is influenced very little by alterations 
in pressure.

The practical significance of this difference between the 
two tips is obvious. In  practice, on the large scale, it  is 
difficult to keep the gas pressure absolutely uniform a t all 
times and in all regions of a carbon-black-buming house. 
The slotted tip has therefore the advantage over the round 
tip as making possible a greater uniformity both as to yield 
and as to quality of product.

A word of explanation should be made with regard to the 
apparently higher maximum yield figures for the round flame. 
Here again the absence of smothering has adversely affected 
the yields from the slotted tip. I t  is probable that the s/v 
ratio for the round flame when undrafted is more nearly cor­
rect than tha t for the flat flame. The latter can, however, 
be improved as desired by careful control of smothering, thus 
bringing its s/v down to the proper value.

F ig u re  3 —I m p i n g e m e n t  D ia g ra m s  O b ta in e d  
w ith  R o u n d  F la m e

Yield Vi. C hannel H eigh t

In  Figure 4 are shown the comparative curves for yield of 
carbon black in the case of round and slotted tips as the chan­
nel height is varied but the rate of gas flow kept constant. I t  
will be seen tha t in both cases the yield is sensitive to the posi­
tion of the channel in relation to the height of the free flame. 
The flat flame is, however, more sensitive in this respect than 
the round.

The dotted line indicates the course of the curves when 
the flow of gas was adjusted, a t each channel setting, to opti­
mum yield. The marked upward extension of the curves, 
apparently indicating higher yields, must not, however, be 
misinterpreted. I t  might, from this, be supposed tha t a 
lower channel height would constitute a marked improvement. 
In  practice this is not the case, because of the effect of draft­
ing, which, as mentioned above, was not included in these ex­
periments.® I t  must be repeated that these curves do not 
represent conditions in actual large-scale operations; they 
are to be regarded only as a guide to certain general relation­
ships.

Yield vi. Flow a t  Fixed C hannel H eight

In  Figure 5 which shows the relation between flow of gas 
and yield of carbon black when channel height is fixed, there 
will be noted a striking difference between the behavior of 
the round flame and that of the flat flame. The former is

« D ra ftin g  o r sm othering  m ay be m ade to  contro l th e  heigh t of a  
flam e issuing a t  given pressure from  a  given orifice. T h u s  a n  increase in 
sm othering  m ay  induce th e  sam e increase in  yield th a t  would o therw ise 
requ ire  a  closer channel.

INCHES.
F ig u re  4 — Y ie ld  vs. C h a n n e l  H e ig h t  a t  C o n s ta n t  G as  F low

F ig u r e  5— Y ie ld  vs. G as  F lo w  a t  F ix ed  C h a n n e l  H e ig h t  

Large-Scale F acto rs

In  addition to the important m atter of flame structure there 
are of course other elements affecting quality and yield of 
carbon black. The size and shape of the burning house; 
total combustion of gas in relation to the size of house and in 
relation to the area of channel exposed; the spacing, width, 
and speed of channels; spacing, angle, and accuracy of orifice 
of the tips are factors of importance requiring proper adjust­
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ment in relation to the quality of carbon black being made. 
Most of these factors can be determined only through large- 
scale experimentation.

The prime importance of channel height and rate of gas 
flow may be deduced from the experimental data already 
given. Finally there is the question of proper draft control 
which, as well as being of prime importance, is also most deli­
cate and elusive. Many attempts have been made to regu­
late the draft by means of continuous analysis of the flue 
gases which escape through the top of the house. This 
method is found more cumbersome, as well as less sensitive, 
than the method of drafting based upon what is called the 
"smoke blanket” of a burning house. This is a pall or cloud 
of smoke consisting, not of carbon black, but of sooty material 
which hangs at about the general level of the channels and 
which rises or falls in a remarkably sensitive manner as the 
influx of air is varied. In addition to the “smoke blanket” 
the degree of luminosity of the flames (described as the “light­
ness” or "darkness” of the house) serves as an additional op­
tical guide to the state of drafting.

With any given set of conditions as to house construction, 
arrangement of flames, and channels, and with continuous

control of the quality of black produced, the operative in 
charge of the plant is able to determine by the hourly output of 
carbon black the exact drafting conditions that will yield the 
best results. Proper adjustments are necessary as between 
winter and summer and as between night and day.

Thus there rests a heavy load of responsibility on “Those 
Slaves of Fire who, mom and even,” and in a climate already 
semi-tropical, tend the ten million flames which yield the 
carbon black of commerce.
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Action of Alkali Hydroxides on Elem entary Sulfur 
and Mercaptans Dissolved in N aphtha1

V. Vesselovsky5 an d  V. Kalichevsky*

THIS investigation represents a qualitative and quantita­
tive study of the effect of potassium and sodium hy­
droxides in various solvents on solutions of elementary 

sulfur and mercaptans in naphtha. The study of these re­
actions was undertaken with the purpose of determining the 
possibility of their utilization for sweetening and corrosion 
treatment of light petroleum distillates.

Previous investigators working along similar lines reported 
that anhydrous potassium hydroxide reacts with elementary 
sulfur and mercaptans in gasoline (8). Potassium carbonate 
in alcoholic solution likewise reacts with sulfur, while in 
water the same reaction proceeds a t a much slower rate 
(8, 4). Partial removal of mercaptans by aqueous alkali 
hydroxides has been also investigated {8). These publica­
tions present interesting possibilities for studying similar 
reactions in a variety of solvents and stimulated the present 
research.

Materials

Sulfur purified by recrystallization from benzene.
Ethyl, n-butyl, and n-heptyl mercaptans (Eastman Kodak 

Company reagents).
Solvent naphtha of the following characteristics:

C olor......................................................................  20 Saybolt
A cid ity .................................................................. N one
S u lfu r.................................................................... 0.024 per cent by  weight
Specific g ra v ity .................................................. 0.7887 a t  60° F . (15.6° C.)
E ngler distilla tion: _ ^ _

In it ia l boiling p o in t.....................................  311 F . (155 C.)
55 per cent off a t ..........................................  350° F . (176.7 C.)
E nd  p o in t........................................................  406° F . (207.8° C.)

S aybolt th e rm al v iscosity ..............................  230
Copper s trip  te s t a t  1226 F . (60° C .) -----  N egative
D octor te s t ..........................................................  N egative

Anhydrous potassium and sodium hydroxides (c. p . ) .
Absolute ether, absolute ethyl and isopropyl alcohols.

1 R eceived O ctober 13, 1930.
* Senior s tu d en t in C hem ical Engineering, New Y ork U niversity , New 

Y ork, N . Y.
• 616 L ivingston R oad, E lizabeth , N . J .

Commercial 91 and 98 per cent isopropyl alcohols containing 
some butyl and amyl alcohols.

A nalytical M ethods

D e t e r m i n a t i o n  o f  S u l f u r —Lamp method (check deter­
minations agreed within 0.005 per cent). Though the lamp 
method for determining elementary sulfur in the oil usually 
gives low results, for purely comparative purposes observa­
tions made by this method should prove wholly satisfactory. 
For this reason the lamp method was used in favor of a more 
tedious analytical procedure.

Q u a l i t a t i v e  T e s t  f o r  E l e m e n t a r y  S u l f u r — Five cubic 
centimeters of the sample were shaken with 1 cc. of 1 per cent 
naphtha solution of ethyl mercaptan in the presence of 5 
cc. of doctor solution. Discoloration indicated the presence 
of elementary sulfur. The method permits detection of less 
than 0.0025 mg. of sulfur per cubic centimeter of naphtha 
solution, while the standard copper-strip corrosion test a t 
12 2° F. (50° C.) fails to discover less than 0.005 mg. of sulfur 
per 1 cc.

Q u a l i t a t i v e  T e s t  f o r  M e r c a p t a n s —Standard doctor 
test.

R eactions of E lem entary  S u lfu r

On mixing a t room temperature a 0.227-0.315 per cent 
solution of elementary sulfur in naphtha with varying quan­
tities of potassium and sodium hydroxide solutions or sus­
pensions in various solvents, the following observations were 
made:

On addition of the reagents to the naphtha solutions the 
oil develops an orange-yellow color and becomes turbid 
owing to separation of some minute particles of a white 
substance. A golden-yellow precipitate collects a t the 
bottom of the reaction vessel, but the oil remains turbid. On 
further standing the precipitate acquires a dark yellow-brown 
coloration and the white substance which is responsible for 
the turbidity of the oil precipitates out. On washing with



water the naphtha regains its original color and the turbidity 
disappears while the water acquires a yellow coloration.

When potassium hydroxide solutions in absolute ethyl 
and isopropyl alcohols, absolute ether, and 91-98 per cent 
commercial isopropyl alcohol are used, the reaction proceeds 
almost instantaneously. The use of absolute alcohols as 
solvents for the potassium hydroxide results in the formation 
of solid, partially crystalline, red-brown precipitates, while 
the use of impure alcohols yields a heavy, dark-red liquid. 
The absolute-ether solution gives a very characteristic floc- 
culent deep yellow precipitate. The saturated solution of 
potassium hydroxide in water also reacts with sulfur but a t an 
extremely slow rate, and after several days of contact a 
considerable quantity of sulfur is still left in the naphtha. 
Solutions of sodium hydroxide in the same solvents react 
similarly but at a slower rate.
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Small quantities of potassium hydroxide in the alcoholic 
or ether solutions are sufficient for the complete removal 
of sulfur, as shown by the following experiments: On adding 
6 cc. of a 21.82 per cent solution of potassium hydroxide in 
ethyl alcohol to 200 cc. of a 0.227 per cent solution of ele­
mentary sulfur in naphtha, the sulfur was completely removed. 
This fact was ascertained by the negative copper-strip 
corrosion and ethyl mercaptan tests. However, on adding 
4 cc. of the same potassium hydroxide solution to 200 cc. 
of the above sulfur solution, a very small quantity of sulfur 
remained in the oil, as indicated by the positive ethyl mer­
captan test but negative copper-strip corrosion test.

The mechanism of the reaction was investigated with 
the solution of potassium hydroxide in absolute ethyl alcohol. 
The naphtha solution of elementary sulfur was treated with 
deficient quantities of alcoholic potassium hydroxide solution 
in order to effect only a partial removal of sulfur. Samples of 
treated oil were withdrawn from the main body of the reacting 
mixture a t various intervals, thoroughly washed with water, 
filtered, and analyzed for their sulfur content. Two sets of 
experiments were made which differed only by the degree 
of agitating the oil with the reagent. The experimental data 
are presented in Table I, and shown graphically in the ac­
companying diagram.

The water washings were collected and evaporated to 
dryness. Potassium thiosulfate was identified in the residue 
by qualitative tests with hydrochloric acid, ferric chloride, 
and silver nitrate. The solid precipitate deposited in the 
reaction vessel showed the presence of polysulfides of potas­
sium, as on acidifying its water solution hydrogen sulfide 
was evolved and free sulfur precipitated out.

On the basis of these tests the reaction was assumed to 
proceed according to the following general equation:

6KOH +  nS = Ks&Os +  2K2S„ _ ,  +  3H20
2

This equation, however, does not express the intermediate 
stages of the reaction. The curves portrayed in the diagram

show tha t the removal of sulfur from the naphtha solution 
proceeds in steps. The reaction goes a t a very rapid rate 
until the mol ratio of sulfur removed to potassium hydroxide 
present reaches approximately 1.3, which corresponds to 
the formation of potassium trisulfide. The presence of 
fairly large quantities of this substance a t this stage of the 
reaction is further substantiated by the golden-yellow color 
of the precipitate formed.

Potassium trisulfide is, however, not the primary product 
of the reaction. The experimental data show tha t after the 
first 2 minutes the mol ratio of sulfur removed to potassium 
hydroxide present corresponds to the formation of potassium 
disulfide according to the equation:

CKOH +  6S =  K-SîCh +  2 K2S2 +  3H20

Previous investigations on formation of polysulfides of 
alkali metals in the presence of an excess of free sulfur show 
th a t formation of pofysulfides is always preceded by the for­
mation of a monosulfide of the metal (7). For these reasons 
the primary products of the reaction under investigation 
must be potassium thiosulfate, potassium monosulfide, and 
water, the higher polysulfides being formed by the secondary 
reactions of straight addition of sulfur to the lower poly­
sulfides.

T a b le  I— E ffec t o f T im e  in  T r e a t in g  a  S o lu t io n  of E le m e n ta ry  
S u lf u r  In  N a p h th a  w i th  a  D e fic ie n t Q u a n t i ty  o f P o ta s s iu m  

H y d ro x id e  D isso lved  in  A b so lu te  E th y l  A lco h o l

Vol. 23, No. 2

M o l - R a t i o  
o p  S u l f u r

K O H  i n  S u l f u r  i n  T i m e  o p S u l f u r  i n R e m o v e d  t
N a p h t h a  N a p h t h a  C o n t a c t S o l u t i o n K O H  A d d e

G ram s/liter G ram s/liter M inutes %
O ne-m inute ag ita tion  a t  beginning of tre a t followed by m oderate

occasional shak ing  of reacting  m ixture
1 .240  1.779 0 0.251

5 0 .145 1.18
10 0.133 1.32
15 0.132 1.33
30 0 .130 1.35
60 0.112 1.55

120 0.062 2 .11
1440 0 .080 1.91
2880 0 .138 1.26

O ne-m inute ag ita tion  a t  beginning of tre a t  only
1 .532  1.975 0 0.339

2 0.199 1.00
3 0.176 1.17
5 0.161 1.29

10 0.161 1.29
15 0.166 1.24
30 0.167 1.23
60 0 .165 1.25

129 0.166 1.24
930 0.157 1.30

2880 0 .165 1.25
5900 0.179 1.14

The experimental data further show tha t as soon as po­
tassium trisulfide is formed the mol ratio of sulfur removed to 
potassium hydroxide present remains constant for a certain 
length of time and, if the mixture is not agitated, no higher 
polysulfides of potassium are obtained. These results are 
also in agreement with the chemical properties of potassium 
trisulfide, which is known to be a stable compound (5). On 
shaking, however, potassium trisulfide is kept in suspension 
in naphtha and absorbs additional quantities of sulfur to 
form still higher polysulfides, with the ultimate formation 
of potassium pentasulfide and possibly also of potassium 
hexasulfide. Formation of potassium pentasulfide is sub­
stantiated, not only by the increase in the ratio of sulfur 
removed to potassium hydroxide present, but also by the 
change in the color of the precipitate from golden-yellow to 
dark yellow-brown and by the hygroscopic properties of 
this precipitate, which easily deposits well-defined crystals of 
elementary sulfur on exposure to the air.

The experiments further show tha t after the removal of 
sulfur reaches its maximum the sulfur content of the naphtha 
begins to increase. This is distinctly' demonstrated in both

IN D U ST R IA L  A N D  ENGINEERING C H EM ISTRY
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sets of the experimental data, but is more pronounced when 
the reacting mixture is agitated. The solutions which showed 
such an increase were shaken with metallic mercury to remove 
all the elementary sulfur and then analyzed for their sulfur 
content. All the sulfur was found to be removed, thus 
indicating tha t sulfur is thrown back in the naphtha in its 
elementary form.

Experiments were made with the purpose of investigating 
this phenomenon in greater detail. Potassium hydroxide 
solutions in absolute ether, absolute isopropyl, and 91 per 
cent isopropyl alcohol were added to the solution of ele­
mentary sulfur in naphtha. The amount of potassium 
hydroxide used was sufficient to effect a complete removal of 
sulfur, and the ratio of potassium hydroxide added to the 
sulfur present was the same in all samples. These samples 
were examined at regular intervals by the ethyl mercaptan 
test to detect when the elementary sulfur reappeared in 
naphtha. I t  was found that the sulfur first reappeared 
in the sample treated with the solution of potassium hydroxide 
in absolute ether and then in the sample treated with the 
solution of potassium hydroxide in absolute isopropyl al­
cohol. The sample treated with the potassium hydroxide 
solution in 91 per cent isopropyl alcohol remained free of 
elementary sulfur for a very considerable length of time. As 
absolute ether is a good oxygen carrier and as the experiments 
were made in the presence of air, it was assumed that the 
observed phenomenon was due to the oxidation of the re­
action products.

Potassium polysulfides are known to liberate sulfur ac­
cording to the typical equation (£?):

2K 2S 5 +  3 0 2 =  2K 2SiOj +  6S

Potassium thiosulfate is also liberating sulfur on oxidation: 

2K 2S20 j  +  0 2 =  2K2SO* +  2S

If these reactions actually take place in treating solutions 
of elementary sulfur in naphtha with potassium hydroxide 
dissolved in various solvents, the observed phenomenon 
should not occur in the absence of air. Experiments were 
therefore made in a neutral atmosphere by displacing the 
air within the reaction vessel by nitrogen. I t  was found 
th a t under these conditions sulfur was not liberated. These 
observations showed conclusively that oxidation of the reac­
tion products with the oxygen of the air is responsible for 
the reappearance of the elementary sulfur in naphtha and 
tha t the presence of an oxygen carrier such as alcohol or 
especially ether greatly promotes the oxidation process.

R eaction of M ercaptans

On adding potassium or sodium hydroxide solutions in 
absolute alcohols2 to naphtha solutions of ethyl, n-butyl, 
and n-heptyl mercaptans, a heavy, dark brown liquid sepa­
rated a t the bottom of the reaction vessel. After this treat­
ment the naphtha solution of the mercaptans was sweet to 
the doctor test. The time required for the reaction to go 
to completion varied with the nature of the reagent used. 
Sodium hydroxide solutions sweetened the oil almost in­
stantaneously, whereas potassium hydroxide solutions re­
quired a certain length of time before the same results are 
accomplished. Similar tests showed that anhydrous sodium 
hydroxide also removes the mercaptans quantitatively, 
while anhydrous potassium hydroxide is considerably less 
active.

1 T h e  presence of 1 to  2 p e r cent of w ater in alcohols is perm issible as 
th is  small q u a n tity  of w ater is insufficient to  hydrolyze th e  m ercaptides to  
m ercap tans to  th e  extent* which can be detected  by th e  docto r o r e thyl 
m ercap tan  tests.

The mechanism of the reaction was investigated by adding 
to the naphtha solution of n-butyl mercaptan deficient quan­
tities of alcoholic sodium hydroxide in order to effect only a 
partial removal of mercaptan. The experimental data are 
presented in Table II.

T a b le  I I — R e m o v a l of r i-B u ty l M e r c a p ta n  f r o m  I t s  S o lu t io n  
In  N a p h th a  b y  S o d iu m  H y d ro x id e  D isso lved  in  A b so lu te  

E th y l  A lcoho l
N a O H  A d d e d  t o  

50 cc. OF 
M e r c a p t a n  S o l n .® 

Cc.
0
3

S u l f u r  i n  S o l n . 

%
1.580 
0 .906 
0 .218

M o l  R a t i o  o p  
M e r c a p t a n  R e m o v e d  

t o  N aO H  A d d e d

0.9S
0 .99

® 0.1128 gram  N aO H  per 1 cc. of solution.

These results show that the mol ratio of mercaptan re­
moved to sodium hydroxide added is, within the limits of 
the experimental error, very close to unity. I t  was there­
fore assumed that the product of the reaction is sodium 
mercaptide, which is formed according to the general equa­
tion:

RSH +  NaOH = RSNa +  H 20

This assumption was tested for its validity by acidifying 
the sludge formed in the reaction with dilute hydrochloric 
acid. The separated oil was sour, thus indicating the re­
appearance of the mercaptan and the correctness of the 
assumed mechanism of the reaction.

In the course of the investigation it was observed that on 
leaving the treated solution in contact with the sludge the 
sulfur content of the naphtha shows a gradual increase and 
the sweetened oil again becomes positive to the doctor test. 
A sample of the solution of n-butyl mercaptan in naphtha with 
an initial sulfur content of 0.435 per cent was treated with 
a deficient amount of alcoholic sodium hydroxide and showed 
0.255 per cent sulfur after 5 days’ standing. On the eleventh 
day, however, the sulfur content of the same oil increased to 
0.308 per cent. Another sample of the mercaptan solution 
was completely sweetened with the alcoholic sodium hy­
droxide, but after 4 days’ standing it was positive to the 
doctor test. On adding water to the sweetened oil in the 
presence of the sludge, a similar effect was observed, but only 
in a much shorter time. These tests show' that the increase 
in the sulfur content of the oil is undoubtedly due to a t least 
a partial hydrolysis of the sodium mercaptide originally 
formed.

Conclusions

1—Potassium and sodium hydroxides in the anhydrous 
state or in solutions or suspensions in various organic sol­
vents remove quantitatively sulfur and mercaptans from 
petroleum oil. Sodium hydroxide is particularly well adapted 
for the removal of mercaptans, and potassium hydroxide 
for the removal of elementary sulfur.

2—-The products of the reaction between potassium hy­
droxide in alcoholic solution and elementary sulfur dissolved 
in naphtha are potassium thiosulfate, potassium mono- 
or polysulfides, and water. Higher polysulfides are formed 
by direct addition of sulfur to the lower sulfides. Potassium 
trisulfide is the highest polysulfide formed if the reacting 
mixture is not agitated. If, howrever, the reagent is kept in 
intimate contact with the sulfur solution potassium, penta- 
and possibly hexasulfides are found among the final products 
of the reaction. On keeping the precipitated substances 
in contact with naphtha for a considerable length of time, 
some of the sulfur is returned to the oil in its elementary form. 
This is shown to be due to the effect of the dissolved air.
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which oxidizes the polysulfides and the thiosulfate with the 
liberation of free sulfur.

3—The products of the reaction between sodium hydroxide 
in alcoholic solution and mereaptans dissolved in naphtha 
are sodium mercaptide and water. On keeping the precipi­
tate in contact with naphtha some of the mereaptans are 
returned to the oil owing to partial hydrolysis of the sodium 
mercaptide.
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Effect of Mild Heat Treatm ents on the Chemical 
Composition of W ood1

L. F. Hawley an d  J a n  W iertelak2

F o r b s t  P r o d u c t s  L a b o r a t o r y , M a d i s o n ,  W i s .

THE many studies of the 
decomposition of wood 
by heat have been con­

cerned almost entirely with 
the e x o th e rm ic  re a c tio n  
occurring a t about 275° C. 
during which the main chemi­
cal constituents of the wood 
are completely decomposed.
I t  has been noted tha t much 
lower temperatures affect the 
color and strength of wood 
and that thejse p h y s ic a l 
changes were p ro b a b ly  ac­
co m p an ied  by ch em ica l 
changes, bu t a t the time the 
analyses reported here were 
undertaken there were no 
q u a n t i ta t iv e  data on the 
subject.’

E xperim en ta l P rocedure

Samples of white ash and Sitka spruce tha t had been 
subjected to different temperatures for various periods of 
time were available together with well-matched specimens of 
unheated wood for comparison. For the present work those 
samples were selected tha t had been heated to 138° C. for 
2, 4, and 8 days. The details of the heat treatments can be 
found in the articles describing the effect of the treatm ent on 
various physical properties of the wood (4, 5). The wood 
was heated in sealed iron tubes contained in a small steam 
retort, the temperature being regulated by the steam pres­
sure. The wood was previously dried to about 10 per cent 
moisture content so tha t it was not in contact with a large 
amount of water during the heating period.

The samples were analyzed according to the methods in 
use a t the Forest Products Laboratory. These methods as 
described by Bray (/) were modified only in tha t alcohol- 
benzene was used instead of ether for the extractions previous 
to the lignin determination. Additional determinations 
were made of the methoxyl content of the isolated lignin 
and of the hydrolysis number (3) of the isolated cellulose.

The complete analytical results are shown in Table I,

i Received N ovem ber 4, 1930. P resen ted  before th e  D ivision of 
Cellulose C hem istry  a t  th e  79 th  M eeting  of th e  A m erican C hem ical Society, 
A tlan ta , G a., A pril 7 to  11, 1930.

* R esearch  Fellow  from  Poland.
• C am pbell an d  B ooth  have recen tly  published  an  a rtic le  bearing  upon 

th is  sub jec t (2).

together with the losses in 
weight observed during the 
heat treatments.

G eneral C hanges C om m on 
to  H ardw ood an d  Softwood

The solubility of the wood 
in cold water, alcohol-ben- 
zene, and 1 per cent caustic 
soda after different periods 
of h e a tin g  v a r ie d  in the 
same manner. The solubili­
ties were increased a t first 
and later decreased, in some 
instances becoming a little 
less than those of the original 
wood.

In  both the hardwood and 
the softwood the g en era l 
effects of the h e a tin g  are 

a decrease in the carbohydrate components and an in­
crease in lignin. The increase in lignin may be only ap­
parent, since the Forest Products Laboratory method for 
determining lignin is based on its insolubility in 72 per 
cent ILSOi and in other characteristics the “lignin” formed 
by heating may be different from the lignin present in the 
unheated wood. The isolated lignins from the heated and 
unheated samples were analyzed for methoxyl content as 
shown in Table I. There was always a lower percentage of 
methoxyl in the isolated lignin from the heated samples 
than from the corresponding unheated samples, indicating 
that, in this characteristic a t least, there is a difference. In 
another (qualitative) characteristic, however, the isolated 
lignins were similar. I t  was found that they could all be 
put into solution by the treatm ent used in the analytical 
method for isolating cellulose— namely, chlorination followed 
by treatm ent with sulfites.

Although it is not maintained tha t by this heat treatm ent 
carbohydrates have been transformed into lignin, yet cer­
tain carbohydrates have lost some of their carbohydrate 
characteristics and have been transformed into a material 
that' possesses some of the characteristics of lignin. These 
indications of the transformation of carbohydrate to lignin 
by long-continued low-temperature heating are, however, so 
important in the field of the relationships between the carbo­
hydrates and lignin in wood tha t further experiments are 
now under way in the similar heat treatments of pure wood 
carbohydrates.

The variations in the figures for methoxyl in Table I are

Analyses are recorded of w h ite  ash  and  S itka  spruce 
wood before an d  a fte r  h e a t tre a tm e n ts  in  a closed iron  
tu b e  a t  138° C. for 2, 4, an d  8 days. In  b o th  woods th e  
losses a re  largely in  th e  ca rbohydra te  c o n s titu e n ts  and  
th e re  a re  also gains in  th e  lign in  an d  th e  alcohol- 
benzene soluble. In  bo th  woods th e  m ethoxyl c o n ten t 
rem a in s p rac tica lly  co n s tan t.

In  th e  a sh  wood th e  ca rbohydra tes lo st are en tire ly  
p en to san s, b u t  in  th e  sp ruce wood th ey  are  largely 
hexosans an d  even th e  s tab le  (no t read ily  hydrolyzed) 
cellulose is decom posed.

In  th e  ash  wood th e  acetic  acid by hydrolysis is rap id ly  
decreased to  a m in im u m  a t  th e  fo u r th  day.

T he changes in  com position  are  d iscussed in  th e  lig h t 
of th e  em pirica l an a ly tica l m e th o d s used in  d e te rm in ­
ing th e  changes in  com position .

T he in d ica tio n s of a  change fro m  carb o h y d ra tes  to  _ 
a  lign in -like  su b stan ce  are so im p o r ta n t th a t  a  special 
investiga tion  of th e  change has been s ta r te d .
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within the limit of error of the determination or a t least 
within the limit of variation of nmtnhed samples, so that it 
can be safely concluded that the mcthoxyl remained constant 
throughout the heating periods.

T a b le  I— C h e m ic a l C o m p o s i t io n  o f W ood H e a te d  a t  135° C . fo r  2t 4, 
a n d  8 D ays

(All figures hi percentages of dry  unheated wood unless otherw ise noted)

W it it it Ash .Sitka  Sm uicn

CONBTITUKNT N ot Days heated N ot D ays heated
heated 2 4 8 heated 2 4 8

% % % % % % % %
Loss in weight on 

heating (J) 5 .0 5 .8 7 .7 1 . 0 1.3 5 .0
Ash 0 .48 0 .04 1.31 0 .03 Ô" 20 0.14 0 .47 0 .2 5
C old-w ater soluble 3 .0 0.0 5.7 4 .0 3. 1 0.0 5 .4 2.0
H ot-w nter soluble0 1 . 2 1.4 1 . 1 0.0 3 .1 1 . 0 1 . 0 1.4
Soluble^ In 1 pet

cent N u t>11 14.3 10.4 20. 1 18.2 10.2 1 1 . 2 1 1 , 8 11.0
K thcr soluble 0.0 0.0 0 .4 0.0 0.0 0 .5 0 .7 1 .7
Alcohol - benzene

soluble 3 .0 10.0 10. 1 8 .5 3 ,7 7 .4 0 .3 3 .8
Acetic acid by hy ­

drolysis 3 .0 2. 2 0 .5 0 .5 0.0 0 .4 0 .5 0. 8
Lignin 27 .0 27 .0 31 .0 32 .0 28 .5 33,0 37.3 38.4
Cross and  llevnn

cellulose 00.0 01 . 1 48 .0 4 8 .0 50 .8 51 .0 50.4 48.1
T o ta l pentosans 22.0 10.8 5 .4 4 .5 7 .0 4 .7 4 .2 3 .0
Pentosans in cellu­

lose 11. 0 0.2 3 .1 3.1 2.4 2 .3 2. 0 1.5
P entosans not in

cellulose 11.0 4 .7 2.2 1.5 4 .7 2 .5 2 . 1 2 . 0
T otal m cthoxvl 0.0 0.0 7 .1 7 .0 5 .3 5 .3 5.1 5.4
M cthoxyl in lignin 5 .2 4 .1 4 .5 4 .1 4 .0 4 .2 4 .5 4 .3
M cthoxyl In lignin

(on bnsis lignin) 10.4 15.2 14.0 12.5 14.0 12.7 12. 2 1 1 . 2
R eadily  hydro­

lyzed cellulose* 12.8 7 .0 4 .0 4 .0 0 . 0 7 .0 7 .2 0 .4
Stable cellulose* 43.1 43.2 43.1 43.4 47.2 44 .0 43.2 41.7

° A fter sub tracting  cold-w ater soluble. 
b A fter sub tracting  hot- and  cold-w ater soluble.
* C alculated from hydrolysis num ber determ ination  m ade on the  

Cross and  Bevan cellulose.

C hanges in  C erta in  C o n stitu en ts

For a more detailed study of the changes in certain com­
ponents and for a ready comparison of the hardwood and 
softwood, Table I I  has been prepared. In this table certain 
data from Table I  have been calculated in terms of decreases 
or increases a t the different stages of heating.

With the hardwood the decreases in Cross and Bcvan cellu­
lose correspond almost exactly with the decreases in pentosan 
in cellulose and with the decreases in unstable cellulose, which 
indicates that the unstable cellulose is composed entirely of 
pentosans in cellulose. The stable cellulose, as calculated 
from the hydrolysis number determination, remains practi­
cally constant. In the softwood the amount of decomposi­
tion of Cross and Bevan cellulose is about the same, but the 
decomposed cellulosic material is made up of different con­
stituents. There is not only much less pentosan in cellulose 
in the softwood than in the hardwood (2.-1 and 11 per cent, 
respectively) but oven the small amount present is relatively 
more resistant to the effects of heat. After 8 days’ heating 
the 2.4 per cent in the softwood has been reduced only to 1.5 
per cent, a 37 per cent decrease, while the 11.0 per cent in 
the hardwood has been reduced to 3.1 per cent, a 72 per cent 
decrease. The decomposition of the softwood Cross and 
Bevan cellulose is seen to occur almost entirely in the hexosan 
constituents, and even more in the stable cellulose than in 
the unstable cellulose.

The pentosans not in cellulose decrease rapidly and con­
tinuously in both woods, but the proportion of them removed 
is greater a t all stages in the hardwood. At the end of 8 
days’ heating S8 per cent of the pentosans not in cellulose in 
ash had been decomposed, but only 42 per cent of those in 
spruce.

Since there are two main constituents of the ash wood 
that are decomposed (the pentosans in cellulose and the 
pentosans not in cellulose) and two main constituents that 
arc increased in amount (the lignin and the alcohol-benzeno

soluble) together with some volatile decomposition products 
corresponding to the loss in weight, it is impossible to tell 
which products are formed from each of the constituents 
decomposed. Since, however, the constituents decomposed 
are all pentosans, although of two different types, it can be 
stated tha t the pentosans d e c o u p le  to form volatile prod­
ucts, alcohol-benzene soluble-prodncts, and a substance that 
has some of the characteristics of lignin. The alcohol- 
benzene soluble material is apparently an intermediate 
product between the jentosans and one or both of the final 
products because it increases rapidly during the first period of 
heat ing and then decreases.

Although there is no apparent increase in lignin during 
the first 2 days’ heating a closer examination of Table I 
shows that there must have been some formation of a lignin- 
like product because there had been a decrease in a lignin 
constituent and yet the total lignin was the same. In 
the figures showing the percentage of mcthoxyl (on the basis 
of the original wood) in the isolated lignin (Table I) it is 
seen that 5.2 per cent mcthoxyl was in the lignin isolated from 
the original wood, but only 4.1 per cent in the lignin 
from the wood heated for 2 days. Therefore the lignin deter­
mination should have shown 1.1 per cent less lignin on 
the 2-day sample. Since the lignin remained constant 
there must have been 1.1  per cent of lignin-like material 
formed to take the place of the 1 .1  per cent less mcthoxyl 
in the lignin. The figures in Table II  showing the increases 
in lignin as calculated from the lignin determination should 
therefore be corrected for the differences in mcthoxyl content 
from those of the original woods. This has been done in 
line 3.

T a b le  I I —C h a n tie s  In  C e r ta in  C o n s t i tu e n t s  o n  H e a tln f t W ood fo r  2, 
4, a m i 8 D ays

(Alt figures in percentage of d ry  unheated  wood: 4- increase, — decrease)

C o N sn n iR N t

W m i u As«

D ays heated

2 4 s 2 4 8

% % % ' % % %
Lignin - 0 u? +  5 , 0 +  5 .1 + 8.0 + 9 .9
Lignin (cor.) 1 . 1 +  0 . 7  

+  4 . 0
+  4 .9 + 8 . 3  

+  2 . 0
+ 9 .0

Alcohol-benzcne soluble - 7 . 0 +  « . 2 +  3 . 7 + 0 . 1
Cross and  llevan  cellulose -4 ,8 - 7 . « - 7 . 9 - 5 . 8 - 0 . 4 - 8 . 7
Pentosans no t in cellulose - 0 . 0 - 9 . 4 “ 1 0 .1 - 2 . 2 - 2 . 0 - 2 . 7
Pentosans in cellulose -4 .8 - 7 . « - 7 . 9 - 0. 1 - 0 . 4 - 0 . 9
R eadily  hydrolyzed cellu­

lose - 4 . 0 - 7 . 9 - 8.2 - 2 . 0 - 2 . 4 - 3 . 2
Stable cellulose + 0 . 1 0 + 0 .3 - 3 , 2 4 . 0 - 5 . 5
Loss In weight:

C«lcd.° 3 .0 0 . 4 0 .7 0.0 1.9 1.7

Obsd. 5 . 0 0,8 7 .7 (1 (Iobh)
5 . 0

Obsd. m inus calcd. +  1,4 - 0.0 +  1 . 0 +  2*2 +  3Ï2 +  3 .9

S i t k a  S tr h c b

D ays heated

° From  stun of losses in cellulose and pentosans wot in cellulose am! 
sum  of Rains in alcohol*bcnzcne soluble am i lignin (corrected).

While the decomposed products in ash wood arc entirely 
pentosans, in spruce wood they consist largely of hexosans, 
so that differences in the products of decomposition may bo 
reasonably attributed to the presence of hexosan decomposi­
tion products. The main differences between the decomposi­
tion products of spruce and ash are the greater increases 
in lignin and the lesser increases in alcohol-benzeno soluble 
in the case of spruce. There is also considerably less loss of 
weight (formation of volatile products) with spruce. I t  might 
bo concluded, therefore, tha t the hexosans, in comparison 
with the pentosans under the same conditions of heat treat­
ment, are transformed less into volatilo products and more 
into lignin-like substances and that alcohol-beuzenc-solublo 
substances are not so important intermediates in these trans­
formations.

If the sum of the gains in the various exclusive constituents 
is subtracted from the sum of the losses, the calculated Iobscs 
may he obtained for comparison with the observed losses.
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This has been done with the figures in Table I I  adding the 
losses in the Cross and Bevan cellulose and in the pentosans 
not in cellulose and adding the gains in lignin (corrected for 
methoxyl) and in aleohol-benzene soluble. With the ash 
wood the differences between the observed and calculated 
losses are not consistently of the same sign, but they are 
perhaps within the limit of error of the sums of determina­
tions involved. With the spruce wood, however, the observed 
loss is always greater than the calculated and this difference 
is consistently greater with longer time of heating. I t  is 
probable, therefore, tha t certain substances in the heat- 
treated spruce were isolated and weighed in more than one 
determination. For instance, it is readily conceivable that 
a partly degraded cellulose might resist the action of the 
chemicals used in isolating both the lignin and the cellulose.

The changes in “acetic acid by hydrolysis” in the ash 
wood are of interest in connection with the obscure origin 
of this product. If the “acetic acid by hydrolysis” comes 
from acetyl groups tha t are not isolated with the cellulose 
or lignin, then the losses in this constituent due to heating 
should be included in the calculated losses of Table II. When 
such losses are included, the calculated losses become 5.0, 
9.5, and 9.8 per cent instead of 3.6, 6.4, and 6.7 per cent, and 
are further from the observed losses of 5.0, 5.8, and 7.7 per 
cent, respectively, for the three periods of heating. Further­
more, the differences between the observed and calculated 
losses are of opposite sign from those of the softwood. (The 
changes in “acetic acid by hydrolysis” in the softwood are 
negligible.) I t  seems likely, therefore, tha t the acetic acid by 
hydrolysis is formed from some other constituent deter­
mined by the analytical methods used and decreases along 
with that constituent. Since in the ash wood the pentosans 
are the only constituents tha t decrease, the indications are

that acetic acid by hydrolysis has its origin in the pentosans. 
There is shown in Table I a certain amount of parallelism 
between the figures for pentosans in cellulose and those for 
acetic acid by hydrolysis. In the ash wood they both de­
crease during the first two periods and then remain constant 
during the third period. In the spruce the changes in both 
of these constituents are very slight.

The experiments recently reported by Campbell and Booth
(2) on the analysis of green, air-dried, kiln-dried, and oven- 
dried oak were primarily for the purpose of showing the differ­
ences between the green and the dried wood, but there were 
also differences between the air-dried and the artificially dried 
samples that might be ascribed to the higher temperatures 
accompanying the latter treatments. The heat effects on 
lignin and pentosans were naturally much less than those 
reported here on account of the lower temperatures used by 
them, but in these constituents there are no inconsistencies 
between the higher and lower temperature treatments. 
In  the case of the methoxyl, however, the results are appar­
ently inconsistent. Even a t the low temperatures used they 
obtained a marked reduction of methoxyl, whereas in the 
present higher temperature treatments the methoxyl re­
mained practically constant. This can perhaps be ex­
plained by the different conditions under which the heating 
took place. Campbell and Booth heated their wood in the 
open air, whereas the wood used in the present analyses was 
heated in a sealed tube.
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Study of W ax from  Low -Tem perature T a r1
Joseph  D. Davis2 and  K enne th  M. Irey3

P i t t s b u r g h  E x p e r i m e n t  S t a t i o n , U. S .  B u r e a u  o f  M i n e s , P i t t s b u r g h , P a .

DURING the years 1924 
and 1925, a primary 
or low-temperature 

tar was produced in quantity 
by continuous carbonization 
of Mesa Verda (Utah) coal 
at 700° C. in superheated 
steam. The co m p o sitio n  
of this tar (1, 2, S) and of 
the gas (£>) and light oil as 
well have been  s u b je c ts  
for p re v io u s  investigation.
This ta r c o n s is te d  of an 
oily portion, liquid a t ordinary temperatures, and two solid 
portions, one lighter and one heavier than water. These 
have been termed tars I, II, and III, respectively, by the 
previous investigators.

The tar consisted of 28.85 per cent ta r I, 40.35 per cent

1 Received N ovem ber 21, 1930. P resented  before th e  D ivision of Gas 
and  Fuel C hem istry  a t  th e  80 th  M eeting  of th e  A m erican Chem ical Society, 
C incinnati, Ohio, Septem ber 8 to  12, 1930. T his paper presents th e  resu lts  
of work done under a  cooperative agreem ent betw een th e  U. S. B ureau  of 
M ines, th e  Carnegie In s titu te  of Technology, and  th e  M ining A dvisory 
B oard. Published by permission of th e  d irector, U. S. B ureau of M ines. 
(N o t sub jec t to  copyright.)

* Fuels chem ist, U. S. B ureau of M ines.
* R esearch Fellow, Carnegie In s titu te  of Technology.

ta r II, and 30.80 per cent 
tar III . Table I gives the 
d i s t r ib u t io n  of chemical 
groups in tars I, II, and III, 
and Table I I  shows the dis­
tribution of oils, waxes, and 
resins in the neutral oils from 
these tars. I t  was noted that 
the wax content of all these 
tar portions was higher than 
tha t reported in the litera­
ture; it  is seen, for example, 
in Table I I  tha t the amount 

of wax in the combined portions exceeds 10 per cent of the 
total tar. On considering this and the fact that the wax was 
of high melting point (54° C.), further investigation seemed 
worth while for possible industrial utilization of this con­
stituent of low-temperature tar. Accordingly, the work 
described was undertaken.

Enough wax was recovered from tar I I  for purification, 
determination of physical constants, and approximate con­
stitution of the purified wax. I t  was found to consist mainly 
of pentacosane (melting point 54° C.) and heptacosane 
(melting-point 60° C.). Waxes were then recovered from 
tars of several bituminous and sub-bituminous coals, listed in 
Table V, which were carbonized a t low temperatures in

I t  has been show n th a t  th e  wax from  U tah  coal is a 
paraffin  hydrocarbon  wax con ta in ing  a sm all percentage 
of u n sa tu ra te s . T h is wax is of a superior grade as com ­
pared w ith  com m ercial petro leum  wax, as i t  has a  h igher 
m elting  po in t, an d  is a  relatively d ry  wax.

T he b itu m in o u s  coals are  found  to  yield a  ta r  of low 
wax co n ten t as com pared w ith  th a t  of th e  U tah  coal 
an d  th e  su b -b itu m in o u s  coals. C arbon iza tion  w ith  
superheated  s te am  tends to  increase th e  yield of wax 
in  a ta r, b u t i t  is n o t requ ired  to  o b ta in  a n  appreciable 
a m o u n t of wax from  a coal h igh  in  w ax-producing co n ­
s titu e n ts .
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laboratory apparatus, and melting points of the waxes were 
determined. In no case was enough wax available for com­
plete investigation, but the melting points were within the 
range of those obtained from the Utah coal tar. The in­
ference is tha t they were similar in composition. Tars from 
bituminous coals did not yield more than 2 per cent wax; 
those from the sub-bituminous coals yielded 4.5 to 8 .G per 
cent. Three low-temperature tars made on a large experi­
mental (semi-commercial) scale from bituminous coals were 
examined for wax content and found to contain only a frac­
tion of 1 per cent of wax.

T a b le  I— D is t r ib u t io n  o f C lasses  of C o m p o u n d s  In  U ta h  C oal T a r

C l a s s e s  i n  T o t a l

C l a s s e s  o f  C o m p o u n d s  T a r  I  T a r  II
T a r  I n c l u d i n g  . 

T a r  I I I  A q u e o u s  
C o n d e n s a t e

% % %  %
Insoluble (in sulfuric ether) 1 .0 0 .85 9 5 3 .4 6
Carboxylic acids 0 .3 2 .25 *2 5 2 .14
Alkali-soluble (phenols) 23 .4 15.0 40 0 26.85
T a r  bases 1.7 1.55 3 0 2 .07
N eu tra l portion 66. 0  80 .0 45. 0 63.21
W orking loss 7 .6 0 .35 0. 0 2 .27

T a b le  I I— OH, W ax, a n d  R es in  in  T o ta l  T a r

T a r  1 ° T a r  1 1 ° T a r  1 1 1 ° T o t a l

% Kg. % Kg. % Kg. Kg. %b
Oil 85 7 .12 57 .2  8 .12 68.9 4 .20 19.44 67 .78 42 .8
W ax 10 0 .84 24.1  3 .42 10.4 0 .63 4 .89  17.05 10. 8
Resin 5 0 .42  
Resin pres­

en t in in- 
s o l u b l e  
m a tte r 

N eu tra l por­
tion  as per 
cent of

18.6 2 .64 19.8 1 . 21 4 .2 7  14.89 9 .4

2 .3

fraction 66 8 .38  
T o ta l

80 .0  14.2 45 .0 6. 1 0
28!60 99 .72 65 .3

grams too high, as a certain amount of substitution takes 
place, probably occurring in the end carbon atom, as explained 
by Johansen (<?).

The acid and ester value, as determined according to 
Holde (7), was 1.1  for acid and 5.6 for ester value, the total, 
6.7, being the number of milligrams of potassium hydroxide 
required to saponify 1 gram of wax. The physical constants 
of the crude wax were as follows:

d j ° ......................................................................................................  0.9211
M elting po in t, ° C  .....................................................................  55
Iodine value p lus substitu tion  v a lu e ............................................. 23
Acid v a lu e ..............................................................................................  1 . 1
E s te r  v a lu e .............................................................................................  5. 6

As there was considerable resin in the original neutral oil 
(see Table II), it was thought possible tha t the crude wax 
might contain some resin. As this is but very slightly soluble 
in petroleum ether (boiling point 40° to 60° C.) dnd the wax 
is completely soluble, some of the wax was dissolved in petro­
leum ether and filtered. There was no measurable amount 
of resin left on the filter paper, although this was colored 
slightly. The petroleum ether solution was then treated with 
80 per cent sulfuric acid to remove unsaturates. This

a N eu tra l portion.
b As per cent of to ta l neu tra l portion from first th ree  ta r  portions 
c As per cent of to ta l ta r , including th a t  from aqueous condensate.

M ethod of Recovery and  Analysis of Wax

The neutral oil was separated from the tar in sulfuric ether 
solution. The tar acids were extracted with caustic soda and 
the bases were removed by washing with 10 per cent hydro­
chloric acid. The ether was then distilled from the neutral 
oil, leaving a semi-solid material when cooled to room tem­
perature. The neutral oil was steam-distilled with an oil 
bath kept a t 250° C. under the flask containing the neutral 
oil. This process carried over most of the light oils. The 
residue was then refluxed with 5 volumes of acetone and 
filtered at 5° C. The residue was allowed to dry in the air 
and was then recrystallized from 12  volumes of acetone. 
Wyant and Marsh (10) used 10 volumes of acetone to re- 
crystallize the paraffin wax they investigated, but this proved 
insufficient to take the wax completely from the Utah tar into 
solution with refluxing. The recrystallized wax was filtered 
a t 0° C. and washed with 2 volumes of cold acetone. I t  was 
then heated on a steam bath to remove any solvent remaining. 
This wax had a creamy color before it was melted, but when 
it was fused it turned a dark brown. Repeated crystalliza­
tion with acetone would not remove this color. Hereafter, 
this wax will be spoken of as crude wax. The melting point, 
as determined by the A. S. T. M. (S) method (using a Centi­
grade instead of a Fahrenheit thermometer), was 55° C. The 
cooling curve (Figure 1) has five distinct rest points or fusion 
points. This would indicate five different compounds.

The iodine value was determined by the Wijs (7) method. 
This involves the action of iodine trichloride and iodine dis­
solved in acetic acid solution. The wax had an iodine value 
of 23, which means that 23 grams of iodine are absorbed by 
each 100 grams of wax. This value is approximately 8

sulfuric acid'solution was colored, but did not indicate the 
removal of more than 1 or 2 per cent of substance. The 
solution was then treated with 95 per cent sulfuric acid, which 
should remove the aromatics. This formed a rather thick 
sludge and indicated the removal of a considerable portion of 
substance. I t  is possible that the 80 per cent sulfuric acid 
failed to remove the unsaturates and the larger portion of the 
latter sulfuric acid sludge was unsaturates. The petroleum 
ether solution was then washed with water and a weak solution 
of sodium hydroxide to remove all traces of the acid, after 
which it was distilled to 100° C. to remove the ether. As it 
was difficult to eliminate all the petroleum ether in this manner 
the wax was crystallized from 12 volumes of acetone. An 85 
per cent yield of paraffin wax resulted, and its melting point
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was 55.6° C. (Figure 1 ). This wax has only three fusion 
points, which would indicate th a t two compounds had 
been removed from the original crude wax by the purification 
described. These three definite fusion points may indicate 
three different paraffin hydrocarbons present in relatively 
large quantities. The lower fusion point is of very short range 
and indicates a very slight amount of soft wax. The purified 
wax was a white crystalline compound before melting, but 
when fused it took on a brown color, but noticeably lighter 
than the melted crude wax.

As the crude wax was so dark and of such an undesirable 
character, a method for decolorizing it was worked out. I t  
was found tha t filtering through fuller’s earth in a hot water 
funnel gave the best results. A white wax could be obtained 
by repeated filtration, changing the fuller’s earth several 
times. As the supply of wax was limited and the fuller’s 
earth absorbed some of it, it was not completely decolorized, 
but a wax slightly tinted was obtained for further examina­
tion.

This was examined in a similar fashion to the crude wax. 
The determination of the refractive index was made with an 
Abbé refractometer a t a temperature of 60° C. The molecu­
lar weight was determined by the ebullioscopic method in a 
Beckmann apparatus, benzene being used as a solvent. 
Table I I I  gives the results.

T n b lc  I I I — C o n s ta n t s  of D eco lo riz ed  W ax

0.0011
50 X 350 X 100 = 0.7

P ara ffin  W ax (P)
D ecolorized  W ax From  

oil shale
From

petro leum

j 60
d 16 0.7929

%
d73

2 5 0.7875 0.7841
n60 n D
M elting  po in t, ° C. 
Iod ine value 
S u b stitu tio n  value 
Acid value 
E s te r value 
M olecular weight

1.4425
54 .6
9 .91
5 .63
0 .62
1.10

350

13.7  (max.)

0 .27
0 .7 0

„73
D 1.4362

5 6 .0
1.4293

55 .4

The specific gravity was taken as described by Buchler and 
Graves (4); a 5-cc. specific gravity bottle is standardized 
with water a t 15° C. and the volume calculated a t 60° C. 
The bottle is filled with the wax and placed in an oven at 
58° C. for 2 hours; the stopper is then put in and the tem­
perature raised to 60° C. for 1 hour. The specific gravity 
is slightly higher than tha t of the shale oil and petroleum wax 
(Table III) . The specific gravity and temperature a t which 
it was taken vary in an indirect proportion, whereas the 
refractive index varies in a direct proportion. With this 
explanation, the properties of the waxes may be considered 
to agree well. The melting point of the purified wax, slightly 
lower than tha t of the crude, is attributed to the fuller’s 
earth absorbing some of the wax of a high melting point.

As to the iodine value, little can be deduced, for consider­
able unsaturation may be present in a given unsaturated 
molecule; or there may be only one double bond present. 
If we suppose it to be one double bond in a molecule with a 
molecular weight of 350, unsaturates would amount to 
13.7 per cent of the wax. This would be the maximum 
amount of unsaturates in the wax. The percentage of acids 
and esters was calculated by taking a theoretical molecular 
weight, and from this the percentage of oxygen may be 
calculated. By taking the molecular weight of cimic acid 
(C14H 27COOH, melting point 55° C.) which is 242.0, the per­
centage of acid was calculated to be

° -00062 X 242 X 100 =  0.268 per cent 
00

A molecular weight of 350 was taken for the determination 
of the per cent of esters:

From the above data the calculated percentage of oxygen is
0.0668. The ultimate analysis of the decolorized wax gave 
85.24 per cent carbon, 14.74 per cent hydrogen, 0.05 per cent 
nitrogen, and no sulfur.

As the method of analysis is not accurate to better than
0.1 per cent, the calculated value of oxygen is in agreement 
with the results. If the wax were a pure pentacosane (C25- 
I l52) ; the theoretical percentage of carbon and hydrogen would 
be 85.24 and 14.76, respectively.

In  conclusion, from the ultimate analysis and study of the 
composition of the wax with its physical properties, it may be 
safely classified as a paraffin wax of the hydrocarbon series.

By fractional crystallization of the decolorized wax with 
ethylene dichloride (CII2CICH2CI) it separated largely into 
two major portions, as shown in Table IV.

T a b le  IV— F r a c t io n a l  C ry s ta l l iz a t io n  of D e co lo riz ed  W ax

M e l t i n g  P o i n t A m o u n t  C r y s t a l l i z e d

• C. 
47 .8  
50.1 
54 .3
67 .6
59 .6
63 .6

%
12.2
6 .8 5

33 .0
8 .0 5

32 .7
6 .8

The wax is clearly composed of a series of hydrocarbons, 
and these data indicate a predominance of pentacosane 
(C25HS2, melting point 54° C.) and heptacosane (Cw]Em, 
melting point 60° C.) with a small amount of soft wax. On 
repeated crystallization of the decolorized wax the melting 
point was constant, which proves it  to be a wax free from
oil. This indicates a superior grade of dry wax with a melt­
ing point higher than the marketable petroleum waxes.

U tilization  of Wax

Several crayons were molded from the decolorized wax, 
using suitable pigments to obtain the desired color. When 
these crayons were warmed in the palm of the hand and pres­
sure was applied, they remained firm, whereas commercial 
crayons or those made from parawax were pliable when sub­
jected to the same treatment. This would indicate a good 
raw material for candles or a good grade of wax paper and 
other waterproof materials. Upon analysis, the commercial 
crayons proved to be approximately a 1 to 1 mixture of 
paraffin and fatty  acid. Crayons made by adding 10 per 
cent stearic acid to the wax from Utah tar seemed to have no 
more desirable characteristics than the crayon made from 
pure wax.

Wax C o n ten t of O ther Coals

As there is considerable industrial interest in the wax con­
tent of tars, it was thought advisable to determine the wax 
content of tars from several typical coals. Enough coal was 
carbonized in a manner similar to that of the Utah coal (super­
heated steam) to determine the wax content of the resultant 
tar.

One-hundred-gram samples of coal were carbonized by 
heating to 630° C., a t which temperature it was held for 1 
hour. The tar was extracted with ether from the water 
distillate. The ether was evaporated and the tar weighed 
to find the percentage yield. The wax content was then 
determined by dissolving the tar in 5 volumes of acetone and 
cooling to —10° C., a t which temperature it was filtered. I t  
was then dried in the oven a t 105° C. and weighed. Where 
the higher percentage of wax was found, it was dissolved in 
petroleum ether (boiling point 40° to 60° C.), filtered, and the
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petroleum ether evaporated on the steam bath. This re­
moved any resin present. Two of these coals were carbonized 
without using superheated steam to compare the relative 
merits of carbonization with and without steam for the pro­
duction of wax in the tars. Table V gives the results.

From Table V it is evident that none of the bituminous coals, 
except the Utah coal, yield an appreciable amount of wax. 
I t  is difficult to classify this coal; it cannot be considered a 
true bituminous coal. The sub-bituminous coals and the 
one lignite yield a tar containing considerable quantities of 
wax. I t  seems probable that these waxes are paraffin hydro­
carbons similar to the wax from the Utah tar. This con­
clusion is based on the melting points of the waxes, as they 
range from 52° to 57° C., but insufficient quantities were 
available to prove this conclusively.

In  the carbonization without superheated steam the wax 
content of the tar is lower, but not alarmingly so in the case 
of the Utah coal. From this one can conclude that car­
bonization with superheated steam favors a higher yield of 
wax in the tar. To compare these results with commercially 
carbonized tars, three tars which the writers investigated were 
analyzed for their wax content as given in Table VI.

T a b le  VI— W ax in  C o m m e rc ia l  T a rs

C o a l P r o c e s s
T E M P E R A ­

T U R E
W a x  

i n  T a r

0 c . %
Illinois“
P ittsburgh  and Sunday Creek* 
Pittsburgh*

P arr
W isner
H ayes

800
500
750

0 .12
0 .62
0 .37

° H arrisburg  prem ium  coal, No. 5 bed, H arrisburg , Saline C ounty , 111. 
b No. 5 block bed, C am pbells Creek, W . Va., and  No. 6 bed, Sunday 

Creek, A thens C ounty , Ohio, mixed in equal proportions.
e P ittsbu rgh , No. 8 bed, P anam a mine, M oundsvillc, M arshall C ounty , 

W. Va.

From these data it would seem that carbonization on a large 
scale tends to decrease the yield of wax in the tar. This 
may also be attributed to a higher temperature in the car­
bonization of the Parr and Hayes tars. The Wisner tar was 
carbonized a t a lower temperature than the laboratory pre­
pared tars, but still the wax content is low.
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A nalysis of Color C h aracteristics of P a in ts

Committee D-l on Preservative Coatings for Structural 
Materials of the American Society for Testing Materials, 1315 
Spruce St., Philadelphia, Pa., has adopted as standard a method 
of analysis for the color characteristics of paints in terms of 
fundamental physical units. More satisfactory analyses of colors 
could be obtained by means of instruments capable of measuring 
in terms of fundamental physical units, since these do not necessi­
tate constant checking. The use of an apparatus of the primary 
type enables determination of the spectral distribution curve of 
the colors selectively reflected by any given sample within the 
limits of the visible spectrum.

The proposed method consists of the characteristic spectral 
reflectance in terms of fundamental physical units, determined in 
accordance with certain stipulations, the specific description of 
the standard reflecting surface used, and the complete descrip­
tion of the character of illumination employed.
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Effect of Cod-Liver Oil on Calcium Metabolism of 
Young Chicks1

A rth u r D. H olm es an d  M adeleine G. P ig o tt

R e s e a r c h  L a b o r a t o r i e s , T h e  E .  L .  P a t c h  C o m p a n y ,  B o s t o n , M a s s .

T he pou ltry  in d u stry  co n trib u tes  m ateria lly  to  th e  ag ri­
c u ltu ra l incom e of th is  co u n try  an d  co n s titu te s  a valuable 
hom e m a rk e t for a large a m o u n t of w heat, corn , o th e r 
g rains, an d  by-p roducts of th e  packing-house, dairy, 
an d  fishing in d u strie s . T he increased per cap ita  con­
su m p tio n  of p ou ltry  an d  eggs, coupled w ith  th e  perfection  
of artificial in cu b a tio n  an d  brooding eq u ip m en t, has 
revolutionized th e  p o u ltry  in d u stry , p lacing  p o u ltry  ra is ­
ing  on  a m ass-p roduc tion  basis. F orm erly  ch ickens were 
raised  d u rin g  th e  su m m er m o n th s , w hen a n  ab u n d an ce  
of green p la n ts  an d  su n sh in e  provided ad eq u a te  v itam in  
sup p lem en ts  for a lm o st an y  k in d  of a  ra tio n . T he de­
m a n d  for w in te r broilers an d  th e  sh if t of h ig h  prices for 
eggs from  w in te r to  th e  fall season necessita tes h a tch in g  
a n d  s ta r tin g  chicks d u ring  th e  w in te r m o n th s , w hen green 
p la n ts  a re  n o t available an d  w hen  th e  q u a n tity  and  
q u a lity  of sunsh ine  are lim ited . Coupled w ith  th is  has 
com e a dem and  for m ore rap id  grow th an d  earlier m a tu r ­
ing  birds. As a  consequence p resen t-d ay  p o u ltry  n u tr i ­
tio n  has becom e a very com plicated  an d  difficult problem .

A good grade of tested  cod-liver oil w ill supply  th e

v itam in s form erly  ob ta ined  from  green p la n ts  an d  s u n ­
sh ine, b u t th is  does n o t solve a ll prob lem s of p ou ltry  
n u tr it io n . To secure sa tisfac to ry  grow th an d  bone d e­
velopm ent, a t te n t io n  m u s t be given to  th e  q u a n tity  an d  
q u a lity  of p ro te ins, sup p lem en tary  sources of ca lc ium  
an d  phosphorus, th e  ra tio  of these  two m inerals , an d  th e  
influence of v itam in s on th e  m etabo lism  of th e  various 
c o n s titu e n ts  of th e  ra tio n .

T his labo ra to ry  has been engaged in  a s tudy  of these  
factors for over th ree  years, an d  th e  re su lts  have served 
as a  guide for m odifying th e  u su a l type of “ growing 
m a sh .” By m ak ing  a d is tin c t change in  th e  p ro te ins, 
low ering th e  ca lc ium  co n ten t, chang ing  th e  calc ium - 
phosphorus ra tio , an d  in su rin g  a n  ad eq u a te  supply  of 
v itam ins, i t  h as  been possible to  secure m ore  rap id  grow th 
an d  b e tte r  fea th e rin g  a t  a  m a te ria lly  low er cost fo r feed. 
In  th e  experim en ts rep o rted  here a t te n t io n  was cen tered  
upon  th e  effect of cod-liver oil on  ca lc ium  m etabo lism  of 
growing chicks w hen th e  ca lc ium  w as ob ta ined  from  differ­
e n t sources, was fed a t  d ifferen t levels, an d  was available 
in  d ifferent ra tio s  to  phosphorus.

CHICKENS formerly were raised under conditions 
closely approximating those for wild birds. The hen 
incubated twelve to fifteen eggs and brooded the 

resulting chicks. Ordinarily she was allowed free range, 
which provided a wide variety of bugs, worms, green plants, 
and many hours daily in the sunshine. Under these condi­
tions the owner had no occasion to consider balanced rations, 
vitamins, or sanitation.

W ith the advent of extensive artificial incubation, colony 
brooding, and more recently, the battery brooder system, 
the problem of poultry nutrition has become extremely 
complicated. The modern poultryman must operate on an 
intensive scale and employ expensive equipment, high-priced 
labor, and high-priced feeds. He must, therefore, resort to 
mass production under conditions which little resemble those 
provided by nature. For instance, chicks are hatched by the 
thousands during the winter months, when the temperature 
may be a t or below zero (the hatchery from which this labora­
tory regularly obtains baby clucks for experimental purposes 
hatched nearly a third of a million chicks during October, 
1929, to March, 1930, inclusive). At that season of the year 
green plants and sunshine as sources of vitamins for com­
mercial poultry raising are non-existent and reliance must be 
placed upon supplementary vitamin feeding.

In growing chicks the poultryman is confronted with two 
major problems. First, he must convert his cockerels and 
surplus pullets from baby chicks into broilers in the least 
possible time and a t the least possible expense. The battery 
brooder system is especially adapted to this purpose; chicks 
may be grown by the hundreds or thousands upon wire plat­
forms tiered one above another. This system minimizes 
costs for buildings, heat, feed, and labor. I t  also minimizes 
the occurrence of coccidiosis and some other poultry diseases,

1 R eceived October 3, 1930. Presented  before th e  jo in t m eeting of the  
D ivisions of Biological and  M edicinal C hem istry a t  th e  80 th  M eeting  of the  
A m erican Chem ical Society, C incinnati, Ohio, Septem ber 8 to  12, 1930.

but the chickens receive little if any sunlight and poultry 
nutrition under this system is beset by many difficulties.

Secondly, the poultryman must produce large, well- 
developed, disease-free pullets which possess the stamina to 
produce continuously a profitable yield of eggs for a 12- or 
14-month period. Formerly the peak price for eggs came 
early in January. Then the pullets could be hatched during 
the spring and raised during the summer months, when a 
maximum of green feed and sunshine are available. During 
recent years the time of the peak price for eggs has steadily 
advanced, until it  is now a t or just before Thanksgiving. 
Obviously, the poultryman is desirous of producing as many 
eggs as possible during the period of high prices—September, 
October, and November. Thirty days or more are required 
for the pullet, just coming into production, to lay her small or 
“pullet” eggs. Thus the poultryman m ust plan the hatching 
of his pullets so that they will come into production about the 
last of July. The length of the growing period varies with 
the breed of birds and rate of growth. In some instances 
4*/2 months may suffice. However, since an allowance of 2 
or 3 weeks is made for the young pullets to recover from the 
effects of vaccination, the poultryman ordinarily plans to 
hatch Ins chicks nearly 6 months before the production period. 
Thus the modern poultryman, operating on an intensive 
scale, must obtain a one-third or more of the growth of his 
chicks before green plants and sunshine are available in 
sufficient quantity and quality to afford adequate vitamin 
protection. As a consequence the need for adding a supple­
mentary source of vitamins to the poultry ration has become 
imperative.

The obvious solution of this problem seemed to be to in­
corporate cod-liver oil in poultry feeds. Experience has 
shown, however, tha t the mere addition of cod-liver oil to a 
“growing” or “laying” mash does not, by any means, solve 
all the problems of poultry nutrition. The rate of growth of 
chicks may be, to quite an extent, controlled by varying the
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protein content of the ration. However, varying the protein 
level, and thereby the rate of growth, also necessitates a 
consideration of the calcium and phosphorus content of the 
ration and the amount of vitamins required adequately to 
supplement rations of different protein and mineral levels. 
The calcium level of a growing mash may be conveniently 
raised by the addition of ground limestone or similar ma­
terial—a profitable procedure for the quarry owner and feed 
manufacturer—but, as shown by the experiments reported 
here, rations containing too much calcium and too high a ratio 
of calcium to phosphorus produce unsatisfactory growth 
accompanied by excessive feed costs.

Fi& ure 1— A ll-M e ta l  B a t te r y  B ro o d e rs

The investigation of which the experiments reported here 
form a part was undertaken to collect data concerning the 
interrelationship of vitamin levels, protein levels, calcium and 
phosphorus levels, and ratios of calcium to phosphorus. This 
report deals with the effect of cod-liver oil on calcium me­
tabolism of growing chicks when the calcium was obtained 
from different sources, was fed at different levels, and was 
available in different ratios to phosphorus.

N atu re  of R ations

A ration quite similar to those widely used in this locality 
was selected as the basal ration. The components were 
ground and mixed by a commercial feed manufacturer. The 
composition of the basal ration is given in Table I.

T a b le  I— E x p e r im e n ta l  R a t io n
Lbs.

CoarsfTyellow corn  m eal 200
W heat bran  100
W heat flour m iddlings 100
G round oat groats 100
M eat scraps (50 per cen t pro te in ) 25
F ish  m eal (50 per cent pro tein) 25
D ried skim  m ilk v 50
Alfalfa leaf meal (less th an  20 per c en t crude fiber) 40 
Common sa lt 5

N atu re  of Cod-Liver Oil

The cod-liver oil used in this investigation was of American 
origin. I t  was separated from fresh livers by the direct 
steam process and filtered to remove all trace of liver tissue. 
The oil was fed in its natural state; tha t is, the cod-liver 
stearin was not separated as is the case in the manufacture of 
medicinal oil. The biological test showed this oil to have a 
vitamin potency of more than 500 units of vitamin A per 
gram and more than 75 units of vitamin D per gram.

The oil and calcium supplements were added to the ration 
a t frequent intervals by means of a laboratory size batch 
mixer.

Brooders

The chicks were housed in all-metal battery brooders 
(Figure 1), which provided 18 square feet of floor space for 
each group of chicks. The brooders were equipped with

screen floors and with automatically controlled electrically 
heated hovers which occupied one-half of the floor space. 
The brooders were located in a room maintained a t a constant 
temperature of 72° F. The temperature of the hovers was 
100° F. for the first week and was decreased 5° F. per week 
until the fifth week, when the hovers were removed from the 
batteries. The light entering the room came through two 
sets of windows.

Chicks

The experimental birds were Rhode Island Red chicks ob­
tained as day-old chicks from an accredited flock which had 
been maintained under satisfactory feed and management 
conditions. Inasmuch as only about 9 hours elapsed from 
the time of removal of the clucks from the incubator until the 
first feeding, the chicks were not subjected to a starvation 
period such as ordinarily occurs in the commercial poultry 
industry.

Sources of S upp lem entary  Calcium

In order to provide supplementary calcium from a variety 
of sources similar to those used in the poultry industry, a 
supply of commercial grade of edible bone meal, powdered 
calcium carbonate, powdered tricalcium phosphate, powdered 
oyster shells, and limestone flour were procured on the open 
market. Table I I  gives the chemical analyses of the calcium 
and phosphorus content of these materials.

T a b le  I I — C a lc iu m  a n d  P h o s p h o ru s  C o n te n t  o f C a lc iu m  S u p p le m e n ts

E dible bone meal 
Calcium  carbonate  
Tricalcium  phosphate  
O yster shells 
L im estone

C a l c i u m

%
43 .00
38 .93  
31 .75
38.93  
31 .29

P h o s p h o r u s

%
32 .00

23^84

Experim ental Procedure

On arrival a t the laboratory the chicks were divided into 
lots of thirty-six which were as nearly identical as possible. 
Feed and water were constantly before the chicks. The 
chicks were weighed a t weekly intervals. Five birds, judged 
to be typical of the pen, were removed from each pen a t the 
end of the third, sixth, and ninth week. The basal ration 
was supplemented with varying amounts of calcium, phos­
phorus, and cod-liver oil as shown in Table III.

T a b le  I I I — S u p p le m e n ts  A d d ed  to  t h e  B asa l R a t io n
P e n  A d d e d  M a t e r i a l

1 Bone meal
2 Bone m eal and  1 per cent cod-liver oil
6 1 per cent cod-liver oil
7 N o cod-liver oil
8 Calcium  carbonate  and  1 per cen t cod-liver oil
9 C alcium  carbonate, no cod-liver oil

10 Tricalcium  phosphate  an d  1 per cent cod-liver oil
11 Tricalcium  phosphate , no cod-liver oil
12 O yster shells (flour) and  1 per cen t cod-liver oil
13 O yster shells (flour), no  cod-liver oil
14 L im estone (flour) and  1 per cen t cod-liver oil
15 Lim estone (flour), no cod-liver oil

T a b le  IV— A sh , C a lc iu m , a n d  P h o s p h o ru s  C o n te n t  of E x p e r im e n ta l
R a t io n s

R a t i o
P e n A s h C a l c i u m P h o s p h o r u s C a t o  P

% % %
1 9 .89 2 .29 1.41 1.62
2 9 .8 0 2 .1 8 1.44 1.51
6 6 .64 0 .9 9 0 .8 8 1.12
7 6 .6 6 0 .9 5 0 .8 6 1 .10
8 11.08 3 .8 6 0 .7 6 5 .08
9 11.03 3.87 0 .7 5 5 .16

10 11.06 3 .8 0 2 .82 1.35
11 11.05 3 .8 0 2 .83 1.34
12 11.01 3 .86 0 .8 3 4 .6 5
13 11.10 3.97 0 .79 5 .02
14 13.47 4 .1 5 0 .8 2 5 .06
15 13.40 4 .1 0 0 .84 4 .8 8

result the different rations contained calcium
different sources, a t different- levels, and at different ratios to
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phosphorus. The chemical analyses of the rations gave the 
mineral compositions shown in Table IV.

The effectiveness of the various rations as a source of bone- 
building materials was judged by the rate of growth and bone 
development as indicated by the size, weight, ash, calcium, 
and phosphorus content of the tibiae removed from typical 
chicks a t the end of the third, sixth, and ninth week of the 
experiment.

calcium to phosphorus being 1.35 to 1. The next best 
growth was obtained in pen 2 , which received a ration con­
taining 1.4 per cent phosphorus and 2.2 per cent calcium with 
a ratio of calcium to phosphorus of 1.15 to 1. As pointed out 
above, the ratio of calcium to phosphorus for the remaining 
pens was practically 5 to 1 . Considered merely on the basis 
of rate of growth, it appears tha t cod-liver oil was quite 
effective in producing growth in birds that received the ra-

F ig u re  2

Growth of Chicks

Each pen of chicks was weighed as a group a t weekly in­
tervals and the weights were reduced to a pcr-chick basis. 
The results thus obtained are reported in Figures 2 , 3, and 4.

I t  will be noted that the birds in pen 2, which received 
1 per cent cod-liver oil, grew at approximately twice the rate 
of the birds in pen 1 , which received no cod-liver oil. Simi­
larly, the birds in pen 6 , which received cod-liver oil as a 
supplement to the basal ration, grew at approximately three 
times the rate of the birds in pen 7, receiving the same ration 
without oil. The rate of growth for pen 8 , which received 
1 per cent cod-liver oil, was practically the same as for pen 9 , 
the control pen. The ration consumed by pens 8 and 9 
contained nearly 4 per cent of calcium and the ratio of cal­
cium to phosphorus was slightly over 5 to 1. The rate of 
growth for pen 10 , which received 1 per cent of cod-liver oil, 
was approximately twice tha t for pen 1 1 , which received no 
oil. The calcium supplement for these pens was tricalcium 
phosphate. The ration contained nearly 4 per cent of 
calcium, but the ratio of calcium to phosphorus was only 1.35 
to 1. Pen 12, which received 1 per cent cod-liver oil, made 
only slightly better gain than pen 13, without oil. The 
calcium supplement for these pens was finely pulverized 
oyster shells. The rate of growth for pen 14, which received 
1 per cent cod-liver oil, and 15, which received no cod-liver 
oil, were practically the same. These pens received finely 
ground limestone as a source of calcium. The rations fed to 
pens 12, 13, 14, and 15 contained about 4 per cent of calcium 
and the ratio of calcium to phosphorus was approximately 
5 to 1.

The best growth was obtained in pens 6 and 10—the birds 
averaging over 2 pounds a t 9 weeks of age. The ration of 
pen 6 contained less than 1 per cent of calcium and phos­
phorus and the ratio of calcium to phosphorus was 1.12  
to 1 .

The ration of pen 10 contained nearly 2 per cent of phos­
phorus and nearly 4 per cent of calcium, the ratio of

F ig u re  4

tions in which the ratio of calcium to phosphorus was rela­
tively low. When the ratio of calcium to phosphorus was 
approximately 5 to 1, the addition of cod-liver oil to the 
ration did not produce increased rate of growth. Further­
more, neither the cod-liver oil nor the control birds grew so 
satisfactorily as when this ratio was lower.

In considering growth it should be noted tha t there was no 
cannibalism or feather pulling in any of the pens during the 
period of the experiment. The birds in those pens tha t re­
ceived rations containing a low ratio of calcium to phosphorus 
and supplemented with cod-liver oil were particularly well 
feathered a t the conclusion of the experiment. The birds in 
all the pens receiving no cod-liver oil and those in nearly all 
the pens receiving rations having a calcium to phosphorus 
ratio of 5 to 1, even though supplemented with cod-liver oil, 
were poorly feathered. The larger portion of those birds 
developed the scrawny feather growth typical of chick rickets.

Bone Development

At the end of the third, sixth, and ninth weeks five chicks 
were removed from each of the experimental pens. The left 
tibiae were dissected, freed of tissue and dried a t 95° C., 
measured, weighed, and analyzed for total ash, calcium, and 
phosphorus. The right tibiae were dissected, freed of tissue, 
and examined by the modified McCollum “line” test to de­
termine the extent of calcification.

The development of tibiae taken from the test chicks a t 
different stages of the experiment can be seen in Figure 5. 
When the chicks were 3 weeks old it was possible to detect 
differences in the bone development of birds from the different 
pens. At 6 and 9 weeks of age these differences became 
progressively more pronounced. During the last portion of 
the experiment the lack of calcification was so pronounced in 
some pens, notably pens 12 and 13, th a t the ends of the tibiae 
were very soft and apparently nothing but cartilage.

The left tibiae of each test chick a t 3, 6, and 9 weeks was 
measured and weighed separately, but for the sake of con-

F ig u re  3
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venienee the results are reported below for each pen on an 
average per chick basis. Table V contains data on the left 
tibiae of chicks a t 3, 6, and 9 weeks.

T a b le  V— D a ta  C o n c e rn in g  D rie d  T ib ia e  o f C h ic k s
D i a m e ­ Av. C a l ­ P h o s ­ R a t i o

P e n L e n g t h t e r W t . A s h ® c i u m p h o r u s Ca t o  I
M m . M m . Grams % % %

A T 3 W E E K S  OF AGE
1 4 7 . 6 3 . 7 0 . 6 4 3 4 . 1 9 1 1 . 6 9 6 . 2 7 1 . 8 7
2 5 2 . 5 3 . 7 0 . 7 8 4 0 . 1 5 1 4 . 4 1 7 . 3 9 1 . 9 5
6 5 1 . 6 3 . 7 0 . 8 0 4 0 . 9 9 1 4 . 4 7 7 . 2 0 2 . 0 1
7 4 5 . 8 2 . 6 0 . 4 9 3 4 . 1 1 1 2 . 0 4 5 . 9 8 2 . 0 1
8 4 9 . 3 3 . 2 0 . 6 7 4 0 . 6 5 1 5 . 1 6 6 . 9 1 2 . 0 9
9 4 2 . 3 2 . 7 0 . 3 9 3 8 . 6 9 1 4 . 0 1 6 . 5 9 2 . 1 2

1 0 5 0 . 9 3 . 7 0 . 7 6 4 3 . 7 8 1 5 . 9 6 7 . 8 6 2 . 0 4
11 4 9 . 7 3 . 7 0 . 7 0 3 6 . 5 6 1 2 .  S 4 6 . 4 6 1 . 9 9
12 4 9 . 1 3 . 2 0 . 6 0 3 8 . 9 0 1 4 . 5 7 6 . 2 8 2 . 3 2
1 3 4 7 . 0 3 . 2 0 . 5 0 3 6 . 0 2 1 3 . 1 2 5 . 9 0 2 . 2 1
14 4 9 . 6 3 . 3 0 . 6 3 4 3 . 8 5 1 6 . 2 2 7 . 7 5 2 . 0 9
1 5 4 6 . 6 3 . 0 0 . 5 2 4 0 . 0 8 1 4 . 5 7 6 . 8 6 2 . 1 3

A T  6  W E E K S  O F  A G E

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

1 0 7 4 . 9 3 . 2 2 . 4 9 4 4 . 4 8 1 5 . 9 2 7 . 9 6 2 . 0 0
11 5 6 . 2 4 . 9 1 . 2 9 3 7 . 9 4 1 3 . 1 0 6 . 7 3 1 . 9 5
1 2 5 2 . 5 4 . 3 1 . 1 2 3 4 . 7 6 1 1 . 5 9 6 . 2 5 1 . 8 6
1 3 6 3 . 2 5 . 4 1 . 7 0 3 1 . 9 7 1 1 . 2 4 5 . 3 1 2 . 1 2
14 6 9 . 1 4 . 8 1 . 7 2 4 4 . 6 5 1 6 . 4 0 7 . 7 5 2 . 0 9
1 5 6 8 . 9 4 . 9 1 . 8 2 3 9 . 8 6 1 4 . 3 5 6 . 8 6 2 . 0 9

.A T  9 W E E K S  O P A GE
1 6 9 . 6 5 . 2 2 . 0 5 3 7 . 2 8 1 2 . 5 2 6 . 6 6 1 . 8 8
2 1 0 2 . 4 7 . 4 5 . 9 4 4 6 . 2 1 1 6 . 7 4 8 . 2 0 2 . 0 5
6 9 8 . 8 7 . 3 5 . 1 2 4 8 . 4 5 1 7 . 5 5 8 . 7 3 2 . 0 1
7 5 8 . 8 5 . 1 1 . 3 9 3 6 . 3 5 1 2 . 4 4 6 . 5 6 1 . 9 0
8 9 3 . 8 6 . 4 4 . 4 2 4 7 . 1 4 1 7 . 4 2 8 . 4 7 2 . 0 6
9 8 9 . 4 5 . 7 3 . 5 2 3 7 . 7 5 1 3 . 6 2 6 . 3 7 2 . 1 4

1 0 1 0 2 . 3 7 . 3 5 . 3 9 4 8 . 6 7 1 7 . 7 6 8 . 7 1 2 . 0 4
11 6 9 . 4 6 . 4 2 . 4 6 3 8 . 4 7 1 3 . 3 9 6 . 7 7 1 . 9 8
12 7 4 . 8 5 . 3 2 . 3 3 3 5 . 8 0 1 3 . 0 8 6 . 1 9 2 . 1 1
13 7 4 . 9 5 . 1 2 . 7 9 3 4 . 9 9 1 2 . 3 5 5 . 7 8 2 . 1 4
14 9 5 . 7 7 . 1 4 . 8 9 4 8 . 8 2 1 8 . 1 6 8 . 5 0 2 . 1 8
1 5 8 9 . 5 5 . 9 3 . 5 9 4 0 . 6 8 1 4 . 8 0 7 . 0 4 2 . 0 5

° Ash percentage calculated upon d ry  ex tracted  tibiae.

From tliis table it  will be noted that through the entire 
experimental period the ash, calcium, and phosphorus content

of the tibiae of pens 2 , 6 , and 10, which received 1 per cent 
cod-liver oil, was decidedly greater than those from pens 1, 7, 
and 1 1 , respectively, which were control pens that received no 
cod-liver oil. In the case of pens 8 and 9, which received 
calcium carbonate, 12  and 13, which received powdered 
oyster shell, and 14 and 15, which received powdered lime­
stone, the differences between those receiving cod-liver oil and 
those receiving no oil were not so significant. The ratio of 
calcium to phosphorus in the ration fed to these pens was 
approximately 5 to 1.

I t  is particularly interesting to note the ratio of calcium to 
phosphorus in the tibiae of chicks killed a t 3, 6 , and 9 weeks of 
age. Although the amount of ash present in the tibiae of 
birds from different pens varied over wide limits, the ratio of 
calcium to phosphorus remained quite constant. In fact, 
regardless of the rate of growth of the chicks and regardless of 
whether or not the bone development was normal or rachitic, 
the ratio of calcium to phosphorus was approximately 2 to
1 . On the basis of this evidence it would seem that, if the 
calcium and phosphorus were present in the ration in equally 
utilisable form, the ration should supply these elements in a 
ratio of about 2 to 1 .

Histological Report

The right tibiae of the chicks removed from the experi­
mental pens a t the end of the third, sixth, and ninth weeks 
were freed of tissue, split longitudinally, and stained. They 
were examined and a record was made of the extent of calci­
fication of each bone, but for the purpose of this discussion 
the results obtained for the individual bones of the different 
groups have been averaged. A section of the bone judged to 
be typical of the group was selected and photographed 
(Figure 6).

From these photographs and the histological report (Table 
VI) it is apparent that differences in calcium utilization by the
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F ig u re  6— C h ic k  T ib ia e  a t  3 W eeks

various pens were discernible by the end of the third week. 
As the experiment progressed the differences in calcium 
metabolism became more pronounced. At the termination 
of the experiment it was quite evident that the calcification in 
birds from the pens receiving cod-liver oil was greater than 
in the corresponding control pens. In those pens receiving 
rations which contained approximately five times as much 
calcium as phosphorus, regardless of whether oil was added 
or not, the birds did not grow, feather so well, or show so 
satisfactory calcification of tibiae as when the ratio of calcium 
to phosphorus was lower.

T a b le  VI— R e s u lts  of H is to lo g ic a l E x a m in a t io n  (C a lc if ic a tio n )
P e n A t  3  W e e k s A t  6  W e e k s A t  9  W e e k s

1 Irregu lar Poor Poor
2 A bnorm al A bnorm al N orm al
6 Poor N early  norm al 80%  of b irds norm al
7 Poor Very poor Poor
8 N orm al Abnorm al N orm al
9 Poor Poor Poor

1 0 N orm al N orm al N orm al
11 Very poor Poor V ery poor
1 2 Poor 80%  of b irds norm al Poor
1 3 E xtrem ely  rachitic V ery poor V ery poor

80%  of birds norm al1 4 N orm al 60%  of b ird s norm al
1 5 Abnorm al Poor Poor

Influence of Cod-Liver Oil on N u tritive  Efficiency of 
E xperim ental R ations

Coincident with the rate of growth and bone development 
obtained with the different experimental rations, it is of 
interest to consider the nutritive efficiency of the various 
rations as indicated by the amount of feed required to produce 
equivalent increase in body weight of the chicks in the various 
experimental pens. This factor has been computed by 
dividing the average per-cliick food consumption for 9 weeks 
by the average per-chick weight a t the end of the ninth week. 
The results obtained in this manner are given in Table VII.

From these data it will be noted th a t the least amount of 
feed required per pound of body increase was for pens 2 , 6, 
and 10. These chicks grew the fastest, were the best feath­
ered, presented the best appearance, and had the most 
satisfactory bone development. They all received 1 per cent 
of cod-liver oil in rations which had a calcium-phosphorus 
ratio of about 1.5 to 1.0. The control pens—1, 7, and 11— 
contained chicks tha t weighed less than 1 pound at 9 weeks 
of age and thus were of no practical value. Nevertheless, 
the control birds required about l 1/ .  pounds more feed per

pound of body increment than was necessary for the experi­
mental birds. The chicks in pens 8, 12, and 14, which re­
ceived cod-liver oil, required practically the same amount of 
feed as the control birds in pens 9, 13, and 15 to produce a 
pound of increase in body weight. The rations fed to these 
six pens contained approximately 4 per cent of calcium and 
the ratio of calcium to phosphorus was approximately 5 to
1. From this it appears tha t when calcium is fed under 
these conditions, whether it  be as calcium carbonate, oyster 
shells, or limestone, cod-liver oil does not increase the nu­
tritive efficiency of the ration to the same extent as when the 
calcium content of the ration is lower and when the calcium- 
phosphorus ratio is approximately 1.5 to 1.0.

T a b le  V II— E ffic ie n cy  of R a t io n s  fo r  In c re a s in g  B ody  W e ig h t
Av. Av. F e e d  R e q u i r e d

F e e d  C o n s u m e d B o d y  W e i g h t t o  P r o d u c e  1 l d .
P e n F i r s t  9  W e e k s a t  9  W e e k s o p  C i i i c k

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

10 6 . 8 4 2 . 0 5 3 . 3 3
11 4 . 1 7 0 1 9 6 4 . 3 4
1 2 5 . 2 5 1 . 3 7 3 . 8 8
13 4 . 9 9 1 . 1 6 4 . 3 0
14 6 . 4 4 1 . 5 8 4 . 0 6
1 5 6 . 2 2 1 . 5 0 - 4 . 1 4

These results are more or less in accord with those obtained 
in other studies of factors influencing the metabolism of 
calcium by young chicks. However, it is not possible to make 
close comparisons of the results of various investigations, 
since the rations and experimental conditions were not 
uniform.

F ig u r e  7— C h ic k  T ib ia e  a t  6 W eeks

Kennard, Holder, and White (7) found calcium efficiently 
utilized by the growing chick when it was added to the ration 
as carbonate or phosphate. Buckner and M artin (8) found 
that calcium carbonate, calcium sulfate, and tricalcium 
phosphate serve equally well as sources of calcium for the 
growing chick. Buckner, M artin, and Insko (4) fed a basal 
ration of yellow corn 80, wheat middlings 20, skim milk 20 , 
salt 1 , cod-liver oil 2 , and found that the chicks receiving 
calcium-phosphorus supplements developed larger bones 
than those birds which received calcium supplements th a t
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did not supply phosphorus. In a later paper these authors 
(5), using a similar basal ration supplemented with varying 
amounts of limestone, raw bone meal, or both, concluded that 
raw bone meal is equally good, if not better, than raw bone 
meal and limestone as a source of calcium for supplementing 
the basal ration used.

The Ohio Agricultural Experiment Station (9) has re­
ported a study in which white Leghorn chicks were fed a 
basal ration of yellow corn meal 62, middlings 25, casein 10, 
salt 1 , cod-liver oil 2 , supplemented by calcium from calcium 
carbonate, calcium sulfate, calcium lactate, tricalcium phos­
phate, dicalcium phosphate, raw rock phosphate, raw bone 
meal, spent bone black, ground limestone, bone ash, and 
precipitate bone flour. The best growth was obtained from 
either tri- or dicalcium phosphate, raw bone meal, spent bone 
black, or bone ash—that is, supplements containing phos­
phorus.

These observations of Buckner and his associates and the 
Ohio station—that better growth and bone development 
were obtained from calcium supplements containing phos­
phorus than with the calcium supplements that did not con­
tain phosphorus—are in agreement with the results obtained 
in the present experiments. W ren calcium, supplied by 
calcium carbonate, tricalcium phosphate, powdered oyster 
shells, or powdered limestone, was fed a t an approximately 
4 per cent level supplemented by cod-liver oil, decidedly 
better growth and bone development were obtained with the 
tricalcium phosphate than with the other supplements which 
did not supply phosphorus.

Massengale and P latt (8), using a ration containing a nude 
variety of constituents, found that c. p. calcium carbonate 
was not so efficient a source of calcium supplements as 
calcium carbonate in the form of oyster shells or limestone. 
This conclusion is not in agreement with the results of the 
present writers. From the data obtained for pens 8 and 9 
(calcium carbonate), pens 12 and 13 (powdered oyster shells), 
and pens 14 and 15 (powdered limestone) it wall be noted that 
all pens received calcium at approximately 4 per cent level 
but tha t the birds that received calcium carbonate were 
definitely superior to those receiving powdered oyster shells 
and slightly inferior to those receiving powdered limestone.

Bethke, Kennard, Kick, and Zinzalian (2) fed white Leg­
horn chicks yellow' corn 70 parts, w'heat middlings 17, meat 
meal 12, and salt 1. They concluded that:

Within certain limits of concentration the ratio of calcium 
to phosphorus is of greater significance in calcification and growth 
than the amounts of these elements in the ration. The addition 
of vitamin D, or its equivalent, to the ration or environment of a 
chick makes possible a greater variation in the C a:P  ratio and 
concentration without seriously interfering with growth and 
normal bone formation. The optimum, or near optimum, ratio 
of calcium to phosphorus for the growing chick lies between 3:1 
and 4:1. The requirements for the antirachitic factor are at a 
minimum at this relationship.

In connection wdth these conclusions it may be noted that 
in all instances the chicks showed somew'hat subnormal 
grow'th, since when they W'ere 8 w'eeks of age they weighed 
only about 3/ t pound, whereas in the experiment here reported 
the chicks in those pens considered as making satisfactory 
grow'th averaged approximately twro and one-fourth times 
this w'eight or about 1.7 pounds.

In a later study using a similar ration, Bethke, Kennard, 
and Kick (1) determined the relative utilization of calcium 
from the carbonate, sulfate, lactate, and phosphate salts. 
They found tha t calcium was equally available from these 
sources. How'ever, the average w'eight of the cliicks fed 
these different supplements wras not optimum, since the 
chicks averaged less than 3/ ,  pound a t 8 wreeks of age.

In an investigation conducted simultaneously with those

of Bethke and associates, Hart, Scott, Kline, and Halpin (0) 
fed white Leghorn chicks a basal ration of yellow’ corn 74 
parts, skim milk 25, and salt 1. They found that the optimum 
calcium-phosphorus ratio for growing chicks wdth respect to 
both growth and calcification lies betw'een 2.0 to 1.0  and 4.0 
to 1.0, and that with a minimum supply of vitamin D the 
optimum calcium-phosphorus ratio is more limited than with 
an adequate supply. How'ever, they did not find a ratio and 
level of calcium-phosphorus in their experiment whereby 
both grow’th and calcification in the absences of supplement­
ary vitamin D were equal to those obtained when it was

F ig u re  8—C h ic k  T ib ia e  a t  9 W eeks

present. In considering their conclusions it should be noted 
that their chicks were apparently of subnormal grow’th, since 
the average weight for the chicks of the various pens was, 
wdth one or twro exceptions, less than '/ 2 pound a t 6 weeks of 
age.

I t  is not easy to ascertain the cause of the greater growth 
of the cliicks studied by the writers. The rate of growth of 
baby chicks is influenced by many factors—the inherited 
capacity to grow’, the breed, the temperature and humidity 
of the brooder room, the nature of the ration (all-mash type, 
no freedom of choice, or the freedom of choice type), the 
number of chicks per pen, the amount of floor space allowed 
each chick, and particularly the quantity and biological value 
of the proteins in the ration. In selecting the ration for the 
experiments reported here, an attem pt w'as made to duplicate 
to some extent the “starting” and “growing” rations used in 
actual feeding practice, and reference to the composition of 
the ration reveals tha t it contained a wider variety of proteins 
from animal and vegetable sources than tha t of the rations in 
the investigations noted. Hence the results obtained in the 
various calcium studies cited are not susceptible of close 
comparison. Furthermore, this situation will continue to 
exist until at least the larger portion of the factors which 
influence the results of chick experiments are standardized.

Sum m ary

The investigation discussed above w’as undertaken to de­
termine the influence of cod-liver oil on calcium metabolism 
in young chicks when supplementary calcium was obtained 
from different sources, fed at different levels and was avail­
able in different ratios to phosphorus.
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Four hundred and thirty vigorous, day-old Rhode Island 
Red chicks were divided into twelve comparable pens and fed 
a typical all-mash poultry ration which had been prepared 
under commercial conditions. Data were collected concern­
ing rate of growth and bone development as indicated by 
length, diameter, weight, ash, calcium and phosphorus con­
tent of tibiae removed from typical birds when 3, 6, and 9 
weeks old.

The best growth, 2 pounds a t 9 weeks, was obtained in 
pens receiving cod-liver oil as a supplement to rations con­
taining from 1 to 4 per cent calcium and having a maximum 
calcium to phosphorus ratio of 1.5 to 1.0. Other rations 
containing 4 per cent of calcium, but having a calcium to 
phosphorus ratio of 5.0 to 1.0, produced poor growth and 
unsatisfactory feathering and physical appearance regardless 
of whether or not cod-liver oil was added to the ration.

Judged by chemical and histological examination of tibiae 
of test clucks, killed a t various stages of the experimental 
period, the best calcium utilization occurred in those pens 
receiving cod-liver oil as a-supplement to rations in which the 
ratio of calcium to phosphorus was relatively low; where the 
ratio'of calcium to phosphorus was 5.0 to 1.0 calcium utiliza­
tion was decidedly unsatisfactory. Even when"'there was

little difference in the growth of experimental birds and 
corresponding controls, chemical and histological examination 
of the tibiae showed tha t with a calcium to phosphorus ratio 
of 5.0 to 1.0 calcium was better utilized by birds receiving 
cod-liver oil than by corresponding control birds.

On the basis of the data obtained in this investigation, it is 
apparent th a t cod-liver oil is very effective in promoting 
calcium utilization when calcium comprises 1 to 4 per cent of 
a typical all-mash poultry ration and when the ratio of cal­
cium to phosphorus in the ration is low. I t  was found to be 
less effective in promoting calcium metabolism when the 
ratio of calcium to phosphorus was 5.0 to 1.0, even though the 
calcium content of the ration did not exceed 4 per cent and 
the calcium was obtained from a variety of sources.
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Increase in the pH of the W hite and Yolk 
of Hens’ Eggs1

P au l F rancis S harp  and  C harles Kelly Powell 

D e p a r t m e n t s  o f  D a i r y  I n d u s t r y  a n d  P o u l t r y  H u s b a n d r y ,  C o r n e l l  U n i v e r s i t y , I t i i a c a , N. Y.

THE importance of the hydrogen-ion concentration in 
determining the rate of denaturization and hydrolysis of 
proteins is beginning to be realized more clearly by 

investigators. As the H-ion concentration departs from the 
isoelectric region the rate of alteration of the protein increases. 
The pH is an important factor in controlling the rate of 
deterioration of eggs. The pH of the white was found to 
vary from pH 7.6 to 9.7, which is a rather marked departure 
from the isoelectric point of egg albumin, pH 4.7. The white 
becomes watery much faster a t the high pH values and the 
yolk weakens much faster. Some of the relationships between 
keeping quality of eggs and pH have been discussed by 
Sharp (17).

Under normal conditions this marked change in pH is 
brought about by the escape of carbon dioxide from the egg. 
I t  is important to know the rate of escape of carbon dioxide 
and the corresponding change in pH, so tha t eggs may be 
handled in the light of this information to maintain the highest 
quality. While the carbon dioxide escapes fairly rapidly 
from unprocessed eggs, yet it escapes more slowly a t the 
lower temperatures. If eggs are kept cool during the first 
few days, an added preserving effect is obtained, owing to the 
lower pH of the egg contents, and more carbon dioxide is 
retained to exert a preserving effect later. A pH of about 
9.25 will be reached in 2 days a t 37° C., in 5 days a t 16° C., 
and in 10 days a t 2 ° C. under well-ventilated conditions. 
If low' temperatures are not available on the poultry farm, 
the eggs should be marketed and placed in refrigerated rooms 
with the loss of as little carbon dioxide as possible. If it is 
necessary to ship eggs a t a relatively high temperature, 
they should be shipped on the day they are laid if possible, 
because a considerable preserving effect will be obtained 
before the escape of most of the carbon dioxide. After most

1 Received A ugust, 22, 1930.

of the carbon dioxide has escaped, reliance must be placed 
mainly upon low temperatures.

Oil-dipping or processing is practicable for extensive com­
mercial use and largely prevents the escape of moisture 
and carbon dioxide. If eggs are oil-dipped as soon as they 
are laid, the maximum preserving effect, on the yolk, of the 
natural carbon dioxide of the eggs is obtained. A better 
general condition of the white of oil-dipped eggs is obtained, 
however, if a little carbon dioxide is allowed to escape be­
fore oil-dipping. The thick white does not become so turbid, 
and it will be slightly greater in amount. If most of the car­
bon dioxide escapes before the eggs are oil-dipped, little pre­
serving effect, aside from the prevention of the escape of 
moisture, is obtained.

Previous W ork

Scholl (14) found th a t if the red color produced on the 
addition of phenolphthalein to egg white was discharged 
by the addition of acetic acid, it reappeared again on standing. 
This process could be repeated many times writh the same 
result. He showed th a t fresh egg white contained con­
siderable carbon dioxide, and concluded tha t the greater 
part was present as the bicarbonate. He bubbled carbon 
dioxide free-air through egg white and obtained 0.07688 
per cent of carbon dioxide. After adding acetic acid to the 
egg white 0.1577 per cent was obtained.

Aggazzotti (2) concluded tha t before the egg is laid the 
liquid of the egg has a partial pressure of carbon dioxide 
corresponding to tha t in the tissues of the hen. When the 
egg is laid the air cell is formed and a part of the carbon 
dioxide passes into it.

Aggazzotti (1) reports observations on the pH  of egg white 
and yolk during 32 days of storage a t room temperature and 
during incubation. His data are of little value as indicating
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the true pH changes of the egg. Gueylord and Portier 
(10) determined the pH of the white and yolk during in­
cubation. Their observations are more nearly in agreement 
with those of the writers but their experimental error is 
apparently very great. Healy and Peter (11) determined 
the pH of the white and yolk colorimetrically. They ob­
served that the pH of the white rose from pH 8.2 to 9.6

F ig u r e  1— C h a n g e  in  p H  o f W h ite  o f Hens* E ggs W h en  S to re d  a t  
V a rio u s  T e m p e ra tu re s

soon after the egg was laid and tha t during incubation it 
decreased again. They reported tha t the yolk showed little 
change except a slight increase during incubation. Romanoff 
and Romanoff (18) confirmed the results of these earlier 
studies on the pH of incubated eggs. Healy and Peter 
explain the changes in the pH of the white as due to the 
bicarbonate buffer system and show tha t in the presence of 
carbon dioxide the pH of the white is decreased.

Wladimiroff (19) determined the pH of the white during 
incubation after it had been freed from carbon dioxide.

Schweizer (15, 16) and Baird and Prentice (4) studied 
the possibility of using the pH as a means of recognizing 
fresh eggs.

Increase in  pH of Egg W hite W hen Held a t  V arious 
T em peratu res

Eggs were stored a t different temperatures and examined 
a t increasing intervals of time. They were placed in desic­
cator jars in which the humidity was regulated to a little 
below 80 per cent by means of a saturated solution of sodium 
chloride. A dish containing a few small pieces of soda 
lime was also placed in the jar to maintain a low level of 
carbon dioxide. The eggs were placed in the jars within 
2 to 4 hours after they were laid. Three eggs from each 
jar were examined a t the various time intervals. As soon 
as the egg was broken into a dish the white was pipetted 
into a test tube and immediately covered with mineral oil. 
The hydrogen-ion determinations were made a t 25° C., using 
a Leeds and Northrup type K  potentiometer and a modified 
Bailey (3) electrode. The pH determinations were -made 
within a t least 3 hours after opening the eggs and usually 
within a much shorter time. I t  is impossible by following

this procedure to prevent the loss of some carbon dioxide, 
so the value taken for the white of fresh eggs, pH 7.6, is 
probably too high.

The data obtained are plotted in Figure 1. This figure 
shows the very rapid increase in pH of the egg white with 
time, especially at the warmer temperatures. I t  is noted 
that a t 37° C. the pH starts down again after several days; 
this is probably due to some actual breaking down of the 
constituents of the egg white and a change in the buffer 
system. This effect has been observed repeatedly and is in 
line with observations made by Tice (18) that the alkalinity as 
determined by titration decreases after long periods of storage. 
That a somewhat similar change is taking place in the white 
during incubation is indicated by the data of Wladimiroff 
(19), who freed the white from carbon dioxide before deter­
mining the pH. His data show that the pH of the white 
falls after the first 3 days of incubation even when the carbon 
dioxide is removed.
T a b le  I— C h a n g e  In  p H  of Egg W h ite  in  O rd in a ry  A ir o f R o o m  a t  

D iffe re n t S to ra g e  T e m p e ra tu re s  
(E ach value is the average of four eggs.)

Age op E ggs 35° C. 25° C. 15° C.

O00

3° C.
Days PH p l l PH PH PH

0 7 .6 0 7 .6 0 7 .60 7 .6 0 7 .6 0
1 9 .0 0 8 .89
2 9 .1 8 9 .05
3 9 .3 2 9 .18 9^04 8.95 8 .9 8
5 9.44 9 .33 9.34 9 .26 9 .1 8
7 9 .5 0 9.39 9 .2 8 9 .26 9 .16

10 9 .47 9.37 9.44 9.27 9 .2 5
14 9.49 9 .46 9.52 9.47 9.41
17 9 .4 6
21 9.37 9! 38 9^48 9^46 o! 42
28 9.36 9 .47 9 .43 . 9 .42
56 9 .2 5 9 .4 3 9 .37 9 .4 8
94 8 .95 9 .26 9 .41 9 .49

This experiment has also been carried out by placing 
the eggs in the ordinary air of the rooms having various 
temperatures. The results obtained are presented in Table 
I, and are essentially the same as those in Figure 1, except 
that the change in pH was slightly less rapid and the highest 
pH values reached were near 9.5.

b.b
*_j

1 1  1 ........
37'C 9e.6T 2S'C-77’F.

i6''c.6a«'F: I 1 1

L.
°62

X
a 60

7Y 356T

DAYS STORAGE
F ig u r e  2— C h a n g e  in  p H  o f Y o lk  o f H e n s ’ E ggs W h en  S to re d  a t  

V a rio u s  T e m p e ra tu re s

Increase in  pH of Egg Yolk W hen Held a t  V arious 
T em pera tu res

The fresh egg yolk is quite viscous and consequently is diffi­
cult to saturate with hydrogen. A dilution of the yolk with 
water would overcome this difficulty. In order to determine 
the effect of dilution, the yolks of several fresh eggs were 
mixed and increasing amounts of water were added to 10-cc. 
portions and the pH was determined. At the same time the 
effect of dilution on the pH of the white was determined. The 
results are given in Table II. Apparently dilution has very 
little effect on white of this pH. The higher dilutions 
caused a slight increase in the pH of the yolk. The data 
indicate tha t no appreciable error would be involved if the 
pH determinations were made on a 1 to 1 dilution of the yolk 
with distilled water, and the result assumed to be the pH 
of the undiluted yolk.

The average pH of the yolks of fresh eggs is 6.00 or slightly 
below. Figure 2 represents the increase in the pH of the 
yolks of the same eggs examined for the data in Figure 1. 
The pH of the yolks increased more rapidly a t the higher
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temperatures, but the change in pH was not so great nor so 
rapid as in the case of the white. The pH values obtained 
with yolks of eggs subjected to different treatments show 
proportionately greater variation than do the whites. The 
pH of the yolk is a better index of the unfavorable treatm ent 
of the egg than is the pH of the white.

In  Figure 3 are plotted the results obtained in another 
experiment in which eggs were stored in ordinary air a t 35° C. 
This figure gives a good graphical representation of the great 
difference in pH of the white and yolk and their comparative 
rates of change.

T a b le  I I — E ffec t o f D ilu t io n  o n  p H  o f Egg W h ite  a n d  Egg Y olk
(E ach value is th e  average of four experim ents.)

W ater Added W ater Added
to 10 cc. to 10 cc.

E gg W h ite Y olk Egg W h it e  Y olk
Cc. PH PH Cc. p H  pH

0 7 .82 5 .93 14 7 .9 2  5 .96
2 7 .8 8 5 .89 16 7 .9 5  5 .9 5
4 7 .86 5 .91 20 7 .8 9  5 .96
6 7 .95 5 .92 50 7 .9 5  6 .07
8 7 .88 5 .94 100 7 .9 3  6 .12

10 7 .92 5 .95 200 7 .9 3  6 .23
12 7 .89 5 .94

T a b le  I I I — C h a n g e in  p H  o f E gg  W h ite  d u r in g  I n c u b a t io n
D uration , of N o. E ggs N o. E ggs
I ncubation  E xam ined R ange E xam ined  R ange

Hours PH PH
0 7 .6 0
6 4 8 .5 0 -8 .6 0

18 12 8 .8 3 -9 .0 2
30 11 9 .0 0 -9 .2 0
43 6 9 .2 0 -9 .3 0
53 5 9 .2 8 -9 .3 5
72 7 9 .1 0 -9 .2 5

FERTILE eggs in f e r t il e  eggs
77 4 9 .0 0 -9 .1 5 1 9 .4 8
96 12 8 .5  -9 .1 8 2 9 .3 -9 .3 5

117 6 8 .1 5 -8 .7 5 7 9 .3 -9 .5
108 6 7 .7 5 -8 .2 0 1 9 .4 3

C hanges in  pH of W hite d u rin g  F irs t Few Days of 
Incuba tion

Results typical of those obtained in a small commercial 
incubator are given in Table III . The incubator used was 
electrically heated and of about 100-egg capacity. I t  will 
be observed that up to the third day the values obtained for 
the eggs examined all fall within a very narrow pH range, but 
from tha t point on a distinct difference appears between the 
fertile and infertile eggs. The pH of the infertile eggs 
remains high while that of the fertile eggs decreases. A t 
the fourth day there is a considerable spread in pH among 
the fertile eggs. This is probably due to a variation in the 
extent of development of the embryos in the different eggs.

The difference between the fertile and infertile eggs is

shown more clearly in Figure 4. I t  was found in other ex­
periments tha t the pH of the white exerted a marked in­
fluence on the permeability of the yolk membrane and it  would 
be of scientific interest a t least to see how a decrease in the 
pH of the white during this early stage of incubation would 
affect the developing embryo. Since the pH of the white 
during this period of incubation is controlled by the carbon 
dioxide concentration of the atmosphere in which the egg is 
incubated, the hump in this curve can be largely eliminated 
by maintaining the eggs during this period of incubation in an 
atmosphere containing a suitable concentration of carbon 
dioxide.

At the higher pH values of the white, rather small con­
centrations of carbon dioxide produce appreciable changes 
in pH. In  the large commercial incubators eggs may be 
present in various stages of incubation. The respiration of 
the embryos during the later stages of incubation, and of the 
hatched chicks, increases the carbon dioxide in the incubator 
enough to produce an appreciable lowering of the pH of the 
white of the eggs present in the early stages of incubation. 
This effect is shown by the broken line in Figure 4.

Several investigators, among whom might be mentioned 
Dryden (6, 7), Graham and Thom (9), Edmond (8), Lamson 
and Edmond (IS), and Burke (5), have found tha t the con­
centration of carbon dioxide under the setting hen during 
the first few days of incubation is from two to about ten 
times greater than tha t of normal air. T hat this higher 
concentration of carbon dioxide might have a significant effect 
on incubation has long been suspected, since during the same 
stage in incubation the carbon dioxide in the artificial in­
cubators used by most investigators is usually much lower 
than under the hen, bu t apparently an effect of carbon dioxide 
in the early stages of incubation has not been definitely 
demonstrated.

f e r t i le  E ggs d u r in g  F i r s t  F ew  D ays o f i n c u b a t io n
Solid lines represen t resu lts  ob tained  w ith a sm all incu­

b a to r in  which eggs were added  a t  one tim e. B roken line 
represents results ob tained  in  a large com m ercial incuba­
to r  in  w hich eggs were p resen t in all stages of incubation .

I t  was found th a t embryos were able to develop, for 6 
days a t least, in a concentration of carbon dioxide sufficiently 
high (about 5 per cent) to prevent the white from going 
above pH 8.0.

Equipment was not available adequately to control the 
other factors involved in incubation, so a conclusion as to the 
effect of the control of the pH on the first few days of incuba­
tion was not justified.

I t  is possible th a t the majority of eggs which are candled 
out of an incubator as infertile are not actually infertile but 
are eggs in which the embryo died before its growth could be 
detected before the candle. I t  is possible tha t decreasing 
or eliminating the hump in the curve in Figure 4 may exert 
a  favorable influence on the number of embryos which survive 
the first few days of incubation.
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The holding of eggs for incubation in a sealed glass jar 
has been recommended and may be of advantage because 
the pH of the white may be kept down to about 8.0-8.2.

S um m ary  and  C onclusions

(1) The pH of the white of untreated eggs rises very 
rapidly after the eggs are laid, owing to the escape of carbon 
dioxide. The pH  increases more rapidly the higher the 
temperature.

(2) After long periods of storage, particularly a t the 
higher temperatures, the pH of the white begins to decrease.

(3) The pH of the yolk increases much more slowly than 
does the pH of the white.

(4) The pH of the yolk and white were found to change 
very little on dilution.

(5) Attention was called to the desirability of the study 
of the control of the pH of the white during the first few 
days of incubation.
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Studies in the Development of Dakota Lignite
V—Extraction and Study of the Benzene-Soluble Portion of Dakota Lignite1,2

E. E. H a rris ,3 C. F. Belcher, and  A. W. G auger'

Department of Chemistry, Univf.rsity of North Dakota, Grand Forks, N. Dak

ONE of the characteris­
tic properties which 
distinguishes N o rth  

Dakota lignite not only from 
other ranks of coal, but from 
other lignites or “brown coal” 
as well, is the low tar yield 
given upon destructive distil­
lation. In  connection with an 
investigation of the possibility 
of making a coherent coke 
from this lignite it became ad­
visable to study the tarry sub­
stances present in the original 
material.

Previous W ork on Coal 
E x trac tion

According to Francis and 
Wheeler (16) coals can differ 
from each other in respect to 
both the proportions and the 
properties of the constituents, 
but there is some evidence 
th a t the chemical compositions of the free hydrocarbons, 
resinous compounds, and organized plant entities (spore exines 
and cuticular tissues) do not vary greatly whether those 
constituents form part of a lignite, a bituminous coal, or a 
semi-anthracite. The composition of the ulmin compounds 
(resulting from the decay of vegetable tissues) does vary

1 R eceived A ugust 12, 1930. P resen ted  before th e  D ivision of Gas 
an d  F uel C hem istry  a t  th e  80th  M eeting  of th e  A m erican C hem ical Society, 
C inc innati, Ohio, Sep tem ber 8 to  12, 1930.

5 T h is  m ateria l was presen ted  by  C. F . B elcher in  p a rtia l fulfilm ent 
of th e  requ irem ents for th e  degree of m aster of science, U niversity  of N o rth  
D ako ta .

* A ssociate professor of organic chem istry , U niversity  of N o rth  D ak o ta .
4 D irecto r, D ivision of M ines and  M ining  E xperim ents, U niversity  of

N o rth  D ako ta .

widely, a cco rd in g  to the 
coals from which they are ob­
tained.

Extraction with solvents 
has found extensive applica­
tion as a means of determin­
ing the composition of coals 
and their origin. The sub­
stances extractable from a 
bituminous coal by organic 
solvents normally c o n ta in  
the remains of oils, fats, and 
waxes of the original coal- 
forming plants, in addition to 
resins and their degradation 
p ro d u c ts . This extract is 
often erroneously classed as 
the resinous portion.

Bedson (2) first suggested 
pyridine as a solvent for re­
solving the coal conglomerate. 
Clark and Wheeler (9) re­
solved bituminous coal into 
alpha, beta, and gamma com­

pounds: alpha insoluble in pyridine, beta soluble in pyridine 
bu t insoluble in chloroform or benzene, and gamma soluble in 
chloroform and pyridine. Pearson (21) also supports pyri­
dine as a mechanical solvent for the colloidal mass of coal.

Cockram and Wheeler (10) used a similar procedure. 
They also resolved the gamma constituents further into 
gamma1’ ln> IV fractions by means of light petroleum 
ether and acetone, respectively. Gamma1 consists mainly of 
saturated and unsaturated hydrocarbons; gamma11 mainly 
of resins and resin degradation products; gamma111 and 
gamma17 of resin-like substances, soluble and insoluble in 
acetone but similar in character.

Bone (4) used a pyridine-amyl alcohol mixture for ex­
tracting and isolating the resins in bituminous coal.

L ignite  from  th e  Velva deposit in  N orth  D akota has 
been ex tracted  by th e  m e th o d  of Bone and  a s tudy  
m ade of th e  benzene-so lub le p o rtio n . For com parison 
purposes ex trac tions by th e  F ischer m e th o d  are also 
reported .

Benzene used u n d e r p ressu re , as in  th e  ap p a ra tu s  
described, has a considerab le solvent ac tion  on Velva 
lign ite , and  ex tracts  a t  least u p  to  4.3 per ce n t of th e  
dry, ash less coal su b stan ce .

A t leas t th a t  p o rtion  of th e  ex trac t ob ta ined  up  to  a 
pressu re  of 17 a tm o sp h eres  has a com position  closely 
analogous to  th e  m o n ta n  wax from  G erm an  brown 
coal. I t  was resolvable in to  waxy alcohols an d  acids 
(some of w hich are  p rese n t in  th e  coal as esters), resins, 
and  com pounds of unknow n  com position .

I t  seem s probable th a t  any  phenols occurring  in  th e  
p o rtion  of th e  ex trac t ob ta ined  a t  p ressu res h ig h e r th a n  
17 a tm ospheres a re  th e  re su lt  of som e breakdow n or 
th e rm a l decom position  of th e  Estevan. A ssum ing 
th a t  Bone (5) d id  n o t have decom position  of h is  lign ite  
d u rin g  th e  ex traction , th e n  Velva lig n ite  differs from  
th e  E stevan in  th a t  th e  acid ic  p o rtion  of th e  benzene 
ex trac t consists of a lip h a tic  acids in stead  of phenols.
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Pyridine extracts a larger percentage of the coal substance 
than other solvents, but it  is quite probable tha t it has other 
effects than mere solvent action. Fischer and Gluud were 
the first to apply benzene pressure extraction to coal as a 
means of increasing the yield of extract. In work on brown 
coal (from Fabrik Webau der Riebeckschen Montan Werke
A.-G.) Fischer obtained a l l  per cent yield with a Soxhlet 
extractor at atmospheric pressure, whereas another sample 
of the same coal when extracted successively four times with 
benzene under pressure yielded 25 per cent of extract. The 
first extract represented essentially the montan' wax of 
commerce.

Montan wax, according to Schneider and Tropsch (24), 
consists of a mixture of carboceric and montanic acids both

free and esterified with tetraco- 
sanol and ceryl and myricyl al­
cohols. When heated to about 
200° C. the wax begins to de­
com pose , yielding solid and 
liquid hydrocarbons. Schneider 
and Tropsch also found that 
benzene-pressure e x tra c tio n  
gave an importantly higher yield 
of montan wax.

The e x tra c tio n s  made by 
Fischer and Gluud (15) were 
carried out in a steel bomb capa­
ble of withstanding a pressure of 
200 atmospheres. Each charge 
of coal (1 to 2 kg.) was broken 
to the size of hazel nuts and ex­
tracted with 3 to 3.5 liters of 
benzene, heat being applied to 
the bomb externally by means 
of a powerful triple burner sur­
rounded by a sheet of iron. The 
temperature was g ra d u a lly  
raised to 275° C. correspond­
ing to a pressure of about 55 
atmospheres, and m a in ta in e d  

F ig u re  l — P re s s u re  E x t r a c to r  a t such degree for an hour,
after which the heat was cut 

off and the bomb allowed to cool slowly. Each sample
of coal was repeatedly extracted in this manner, usually
four to five times. The resulting benzene solution, w’hich 
had a strong greenish fluorescence in reflected light and 
a dark port-wine color when viewed in thin layers by 
transmitted light, was distilled on the water bath and the 
residual extract weighed.

Fischer (13) extracted bituminous coal with benzene under 
pressure at 250° C. and obtained an extract which he divided 
into two main components by means of petroleum ether— 
one soluble, termed “oily bitumen,” and the other a solid 
b ro w , insoluble substance, termed “solid bitumen.” Fischer 
ascribes the coking quality of a coal to the oily bitumen, 
which consists apparently only of hydrocarbons. (In 
mineralogy the term “bitumen” includes all natural sub­
stances which contain notable proportions of hydrocarbons.) 
Fischer, Broche, and Strauch (14) have suggested that with 
increasing geological age of the coals the ratio of free hydro­
carbons to resins increases while the decomposition tempera­
ture of the resins is raised.

Bone, Pearson, and Quarendon (6) have improved upon 
the Fischer apparatus by constructing a bomb which operates 
on the Soxhlet principle. A comparison of yields by the 
two methods by Bone on a strongly coking Durham coal gave 
a total extract of 12.4 per cent with the Fischer type of bomb 
and 15.6 per cent with the Soxhlet type bomb.

The benzene extract from bituminous coals was resolved

into four fractions by means of light petroleum and ethyl 
alcohol: fraction I  a yellow-brown, non-nitrogenous portion 
soluble in light petroleum; fraction II, a nitrogenous, red- 
brown solid of low softening point, soluble in a mixture 
of 4 parts of light petroleum and 1 part benzene; fraction 
III, a non-nitrogenous resinous portion soluble in ethyl 
alcohol; and fraction IV, a group of nitrogenous bodies of 
humic type, insoluble in ethyl alcohol.

Morwell brown coal (Australia) when extracted by this 
method yielded about 15 per cent of extract. Owing to the 
different nature of this extract, another method of resolution 
was employed which separated it  into acidic, saponifiable, 
and neutral portions. By treating the benzene solution with 
5 per cent aqueous solution of potassium hydroxide in the 
cold, the solution was divided into acidic and non-acidic 
portions. The non-acidic benzene-soluble portion was also 
refluxed with alcoholic potash and a small amount of esters 
saponified. Bone (6) classes these portions from Morwell 
brown coal as (a) non-acidic and unsaponifiable rcsene-like 
portion, (b) resene ester portion, and (c) aliphatic or alicyclic 
portion. Later Bone, Horton, and Tei (5) in the resolution 
of Morwell brown coal and Estevan lignite (Saskatchewan, 
Canada) extracts, obtained by the Soxhlet type benzene 
pressure apparatus, state that between 50 and 60 per cent 
of the extract was phenolic in character (and resolvable into 
phenol, para-cresol, and catechol) and about 40 per cent was 
neutral oils. This work of resolution, in so far as it refers 
to Morwell brown coal, seems to contradict Bone’s previous 
analysis, for in the earlier paper the content of polyhydroxy 
phenols from the Morwell coal was reported as almost negli­
gible (6, p. 624).

P rep ara tio n  of L ign ite  Sam ples

In the work a t North Dakota lignite was used from the 
Velva deposit (near Minot, N. Dak.), which the authors 
believe should be comparable to the Estevan lignite since 
it is apparently of the same geological age.

The -lignite samples were ground and screened and the 
20-40 mesh portion was air-dried for 24 hours and then oven- 
dried for 1 hour at 105° C. They were then sealed in mason 
jars until ready for use. Moisture and ash determinations 
were made upon opening for use.

E xtrac tion

A p p a r a t u s —The apparatus (Figure 1), which is essentially 
the same as that used by Bone (5), consists of a chrome- 
vanadium steel container, A,  60.96 cm. inside depth and 7.62 
cm. inside diameter, of about 3 liters capacity, the lower half 
containing the solvent, and is heated electrically by a coil 
of nichrome wire wound on an alundum cylinder, B, of 7 
inches (17.8 cm.) diameter. The cup, C, is equipped with a 
Soxhlet siphon tube and has a screened false bottom about an 
inch above the actual bottom. This cuplike bottom is 
screwed on and can be detached to remove accumulations of 
powdered coal which may tend to clog the siphon tube. 
This cup is attached to a head, H, which is held in place by a 
threaded collar, E, the joint being made tight by a lead gasket. 
To the head I I  in turn are attached the pressure gage, F, 
and one end of the closed steel condenser, D; the other end 
of the condenser attaches to an opening in the side of the 
cylinder. The vapor of the hot solvent ascends the con­
denser tube from this opening, is condensed in passing down­
ward through the coil, and the resultant liquid falls upon the 
coal in the siphoning cup, C. The heating unit can be ad­
justed to give varying pressures up to 750 pounds per square 
inch (about 50 atmospheres).

P r o c e d u r e —The siphoning cup was charged with 200-250 
grams of the dried and sized lignite, about 1 liter of pure,
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dry benzene was added and the apparatus evacuated (attach­
ment being made a t the valve S) and then filled with nitrogen 
a t atmospheric pressure. The extraction was allowed to 
proceed in successive stages over periods of 5 to 8 days at 
pressures of 10 to 44 atmospheres (corresponding to tempera­
tures of about 180° to 280° C.). A t the end of each stage the 
solution therein was removed and replaced by fresh solvent. 
Most of the extract was obtained during the first stage. 
The extractions were continued until the amounts of the 
resulting extracts were negligible.

By closing the opening on the side of the container and re­
placing the Soxlilet type head with a head to which was at­
tached a copper gauze container having a capacity of about 
1200 grams of coal, the apparatus was readily transformed 
into the type of extractor employed by Fischer and Gluud 
(15). Extractions were made by the Fischer method at an 
average pressure of 10 atmospheres and were continued until 
100 grams of the solvent-free extract had been accumulated 
for resolution.
(? D ata—The results of the extraction by the two methods 
are given in Tables I and II.

T a b le  I— E x t ra c t io n  of D a k o ta  L ig n i te  b y  F is c h e r  M e th o d
W t . of D ry , 2 p o W t . op

Ashless E xtrac­ Solvent-F r ee
C oal tions E xtract P ressure

Grams Grams A tm .
791 .5 l a *6 6 .53 4

2 5.91 10
3 2 .19 10
4 1.36 10

15.99 (2 .0 % )
682.8 1° 13.26

2 3 .53
3 1.54
4 0 .97

19.30  (2 .8 % ) Av. 10
778 .5 1 14.81

2 5.21
3 1.75
4 0 .9 5

22 .72  (2 .9 % ) > < o

681 .6 1 9 .92
2 1.44
3 0 .65

12.01 (1 .8 % ) Av. 10c
° A sm all am oun t of w a ter cam e off w ith  th e  first ex trac t probab ly  

due to  insufficient drying.
6 Low pressure  due to  a  slight leak  in th e  head. 
c N o w ater o r excess gas pressure was noted .

T a b le  I I — E x t ra c t io n  o f D a k o ta  L ig n i te  b y  B o n e  M e th o d
N o. OF W t . of D ry W t . of

E xtrac­ Asiiless Solvent-F ree
Sample tions T im e P ressure Coal E xtract

Days Lbs. A tm . Grams Gratns
A 1° 6 125-150 8 .3 -1 0 .0 189.2 4 .40

2 a 7 125-150 S .3 -1 0 .0 0 .44
4 .S 4  (2.55% )

A 16 7 125-150 8 .3 -1 0 .0 190.9 Siphon plugged
2b 6 100-125 6 .7 -  8 .3 3 .08
3 b 7 150-175 1 0 .0 -1 1 .7 0 .70

3 .7 8  (1 .98% )
A 1 8 250-275 1 6 .7 -1 8 .3 194.3 6 .53

2 6 250-275 1 6 .7 -1 8 .3 0 .21
6 .7 4  (3 .47% )

B lb 7 150-175 1 0 .0 -1 1 .7 2 17 .8 4 .0 5
2 b 7 150 10.0 0 .16
3 C 5 550 36.7 1.02
46 6 650 43 .7 2 .95
56 6 650 43 .7 1 .28

9 .4 6  (4 .3% )
a Sm all am oun t of gas b u t no w ater observed. 
b N o gas o r w ater noted.
c C onsiderable gas and  sm all am ount of w ater.

Though the fourth and fifth extractions of sample B by the 
Bone method showed no excess gas pressure or water, the 
third, fourth, and fifth extractions had a characteristic odor 
of phenols and responded to the qualitative tests of Lieber- 
mann and Hoffman (1). The fifth extract was golden brown 
and from the trend of yields it seems probable that the yield of 
extract would have been greater if the extraction had been 
carried further.

T re a tm e n t of Benzene E x trac t

The benzene extract, which had a greenish fluorescence 
when viewed by reflected light and a golden brown color by 
transmitted light, was freed from the solvent by distillation 
over a water bath under diminished pressure toward the last. 
The residual extract was dried in the atmosphere for several 
hours and then weighed.

The extract was then redissolved in benzene and treated 
with an aqueous solution of potassium hydroxide (5 per cent) 
according to the method of Bone (6) on Morwell brown coal 
and Estevan lignite. A light brown precipitate was formed 
immediately, some of which settled in the aqueous layer but 
much of which remained suspended and finally formed a 
layer between the aqueous portion and the benzene. The 
benzene containing the soluble substances was drawn off 
from the top, but owing to the formation of an emulsion even 
after several weeks only a little more than half of the benzene 
solution had been recovered. By treatment of the mixture 
with additional benzene more of the benzene-soluble sub­
stances were recovered. Undoubtedly, however, some ben­
zene-soluble substances still remained, but in order to remove 
the solvent remaining in emulsion the mixture was steam- 
distilled. After this removal of the benzene the deep brown 
to black alkaline solution remained.

The benzene-soluble portion was refluxed for 8 to 10 hours 
three times with alcoholic potassium hydroxide (2 per cent) 
to saponify any esters present; after each period of refluxing 
it was washed with water to remove the alkali-soluble portion. 
A small amount of brownish substance was thus removed and 
added to the aqueous alkali-soluble portion. The benzene- 
soluble portion was then placed on the water bath and the 
solvent removed, whereupon the residue when cool set to a 
deep reddish brown solid of resinous odor. The extract was 
thus roughly divided into 50 to 55 per cent alkali-soluble and 
45 to 50 per cent benzene-soluble portions.

T re a tm e n t of A lkali-Soluble P o rtion

In the belief that the alkali-soluble portion must consist of 
phenols, as had been reported by Bone (5) in the extract from 
Estevan lignite, qualitative tests were applied but were 
negative.

When the alkaline solution was acidified with hydrochloric 
acid a light brown, gelatinous precipitate appeared, which 
when washed and dried in the atmosphere gave a light brown 
powder. This powder was found to melt from 80° to 85° C. 
and on cooling solidified to a hard, brittle cake. Since it was 
found to be acidic, it  was suspected th a t it  might be the so- 
called montanic acid or wax which Lewkowitsch (10) states 
melts at 80-86° C., his sample having been obtained from 
Thuringian (German) lignite. Fischer (15) and Schneider 
and Tropsch (24) have obtained montan wax from Rhenish 
brown coal by benzene extraction under pressure, and from 
this they isolated carbocerie and montanic acids, along with 
tetracosanol, ceryl, and myricyl alcohols.
F rac tio n a tio n  of Acidic M ixture w ith  E th e r  an d  A cetone

The brown cake was removed from the liquid and dried, 
first on the steam bath and then in air. I t  was then placed 
in a Soxhlet and exhaustively extracted successively with 
ether and acetone, according to the method of Pschorr and 
Pfaff(32).

Yield from Yield from
19.3 Grams Substance 11.0 Grams Substance 

Grams %  Grams %
E th er e x trac t 10.36 53 .7  6 .9 6  6 3 .2
Acetone ex trac t 4 .1 2  2 1 .3  1.51 13.7
R esidue 4 .8 2  2 5 .0  2 .5 3  23 .1

The ether extract was a viscous, chocolate-brown mass when 
warm and a hard, brittle cake when cool. The solvent was re­
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moved by drying strongly on the water bath. The acetone ex­
tract was of similar color, viscous when warm, but setting to a 
crumbly cake when cool. The residue was light brown to 
gray and readily crumbled to a powder when touched.

S aponification of F rac tions

The fractions were next separately saponified by refluxing 
for a period of 5 to 6 hours on the water bath with a mixture 
of three-fourths alcohol and one-fourth benzene and one-fifth 
their weight of solid potassium hydroxide. Calcium chloride, 
double the weight of the potassium hydroxide, was then added 
and the mixture refluxed 2 hours longer. This converts the 
potassium salts of the acids to the calcium salts which are 
insoluble in acetone.

Part of the solvent was then evaporated on the water bath 
and the thick, flowing mass poured into hot water. That 
which adhered to the flask upon cooling was scraped loose 
and added to tha t in the hot water. The dark brown mass 
finally collected as a cake on the surface of the water when 
cool. I t  was removed and dried strongly on the steam bath, 
after which it was placed in a Soxhlot and exhaustively ex­
tracted with acetone to remove the alcohols and unsaponifi- 
able material. From 17.32 grams of the ether fraction 2.64 
grams of alcohols and unsaponifiable compounds were ex­
tracted; 5.63 grams of the acetone fraction yielded only 0.68 
gram of alcohols and unsaponifiable compounds; 7.36 grams 
of the residue yielded 1.14 grams of alcohols and unsaponifi­
able compounds. I t  appears that the ether and acetone 
extractions merely concentrated the unsaponifiable portion.

T re a tm e n t of Alcohols an d  U nsaponifiable C om pounds

The crude mixture of alcohols and unsaponifiable com­
pounds was acetylated by warming on the water bath under a 
reflux condenser with four times its weight of acetic anhy­
dride for 2 hours. The mixture was then poured into water 
and warmed a half-hour on the water bath with stirring to 
remove the excess of acetic acid. After cooling, the cake was 
separated from the water and without drying was put into 
a large amount of alcohol. This dissolved the acetate but 
left most of the resinous substances undissolved. The 
alcoholic solution was decanted off and boiled with animal 
charcoal to decolorize, and then filtered through a hot filter. 
As the alcoholic solution cooled the acetate separated out 
in tiny needle-like crystals of silky luster.

The acetate mixture from the residue after this treatment 
gave after two recrystallizations almost snow-white crystals, 
but the acetate mixture from the ether and acetone fractions 
required numerous recrystallizations from alcohol before a 
pure product was obtained. The mother liquor was difficult 
to remove and had to be evaporated off on the water bath. 
The acetate melted to a nearly colorless oil and hardened to a 
white wax. From the ether fraction and the residue fraction 
were obtained acetate mixtures melting a t 62-63° C. The 
acetate from the acetone fraction melted a t 61-62° C.

F ra c tio n a tio n  of A cetate  M ixture

The acetate mixture was dissolved in about ten times its 
volume of alcohol-ether (1 : 1 ) mixture and evaporated on 
the water bath in stages. Each time, before further evapora­
tion, it was allowed to cool and the crystallized portion sepa­
rated by use of a suction filter. Two fractions melting at 
58-60° C. and 64-65° C. were obtained as well as a mixture 
melting a t 62-63° C. Upon further recrystallization the 
two fractions gave melting points of 59° and 65° C. These 
correspond to the acetates of tetracosanol (C24H 50O, m. p. 
59° C.) and ceryl alcohol (C26HM0, m.p. 65° C.). Upon 
saponification of the acetates with alcoholic potassium hydrox­
ide and reacetylation of the resulting alcohol, the acetate

which formerly melted a t 65° C. gave a melting point of 
6 6 ° C. This was saponified and gave an alcohol melting 
a t SO-810 C. Upon saponification the acetate melting at 
65° C. gave an alcohol melting a t 80-81° C. Reacetylation 
of this gave an acetate melting a t 66° C. The acetate with 
melting point of 59° C. gave an alcohol which must have 
been a mixture, as the melting point was not sharp, ranging 
from 80° to 83° C. Recrystallizations did not change the 
melting point.

D ete rm in a tio n  of Saponification  N um ber an d  M olecular 
W eight of A cetate

The determination was made according to the method of 
Benedikt and Ulzer (3) and gave the following results:

Acetate of Melting Point 60° C.
W eight of a c e ta te ..............................................................................  0 .1132  gram
0.09723 N  K O H  u sed ......................................................................  2 .0 9  cc.
Saponification n u m b e r..................................................................... 129
C alculated  saponification num ber of ceryl a ce ta te . . . . . . .  132.3
If  ace ta te  had one acetyl group its  m olecular weight

would b e ...........................................................................................  433
C eryl ace ta te  (mol. wt. ca lcd .) ....................................................  424
M olecular weight of ace ta te  in cam phor, a b o u t ...................  400

The amount of the acetate of melting point 59° C. was too 
small to permit a satisfactory determination of the saponifi­
cation number and molecular weight.

P rep ara tio n  of M ontan ic  Acids a f te r  Rem oval of A lcohols 
an d  U nsaponifiable C om pounds

The substance remaining in the extraction thimble after 
the removal of the unsaponifiable portion and alcohols, 
which consists of the calcium salts of the acids and unknown 
substances insoluble in ether and alcohol, wras decomposed by 
refluxing 4 to 5 hours with strong aqueous hydrochloric acid. 
Above the aqueous layer was added a layer of benzene which 
took up the organic acids as they were freed, thus leaving 
the hydrochloric acid free to work upon the undecomposed 
calcium salts.

After refluxing, the benzene layer was separated and evapo­
rated on the water bath. The residue was added to water; 
the organic acids formed a hard, dark brown cake. The 
cake was separated from the aqueous portion and dried on 
the water bath.

The organic acids were next esterified by refluxing 4 to 5 
hours with absolute alcohol and anhydrous hydrochloric acid. 
On cooling a dark brown layer was formed at the bottom. 
This was removed, leaving the alcohol solution of the ester 
a light brown. When the hot alcoholic ester mixture was 
poured into water, the ester was precipitated in light brown 
floes, whereas the darker brown portion previously noticed 
in the bottom of the flask hardened into a stringy, pitchlike 
mass. The mixture was then filtered off from the water 
and the ester taken up in hot alcohol, which left most of the 
pitchlike substance undissolved. The ester solution was 
treated with animal charcoal and passed through a hot filter. 
After several crystallizations the acid ester crystallized from 
either alcohol or acetic acid as microscopically fine needles 
which aggregated in bushlike clusters and were nearly snow- 
white. The melting points of the crude ester mixture from 
the three fractions were from 68° to 70° C.

The acid ester was saponified by heating about an hour on 
the water bath with alcoholic potassium hydroxide and then 
decomposing the potassium salt of the acid with hydrochloric 
acid, which gave the free acid. This was separated by suction 
and washed with cold water. The free acid was taken up in 
hot alcohol, from which it again crystallized in fine needles. 
The crystals melted to a nearly colorless oil, which upon 
cooling set to a very pale yellow wax. A thin layer of the 
wax viewed by transmitted fight appeared white. The acid 
melted from 80-82° C.
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D ete rm in a tio n  of M olecular W eight of Acid

The molecular weight of the acid was determined by saponi­
fication of the acid ester in a manner similar to tha t applied 
to the acetate. From the potassium hydroxide used the 
molecular weight of the acid was calculated.

Acid-Ester, M . P . 68° to 70° C.
W eight of ncid-ester u sed ............................................................... 0 .1004 gram
0.09034 N  K O H  u sed ......................................................................  3 .83  cc.
M olecular weight of ester calcd. for one CO OII g ro u p .. . .  451
M olecular w eight of a c id ............................................................ 423
W eight of acid-estcr u sed ............................................................... 0 .2504 gram
0.09634 JV K O H  u sed ...................................................................... 5 .5 0  cc.
M olecular weight of acid calcd. for one C O O II g ro u p .. . . 444

The molecular weights of montanic acid according to the 
formulas are C29II58O2 =  438 and CoallssCb =  424.

The approximate resolution of the alkali-soluble portion 
based on the total weight of the benzene extract indicates:

%
A lcohols.......................................................................................  8
A cids.............................................................................................  32
R esidues, unknow n com pounds.......................................... 15

55

F u rth e r  T re a tm e n t of B enzene-Soluble P o rtion

As it was suspected that the benzene-soluble portion might 
contain some of the waxy alcohols found in the unsaponifiable 
part of the KOII-soluble portion, it was acctylated by reflux- 
ing for 2 hours with excess acetic anhydride. Upon pouring 
the warm mixture into water to remove the acetic acid, 
a reddish brown cake was formed. By treating this with hot 
alcohol the acetate was taken up leaving the neutral or so- 
called resinous portion nearly undissolved. The acetate 
obtained represented approximately half of the benzene- 
soluble portion. The alcoholic solution of the acetate was 
decanted from the resinous residue, boiled with animal char­
coal to decolorize, and filtered through a hot filter. The 
acetate crystallized from the alcohol in pale yellow microscopic 
needles and melted between 62° and 64° C. Further re- 
crystallization gave a nearly white product.

The mixture was then fractionally crystallized from an 
alcohol-ethcr (1:1) mixture and gave fractions melting at 
58-59° C. and 65-67° C. as well as a mixture melting over 
the whole range. The fraction melting a t 58-59° C. was 
small. Saponification of the two acetate fractions with 
alcoholic potassium hydroxide gave the alcohols melting at 
80-83 ° C. and 80-81 ° C., respectively. These acetate fractions 
áre apparently the same as those recovered from the acidic 
portion of the extract. Here again the acetate melting at 
58-59° C. fails to give an alcohol of sharp melting point. 
Obviously, other methods than fractional crystallization 
must be employed to effect a sharp separation of the acetates 
and subsequently the alcohols.

A pproxim ate R eso lu tion  of Benzene E x tract

The resolution of the benzene extract from Velva lignite 
has shown the following apparent composition:

%
A lcohols....................................................................................  30 ) RO
A cids..........................................................................................  32 Í
N eu tra l, resinous com pounds...........................................  23 \
R esidues, unknow n com pounds....................................... 15 )

100

Pschorr and Pfaff (22) gave the following resolution of the 
montan wax obtained from German brown coal:

%
F ree m ontanic  acid, a t le a s t  17 I jq
M ontan ic  e s te rs .....................................................     53 J
Com pounds of unknow n com position ...........................  30

100

Comparison of the grouped alcohols and acids of the Velva 
lignite extract with the grouped montanic acid and the mon-

tanic esters indicate that the lignite extract has a composition 
similar to montan wax.

D iscussion of R esu lts

Inasmuch as the Velva lignite examined is very prob­
ably of the same age as the Estevan lignite examined by 
W. A. Bone and co-workers, one would expect that the 
resolution of the benzene extract from the two lignites would 
be similar. Bone (5), however, found the acidic portion 
of the Estevan lignite extract to consist almost entirely of 
phenols, whereas the authors obtained positive qualitative 
tests for phenols only in the portion of the Velva lignite 
extract obtained at pressures above 17 atmospheres. Since 
some gas and water were found after extraction at higher 
pressures, it is apparent tha t some breakdown of the lignite 
must have occurred. One must conclude that the phenols 
found in the extract from Estevan lignite are the result of 
thermal decomposition or that the extract obtained from 
Velva lignite is of almost entirely different character. This 
work indicates that the Velva lignite extract is similar to the 
montan wax from German brown coal.

Various investigators have resolved the so-called montan 
wax into waxy alcohols and acids. Pschorr and Pfaff (22) 
were able to isolate three waxy alcohols, tetracosanol, C21- 
II50O of m. p. 83° C., as well as montanic acid, to which they 
ascribe the formula C2SII56O2 and a melting point of 83.5° C. 
They separated the alcohols from the acid by first converting 
the acid to the calcium salt and then extracting the alcohols 
with ether and acetone. They then acetylatcd the alcohols 
and separated the acetates by fractional crystallization 
from an alcohol-ether (1:1) mixture. The alcohols were 
obtained by saponification with alcoholic potassium hy­
droxide. These alcohols were also found by Schneider and 
Tropsch (2.)).

Even more work has been done on the acidic portion of the 
montan wax. As early as 1852 Bruckner (8) isolated from 
German brown coal an acid melting at 82° C. which he called 
“geoceric acid” and gave the formula C2ijII560 2. Hell (17) 
obtained the acid from refined montan wax. He determined 
the melting point of 83-84° C. and not higher than 84.5° C. 
and his calculations led to the formula C29H 13O2. The term 
“montanic acid” was first applied to the acid occurring in the 
montan wax by von Boyen (7). Eisenreich (12) found an 
acid of melting point 82.5° C. and confirmed the formula 
C29H 5SO2.

Some later investigators gave the formula C^HbsCH. Ryan 
and Dillion (23) extracted a yellowish wax from Irish peat 
and from it obtained an acid melting a t S3° C. and deter­
mined this formula. Easterfield and Taylor (11) obtained 
from montan wax an acid melting a t 82.5° C. and corre­
sponding to the formula CajHseC .̂ Meyer and Brod (20), 
investigating montanic acid, arrived a t the same formula 
and the melting point 83-84° C.

Tropsch and Krcutzer (25), however, show that the acid 
obtained from montan wax is not a single compound but a 
mixture of acids. B y  esterifying the acid with ethyl alcohol 
and sulfuric acid, separating the ethyl ester from the im­
purities, and distilling the ester in a vacuum, numerous frac­
tions were obtained which were ultim ately resolved into 
three acids— montanic acid, C29H53O2, m. p. 86.5° C.; car- 
boceric acid, C27H54O2, m. p. S4° C., and an unnamed acid, 
C25H50O2, m. p. 78° C. A more recent investigation of montan 
wax b y Holde, Bleyberg, and Vohrer (18) indicates that 
there are several acids present other than those mentioned. 
T hey separated numerous fractions b y  very careful high- 
vacuum distillation, and found that montanic acid after being 
freed from the other acids has a melting point of 89° C.(un- 
cor.) and is identical with normal octocosanic acid, CibHkCU
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They contend that montan wax is a mixture of normal fatty 
acids having chains of an even number of carbon atoms, and 
have good indications tha t there is series of acids of 22 up 
to 32 carbon atoms present. Their investigations are being 
continued.

The ethyl ester of the acid obtained from the Velva lignite 
extract melted a t 68-70° C. which is a trifle higher than 
Pschorr and Pfaff’s value of 66.5° C. The free acid, however, 
melts a t 80-82° C. and is in fair agreement with their value 
of 83.5° C. Since the acid does not melt sharply, it seems 
likely tha t the acidic portion must be a mixture of acids as 
found by Tropsch and Kreutzer and by Holde, Bleyberg, and 
Vohrer. As one will note from the titration values of the 
molecular weight of 423 and 444, the formula of the acid 
could be taken as CaHwOj in the first instance and C29H 5SO2 
in the second. I t  is therefore quite likely that the benzene 
extract from Velva lignite consists of a mixture of acids similar 
to those found in montan wax.

The waxy alcohol obtained from Velva lignite extract is, 
from its melting point and molecular weight determination, 
probably largely ceryl alcohol, CsoH mO. The melting points 
of the acetate fractions 58-59° C. and 66-67° C., respectively, 
lead one to suspect some tetracosanol as well, though failure 
to obtain a sharp melting point for the free alcohol or a good 
saponification number makes it  uncertain. The melting 
points of the acetates are in good agreement with those of the 
literature, which gives the acetate of tetracosanol as melting 
at 59° C. and ceryl acetate a t 65° C. Indications of-any my-

ricyl alcohol, the acetate of which melts at 70° C., are lacking, 
since the highest melting point of the acetate obtained was 
67° C. As in the case of the acids, it is not improbable 
that the alcoholic portion may be a mixture of several alcohols.
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Germ anium —XXXVI
Extraction of Germanium and Gallium  from Germanite—I1

W. I. P a tnode  an d  R. W. W ork

Baker Laboratory of Chemistry, Cornell University, Ithaca, N . Y.

Ge r m a n i t e  is a sul­
fide ore which was dis­
covered at Tsumeb,

South West Africa, in 1920 
by Schneiderhohn (9), and 
has been made available in 
la rg e  lo ts  by the O tav i 
M in en -u n d  E ise n b a h n  
Gesellschaft. In  a d d it io n  
to about 5 to 6 per cent of 
germanium, the mineral also 
contains sulfur, copper, arsenic, iron, lead, silicon, gallium, 
and lesser quantities of eighteen other elements. Analyses 
of the ore have been made by Pufahl (7), Lunt (6), and 
Kriesel (5), while methods for the extraction of the germanium 
have been reported by Thomas and Pugh (10), Keil (4), 
Dede and Russ (1), and Pugh (S). The procedures followed 
in every case were more or less involved, and in no case was 
more than 0.5 kg. of ore treated a t one time. The total 
weight of germanium extracted was therefore small 

The process described herein has been developed from 
some unpublished work carried on by N. A. Skow a t this 
laboratory during the summer of 1929.2 He found that 
dry, powdered, germanite heated to 350° C. was attacked 
by chlorine with the formation of the volatile chlorides of

1 R eceived O ctober 30, 1930.
* T h is  w ork was included in  his thesis  p resented  to  th e  facu lty  of th e  

G rad u a te  School of Cornell U niversity  in  p a rtia l fulfilm ent of th e  requ ire­
m ents fo r th e  degree of doc to r of philosophy.

germanium, arsenic, silicon, 
sulfur, and lesser amounts 
of others, which, of course, 
distilled out of the vessel in 
which the chlorination was 
carried out. These chlorides 
were then further t r e a te d  
in order to s e p a ra te  the 
g e rm a n iu m . A n u m b e r 
of difficulties, particularly 
with the handling of ma­

terials, in Skow’s original process have been eliminated by 
further work, although the basic chemical treatment re­
mains the same.

D escrip tion of Process

The process may be divided into three stages:

(1) The direct chlorination of the dry ore and collection of 
the distillate of anhydrous chlorides.

(2) The fractional distillation of the anhydrous chlorides and 
subsequent hydrolysis of the distillate.

(3) The distillation of germanium tetrachloride from the 
products of hydrolysis and subsequent conversion of the te tra­
chloride to the dioxide.

Stage One

A p p a r a t u s —The first stage is carried out in the apparatus 
shown in Figure 1. The flanged cast-iron pot, A,  has an 
internal diameter of 5 l/2 inches (14 cm.) a t the top, and a

V arious m ethods have been proposed for th e  ex trac­
tio n  of th e  ra re  e lem en t g e rm an iu m  from  n a tu ra l 
sources. T h is process differs from  its  predecessors, 
n o t only in  th e  type of chem ical tre a tm e n t, b u t also in  
th e  scale of operation . P a rtic u la r  a t te n tio n  has been 
paid to  th e  technology of th e  process, w ith  th e  re su lt 
th a t  i t  has been successfully  applied to  th e  prob lem  
of p roducing, in  a  relatively sim ple an d  inexpensive 
m an n er, com paratively  large a m o u n ts  of th e  e lem en t 
in  a  h igh  s ta te  of p u rity .



February, 1931 IN D U ST R IA L  A N D  ENGINEERING C H EM ISTRY 205

depth of 9 inches (23 cm.). The wall is 6/s inch (16 mm.) 
thick and the weight about 40 pounds (18 kg.) I t  is sup­
ported on a piece of 8-inch (20-cm.) iron pipe 12 inches (30 
cm.) long, with ports for the entrance and egress of air at 
top and bottom. The lid for the pot is also of cast iron, 
3/ t  inch (19 mm.) thick, and it is drilled with two 6/s-inch 
(16-mm.) holes for the admission of chlorine and the stem 
of a 400° C. thermometer.- The outlet for the vapors is of 
1-inch (2.5-cm.) iron pipe. The center of the lid carries a 
brass stuffing box through which the stem, a 3/s-inch (15-mm.) 
steel drill rod, of the stirrer passes. Asbestos cord is used 
as stuffing material. The stirrer, B, is also of iron, cast flat 
in the shape shown, and z/% inch (10 mm.) thick. I t  is 
drilled a t the top to receive the end of the stem and is held 
in place by a small set screw. The weight of the stirrer is 
carried by an angle iron, C, bolted to the lid, and the stirrer 
is turned at 20 r. p. m. by means of a belt around the wooden 
pulley, D, which is 12 inches (30 cm.) in diameter and is 
attached to the stem by a set screw. Power for the stirrer 
is supplied by a '/i-horsepower motor connected to a worm- 
and-pinion speed reducer. This motor will operate two 
stirrers. The pot is heated by a triple burner, E, the heat 
from which is distributed by an iron plate on a tripod 1 
inch (2.5 cm.) below the bottom of the pot. This distribu­
tion is necessary since otherwise the pot corrodes very rapidly 
at the point of overheating. The vapors are condensed in a 
glass, water-cooled condenser connected to the outlet tube 
by a glass adapter and rubber tube. I t  discharges into a 
500-cc., 2-necked flask, which is in turn connected by a short 
length of glass tubing to a 1-liter suction flask containing 500 
cc. of water for the hydrolysis of any vapor not condensed 
in the receiver. These two vessels are cooled in ice water.

P r o c e d u r e  o f  a  T y p i c a l  Run—The burner and tripod are 
placed in the center of the support and then the empty pot 
is placed in position. The machined face of the top flange 
is coated with a thin layer of ordinary cup grease, and an 
asbestos paper gasket is placed on top of it. This is in turn 
greased, and then the lid, carrying the stirrer, is set loosely 
on top. The lid and stirrer are moved about so that the 
stirrer just clears the bottom of the pot, and it is kept in this 
position by fastening the pulley and clamping the lid in place 
with three small steel clamps. The charge, consisting of 
1200 grams of the air-dried (0.5 per cent moisture), roughly 
ground germanite (60 per cent passed a 15-mesh and 96 per 
cent an 8-mesh sieve), is placed in the pot through one of the 
small openings in the lid. The thermometer, chlorine- 
inlet tube, condenser, and receiver are now connected, the 
stirrer is started, chlorine is admitted to the pot at about 
2.5 liters per minute, and after the air in the pot has been 
displaced the burner is lighted. The chlorine is led first 
through a bubbler connected to a special device which gives 
warning by ringing a bell if the flow is interrupted, and is 
then dried by passing through a tall (2 foot or 61 cm.) tower 
of fused calcium chloride. For the first 40 minutes there 
is no evidence of any reaction except an evolution of gas 
which escapes through the suction flask containing water and 
is led to the bottom of a tall (4 foot or 122 cm.) tower of lime. 
This first gas, however, consists of air which is being replaced 
in the system by chlorine, and sulfur dioxide, which is evi­
dently a product of slight roasting of the ore before chlorina­
tion, although probably some of it may be due to hydrolysis 
of chlorides of sulfur. At the end of this period the tempera­
ture within the pot has risen to about 300° C., and during 
the next 10 minutes it rises rapidly to about 350° C. During 
this period the evolution of gas decreases and the distillation 
of a clear, yellow liquid begins. The ore in the pot also 
becomes sticky and pasty, as is evidenced by the increased 
power required to turn  the stirrer. The reaction is strongly 
exothermic, and it may be necessary to turn down the gas

flame or decrease the rate of flow of chlorine in order to 
keep the temperature down. This is important, since a 
higher temperature within the pot increases the rate of corro­
sion of the iron and the ferric chloride tha t is formed has a 
tendency to distil into the outlet tube and plug it. After the 
temperature has remained a t 340-360° C. for about 15 
minutes, the material in the pot becomes less pasty, as is 
evidenced by less power required to turn the stirrer. Dis­
tillation is rapid (about 4 drops per second) and the evolution 
of gas ceases. The reaction is allowed to proceed under 
these conditions for about 3 hours longer, during which time 
the color of the distillate passes from light yellow through 
orange to deep red. Toward the end of the period the rate of 
distillation decreases rapidly, finally falling to zero, and 
chlorine begins to escape through the trap. This is an indica­
tion that the ore has been completely chlorinated. About 
1.86 kg.'of chlorine are required for one run.

Da  II_______________
r    (

F ig u r e  1— A p p a ra tu s  fo r  C h lo r in a t io n  
o f G e rm a n i te

The flow of chlorine is now stopped, and air is passed into 
the apparatus for a few minutes to replace the chlorine in 
the system. The receiver and trap are then removed, 
stoppered, and set aside temporarily. If the residue in the 
pot is allowed to cool, it solidifies (m. p. 310-320° C.) and 
must be chipped out with a cold chisel. To avoid this labor 
the lid and stirrer are taken off immediately, care being taken 
to avoid breathing the fumes, and the pot is placed in a 
cradle which allows it to be rotated into a horizontal posi­
tion. The hot liquid residue is now allowed to run out into 
a shallow sheet-iron container, the sides of the pot being 
Scraped with an iron tool to remove the crystals of ferric 
chloride which have sublimed up onto the cooler parts. This 
solid residue is saved for the gallium it contains, the details 
of which extraction will be published in a later paper.

The distillate is dark red, has a specific gravity of 1.76 
at room temperature, and when allowed to stand slowly de­
composes with the evolution of bubbles of gas (sulfur di­
oxide and chlorine) and deposition of sulfur. If this material 
is allowed to stand in an open vessel, germanium tetra­
chloride is lost through evaporation. I t  cannot be stored in a 
closed container because of the continued evolution of gas.
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Therefore, it is advisable to proceed with the second stage 
of the process without appreciable delay.

Y i e l d —The average weight of the distillates from seventy 
runs was 77 per cent of the weight of the ore, although the 
weights of the individual distillates varied as much as 6 per 
cent from the mean.

E x a m i n a t i o n  o f  D i s t i l l a t e —In order to trace the ger­
manium and gallium through the process, samples taken 
from time to time were examined spectroscopically.5 Sam­
ples of the distillate, taken 1 and 2 hours after distillation 
had begun, showed the presence of large amounts of ger­
manium but not gallium. Samples taken 3 hours after dis­
tillation had begun showed the presence of not more than 0.1 
per cent gallium and less than 0.5 per cent of germanium. 
Samples of the residue showed considerable gallium but 
less than 0.05 per cent of germanium.

P b e c a u t i o n  a g a i n s t  C o r r o s io n —Corrosion of the metal 
parts of the apparatus is not so great as would be expected. 
The inside of the lid is hardly attacked a t all, nor is the brass 
stuffing box, and these can be used for a large number of runs. 
The inside of the pot, particularly a t the bottom, is attacked 
to a greater extent, but one pot can be used for a t least fifteen 
runs. The cast-iron stirrer, but not its steel shaft, is rapidly 
attacked, and although one may be used for five runs, it is 
advisable to replace it before the corrosion goes very far, 
since several low yields have been traced to incomplete stirring 
where a portion of the ore formed a solid cake against the 
walls of the pot and consequently was not completely chlori­
nated.

I t  has been found convenient to operate these units in 
pairs and, once started, one man can easily take care of four 
units.

Stage Two

The distillate from Stage One consists essentially of a 
mixture of germanium tetrachloride, silicon tetrachloride, 
arsenic trichloride, chlorides of sulfur, and lesser amounts of 
other chlorides. In order to separate the germanium tetra­
chloride (b. p. 83° C.) from the greater part of the arsenic 
trichloride (b. p. 130° C.) and sulfur monochloride (b. p. 
138° C.), the material is subjected to fractional distillation. 
The apparatus that was used consists of a 3-liter flask carrying 
a Hempel distilling column 2 '/2 feet (76 cm.) high and 1 inch 
(2.5 cm.) in diameter, filled with 5-mm. lengths of small glass 
tubing. The vapors are condensed in a water-cooled con­
denser and are discharged into a 2-liter flask immersed in 
ice water. Any vapors not condensed are led through two 
Friedrichs spiral gas-washing bottles that contain water 
and are also cooled in ice water.

F ir s t  F r a c t io n  (0 °  t o  1 2 0 °  C.)—It was found convenient 
to charge the still with the combined distillates from four 
units of Stage One (3 6 0 0  to 4 0 0 0  grams). The still is first 
heated with the low flame of a triple burner, whereupon 
a rapid evolution of gas (sulfur dioxide and chlorine) takes 
place. This gas carries some germanium tetrachloride with 
it, which is hydrolyzed in the gas-washing bottles. As soon 
as the evolution of gas has subsided (1 5  minutes), more heat 
is applied and distillation begins a t about 4 5 °  C. The flame 
is so adjusted that there is twice as much liquid flowing back 
down the column as is being discharged from the condenser. 
The temperature rises over a period of about 2  hours to ap­
proximately 85° C., after which distillation practically 
ceases. When more heat is applied, the temperature rises 
to 1 3 2 °  C. within 10 minutes. All material distilling below 
1 2 0 °  C. is taken as a first fraction and is used in Stage Three. 
This distillate is a clear ruby-red liquid of specific gravity

* T hese spectrographic analyses were m ade a t  th is  lab o ra to ry  by 
Professor J .  Papish  and his staff, to  whom  th e  au tho rs  wish to  express th e ir  
s incere appreciation  of th is  assistance.

1.75, that fumes in contact with moist air. I t  contains all 
of the germanium tetrachloride (except a small amount 
caught in the gas-washing bottles) and some silicon tetra­
chloride, arsenic trichloride, and chlorides of sulfur. About 
35 per cent (1200 to 1400 grams) of the charge is obtained in 
this fraction.

This first fraction is then hydrolyzed by pouring it slowly, 
with stirring, onto 6 kg. of crushed ice. If insufficient ice is 
used the heat of reaction is great enough to volatilize some of 
the germanium tetrachloride. However, when 6 kg. are used, 
the temperature drops to —18° C. Much agitation is re­
quired and when the hydrolysis is complete there results a 
heavy, light-yellow suspension. This, with the suspensions 
in the gas-washing bottles, is placed in a 12-liter flask for 
Stage Three.

S e c o n d  F r a c t i o n  (120° t o  138° C.)—The residue left in 
the still after the first fraction has been removed contains a 
small amount of gallium trichloride. In  order to free it 
from as much extraneous material as possible, a second frac­
tion is taken. Since the boiling points of arsenic trichloride 
and sulfur monochloride differ widely from tha t of gallium 
trichloride (215-220° C.), the long column is not required 
for separation. In  its place is substituted a simple three- 
ball Wurtz column containing glass beads. Practically all 
of the material distils a t 132-138° C. This fraction contains 
neither germanium nor gallium and is discarded.

R e s i d u e  i n  S t i l l  (n. p . a b o v e  138° C.)—Twenty to 
thirty  grams of residue remain in the still after the second 
fraction is taken. I t  contains sulfur, rubber from the stop­
pers, gallium trichloride, and a trace of indium. This mate­
rial is hydrolyzed with water and is set aside for the recovery 
of the gallium.

In  order to trace the progress of the germanium and other 
metals through the second stage, portions of the distillate 
were taken from time to time and were examined spectro­
scopically. Samples of the first fraction taken a t 45° and 
75° C. showed the presence of germanium, but no arsenic; 
a t 85° C. both germanium and arsenic were present; a t 110° 
C. arsenic was present but not germanium. Samples of the 
second fraction taken a t 132° and 138° C. showed neither 
germanium nor gallium. Samples of the residue showed the 
presence of gallium and indium.

Stage Three

The germanium has been concentrated in the suspension 
resulting from the hydrolysis of the first fraction of Stage 
Two. In  addition to germanium dioxide the suspension 
contains hydrochloric acid, sulfur, silicon dioxide, and a 
small amount of arsenic. To this, which is contained in a
12-liter flask, is added the material in the water traps from 
Stage One. The flask carries a fractionating apparatus simi­
lar to that described by Dennis and Johnson (2), and serves 
for the final separation of the germanium.

The material in the flask is first saturated with chlorine, 
which requires about an hour, while the temperature of the 
liquid rises to approximately 40° C. The flow of chlorine 
is continued throughout the entire distillation. Heat is 
applied to the still and distillation of germanium tetrachloride 
accompanied by a small amount of hydrochloric acid begins 
a t about 68° C. These two liquids form two layers, ger­
manium tetrachloride being the heavier. The forward flow 
take-off of the Johnson stillhead is so adjusted that half of 
the total distillate is returned to the column. The remaining 
germanium tetrachloride is drawn off into a 1-liter Erlen- 
meyer flask containing 0.5 kg. of crushed ice. As distillation 
proceeds, the temperature rises slowly and the proportion 
of germanium tetrachloride condensed in the stillhead 
decreases. After about 2 hours the temperature has risen
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to 104-107° C. and there is no longer a separate layer of 
germanium tetrachloride. At this point another flask Is 
substituted for the receiver and the distillate of constants 
boiling hydrochloric acid is collected until it no longer gives 
a test for germanium with hydrogen sulfide' From 200 to 
500 cc. of acid are collected over a period of 2 to 4 hours. 
Distillation is now stopped.

The residue in the still contains a small amount of sus­
pended m atter which when investigated was found to be 
a mixture of 80 to 100 grams of sulfur and 15 to 20 grams of 
silicon dioxide. The silica was found to carry less than 20 
mg. of germanium, and consequently was discarded, it being 
unprofitable to carry out the difficult separation of such a 
small quantity.

The germanium tetrachloride collected in the first Erlen- 
meyer flask is shaken with sufficient crushed ice (about 1 kg.) 
completely to hydrolyze it to white hydrated germanium 
dioxide, and is allowed to stand for a few hours in order to 
facilitate the subsequent filtration. I t  is then collected on a 
filter, using suction, washed with a small amount of cold water, 
dried, and ignited. The germanium dioxide thus obtained is 
spectroscopically pure and represents 85 to 90 per cent of the 
total germanium in the ore.

The filtrate and washings are combined with the second 
part of the distillate, consisting mainly of constant-boiling 
hydrochloric acid, made 6 normal with respect to this acid, 
and the germanium is precipitated by hydrogen sulfide as 
white germanium disulfide. This precipitate represents 
5 to 10 per cent of the total element in the ore, bringing the 
total yield of germanium up to 95 per cent. When running 
continuously, this precipitation is not carried out until a 
large quantity of liquid has been collected, and the pre­
cipitated sulfide is then converted to the dioxide by the 
method of Dennis and Papish (S).

If desirable, the dioxide thus obtained may be reduced to

the metal by the very satisfactory method described by 
Tressler and Dennis (11).

R easons for Inclusion  of S tage Two

Although Stage Two may be omitted and the entire dis­
tillate of Stage One be hydrolyzed and distilled as described 
in Stage Three, it  was found expedient to include it for the 
following reasons:

(1) Most of the arsenic is discarded with the second fraction, 
thereby making the production of pure germanium dioxide in 
Stage Three relatively simple. If a large amount of arsenic is 
present in the material charged into the still a t Stage Three, the 
distillate obtained will contain appreciable amounts of it. This 
will necessitate a t least one redistillation in the presence of water 
and chlorine completely to separate the germanium from the 
arsenic.

(2) Most of the sulfur chloride is discarded with the second 
fraction. The presence of its hydrolytic products (especially 
sulfur dioxide) in Stage Three is undesirable. In  the first place, 
the presence of an uncondensable gas decreases the efficiency of 
condensation of the vapors. In the second place, this gas would 
have to be bubbled through the water in the gas-washing bottles 
to hydrolyze any germanium tetrachloride carried by it mechani­
cally, and this would retard the rate of distillation.

(3) The volume of material to be handled in Stage Three is 
reduced to one-third.

(4) I t  permits a relatively simple concentration of the gallium.
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The Composition of Commercial Calcium Arsenate1
C. M. S m ith  an d  C. W. M urray

Insecticide Division, Bureau op Chemistry and Soils, Washington, D. C.

IN TH E  manufacture of the very important agricultural 
insecticide known as calcium arsenate, it is necessary 
to use approximately 4 mols of calcium oxide to 1 of 

arsenic oxide to obtain a product that is insoluble enough to 
be safe for application to growing foliage. Naturally the 
question of the state of combination of the calcium and 
arsenic oxides soon arose, and in the absence of any definite 
information on the subject it  was tacitly assumed that the 
finished product contained tricalcium arsenate together 
with calcium hydroxide and calcium carbonate equivalent 
to the extra mol of calcium oxide. This assumption has 
persisted to this day. The total arsenic in commercial 
calcium arsenate is always calculated to Ca3(AsO<)2 in order 
to obtain the percentage of active ingredient, the figure so 
obtained being in the neighborhood of 70 per cent.

However, it  has been known for many years that this point 
of view7 is probably incorrect, and that, as a matter of fact, 
the product probably contains a considerable proportion of a 
basic arsenate. Tartar, Wood, and Hiner (4) reviewed the 
evidence for this in an article published in 1924 and then 
presented an account of their own experiments designed to

1 R eceived O ctober 9, 1930. P resented  as a  p a rt of th e  Insecticide 
Sym posium  before th e  D ivision of A gricultural and Food Chem istry a t the  
79 th  M eeting  of the  American Chem ical Society, A tlan ta , Ga., April 7 to  11, 
1930.

substantiate it. By the hydrolysis of tricalcium arsenate 
and of calcium ammonium arsenate with boiling water they 
produced an end product of fairly fixed composition to which 
they assigned the formula 3Ca3(As04)2.Ca(0 H)2, exactly 
similar to tha t of the well-known basic arsenate of lead. 
These authors were convinced that they were dealing with 
a definite compound, and not with a mixture of two materials 
giving a minimum solubility. However, Clifford and Cam­
eron (1) have argued that neither this basic arsenate nor tri­
calcium arsenate itself exists, but that solid solutions are 
formed just as they are in the system CaO-PjOr-HjO which 
had been previously studied by Cameron and others.

One of the present writers undertook several years ago to 
study the basic region of the system Ca0-As206-H20  by 
means of phase-rule considerations, but obtained such er­
ratic results tha t the work wTas never published. He con­
sidered tha t the difficulties arose from a very slow attainm ent 
of equilibrium and an attack of the glass flasks by the alkaline 
solutions during the long standing (as much as 9 months). 
Some slight evidence wras obtained, however, of a compound 
with a molecular quotient C a0/A s20 5 of 4—that is, one con­
siderably more basic than the compound reported by Tartar, 
Wood, and Hiner.

No attem pt seems to have been made to prove directly the 
presence of basic arsenate in commercial calcium arsenate.
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I t  is customary in the analysis of this insecticide to determine 
the total CaO and total As20 5. That more than this is neces­
sary to interpret the true composition is self-evident. An 
estimation of the proportion of calcium carbonate present is 
possible by a determination of the carbon dioxide content, 
but even then there remains some calcium oxide to be ac­
counted for. With this point in mind Smith and Hendricks
(3) developed a method for the estimation of free calcium 
hydroxide in calcium arsenate. This method is based on the 
reaction of the free calcium hydroxide with an alcoholic 
solution of benzoic acid, which medium does not attack either 
calcium carbonate or tricalcium arsenate, and it was shown 
tha t quite accurate results could be obtained on known mix­
tures of tricalcium arsenate and calcium hydroxide.

Analyses

The present authors have applied this method to sixteen 
brands of recently manufactured commercial calcium arsenate 
tha t are being studied in relation to foliage injury in the hope 
tha t there might be a correlation between injury and degree 
of basicity. Complete detailed analyses were made, but 
all the results are not given here because they are too volumi­
nous. In  general they differ in no marked degree from those 
quoted by McDonnell, Smith, and Coad {2) for a group of 
products manufactured about 1921, showing that, as far as 
gross composition goes, commercial calcium arsenate has 
become a well-standardized product.

The average values obtained in the analyses of these 
materials are shown in Table I. I t  is seen that the total 
AS2O5 ranges only from 40.3 to 44.4 per cent, with an average 
of 42.4 per cent. If, as is frequently the case, this were the 
only determination made (aside from water-soluble arsenic), 
a  false idea of the similarity of various brands might be ob­
tained. The total CaO has a somewhat wider range, and 
very marked differences are seen in the figures for calcium 
carbonate and calcium hydroxide, the former ranging be­
tween 1.2 and 11.7 per cent with an average of 6.4 per cent, 
the latter from 1.5 to 12.7 per cent with an average of 6.6 
per cent. A close inspection of the individual figures for 
calcium carbonate and calcium hydroxide (not given here) 
will show that they are somewhat complementary to each 
other, which merely reflects the fact tha t one is formed at 
the expense of the other when carbon dioxide is absorbed from 
the air during storage.

T a b le  I— A verage A n a ly se s  o f S ix te e n  C o m m e rc ia l  C a lc iu m  A rs e n a te s
Maximum Minimum Average

% % %
M oisture 3 .22 0 .74 1.94
Insoluble in HC1 0.97 0 .27 0 .5 7
Loss on ignition 12.72 6 .94 9 .3
T o ta l CaO 47.70 40 .42 43.91
CaCOj 11.73 1.21 6 .3 7
Ca(OH)a 12.66 1.52 6 .63
CaO as arsenate 40.59 31.49 35.34
R 2O3 1.14 0 .22 0 .3 9
MgO 1.14 0 .1 3 0 .5 2
PbO 2.49 None
T o ta l AsjOs 44.39 40 .32 42*. 42
AsiOj 0.52 Trace 0 .1 8
SOa 0 .7 8 Trace
Cl 0 .39 Trace
NaOs 1.81 Trace
W ater-soluble AsjO 2.37 0.06

Little need be said concerning the minor impurities, most 
of which are to be expected from the nature of the raw ma­
terials used. The presence of lead in a few samples is probably 
due to the use of the same machinery for the manufacture 
of both lead arsenate and calcium arsenate. The high content 
of nitrogen pentoxide in three of the samples is rather sur­
prising, but the presence of this impurity is probably ex­
plained by the failure to remove from the arsenic acid all 
the nitric acid used in its preparation. Some of these con­

stituents were not determined in all the samples, which 
explains the absence of an average value in the table.

M olecular Q uo tien ts

The principal interest for our present consideration attaches 
to the values given in Table I I  for “molecular quotient.” 
These figures were obtained as follows: I t  was assumed that 
the smaller impurities could be neglected, which is partly 
justified by the fact tha t the acidic and basic ones tend to 
offset each other; the percentages of CaO equivalent to 
both the calcium carbonate and the calcium hydroxide present 
were then subtracted from the total CaO, the remainders 
converted to mols, and these figures divided by the mols of 
As2Os to which the percentages of that component are equiva­
lent. A quotient of 3.0 thus obtained represents tricalcium 
arsenate, one below 3.0 an acid compound, and one above 
3.0 a basic component. I t  will be seen tha t all but one of 
the figures are higher than 3.0; in other words, fifteen samples 
show evidence of containing some basic compound.

T a b le  I I — B a s ic ity  o f C o m m e rc ia l  C a lc iu m  A rs e n a te
Molecular Quotient Molecular Quotient

Sample C aO /A sjO j Sample C aO / As;
1 4 .1 8 3 .3
2 3 .4 9 3 .7
3 3 .4 10 3 .4
4 3 .6 11 3 .7
5 3 .3 12 3 .6
6 3 .3 13 3 .2
7 3 .2 14 3 .1

15 3 .0
16 3 .4

M ax im u m .............................................  4 .1
M in im u m ..............................................  3 .0
A verage..................................................  3 .4

I t  is quite impossible to determine from these figures just 
what basic compound is present. Several of the figures 
approximate closely the value 3.33, which would be char­
acteristic of the compound 3Ca3(Asp4)j.Ca(OH)2 reported by 
Tartar, Wood, and Iliner, but since nearly half are appreci­
ably higher the evidence for its existence is not very con­
clusive. Since no value is less than 3.0 and only one slightly 
above 4.0, perhaps the best guess is tha t these samples consist 
of mixtures of 3Ca0.As20 5 and 4Ca0.As20 5. The latter, as 
said before, was also suggested by some of the senior author’s 
earlier work.

I t  is thus demonstrated tha t the arsenic in commercial 
calcium arsenate practically never exists solely as tricalcium 
arsenate, but th a t a considerable portion, and perhaps in 
some cases all of it, is present in the form of a basic arsenate 
of undetermined composition. I t  is quite possible tha t the 
nature of the basic compound might be more fully revealed 
by similar work on laboratory samples made from pure 
constituents under controlled conditions.

S um m ary  and  C onclnsions

Sixteen brands of recently manufactured calcium arsenate 
were analyzed in detail, the results tabulated, and the average 
composition of this important agricultural insecticide thus 
revealed. The presence of a basic arsenate of undetermined 
composition is definitely established. The average product 
contains 80 to 85 per cent of what is probably a mixture of 
tricalcium arsenate and this basic arsenate, together with 
about 6.5 per cent each of calcium hydroxide and calcium 
carbonate and small amounts of incidental impurities. The 
individual products may, however, differ rather widely from 
these average figures.
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Technic of Stream-Pollution Investigations’
F. W. M ohlm an, T. L. H errick, and  H. Gladys Swope 

Tub Sanitary District op Chicago, 815 Wabash Ayr., Chicago, I I I .

EXTENSIVE studies of the pollution of the Illinois 
River have been made by the Sanitary District of 
Chicago prior to and since the opening of the Drainage 

Canal in 1900. A survey was made by the U. S. Public 
Health Service in 1921 and 1922 (1), and the data collected 
were used by the Engineering Board of Review of the Sani­
tary District of Chicago as a basis for extensive calculations 
concerning the present and future dilution requirements 
of this river. The Board of Review recommended that 
further and more extensive studies be made. These studies 
were started in 1925 and are still in progress. Attention 
has been directed primarily to a study of the oxygen balance 
as measured by the relation of dissolved oxygen and bio­
chemical oxygen demand. In  the course of the studies 
many points of special interest have been investigated and 
improvements in the technic of sampling, analysis, and com­
pilation have been made. I t  is the writers’ intention, there­
fore, not to present any summarized average results showing 
conditions from month to month or year to year, but rather 
to select topics of more general interest, the discussion of 
which will be applicable to similar investigations of other 
streams. This discussion may serve to draw attention to 
certain factors which may have been overlooked in other 
investigations and, furthermore, the technic that has been 
adopted may be of some general interest.

luted stream an hourly variation in concentration may occur 
similar to the well-known variation in concentration of sewage 
throughout the 24 hours. In the lower reaches of the same 
stream the same, if not greater, variation may be found 
in the dissolved-oxygen content due to the presence of green 
and blue-green algae which give off large amounts of oxygen 
in the presence of sunlight.

The great width of streams as compared with sewers and 
conduits makes it necessary to consider the advisability of 
taking samples a t various points across the stream. The 
sampler then has to decide whether to take top samples 
or bottom samples, a single sample in the channel, or three 
or more samples across the stream. After selecting the 
proper sampling location he must decide whether the hourly 
variation is large enough to require more than one sample 
during the 24 hours. The writers have found it necessary 
to take more samples than one per day in order to obtain a 
true picture of the oxygen conditions of the Illinois River, 
although this may not be necessary in other streams.

In selecting the sampling points a cross-sectional survey 
has been made a t practically all of the stations similar to 
the one reported here for Wesley City, just below Peoria. 
Current-meter tests were made at various points across the 
stream and samples were taken a t the same points. These 
samples were analyzed for dissolved oxygen and biochemical

With the exception of the studies made by the U. S. Public 
Health Service and the Engineering Board of Review, stream 
pollution surveys are usually of a somewhat qualitative 
nature, consisting of chemical, biological, and hydraulic 
observations which show the condition of a river at various 
points, but which are not complete enough to serve as a 
basis for computation of oxygen balance, dilution ratios, 
or re-aeration coefficients. Since facilities were available 
for making a complete study of oxygen relations by use of 
a large number of samplers, the writers have been enabled 
to obtain hourly samples of dissolved oxygen at sixteen 
stations for a period of a year or more and a t ten stations 
for the last five years.

Sam pling
The sampling of a large river presents more difficulties 

than the sampling of sewage or effluents. In a highly pol-
1 R eceived N ovem ber 20, 1930. P resented  before th e  Division of 

W ater, Sewage, and  S an ita tio n  C hem istry  a t  th e  80th M eeting  of the 
A m erican C hem ical Society, C incinnati, Ohio, Septem ber 8 to  12, 1930.

oxygen demand and weighted averages were computed in 
order to determine the proper location of a single sampling 
point. The results of this survey a t Wesley City are shown 
in Figure 1. I t  will be noted tha t there would be an ap­
preciable error a t this location if a sample were taken at 
three points across the stream and averaged. Likewise it 
was necessary to take a weighted rather than a straight 
average, as shown in Table I . The gagings h ave been checked 
several times and, while there is some change between low 
and high water, the actual distance the point has had to be 
moved has not been great.

With regard to surface and bottom sampling, there may be 
more danger in this procedure than value. Unless the exact 
depth is known, the sampling can may approach too closely 
the beds of sludge deposits which are known to occur in the 
Illinois River. A deep sample will show a lower dissolved 
oxygen and higher biochemical oxygen demand than a sur­
face sample, but it is a question whether this represents the 
condition of the flowing stream or merely a local condition.
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If the samples are taken too close to the bottom a very low 
dissolved oxygen may be obtained a t practically all places 
where sludge deposits are known to exist.

T a b le  I— S tr e a m  S u rv ey  a t  W esley  C ity
Station

FROM W eighted
W est 5-D ay D issolved W eighted D issolved
Bank D ischarge B. 0 .  D. Oxygen B. O. D. Oxygen

C u ./t./sec . ’ P .  p. m. P. p. m.
1 285 3 1 .2 0.8 8892 228
2 585 19.7 2.8 11524 1638
3 702 9 .9 4 .9 0950 3440
4 1180 7 .8 5 .0 9204 5900
5 1928 5 .9 5 .9 11375 11380
6 1910 3 .4 6.6 6514 12640
7 2337 2.8 6.2 6544 14500
8 2234 2.1 6.8 4691 15180
9 1241 2 .5 7 .0 3103 8678

10 682 2.2 6 .4 1500 4360
11 341 2.0 0 .7 682 2285

T o ta l 13431 8 9 .5 59.1 70979 80229
Average 8 .14 5 .3 7 5 .2 8  p. p. :m. 5 .9 7  p. p. xn.

H ourly V ariations

The extent of hourly variations a t Lockport is shown in 
Figure 2. These results indicate the magnitude of varia­
tion in the upper highly polluted part of the river. The 
U. S. Public Health Service (1) attempted to correct results 
of a single daily determination for the hourly variation in 
concentration and flow. For the past several years the 
hourly variation in flow has not been nearly so great as in 
1921 and 1922, bu t the variation in dissolved oxygen and
B. 0 . D. has been large a t certain periods of the year. In 
addition to the hourly variation a t Lockport, a very marked 
daily variation has been noted throughout the week, with 
particularly low results each Monday, following the Sunday 
shutdown of industries in Chicago. The plotted daily re­
sults obtained a t Lockport through 1928 are shown in 
Figure 3. The weekly variation caused by industrial wastes is 
shown by the results for dissolved oxygen and B. 0 . D. The 
rapid drop in dissolved oxygen in the early spring is note­
worthy, likewise the slow increase during the fall. In  other 
polluted streams it  is probable th a t this rapid decrease in 
dissolved oxygen occurs a t the onset of warm weather. This 
effect is accelerated by the increased activity in sludge de­
posits following their dormant condition through the winter 
months.

The hourly variation in dissolved oxygen due to photo­
synthesis occurs in the lower reaches of the upper Illinois 
River, between Chillicothe and Peoria, where the river widens 
out to form Lake Peoria. This phenomenon is by no means 
new, but was studied and reported by Professor Palmer in 
his classic studies of the Illinois River prior to and following 
the opening of the Drainage Canal in 1900. Typical results 
for two days in midsummer of 1927 a t Averyville are shown 
in Figure 4. The difference between a sunny day and a 
cloudy day is quite marked.

The examples given above indicate tha t one m ust be 
very cautious in accepting a single daily sample a t a sampling 
station as representing the average conditions a t th a t point 
in the Illinois River. The differences are usually not great 
enough to warrant discarding analyses of single samples, 
particularly when they are reenforced by biological obser­
vations and field investigations, but the large differences 
found a t times from hour to hour make it  advisable to recom­
mend th a t such hourly variations be studied in all surveys 
of stream pollution. In our control of large sewage treat­
ment works we would be unlikely to give much weight to 
analyses of a single catch sample. The collection of com­
posite samples is of fundamental importance in sewage sam­
pling. Composite samples may frequently be of equal neces­
sity in stream surveys.

Biochem ical Oxygen D em and

The 5-day 20° C. B. O. D. test was used throughout these 
studies, but it  was early recognized tha t it would be necessary 
to obtain information for rates of B. 0 . D. on longer periods 
of incubation. In a previous publication (S) it was shown 
that, for Illinois River samples, no constant relation existed 
between the 5-day demand and either the complete first- 
stage demand or in fact any longer period of incubation. 
The 5-day demand may, as it were, be “lifted” off the B. 0 . D. 
curve a t almost any stage of oxidation; consequently, it  is 
unsafe to use any fixed factor for calculation of longer or 
shorter periods of incubation. With this precaution in mind 
for several years weekly tests have been made a t each sam­
pling station of rates of B. 0 . D. with incubation a t 20° C. 
from 1 to 40 days. These curves indicate the degree of oxi­
dation according to the point of inflection between the first 
and second stages. This occurs after 12 to 14 days a t 20° C. 
with freshly polluted water; increasing stabilization may 
be noted by the shortening of the first stage. Entrance of 
fresh pollution again extends the transitional period between 
the first and second stages. For example, the average of 
weekly 40-day demands extending over a year are sh o w  
for Averyville and Pekin in Figure 5. The transition occurs 
after 5 or 6 days above Peoria, but the influx of fresh pollu­
tion brings this up to 7 or 8 days a t Pekin. The writers

F ig u r e  2—H o u r ly  V a r ia t io n s  i n  D isso lved  
O xygen  a n d  O xygen  D e m a n d ,  L o c k p o r t

have records far downstream which indicate tha t for samples 
far distant from fresh pollution the rates of B. 0 . D. may 
approximate a straight line or the curve appears to be in 
the second stage, th a t of nitrogen oxidation. Curves at 
Chillicothe for summer and winter conditions are shown in 
Figure 6. The first stage is extended to 12 days in winter 
owing to the slower rate of oxidation, while in summer the 
more rapid oxidation shortens it to 5 days.

While the information with regard to long-time rates of
B. 0 . D. has been considerably extended, it is still some­
what difficult to use these curves in a precise mathematical 
relationship. With more knowledge concerning the exact 
'state of oxidation of the organic matter, it might be possible 
to use these curves with more confidence. The writers 
believe, however, tha t it  is necessary to go beyond a mere 
consideration of the 5-day demand in studies of stream pol­
lution.
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Effect of Sludge D eposits

The solids from untreated or partially treated sewage that 
accumulate in a stream settle to the bottom, there to form 
sludge deposits of more or less thickness and greater or less 
putrescibility. These sludge deposits are probably of more 
importance with regard to conditions of nuisance in polluted 
streams than any other single factor. The Engineering 
Board of Review found tha t their effect on the oxygen con­
tent of the Illinois River was of greater importance than the

sludge throughout the flowing river by ebullition of gas. 
As long as the sludge remains quiescent on the bottom of 
the river it  probably has no great demand for oxygen, but 
as soon as the solids are carried up by discharge of gas a 
very rapid demand for oxygen occurs.

A few simple laboratory experiments to illustrate these 
facts have been made by C. L. Adams in the Joliet laboratory. 
Samples of sludge from the Drainage Canal were quietly 
introduced through a pipet over the bottom of 8-ounce 
bottles which had been filled with oxygen-containing water. 
In the first experiment 10 cc. of sludge were placed in one 
bottle and 25 cc. in the other. After standing quietly at 
20° C. for 2 hours the oxygen content of the supernatant 
water was determined. I t  was found that there was a loss 
of only 0.2 p. p. m. in both bottles; the loss was no greater 
with 25 cc. than with 10 cc., the surface area being the same

F ig u r e  4—E ffec t o f S u n l ig h t  o n  D isso lved  O xygen, 
A veryv ille , A u g u s t ,  1927

effect of the current discharge of sewage, practically all un­
treated. During July and August, 1922, sludge deposits be­
tween Chicago and Cliillicothe consumed 1,270,000 pounds 
of oxygen per 24 hours, while the current flow of sewage 
consumed only 741,000 pounds per 24 hours. The study 
of sludge deposits is therefore one of the most important re­
quirements of a stream survey. These sludge deposits may 
be mapped, classified, and analyzed, but it is difficult to utilize 
the results in any satisfactory manner, because the relative 
importance of depth and area is not known. The writers’ 
observations indicate that the depth of the deposits is not 
very important, but that the factors of most importance 
are the area of the deposits and the rate of dispersion of solid

DAYS
F ig u re  5—A verage  R e s u l ts ,  Y e a r  1929, o f W eek ly  40 -D ay  B. O . D . 

D e te r m in a t io n s ,  A veryv ille  a n d  P e k in

in both cases. In two more bottles, however, which w'ere 
inverted every 15 minutes for the first half-hour and a t inter­
vals of 30 minutes thereafter, the sample containing 25 cc. 
of sludge had lost 6.5 p. p. m. wrhile the one containing 10 cc. 
had lost only 3.5 p. p. m. These results show the great 
difference between quiescent and dispersed sludge.
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Another test was made over a longer period of time. Each 
bottle received 25 cc. of sludge. One set was allowed to incu­
bate for 33 hours. The results are shown in Table II. The 
depletion of oxygen was very slow up until 22 hours. At 
some time between 22 and 33 hours, gas formed and carried 
a considerable quantity of sludge to the top. The depletion 
of oxygen was greatly increased by this dispersion, as shown 
by a loss of 3.6 p. p. m. from 22 to 33 hours, whereas only 
2.6 p. p. m. had been lost during the first 22 hours of incu­
bation, while the sludge remained quiescent on the bottom 
of the bottle. By way of comparison, one bottle under the 
same conditions as above was inverted once every half-hour. 
The oxygen was practically depleted in 3 hours, with only 
0.4 p. p. m. remaining.

T a b le  I I — C o n s u m p t io n  o f O xygen  b y  Q u ie s c e n t  S lu d g e
Dissolved 3 6 10 22
Oxygen Hours Hours Hours Hours

P . p. m. P. p. in. P . p. m. P . p. m.
In itia l 8 .4  8 .4  8 .4  8 .4
R em aining 8 .3  7 .5  6 .4  5 .8
Consum ed 0 .1  0 .9  2 .0  2 .6

° Sludge a t  top  of bo ttle .

33 3 Hours
Hours“ Mixed 
P . p. m. P . p. m.

8 .4  8 .4
2 .2  0 .4
6 .2  8 .0

I t  thus appears tha t the oxygen demand of sludge deposits 
is greatly intensified when the solids are gas-lifted. In  a 
practical way this phenomenon has been noted in the upper 
part of the Illinois River, with a falling barometer serving 
as the agent of dispersion. As the sludge lies quietly on the

for the summer of 1925. The barometer dropped suddenly 
from 29.7 to 28.43 from September 8 to 9,1925. The B. O. D. 
increased markedly and the dissolved oxygen dropped on 
the 9th a t Brandon’s Bridge, while a t Morris, 22y2 miles 
downstream, the marked increase in pollution occurred the 
next day.

A nalytical Procedures

In  order to round out the chemical investigations daily 
analyses have been made of the river water for nitrites, tu r­
bidity, and pH. The nitrite determination has been made 
primarily in order to determine when, if ever, it is neces­
sary to use the permanganate-oxalate modification of the 
Winkler method. The writers’ procedure has been to use 
this modification when the nitrite content exceeds 0.1 p. p. m., 
which occurs only rarely. The turbidity cannot well be 
measured in composite samples extending over a week or 
longer, and likewise the pH must be determined immediately. 
For sanitary chemical analysis 10-day composites have been 
shipped to the main laboratory in Chicago for complete 
analysis. While the results of these analyses are of interest, 
they have not been of any great value for purposes of com­
putation of stream conditions.
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bottom of the river it  is filled with gas and is under a deli­
cate equilibrium with respect to gravity. A rapidly falling 
barometer ■will permit the gas to expand, thus bringing large 
volumes of sludge to the surface. The results of such oc­
currences have been n oticed in sudden waves of gas attacks 
a t Morris, shortly below the polluted Lake Joliet in the 
upper part of the river . A typical example is shown in Figure 7

7.01
F ig u r e  8— A verage  M o n th ly  R e s u l ts ,  1929, o f p H  V a lu e  a t  V a rio u s  

I l l in o is  R iv e r  S a m p lin g  S t a t io n s

For a complete stream investigation it is desirable to have 
biological and bacteriological studies. With regard to the 
Illinois River, which is not used for drinking purposes through­
out its length, the latter studies are not of primary impor­
tance. Biological studies are, however, of considerable value. 
The writers have relied on the excellent biological studies 
that have been made for many years by the Illinois State 
Department of Natural History in cooperation with the 
Illinois State W ater Survey, and also there is information 
of great value in the biological studies made by W. C. Purdy, 
of the U. S. Public Health Service, during 1921 and 1922.

In studies of dilution water for B. 0 . D. determinations . 
some preliminary results obtained with synthetic dilution 
water consisting of distilled water to which has been added 
500 p. p. m. sodium bicarbonate have been reported in a 
former article (S). I t  was found necessary to develop such 
a synthetic water on account of the great variety of waters 
available in the cities where the branch laboratories of the 
Sanitary District were established. These tap waters were 
mostly from deep wells, some containing iron, others con­
taining comparatively large amounts of ammonia and ni­
trate nitrogen, and others containing a variable amount of 
organic m atter. In view of the excellent results with the 
sodium bicarbonate water this has been used for the past 
three or four years, a t first with 500 p. p. m. sodium bicar­
bonate and more recently with 300 p. p. m. The reduc­
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tion in concentration was made in order to obtain a less 
alkaline water. The pH of the 300 p. p. m. sodium bicar­
bonate was usually between 7.7 and 8.3. The results of 
approximately 1900 determinations of pH in the Illinois River 
laboratories of the Sanitary District of Chicago for 1929 are 
shown in Figure 8. These curves indicate that, with the 
exception of Loekport and Morris, the pH generally varied 
between 7.5 and 8.2. In view of this rather alkaline re­
action of the river water it has been concluded tha t the use 
of the sodium bicarbonate water is preferable to that of 
distilled or tap water. Proposed improvement of this syn­
thetic water has been discussed elsewhere (2). The selec­
tion of the dilution water for B. 0 . D. tests in stream-pollu- 
tion studies depends upon many local conditions, particu­
larly the suitability of the available tap water. Where such

waters vary or give high blanks or cannot be stabilized 
successfully, it  is our belief th a t synthetic water is preferable.

In the course of the work on the Illinois River various 
types of incubators have been studied. The general prac­
tice is to use an air-tempered incubator, but very good re­
sults have been obtained by G. R. Barnett a t the Peoria 
laboratory with a water bath thermostatically- controlled. 
The results indicate that such a water bath can be con­
trolled much more accurately than an air incubator of the 
type used by the writers and the cost of operation is less.
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Some Interrelationships of Plankton and Bacteria 
in N atural Purification of Polluted W ater1

C. T. Butterfield and W. C. Purdy

U. S. P ublic  H ealth  Sbrvicb , C in c in n a t i, Ohio

^ T ^ H E  abstraction of dis­
solved oxygen  from 
polluted water during 

the natural purification proc­
ess is a well-known phenome­
non. I t  is also well known 
that the amount of dissolved 
oxygen used up is definitely 
related to the amount of pol­
lution present. While these 
facts in regard to the natu­
ral purification of polluted 
water are definitely known, 
the mechanism by which the 
oxidation is accomplished is
only assumed. For instance, if a portion of polluted water is 
examined many bacteria and plankton are found. If all of 
these organisms are killed or removed from the water, oxida­
tion ceases. The part that each of these biological factors 
plays in the progress of events, together with their inter­
reactions, constitute the subject of this study.

Purdy and Butterfield (S), in their study on the effect of 
plankton animals upon bacterial death rates, showed quite 
clearly that certain of the protozoa are responsible for the 
destruction of large number of bacteria in the natural puri­
fication process. Unfortunately their bacteria and plankton 
results were not complemented with collateral data on the 
chemical changes produced.

In  the present work preliminary studies were made with 
heterogeneous combinations of bacteria and plankton. 
These studies, while instructive, presented too many vari­
ables to be of real value.

Further studies, with adequate control, were next under­
taken to determine oxygen depletion in a medium containing 
no living organisms; oxygen depletion when bacteria only are 
present, in pure culture and in mixed culture; oxygen de­
pletion when no bacteria, but plankton only, are present; and 
oxygen depletion when bacteria and plankton are both pres­
ent, in pure culture and in mixed culture.

1 R eceived Septem ber 20. 1930. Presented  before the  Division of 
W ater, Sewage, and  San ita tion  C hem istry  a t  the 80th  M eeting of the  Ameri­
can  Chem ical Society, C incinnati, Ohio, Septem ber 8 to 12, 1930.

Based on the results of a series of biological and 
chemical experiments, the theory is advanced that the 
chief function of certain plankton in the biochemical 
oxidation process is to keep the bacterial population 
reduced below the saturation point and thus to provide 
conditions suitable for continuous bacterial m ulti­
plication and as a result provide for more complete 
oxidation.

Support is given to this theory of the function of the 
plankton by the results obtained in experiments where 
the limiting numbers of bacteria were reduced by 
physical and by chemical means. Such reductions in 
bacterial numbers were invariably followed by renewed 
bacterial multiplication and oxidation.

A preceding paper (1) has 
described the p re p a ra t io n  
and characteristics of a simple 
re p ro d u c ib le  dextrose-pep- 
tone solution. Unless other­
wise stated, this standard 
m ed ium  was used in the 
studies here reported.

Oxygen Depletion in Ab­
sence of All Living 

Organisms

Suitable tests were made 
to determine the extent of 
oxygen  d e p le tio n  in the 

dilute medium: (a) in the absence of all biological forms, 
and (6) in the presence of dead cells of B. aerogenes. No 
appreciable oxygen depletions were observed in 10 days.

Oxygen Depletion in Presence of Bacteria Only

Studies were carried on with B. aerogenes and with bacteria 
other than B. aerogenes. All were in pure culture. The 
major portion of the work was done with B. aerogenes in.an 
attem pt to establish definitely the deoxidizing properties of 
this organism under standard conditions, so that, in turn, 
the effect and the function of the plankton, growing in pure 
culture and in combination with B. aerogenes, might also be 
definitely established.

With B. aerogenes, procedure was as follows: The dilute 
standard medium was prepared in 10-liter quantities, and 
sterilized. After cooling and vigorous agitation, the medium 
was inoculated with B. aerogenes. The temperature of the 
carboy of inoculated medium was next adjusted to approxi­
mately 20° C., the contents thoroughly mixed, then allowed 
to stand quiescent a few minutes to permit escape of en­
trained air. The inoculated medium was siphoned to sterile 
dissolved oxygen bottles with elaborate precautions to pre­
vent contamination.

The dissolved oxygen bottles filled in this procedure were 
numbered in consecutive order. Initial determinations were 
made of the bacterial and dissolved oxygen contents of some
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T i m e

E x p e r i m e n t

A v e r a g b
4 5 6 7 8 14 1 5 1 6 1 7

Days a — B . aerogenes p e r  c c .

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

8 5 .0 0 0
8 4 .0 0 0

7 5 3 ,0 0 0

1 2 ,7 0 0 ,0 0 0 1 1 ,4 0 0 ,0 0 0 5 ,0 0 0 ,0 0 0 6 ,6 5 0 ,0 0 0 6 ,7 0 0 ,0 0 0 5 .4 0 0 .0 0 0
5 .6 0 0 .0 0 0

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

6 .7 0 0 .0 0 0
7 .2 0 0 .0 0 0

4 .1 0 0 .0 0 0
4 .5 0 0 .0 0 0

6 ,1 3 0 ,0 0 0

2 6 ,2 0 0 ,0 0 0 1 2 ,3 0 0 ,0 0 0 7 ,8 0 0 ,0 0 0 6 ,3 5 0 ,0 0 0 7 ,5 0 0 ,0 0 0 5 ,9 0 0 ,0 0 0 ° 6 ,8 0 0 ,0 0 0
6 ,5 5 0 ,0 0 0

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

7 .4 0 0 .0 0 0
7 .2 0 0 .0 0 0

7 ,6 3 0 ,0 0 0

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

6 ,2 9 0 ,0 0 0 ° 8 ,8 0 0 ,0 0 0
6 ,7 0 0 ,0 0 0

7 .8 0 0 .0 0 0
7 .7 0 0 .0 0 0

7 ,6 0 0 ,0 0 0

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

9 ,1 0 0 ,0 0 0 7 ,1 6 0 ,0 0 0 ° 7 , 4 1 0 ,0 0 0

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

9 ,6 0 0 ,0 0 0 6 .4 5 0 .0 0 0
6 .7 0 0 .0 0 0

7 ,1 5 0 ,0 0 0

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

9 ,3 0 0 ,0 0 0 ° 8 ,9 0 0 ,0 0 0 7 ,4 3 0 ,0 0 0

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

10
1 5 6

5 ,8 0 0 ,0 0 0 1 0 ,8 0 0 ,0 0 0
7 ,6 5 0 ,0 0 0

5 .8 0 0 .0 0 0
4 .2 0 0 .0 0 0

6 .9 0 0 .0 0 0
4 . 1 5 0 . 0 0 0

6 ,8 0 0 ,0 0 0
4 ,3 5 0 ,0 0 0

4 .9 0 0 .0 0 0
4 .1 0 0 .0 0 0

6 .1 7 0 .0 0 0
6 .2 0 0 .0 0 0

7 .5 0 0 .0 0 0
6 .1 0 0 .0 0 0

7 ,0 0 0 ,0 0 0 6 ,8 5 0 ,0 0 0
5 ,2 5 0 ,0 0 0 6

B  O X Y G E N  L O S S

P. p .  m. P. p. in. P . p .  V I . P . p . in. P . p .  m. P . p .  V I . P . p .  m. P . p. in. P . p .  V I . P . p .  V I .

1 1.96 2 .3 3 2 .57 2 .4 9 2 .0 6 2 .0 5 2 .8 3 2 .23 2 .2 4
1.92 1.88 2 .06 2 .0 9

2 3 .07 2 .8 3 2 .5 0 2 .7 5 2 .4 4 2 .4 8 ° 3 .12 3 .17 3 .3 0 2 .77
2 .2 8 2 .63 3 .3 0

3 2 .6 3 2 .9 4 2 .5 8 2 .61 2 .5 4 3.01 2 .5 6 ° 2 .69 3 .3 5  • 2 .75
2 .94 2 .47 3 .3 6

4 2.76 3 .0 8 ° 2 .5 0 2.91 2 .7 4 2 .9 5 2 .44 2.64 3 .4 5 ° 2 .83
2 .37

5 2 .79 3 .23 2 .56 3 .1 3 3 .69 3 .1 3 2 .4 5 3.01 3 .5 8 3 .0 5
2 .3 0 3 .5 0

6 2.81 3 .64 2 .89 3 .2 0 2 .5 3 3 .1 7 ° 2 .47 2 .9 0 ° 3 .6 3 3 .0 2
2 .37

7 2 .8 0 3 .21 2 .5 5 2 .8 6 3 .17 3.21 2 .3 0 2 .79 3 .69 2 .9 5
8 2 .6 0 2 .8 0 2 .5 6 2 .8 9 3 .03 3 .23 2 .94 3 .04 3 .67 2 .97

10 3 .07 2 .89 2.66 3 .64 3.41 3 .08 3 .02 3 .0 0 3 .7 0 3 .16
156 3 .01 3 .32 3 .4 8 2 .3 2 3 .37 2 .86 4 .0 0 3.196

° C alculated  figure; m ean of preceding and  following results. 
6 Includes results ob tained  a t 13 to  16 days.

T a b le  II-—C o lp id iu m  C o u n ts  a n d  O xyften D e p le t io n s  O b se rv ed  in  
D e x tro s e -P e p to n e  S o lu t io n s  In o c u la te d  w i th  C o lp id iu m  In  P u re  

B a c te r ia -F re e  C u l tu r e

Time op 
Incubation

Concentration 
op Dextrose 
and Peptone

Colpidium 
per cc.

Oxygen
Depletion

Days M g. per liter Cubic standard, units P. p. in.
5 5 0 0 0 1 0 ,3 5 0 3 . 1 7
5 5 0 0 9 0 6 1 . 0 1

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

T a b le  I I I— C o lp id iu m  C o u n ts  a n d  O xygen  D e p le t io n s  O b se rv ed  In  a  
S o lu t io n  C o n ta in in g  5000 m g . o f  D e x tro se  a n d  o f P e p to n e  p e r  L i te r  

In o c u la te d  w ith  a  P u r e  C u l tu r e  o f C o lp id iu m

Time
Oxygen

Depletion

Colpidium per cc.

Cubic 
Ind i- s tan d ard  

v iduals  un its

Bacteria 
per cc.

Days
0

P . P. m.
3 6 None

1 *7'.0 4 9 N one
2 9 .5 13 26 N one
4 9 .0 S3 224 N one
5 9 .2 190 570 N one
7 11.8 755 2,643 None
8 11.5 1,410 5,076 N one
9 13.5 2,730 12,285 N one

11 34 .0 6,230 23,674 N one
12 57 .0 8,300 29,880 N one
13 78 .7 10,280 39,064 N one
14 95 .4 32,260 47,814 N one
15 130.5 14,000 67,200 N one
16 148.3 15,000 72,000 N one
18 175.7 12,700 50,800 N one
19 190.9 13,650 54,600 N one
21 226.4 14,150 62,260 N one
23 244 .8 15,600 67,080 N one
25 265.4 14,200 55,380 N one
27 297.5 13,750 59,125 N one

of the first and the last bottles filled. No appreciable differ­
ences in the results of these initial analyses were observed a t 
any time. All bottles were incubated a t 20° C. Examina­
tions were made a t  appropriate time intervals thereafter to 
determine the num ber of B . aerogenes per cubic centimeter, the 
residual dissolved oxygen content, and any extraneous bac­

teria or plankton tha t might have gained entrance to the 
bottles. In these subsequent examinations two or more 
bottles were usually analyzed a t each period. The results 
secured from duplicate bottles were always in good agreement.

The results obtained from nine such experiments are pre­
sented in Table I. The A and B sections of the table contain 
the bacteriological and chemical results, respectively.

The results obtained in this series of experiments are in 
good agreement and permit the following deductions: (1) 
The medium, when inoculated with B. aerogenes, seems to 
favor their growth and the total count increased rapidly to a 
limiting figure which is fairly constant and is reached by 48 
hours. After the limiting number has been reached, growth 
of the bacteria appears to cease. (2) This maximum count 
is sustained for several days. (3) While the bacteria were in 
a state of active multiplication, oxygen was absorbed a t a 
rapid rate. (4) This absorption of oxygen practically ceased 
after the limiting number of bacteria had been reached al­
though the living bacterial population remained quite, high 
(ten million cells per cubic centimeter in some experiments). 
This makes it necessary to conclude that, a t least under the 
conditions of these experiments, the oxygen requirements of 
resting bacterial cells are negligibly small (less than 0.01 part 
per million of oxygen daily per million bacteria). In  a like 
manner the deduction that biochemical oxidation is effected 
only by growing cells is apparently warranted.

Similar experiments were conducted with three other 
species of bacteria in pure culture and with various combina­
tions of mixed cultures of bacteria free from plankton. The 
results obtained with B. aerogenes in pure culture and with the 
most heterogeneous mixture of bacteria free from plankton 
are presented in the lower two curves of Figure I II . The re­
sults with other pure cultures and with other mixed cultures 
were essentially the same as those obtained with B. aerogenes. 
The only difference noted was that during the first 3 or 4 days 
the amount of oxygen absorbed by mixed cultures was 
greater than with pure cultures.
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T a b le  IV— B a c te r ia  a n d  C o lp id iu m  C o u n ts  a n d  O xygen  D e p le t io n s  O b se rv ed  in  D ilu te  D e x tro s e -P e p to n e  S o lu t io n s  In o c u la te d  w ith
B. a e ro ß e n e s  a n d  C o lp id iu m  in  P u r e  C u l tu re

E x p e r i m e n t
T i m e A v e r a g e

5 6 7 8 15 16 17 23A 23B 23C

D ays A— D. aerogtnes p e r  c c .

0 4,300,000 92,000 240,000 1,030,000 622,000 422,000 90,000 350,000 350,000 350,000 781,000
359,000 75,000

1 15,000,000 4,900,000 6,800,000 6,100,000 6,700,000 7,750,000 4,250,000 6,800,000 6,400,000 5,100,000 6,940,000
9,650,000 0,200,000 6,400,000 7,000,000 6,900,000 8,800,000 5,700,000 6,100,000 6,900,000 5,300,000

2 1,080,000 6,250,000 6,150,000 4,500,000 4,800,000 9,200,000 6,600,000 6,500,000 5,900,000 6,200,000 6,050,000
2,080,000 6,700,000 7,350,000 3,760,000 6,900,000 10,100,000 6,900,000 7,400,000 6,800,000 5,900,000

3 650,000 5,900,000 5,700,000 270,000 5,850,000° 8,700,000 10,700,000 670,000 4,200,000 4,650,000 4,522,000
350,000 5,700,000 4,800,000 220,000 9,200,000 8,300,000 520,000 2,500,000 5,700,000

4 565,000° 5,400,000 4,500,000 365,000 6,200,000 5,700,000 5,120,000° 190,000 260,000 6,500,000 3,170,000
3,750,000 3,280,000 354,000 5,500,000 130,000 90,000 4,100,000

5 570,000 730,000 590,000 340,000 3,520,000 5,700,000 890,000 132,000° 160,000° 2,S80,000° 1,640,000
690,000 2,450,000 700,000 315,000 3,640,000 585,000

6 845,000 780,000 1,210,000 500,000 870,000 5,000,000° 1,280,000 159,000 176,000 480,000 1,060,000
805,000° 370,000 1,140,000 350,000 420,000 48,000 115,000 420,000

660,000
7 480,000 380,000 1,380,000 194,000 560,000 4,300,000 760,000 238,000 149,000 690,000 873,000

219,000 415,000 795,000 266,000 720,000 238,000 247,000 390,000
8 635,000 475,000 485,000 175,000 980,000 3,600,000 680,000 47,000 129,000 530,000 793,000

570,000 660,000 865,000 210,000 39,000 41,000 470,000
106 450,000 810,000 930,000 331,000 700,000 2,770,000 520,000 218,000 340,000 339,090 705,0006

510,000 490,000 347,000
15« 366,000 372,000 476.000 237,000 S05.000 2,100,000 63,500 158,000 330,000 545,000«

n— COLPIDIU M  PE R  CC. IN  CU BIC STANDARD U N ITS

0 7 .0 10 .0 10.0 10.0 40 6 5 0 .5 1 2 9 .2
1 71 .0 6 .0 4 .0 14.0 0 0 7 7 1 12.4

0 0 4 12 0
2 443 .0 9 .0 22 .3 423.0 3 8 24 36 30 6 8 108.7

8 16 33 104 48
3 804.0 4 8 .0 156.0 720 .0 78° 158 220 3367 320 320 511.8

65 380 1116 472 204
4 404 .0° 93 .0 456 .0 102.0 164 360 700° 1120 1410 660 538.2

438 .0 440.0 72 .0 144 830 1485 420
3 3 .0 459 .0 456 .0 9 2 .0 304 685 960 817° 944° 560° 535 .0

414 .0 552 .0 51 .0 152 1242
■6 7 .5 240 .0 512.0 498 .0 290 461° 384 762 382 614 358 .8

56 .0 288 .0 9 .0 214 556 500 548
7 48 .0 12.0 176.0 344 .0 10 237 56 66 176 424 149.6

6 .0 204 .0 8 .0 8 268 216 392
8 37 .0 15.0 12.0 64 .0 8° 248 108 102 24 98 83 .0

22 .0 20 .0 54 .0 294 50 124
106 19 .0 6 .0 12.0 6 .0 5 191 0 . 27 30 26 33.16

2 7 .0 12.0 4 .0
15« 7 4 .0 19.0 51 .0 6 .0 1 85 15 4 15 30.0«

c — OXYGEN LOSS IN

P. p. m. P . p. m. P . p. m. P . p. m. P . P. m P . p. m. P . p. m. P . p. m. P .  p. m. P . P. m. P . p. m.
1 2 .37 2 .64 2.32 2.80 2.77 2 .24 2 .19 2 .27 2.42

2 .40 2 .53 2 .79 2 .21 2 .27 2 .0 3
2 3 .9 5 2 .82 2 .60 2 .67 3 .78 4 .22 2 .40 2 .68 3 .6 7 3 .1 5

2 .Ś9 3 .04 4.33 2 .40 2 .67 3 .2 7
3 4 .32 2 .69 2.63 3 .40 2 .84° 3 .89 5.11 4 .14 3 .7 8 4 .31 3 .7 6

3.79 5 .64 4.11 4 .2 0 4 .4 7
4 4 .4 8 ° 3 .13 2 .88 3 .3 5 4 .29 6 .54° 5 .54 5.11 4 .83 4 .3 3

3 .17 2 .83 3 .54 2 ^ 7 8 5.46 5 .48 5.12
5 4 .65 4 .9 9 3 .27 3 .48 4 .77 7 .64 5 .8 9 ° 5 .7 8 ° 5 .5 6 ° 4 .8 5

3 .21 3 .53 3 .66 3 .1 0 7 .79
6 4 .47 3 .54 3 .3 0 5.51 5 .3 4 ° 7 .69 6 .29 6 .09 5 .85 5 .24

4 .5 0 4 .9 3 3 .82 3 .4 0 6 .27 6 .44 6.44
3.51

7 4 .5 2 3 .3 8 3 .16 5 .32 3 .50 5 .90 8 .4 8 6 .50 6 .63 6.41 5 .38
3 .38 3 .69 3 .5 9 7 .05 6 .84 6.82

S 5 .05 3 .43 4 .0 5 4 .9 9 3 .7 6 6 .24 8 .39 7 .57 6.61 6.81 5 .74
5 .04 3 .7 8 5.21 6 .90 6 .84 6 .63

106 4 .5 8 3.19 3 .54 3 .62 3 .56 6 .91 8.40 6 .9 8 7 .32 7 .44 5.596
3 .90 3.69

15« 5 .02 3 .89 3 .1 3 5 .08 3 .88 7 .47 8 .52 7 .25 6 .93 7 .14 5.89«

° C alculated  figure mean of preceding and  following results. 
6 Includes resu lts  of 0 th  to  11th days.
« Includes results of 13th to  16th days.

Thus these four significant facts regarding bacterial 
growth and oxygen demand in the absence of plankton have 
been established for certain bacteria growing in pure culture 
and also in fairly heterogeneous mixtures. In  this connection 
it might be noted tha t in a few experiments the bacterial 
counts and oxygen depletions have been followed for 30 to 
40 days without observing any marked change in the existing 
conditions.

Oxygen D epletion in  Presence of P lan k to n  Only

The isolation of certain kinds of plankton is a fairly easy 
procedure. The freeing of individual organisms even from 
bacteria can be accomplished. Then comes the real problem 
of finding a suitable medium in which the bacteria-free plank­
ton will live and multiply. Numerous attempts on our part 
to accomplish this final result have failed, but very recent

work not included within the scope of this paper has ap­
parently been successful. The one plankton organism 
available to us in pure culture, bacteria-free, was the ciliate 
colpidium.2

I t  was found by numerous trials that colpidium would live 
and multiply, in the absence of bacteria (although it will not 
live in the dilute medium, unless bacteria are present also), 
if placed in a concentrated medium containing 500 mg. or 
more each of dextrose and peptone per liter. Four pre­
liminary experiments to determine the amount of oxidation in 
these colpidium-only set-ups gave the results presented in 
Table II.

The experiments were repeated, using a concentration of 
5000 mg. of dextrose and of peptone per liter. Frequent 
examinations were made for 27 days to determine the col-

1 T hrough th e  skill an d  kindness of M . A. B arber, U. S. Public 
H ealth  Service.
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T/M C /NDAY'S
F ig u re  I— B a c te r ia  a n d  C o lp id iu m  C o u n ts  in  D ilu te  D e x tro s c -P e p to n e  S o lu t io n  

In o c u la te d  w i th  (1) B . aero g en es  in  P u r e  C u l tu r e  a n d  (2) B . a ero g en es  a n d  C o lp i­
d iu m  G ro w in g  T o g e th e r  in  P u r e  C u l tu re .  A verage  o f 10 E x p e r im e n ts

F ig u re  I I — O xygen  D e p le t io n s  O b serv ed  in  D ilu te  D e x tro s e -P e p to n e  S o lu t io n  I n ­
o c u la te d  w ith  (1) B . aero g en es  in  P u r e  C u l tu r e  a n d  (2) B . a e ro g en es  a n d  C o lp i­
d iu m  E a c h  in  P u re  C u l tu re .  A verage  o f 10 E x p e r im e n ts

pidium content, the oxygen depletion, and the absence of 
bacterial contamination, •with results presented in Table III.

Colpidium growth reached its maximum about the 16th 
day, at which time oxygen depletion was 148.3 parts per 
million. This high content of colpidium remained nearly 
stationary up to the 27th day, and during this interval 
oxygen depletion slowly increased to 297.5 parts per million.

A portion of this medium in which colpidium had been 
growing for 27 days was now inoculated with river water, thus 
introducing bacteria and some few plankton. In  5 days an 
additional oxygen depletion of 6880 parts per million was 
observed, and 8350 parts per million in 10 days, a very 
large increase over tha t observed when colpidium only wTere 
present.

Oxygen D epletion in  Presence of B oth  B acteria and 
P lan k to n

E a c h  i n  T u b e  C u l t  c m ; — S in c e  t h e  d e o x id iz in g  e f fe c ts  o f  

B. aerogenes a n d  o f  t h e  p la n k t o n  o r g a n is m  c o lp id iu m  w e re  

s tu d ie d  w h e n  e a c h  o r g a n is m  w a s  g r o w n  i n  p u r e  c u l t u r e ,  th e s e  

t w o  o r g a n is m s  w e r e  n o w  c o m b in e d  i n  p u r e  c u l t u r e ,  a n d ,  w i t h  

t h e  s a m e  t e c h n  ic  a n d  m e d iu m  as  w e re  e m p lo y e d  i n  th e  

p r e c e d in g  e x p e r  im e n t s ,  f u r t h e r  s t u d y  w a s  m a d e  o f  t h e  o x y ­

g e n  d e p le t io n  a n d  r e la te d  p h e n o m e n a  o f  t h e  c o m b in e d  c u l­

tu r e s .
Usually two exactly duplicate portions of the standard

dilute medium were inoculated with the same 
amount of bacterial suspension, one portion be­
ing also seeded with a definite amount of ac­
tive colpidium culture. In  order tha t no ques­
tion might arise as to the exact duplication of 
the oxidizable material present in the two series, 
a similar amount of the colpidium culture was 
killed by heat and added to the portion of cul­
ture containing bacteria only. Thereafter each 
of the two portions was thoroughly mixed and 
distributed to sterile dissolved oxygen bottles 
for subsequent study a t regular intervals, not­
ing the content per cubic centimeter of B. aero­
genes and of colpidium, the extent of oxygen de­
pletion, and the possible presence of organisms 
other than those introduced.

The results of ten such experiments are pre­
sented in Table IV. These results seem to war­
rant the following deductions;

Vol. 23, No. 2

(1) In the bacteria-plus-colpidium cultures the 
bacteria increase very rapidly to . a limiting figure 
(about 7 millions) in 24 hours, then decrease.

(2) The colpidium increase slowly, requiring 3 
to 6 days to reach the maximum. The incidence 
of the colpidium increase is apparently influenced 
by the initial bacterial density.

(3) Coincident with or immediately following 
the increase of the colpidium, the observed bac­
terial count begins to decrease. By the time the 
colpidium have reached their limiting number the 
bacteria have been reduced about one-half and there­
after both the bacteria and the colpidium decrease.

(4) The absorption of oxygen proceeds at a rapid 
rate while the bacteria are in an observed state of 
active increase.

(5) In the bacteria-only series the absorption of 
oxygen practically ceases when the limiting number 
of bacteria has been reached.

(6) In the bacteria-plus-colpidium series the ab­
sorption of oxygen continues after the limiting num­
ber of bacteria has been readied and also after 
the limiting volume of plankton (colpidium) was 
observed.

The relationships of these results are indicated 
by Figures I  and II.

If biochemical oxidation be effected only by growing cells, 
i t  is necessary to conclude tha t actual multiplication of the 
bacteria occurred continuously in these experiments although 
the[apparent bacterial content was continuously decreasing.

Since colpidium fail to grow in a very dilute medium which 
contains no bacteria, bu t grow well in this same medium when 
bacteria are present, and since marked decrease in this bac­
terial content coincides with the increase of the colpidium, 
it seems reasonable to conclude tha t the bacteria, by absorb­
ing the dilute food and thus concentrating it in their own 
bodies, become a sufficient food in themselves to stimulate 
colpidium growth. The bacteria are thus “concentrators” 
or “condensers” of the dilute food material, and under such 
conditions the colpidium feed chiefly on bacterial cells.

Under existing conditions, the colpidium were apparently 
responsible for the marked decrease in bacterial numbers in 
the bacteria-plus-plankton series. Earlier studies by Purdy 
and Butterfield (3), who found tha t certain plankton forms 
feed largely on bacteria, support the above assumption.

On the basis of these considerations the function of the 
plankton in the biochemical oxidation process is to maintain 
the bacterial population below its limiting value. As a result 
it may be said tha t compensatory bacterial multiplication is 
stimulated and a continuation of the oxidation phenomenon 
is obtained. Since the limiting number of organisms de­
creases with the food supply, the actual numbers of B.
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aerogenes and colpidium in these experiments de­
creased as the residual food supply was continuously 
lessened by their continuous growth.

B acteria and  P lank ton  Growing T ogether in  
Mixed C ulture

Tests were made in a similar manner with:

(1) Mixed cultures of bacteria and pure culture of 
colpidium.

(2) Mixed cultures of bacteria and a small flagellate.
(3) Mixed cultures of bacteria and paramoecium.

6  7  B  9  1 0  I I  12 U  / *  I S

T tM E  I N  D A Y S
F ig u re  I I I — O xygen  D e p le t io n s  O b se rv ed  a t  20° C . W h en  th e  D ilu te  D e x tro se - 

P e p to n e  S o lu t io n  W as S eed ed  w i th  I n o c u la t io n s  V a ry in g  in  B io lo g ic a l C o m ­
p le x ity

F i g u r e  _zzr
L E G E N D
D i l u t e  D e x t r o s e  -  P e p t o n e  S o l u t i o n  I n o c u l a t e d  W i t h :

x — X B A C T .  A E R O G E N E S  I N  P U R E  C U L T U R E .
o — — o  M i x e d  C u l t u r e  B a c t e r i a  P l a n k t o n  F r e e .
•  9 B a c t .  / A e r o g e n e s  a n d  C o l p / o / u m .
o— ——a  m i x e d  C u l t u r e  B a c t e r i a  a  n o  C o l p i d i u m
D   —A  A L L  B A C T E R I A  A N D  P L A N K T O N  I N  P / V E R  W A T E R .

The results were in good agreement with those 
obtained with the combination B. aerogenes and 
colpidium. The only exception noted was that the  ̂
extent of deoxygenation increased as the complexity o. 
of the bacterial flora was increased. ^

Ï
Influence of V ariations in  Com plexity of Biological  ̂

Factors on Observed Oxygen D epletion in  5 
Pollu ted  W ater

>1
The summary chart, Figure III, tends to show that £ 

the complexity of the inoculation used has little or * 
no effect on the rate of oxidation during the first day 5 
or two, that the most simple inoculation (a pure § 
culture of bacteria) produced the smallest oxygen 
demand, and that the most complex inoculation 
produced the greatest oxygen demand.

Experim ents Bearing on Validity of Proposed 
Theory  of P lank ton  Activity

If it be true that, as previously stated, plankton 
activity operates to maintain the bacterial population 
below its saturation point by feeding upon the 
bacterial cells, thus encouraging continuous oxida­
tion, then other methods of reducing the bacterial 
count below the saturation point should produce 
a similar effect. Such methods as filtration through 
a Berkefeld filter, chlorination, and partial steriliza­
tion by heat were tried and were found to be effective, sub­
stantially as follows:

F i l t r a t i o n  t h r o u g h  a  B e r k e f e l d  F i l t e r —The stand­
ard medium, inoculated with B. aerogenes, was bottled and 
incubated at 20° C. until the limiting number of bacteria had 
been reached. Several bottles were then removed and filtered 
through a sterile Berkefeld filter into a sterile container. 
This filtrate was reinoculated by adding a small amount of

the unfiltered sample, was shaken rigorously, and was again 
siphoned to sterile dissolved oxygen bottles and returned to 
storage a t 20° C. New initial determinations were made 
for the bacterial and dissolved oxygen content of the sam­
ples.

Eight such experiments furnished the data recorded in 
Table V and Figure IV.

These results indicate tha t the reinoculated Berkefeld

T a b le  V— B a c te r ia l  C o u n ts  a n d  O xygen  D e p le t io n s  O bserved  in  D ilu te  D e x tro s e -P e p to n e  S o lu t io n  I n o c u la te d  w ith  P u re  C u l tu re  of 
B. a erogenes  a f t e r  P a r t i a l  F i l t r a t io n  a n d  A t t a in m e n t  o f L im i t in g  N u m b e r

Time
after

Filtra­
tion

Experiment

4 5 6 7 8 14 19A 19B
Average

Days A-—bacteria per cc. after filtration

0 17,400 13,100 7,850 8,800 21,100 248.000
245.000

2,100 2,400 39,800

1 610,000 980,000 208,000 420,000 1,090,000 490,000 740,000 220,000 595,000
2 720,000 1,270,000 410,000 230,000 1,730,000 770,000 4,900,000 7,800,000 2,230,000
5 3,500,000 2,590,000 1,680,000 245,000 3,490,000 10,600,000 5,750,000 5,700,000 4,190,000
7° 2,750,000 980,000 430,000 3,010,000 7,900,000 4,300,000 890,000 2,890,000

106 2,640,000 960,000 230,000 1,760,000 6,500,000 2.330.000
2.280.000

660,000
520,000

2,140,000

B  O X Y G E N  L O S S  A F T E R  F IL T R A T IO N

P . p. m. P . p. m. P . p. m. P . p. m. P . p. m. P . P. m. - P . p. m. P . P. m. P . p. m.
0 2 .81 3 .2 3 2 .6 0 2 .7 5 2 .5 4 2 .9 8 2 .32 2 .24 2 .6 7 c
1 3 .2 7 3 .7 7 2 .5 8 2 .94 3 .05 3 .3 2 3.11 2 .92 3 .1 2
2 4 .01 5 .37 3 .14 3 .12 3 .68 4 .1 0 3 .8 3 5 .63 4.11
5 8 .0 2 7 .86 3 .28 5.38 5.69 4 .8 5 5 .99 5.87
7 a 8 .24 7 .43 3.92 5.31 5 .89 5 .27 6.04 6.01

106 8 .3 0 7 .0 0 4 - 4 .50 5 .65 6 .47 5 .4 5 6 .3 2 6.24

a Includes resu lts  ob ta ined  a t  6 th  to  8 th  days.
6 Includes resu lts  ob tained  a t  9 th  to  12th days. 
• Oxygen dem and  observed p rior to  filtration .
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Moreover, since the hydrogen-ion concentration 
of this dilute phosphate buffered medium is not al­
tered by bacterial growth in it (2), it could not be 
assumed tha t inhibitory hydrogen-ion concentra­
tions prevailed.

E f f e c t s  o f  C h l o r i n a t i o n  a n d  P a s t e u r i z a ­
t i o n —In a similar manner, the high bacterial 
content was removed by chlorination of some 
samples, and by pasteurization of other samples. 
After reinoculating, there resulted in each case 
an additional bacterial growth accompanied by 
oxygen depletion, very similar to the results ob­
tained with Berkefeld filtration.

Pasteurization was effective in reducing the 
number of viable bacterial cells to a minimum. 
However, the subsequent increase in bacterial 
numbers, with its accompanying oxidation, was 
very slight in one portion. This was not the case 
in a second portion of the same medium where pas­
teurization was followed by filtration to remove 
the dead cells. Here a marked increase in bac­
terial numbers occurred, with a correspondingly 
marked increase in oxidation.

This leads to the conclusion tha t in a medium 
of a given concentration the presence of a definite 
number of bacterial cells, living or dead, prevents 
further multiplication. That is, when the medium 
was pasteurized the cells present were killed but 
were preserved, and remained in suspension, pre­
venting further multiplication. A direct micro­
scopic examination confirmed this observation 
that the cells were not destroyed. In  the case of 
chlorination this is not true; not only are the 
cells killed by the chlorine but the majority of 

TiMr w  days them are also actually lysed by the process and
F lf tu re  IV— B a c te r ia l  C o u n ts  a n d  Oxyften D e p le t io n s  in  R c ln o c u la te d  B e rk e fe ld  disappear. TllUS the experiments with pasteuri- 

C u i tu r e  o f B ' aero& encs  G u l tu r c - L1» h t  L ln e s  G ive L lk e  D a ta  o f U n a l te re d  zation also tend to support the theory tha t the
chief function of the plankton in the biochemical 

filtrate showed an additional period of bacterial multiplica- oxidation process is to reduce the bacterial population below 
tion, and tha t oxygen depletion was effected, meantime, in a the saturation point and provide conditions suitable for con- 
manner very similar to these respective effects obtained pre- tinuous bacterial multiplication, 
viously in plankton-and-bacteria cultures. L ite ra tu re  Cited

Control tests indicated tha t suction alone, similar in in­
tensity to that applied to the Berkefeld filter, did not stimu- ^  T'’ U' S' Pub" Hea!th Serv,ce' Fub' Heal,h RePls- 44>
late further bacterial growth, so th a t detrimental volatile (2) Butterfield,~c. t .,  ib id ., a ,  2865 (1929).
substances cannot be responsible for the cessation of growth. (3) P u rd y , W . C ., and  B utterfield, C. T „  A m . J. Pub. Health, 8, 499 (1918).

Preparation of o-Chlorotoluene from  p-Toluene 
Sulfonchloride1

L. M cM aster and  J .  Carol

Chemistry D e p a r t m e n t ,  W a s h i n g t o n  U n i v e r s i t y ,  St. L o u i s .  M o.

P reparation  of o -C hloro-p-T oluene Sulfonchloride

T HE p-toluene sulfonchloride used in this work was 
supplied by the Monsanto Chemical Works. I t  was 
melted and mixed with a small quantity of antimony 

trichloride. This mixture was warmed to about 70° C. 
and dry chlorine passed into it slowly, with stirring, until 
there was an increase in weight corresponding to 1 mol of

1 R eceived N ovem ber 19, 1930. P resen ted  by  L . M cM a ste r before 
th e  D ivision of O rganic C hem istry  a t  th e  79 th  M eeting  of th e  A m erican 
Chem ical Society, A tlan ta , G a., A pril 7 to  11, 1930.

chlorine for 1 mol of p-toluene sulfonchloride. Allowance 
was made for the amount of chlorine used to change the 
antimony trichloride to pentachloride. The temperature, 
in all but one run, was maintained a t 70-80° C. to prevent 
the formation of higher chlorinated derivatives. At 120° C. 
such derivatives begin to be formed. About 3 hours were 
required to chlorinate the mixture, after which it  was poured 
into ice water, whereupon o-chloro-p-toluene sulfonchloride 
separated as a solid, and not as an oil as described by Lim- 
pricht and Paysan (2). Davies (1) also obtained the com­
pound as a solid, which, on distillation, gave an oil tha t
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solidified upon cooling. I t  melted a t 37-38° C., after crystal­
lization from petroleum ether. Thus far this is the method 
described in D. R. P. 133,000 with slight modifications.

The o-chloro-p-toluene sulfonchloride was washed several 
times with dilute caustic soda solution, which was poured 
off with the suspended antimony oxychloride. I t  was then 
washed with water, dissolved in ether, and dried over calcium 
chloride. After the ether was evaporated, the product was 
obtained as crystals of melting point 37° C. The amide 
obtained from it melted at 137.5° C. Limpricht and Pay- 
san (2) converted their oily product into an amide of melting 
point 135° C., while Wynne and Bruce (S) had previously 
found that o-chloro-p-toluene sulfonamide has a melting point 
of 134° C. Davies (1) gives the melting point as 137° C.

T a b ic  I— Y ie ld s  o f o -C h lo ro - i> -T o lu e n e  S u lfo n c h lo r id e
/»-Toluene

Sulfonchloride SbCU Temperature Yield

Grains Grams ° C. %
190.5 4 70-80 04 .2
190.5 2 70-80 9 0 .0
190.5 1 70-80 88 .0
190.5 4 80-90 9 2 .0
381.0 10 70-80 9 4 .0

The best conditions for the preparation of o-chloro-p- 
toluene sulfonchloride by chlorinating p-toluene sulfonchloride 
are thus shown to be tha t for each 190.5 grams (1 mol) of 
the p-toluene sulfonchloride, 4 grams of antimony trichloride 
should be added and the mixture chlorinated at 70-80° C. 
with constant stirring. Slightly higher temperatures may be 
used.

An attem pt was made to replace the antimony trichloride 
by powdered iron. One mol of p-toluene sulfonchloride 
was melted, 0.5 gram of powdered iron added, and the mixture 
chlorinated. In  earlier attempts larger amounts (2 to 5 
grams) of iron were used, but each gave a very thick, tarry 
mass. Contrary to the conditions given in D. R. P. 133,000, 
the chlorination took place, not between 70° and 80° C., but 
between 120° and 140° C. I t  was continued until an in­
crease in weight of 38 grams occurred. The chlorinated 
mixture was poured into a mixture of ice and diluted hydro­
chloric acid and washed free from iron chloride. The mixture 
would not solidify, but remained as a thick paste. I t  is 
quite probable tha t a mixture of chlorinated products was 
obtained, as no o-chlorotoluene was obtained from it when 
treated by the method to be described later.

o-C hlo ro to luene from  o-C hloro-p-Toluene 
Sulfonchloride

One mol (225 grams) of the o-chloro-p-toluene sulfonchloride 
was mixed with 500 grams of 80 per cent sulfuric acid and 
distilled with steam. The o-chloro-p-toluene sulfonchloride 
distilled over unchanged. Sulfuric acid solutions of various 
concentrations were tried—10, 40, 50, and 60 per cent. With 
only the 50 per cent solution was a small amount of o-chloro- 
toluene obtained.

An attem pt was made to split off the sulfonchloride group 
by water under pressure. One-tenth mol (22.5 grams) of 
the material was mixed with 50 cc. of water, sealed in a glass 
tube, and heated in an autoclave for 5 hours a t  200° C. 
The o-chloro-p-toluene sulfonchloride was not changed to
o-chlorotoluene, but to o-chloro-p-toluene sulfonic acid. This 
solution was made up to an 80 per cent sulfuric acid concen­
tration and distilled with superheated steam. A 90 per cent 
yield of o-chlorotoluene was obtained.

I t  was found tha t the o-chloro-p-toluene sulfonchloride 
could be changed to the corresponding sulfonic acid by reflux- 
ing it with water and sulfuric acid. Sulfuric acid concen­
trations of 10, 50, and 85 per cent were used, but the hy­
drolysis was found to take place most rapidly in the 10 per

cent solution. When this solution was made up to an acid 
concentration of approximately 80 per cent sulfuric acid 
and distilled with superheated steam, o-chlorotoluene was 
obtained. I t  was thus shown that it  is first necessary, with 
the o-chloro-p-tolucne sulfonchloride, to hydrolyze the sul­
fonchloride group to the sulfoxyl group by means of dilute 
sulfuric acid and then to split off the latter group by con­
centrated sulfuric acid and distillation with superheated 
steam in order to obtain favorable yields of o-chlorotoluene. 
Concentrations of sulfuric acid above 85 per cent produce 
carbonization.

I t  is not necessary to purify or dry the crude o-chloro-p- 
toluene sulfonchloride. In order to ascertain the over-all 
yield of the process, 381 grams (2 mols) of p-toluene sulfon­
chloride were chlorinated, using 10 grams of antimony tri­
chloride as a catalyst and a temperature of 70-80° C., until 
an increase in weight of 75 grams was obtained. The prod­
uct was washed several times with water, drained, and then 
refluxed with 400 cc. of 10 per cent sulfuric acid until com­
plete solution was obtained. This solution was then made 
up to an 80 per cent sulfuric acid concentration and distilled 
with superheated steam. The o-chlorotoluene which dis­
tilled over was separated from the water, W'ashed with caustic 
soda solution, W'ashed again with water, and dried over 
calcium chloride. The purified o-chlorotoluene distilled at 
157-159° C. The yield w7as 224 grams or 88.5 per cent of 
the calculated amount. Another run, using 95 grams of 
p-toluene sulfonchloride, gave a 90 per cent yield, while a 
third one, using 381 grams of the original compound, gave 
an 89 per cent yield.

Attempts were made to obtain acid concentrations be­
tween 10 and 80 per cent sulfuric acid which would change 
the o-chloro-p-toluene sulfonchloride to o-chlorotoluene in one 
step, but only small amounts of the product were obtained.

S um m ary  an d  Conclusions

1—o-Chlorotoluene may be prepared from p-toluene sul­
fonchloride with 90 per cent yield by chlorination of the 
latter to o-chloro-p-toluene sulfonchloride and subsequent 
hydrolysis. The chlorination takes place, using antimony 
trichloride as a catalyst, a t a temperature from 70° to 80° C.

2—The o-chloro-p-toluene sulfonchloride must first be 
hydrolyzed to o-chloro-p-toluene sulfonic acid with 10 per 
cent sulfuric acid, which is then hydrolyzed to o-chloro­
toluene by increasing the acid to 80 per cent concentration 
and using superheated steam.

3—Iron proved unsatisfactory as a chlorine carrier in place 
of antimony trichloride.

4—The presence of chlorine in the ring of an aromatic 
sulfonchloride appears to hinder the splitting off of the sul­
fonchloride group by sulfuric acid.
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Unfired Pressure Vessels1
W. Spraragen

American  B urrau  of W e ld in g , 33 W ust  39th  St ., N uw Y o r k , N . Y.

THE application of fusion welding to the fabrication of 
pressure vessels and tanks of all kinds has been a 
gradual development. Unfortunately, in the beginning 

good design and construction were at times sacrificed in 
favor of cheapness, which has resulted in tremendous damage 
to the prestige of the industry and has caused legislative 
bodies to place severe restrictions on its use.

As a m atter of fact, welding is admirably adapted to the 
fabrication of vessels of all kinds. When properly applied, 
a vessel may be made oil- and gas-tight practically up to pres­
sures that would cause rupture of the material itself. We 
therefore find welding used for the fabrication of vessels 
from the very light gages and small sizes to huge vessels 
required in chemical processes where the contents are sub­
jected to great heat and pressure and the thickness of steel 
is as great as 4 inches.

In 1923 there were reported the results of a series of investi­
gations made under the auspices of the American Bureau of 
Welding with the cooperation of the U. S. Bureau of Standards
(1), which gave a wealth of valuable information on the 
design and construction of unfired pressure vessels and which 
enabled the Boiler Code Committee of the American Society 
of Mechanical Engineers in time to promulgate a code which 
removed some of the restrictions placed against welding.

This paper is based in a measure on the results of these 
tests, the Unfired Pressure Vessel Code of the A. S. M. E., 
the writings of the late S. W. Miller, and the experience of a 
number of engineers. The latest edition of the A. S. M. E . 
Code for Unfired Pressure Vessels should be consulted for 
the design of any welded vessel subjected to pressure.

As in other important construction work, the fundamental 
factors to  be considered are: (1) selection of material of 
good welding quality and the use of good welding wire;
(2) correct design of vessel and welded joints; (3) use of 
qualified welders; (4) proper preparation of the material 
for welding; (5) employment of proper technic; and (6) 
testing of the completed vessel.

M ateria l

An excellent r&um6 of the requirements of good materials 
is given in the Recommended Procedure for Fusion Welding 
of Pressure Vessels, which is an appendix to the latest edi­
tion of the Unfired Pressure Vessel Code of the A. S. M. E.

Well-made steel is largely dependent for its physical prop­
erties on its carbon content and this is the first consideration 
in deciding what chemical analysis should be followed. Other 
things being equal, the higher the carbon the more difficult 
is the welding and less satisfactory is the weld. The difference 
in welding qualities is not very great between 0.10 and 0.20 
per cent carbon, but there is a marked difference between 
0.20 and 0.30 per cent carbon. There is a corresponding 
difference in the physical properties, 0.15 per cent carbon 
having probably 50,000 pounds tensile strength while 0.30 
carbon will have about 65,000 pounds. These figures apply 
to plates of ordinary thickness made in the usual way.

Steel plate of not over 0.20 per cent carbon is therefore 
recommended because the lower the carbon the less injury is 
done to  the steel by any method of heating or by hot- or cold- 
working. The lower the carbon the iess the yield point and

1 R eceived Sep tem ber 22, 1930.

a lower yield point allows the welding strains to bo absorbed 
by the plate rather than concentrated in tho wold. For 
plates more than 3/< inch thick a slightly higher carbon con­
tent (0.22 per cent) is permissible.

There is no point in having a steel of high tensile strength 
if the welding wire is such that the weld produced therein 
has an average tensile strength of 50,000 pounds per square 
inch.

Steel to be used in the welding of pressure vessels should 
be of good quality and free from impurities. The quality 
is dependent on the care with which the steel was made. 
Impurities, together with any such defects as segregations and 
laminations, may seriously affect the weldability of the plate. 
Steel is made in four usual qualities—firebox, flange, ship, 
and tank. Of these, firebox is the best. Therefore, for use 
in welded pressure vessels firebox plate of low carbon content, 
and consequently low strength, should be specified. A welded 
joint in this material, properly made and reenforced, will 
always be stronger than the plate material.

Particular attention is called to the specifications for 
filler material as given in the Recommended Procedure for 
Fusion Welding of Pressure Vessels cited above.

Design of Shell

The Unfired Pressure Vessel Code requires that the mini­
mum thickness of shell plates, heads, and dome plates after 
flanging shall be as follows:

Diameter op Shell Thickness op Shell

Inches Inches
16 and under l/«
Over 16 to  24 */u
O ver 24 to  36 l/*
O ver 36 to  54 #/i«
Over 54 to  72 */«
Over 72 V:

The thicknesses of the smaller vessels were probably de­
signed to allow for some corrosion. The maximum allow­
able working pressure on the shell of a pressure vessel, sub­
jected to internal pressure, is computed from the formula:

5  X i
Maximum working pressure, in pounds per square inch =  —
where 5  =  maximum allowable fiber stress in pounds per 

square inch
t  =  minimum thickness of shell plates in weakest 

course, inches
R = inside radius of the weakest course of the shell, 

inches, provided the thickness of the shell does 
not exceed 10 per cent of the radius. If the 
thickness is over 10 per cent of the radius, the 
outer radius shall be used.

Where the vessels are fabricated in accordance with the 
recommended procedure for fusion welding of pressure vessels, 
the Unfired Pressure Vessel Code specifies a working maxi­
mum unit working stress, S, a t right angles to the direction 
of the joint.

Lbs . per 
sq . in .

F o r b u t t  double-V longitudinal welds............................................ 8000
F o r b u t t  single-V g irth  o r head  w elds...........................................  6500
F o r double full fillet lap or g irth  welds.........................................  7000
F o r sp o t o r in te rm itten t g irth  o r head  welds.............................. 5600

For plates l/< inch or more thick the author is of the opinion 
tha t longitudinal seams should be of the double-V type—that
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is, welded from each side half-way through the sheet. The 
double V is favored for hand operation, as any irregularities 
will occur a t the bottom of the V, which in a double-V joint 
is in the center. Improperly fused material may be chipped 
out before welding the V on the other side. However, a 
single-V weld is permissible if the improperly fused material 
is chipped o\it from the inside and Idled in with an additional 
layer of metal properly reenforced (Figure 1). In automatic 
machine welding the wold is deposited in one or more layers 
in a single V or U-shaped groove. Sometimes a backing-up 
strip is used to insure a perfect weld a t the bottom of the 
V or U. Whore this is not done the same precautions should 
bo followed as in hand welding. Although not specifically 
stated in the Boiler Code, the author believes that the double- 
fillot lap joint or tho doublo-lillet joggled lap joint should 
not bo used fur longitudinal seams when the shell plate ex­
ceeds 5/» inch. The load is probably unevenly distributed 
between tho two fillet joints except where the plates are thin.

F ig u re  1—SlntU e-V  W eld  w ith  I n c o m ­
p le te ly  F u se d  F il le r  M nterlsxl ( 'h ip p e d  O u t 
e n d  F illed  In  f ro m  O p p o s ite  S id e  of H a te

In the series of vessels designed for 250 pounds pressure 
and tested at tho Bureau of Standards, the average bursting 
liber stress of the double-V butt joints was 97 per cent and 
the minimum 90 per cent. The average strength of the 
steel used in these tests was 50,000 pounds per square inch. 
With a factor of safety of 5 and a weld value of SO per cent 
this would give a design fiber stress a t the working pressure 
of S000 pounds based on the nominal plate thickness.

A comprehensive investigation on the subject of weld 
pressure vessels has recently been described by I <. W, Schuster, 
of the British Engine Boiler and Insurance Company (19). 
Various types of joints and head construction, both theoreti­
cal and practical, are discussed in detail, and special forms 
of strap reinforcement are analyzed. However, the present 
author’s experience leads him to believe tha t the double-V 
joint, properly reinforced, is the best type for the construc­
tion of longitudinal seams for pressure vessels. Paragraphs 
U-71 and U-72 of the Unfired Pressure Vessel Code give 
pertinent information which should be carefully followed.

Design of Heads, Manholes, and Threaded Openings

The appropriate sections of the Boiler Code should be 
carefully studied and followed, as they are based upon safe 
practices. The author believes, however, tha t it  may be 
advantageous to discuss the results of tests and general 
experience tha t are available on this subject. Approved 
designs of nozzles and heads as given in this code are repro­
duced herewith as Figure 2. In  a suggested code proposed by 
Miller slightly different types of construction arc proposed, 
which are reproduced in Figures 3, 4, and 5, which meet with 
the author’s approval except for Figure 5, which shows a 
head construction with intermittent spot welds. In  a num­
ber of tests made on full-size pipe sections with a similar 
type of construction, it has been found tha t these spots are 
a source of weakness.

H e a d  D e s i g n —Heads inserted in a shell should be well 
fitted. The minimum length of head flanges, either convex 
or concave, should be as follows:

Dished heads convex to the pressure should have a flange not 
less than l 1/* inches long. Dished heads concave to the pressure 
should have a length of flange not less than 1 inch for shells not

over 24 inches in diameter. For vessels over 24 inches in diame­
ter this length should not be less than l ‘/s inches.

Attention is called to the desirability of reducing the thick­
ness of the head a t the edges to  be welded to approximate 
th a t of the shell thickness. Attention is also called to the 
section on recommended procedure of this code dealing with 
construction. The greatest objection to the usual design 
of welded inserted heads concave to tho pressure is tha t it 
is not possible to prevent some bending strains on the weld 
because of the distortion of the head under pressure and 
because a perfect fit cannot be had. This led Miller to 
propose the designs shown in Figure 5 using spot or tack 
welds a t the end of the flange to avoid this bending. How­
ever, the author believes that, the design shown in Figure
2-J, approved by the Boiler Code Committee, is safer.

For thin material (s/s inch or less) and for small-diametcr 
tanks (about 24 inches) the author believes that the designs 
assembled in Figure 6 arc entirely safe, provided the dimen­
sions and location of the welds shown in the illustrations 
are followed.

I t is somewhat interesting to note that the experience of 
British investigators in head design differs from that of 
the United States (19). While they concede the head con­
struction shown in Figure '2-J to have a high rating, par-

A’<>«/•? m a y  be Porpecf, 
F o ile d ,  o r  V an  ¿Stone
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S p ec ifie d  by  A. S . M . K. C ode

t.icularlv if the V-joint is welded both inside and out, they 
regard it  as somewhat dangerous because of bending a t 
the end. In fact, they look more favorably upon a double 
fillet lap joint, with proper length of flange, as a somewhat 
superior type of construction. Schuster recommends some 
crimping method to increase the safety of the head construc­
tion. In a series of tests made a t the Bureau of Standards 
crimping was not found to increase the safety of a vessel 
materially. On the other hand, Schuster docs not look 
favorably upon the head construction shown in Figure 2-K. 
He maintains tha t this type of construction is subjected to 
an out-of-line pull, although he admits that the primary 
bending action is reduced because the part is circular.
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Investigations show that the correct design for eliminating 
high local stresses is an ellipsoid with a ratio of 2 to 1 between 
the major and minor axes.

The Boiler Code Committee states:

A blank head of a semi-elliptical form, in which the minor 
axis of the ellipse is a t least one-half the diameter of the shell, 
shall be made a t least as thick as the required thickness of a 
seamless shell of the same diameter. If a flanged-in manhole, 
which meets the code requirements, is placed in an elliptical 
head, the thickness shall be the same as for an ordinary dished 
head with a radius equal to 0.8 the diameter of the shell and 
with the added thickness for the manhole.

This allows a very much lighter head construction than 
would be permitted with any other form of dished head.

M a n h o l e  O p e n i n g s —Paragraph U-39 of the Unfired 
Pressure Vessel Code states:

A flanged manhole opening in a dished hCad shall be flanged 
to a depth measured from the outside of the head a t the major 
axis of not less than 3 times the required thickness of the head 
for plate up to V / t  inches in thickness. For plate exceeding 
P /s  inches in thickness the depth shall be the thickness of the 
plate plus 3 inches. A manhole opening may be reenforced by 
a riveted manhole frame or other attachment in place of flanging.

At first it may seem that the Boiler Code Committee has 
been unduly conservative in regard to these flange require­
ments. However, as stated above, the results of a series of 
tests to destruction indicated that the former requirements 
were not stringent enough.

In 1927 Rockefeller (17) proposed a design of manhole 
reenforcement ring which reduces the stresses a t the open­
ing to normal. The salient features of this design are illus­
trated in Figure 7.

The present author favors the head construction shown 
in Figure 2-/', provided it is also welded from the inside as 
shown in Figure 6-F, above all other types of head construc­
tion for vessels required to withstand great pressures.

The design of inwardly dished heads for pressure vessels 
is important owing to the stress imposed on the weld in the 
event of its inverting or becoming partially inverted. I t  is 
common, on a hydrostatic test to destruction, for a wreld of 
an inwardly dished head to be the first part to fail owing to 
the bulging. A partial reversal of the head may cause 
considerable distortion of the end of the shell. I t  does not 
necessarily follow that the head is unduly weak, it is merely 
the weakest part. In some tests which the author has seen 
the bulging pressure has been too lowr and failure would not 
have occurred had the head been convex. The Boiler Code 
Committee has prepared formulas for the design and in­
sertion of dished head construction which are given in para­
graphs U-36 to U-39 and U-74 to U-76 of the Unfired Pres­
sure Vessel Code. These paragraphs also discuss openings 
in the head.

Welded construction has permitted the testing of vessels 
a t hydrostatic pressure several times the working pressure. 
As a result it has been possible to determine experimentally 
the exact behavior of vessels a t high pressures. , In such a 
series of investigations made in the laboratories of one or two 
companies, zones of unexpected weakness were found in 
several important points, notably a t the knuckle of dished 
heads, manhole openings, and a t nozzles. The stresses a t 
the knuckle when ordinary dished heads are used are entirely 
out of proportion to those in the shell and are of sufficient 
magnitude to give considerable concern, even where the 
shell design is based on the factor of safety of 5 or more.

O x y a ce ty le n e  W e ld in g  L o n g i tu d in a l  S c a m s  o n  
L a rg e  P re s s u re  V essel

N o z z l e s —Nozzles in heads or shell are limited by”the 
Boiler Code Committee to 12 inches nominal diameter and 
are to be made of forged or rolled steel. Methods of insertion 
are indicated in Figure 2. The committee prescribes that 
threaded connections shall be not less than extra-heavy pipe 
size and shall fit snugly when inserted into the shell plate. 
The nominal diameter of threaded connections shall not 
exceed one-third the nominal diameter of the shell.

The procedure for lining up. outlets varies somewhat with 
the different types. Nozzles tha t require bu tt w'elds are 
usually accurately aligned with a space about 25 per cent

t - f e I for De*'3

Figure 3

I <5h e a r  a n d  
Tension

. ..3 t ...yu  3 i  ..
mm. I mm.

Figure 4

fo ré
more ttranj-'

*  (Q)

a  s h o t / /  n o t  e x t e n d  é e y o n c /  b  
$  p a c t  n o  o f  S p o t  a n d  I n t e r m i t t e n t  

^ lY e fd s  , 161 m a x .
L e n g th  o f  I n t e r m i t t e n t  We i d s , 3 i  m /n .

Figure 5
M e th o d s  o f W e ld in g  N ozzles  a n d  H e ad s , D esc rib ed  by 

S . W . M ille r

fo r  I  '

or ¿ess



February, 1931 IN D U ST R IA L  AND  ENGINEERING C H EM ISTRY 223

w e l d  c l e a r  o f  
T h e  K N U C K L E

- 4 t  OR 2 " (m i n )

W E L D  W H O LLY  
ON F LA N G E

N -
-  N O T  W E L O E D -O N  

IN S ID E  OF S H E L L

W E LD  N O T 
W HO LLY 

O H  FLA N G E

3t
(m i n )

T
w - 4 t  OR 2  ( m in )

 Y .
W E LD  C L E A I 

OF THE 
KN U C KLE

W E LO  W H O LLY  
FLA NG E

•2W
♦ W ELD EO  AT 

DOTH  SIDES 
■OF T H E  P LATE

F

The Boiler Code rules, however, do require 
that during the process of the manufacture 
of a vessel the inspector shall inspect the ma­
terial for surface defects, cracks, blisters, 
pit marks, blow holes, or any other defects 
liable to develop in fabrication, and for ex­
cessive hammer marks. Plates that are 
found laminated are required to be rejected, 
as are also plates having a depression greater 
than 15 per cent of its thickness and exceed­
ing 4 inches in its greatest length. Low spots 
in or a t the sides of the welds must be filled 
up.

Testing

ON F L A N G E ________.

3 t
(M IN )

.i. -

F i g u r e  6 - -H e a d  D e sig n s  fo r  T h in  M a te r ia l  a n d  S m a l l - D Ia m e te r  T u b e s  
Preferred designs a re  F  and G.

of the plate thickness separating the abutting edges and 
tacked at the quarter points.

In welding outlets the position of the tank is such that the 
welding takes place downward—i. e., in a flat position. Where 
this is not possible, shell nozzles are welded in somewhat the 
same way as the position weld in pipe. The shell is turned 
so tha t the axis of the nozzle is horizontal. The weld is 
started at the bottom and continued up one side. The shell 
is then rotated 180 degrees and the weld continued.

Q ualifications of Welders

A finished tank is tested to find out if it 
has been properly made and if it will with 
reasonable assurance stand the service for 
which it has been designed. For welded 
tanks the Boiler Code has accepted the rec­
ommendations of the American Bureau of 
Welding (1). This test requires that the 
sheets on both sides of the welded seam be 
given a hammer or impact test while under 
a hydrostatic pressure test of one and one- 
half times the maximum allowable working 

pressure. The blows are to be struck with a 2- to 6-pound 
hammer 2 to 3 inches apart as hard as possible without in­
denting or distorting the metal of the sheet.

After this test the pressure is raised to three times the 
working fiber stress and held there for 3 minutes.

This requirement is for fusion-welded vessels only, but the 
results of the tests at the Bureau of Standards indicate that 
these requirements are not to be feared if the vessel is properly 
constructed. The recommended procedure (2) is rather 
rigid in its requirements if any leaks develop under this 
test.

Although no welder should be employed on any construc­
tion work unless it is known that he is competent, this is 
particularly important in the case of the welding of unfired 
pressure vessels. All welders engaged in this class of work 
should be tested carefully.

In the Recommended Procedure for Fusion Welding of 
Pressure Vessels qualification tests for welders are covered 
in detail. Essentially these requirements are that the welder 
shall make up two test plates of the same material and thick­
ness tha t are to be used in the tank construction. B utt welds 
made in the flat position are specified. If, however, other 
forms of joint or positions of welding are required in the tank 
construction he must also qualify by making up specimens 
under these conditions. After the weld is completed, the 
test plates are cut up into test specimens and the reenforce­
ment a t the weld is ground off. For a welder to qualify, 
the tensile strength results should average a t least 45,000 
pounds per square inch with no one test piece giving less 
than 42,000 pounds. If these results are not reached, the 
welder may be given a duplicate test.

Inspection

The same recommended procedure for fusion welding of 
pressure vessels covers the requirements for inspection. 
These rules relate more particularly to the duties of the 
inspector and stamping rather than to detailed instructions 
for determining the quality of welds from a visual inspec­
tion. The importance of supervision and local inspection 
in a shop is, however, stressed.
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I t  is interesting to note tha t Schuster (19), in recommending 
a code for pressure vessels for use in Great Britain, places 
the requirements for the hydrostatic test at least twice the 
working pressure at which the pressure hammer tests are 
administered. The pressure is then reduced by a t least 
50 per cent of its value and then raised to the original value 
for 3 minutes.

K inzel-M iller F orm ula

A formula for safe working fiber stress in the design of 
pressure vessels was developed by A. B. Kinzel and S. W. 
Miller. This formula takes in account the ductility of the 
weld metal in such a way tha t the lower working fiber stress
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would be allowed where the weld metal has low ductility. 
The formula is

_ _  T >lE 
7.15 \ 1 0

in which S  is the allowable working fiber stress, T  equals 
ultimate tensile strength, and E  the percentage of elongation 
as determined by a bend test. This formula was based on 
a large series of tests made by the Union Carbide and Carbon 
Company. While most of the test results on which i t  was 
based were derived from welds made in firebox steel and from 
medium and low-carbon steels, the authors maintain that the 
formula would also be safe for other special steels. The

X -R a y  A p p a ra tu s  fo r  t h e  P r o d u c t io n  E x a m in a t io n  of W elded  
P re s s u re  V essels

formula is intended to apply to arc and gas welding. I t  is 
held by some to place undue emphasis on the ductility of 
the weld metal. The proper range of applicability of the 
formula has not yet been determined. From evidence sub­
mitted to the author, it is doubtful whether it would apply 
to vessels made of plates 1/ i inch or less in thickness.

The percentage of elongation, E, is determined by the bend 
test in which there is no restraint a t the bend during its 
making. The test piece is slightly kinked a t each end some­
what outside of the weld and it is then bent endwise as a 
column in a testing machine, vise, or press. At the first sign 
of cracking the bending is stopped and the distance between 
the gage mark previously laid out in the weld metal is again 
measured, the elongation being measured the same as in the 
usual test piece from which is determined the percentage of 
elongation. The weld reenforcement should be ground off. 
The method of making the test is illustrated in Figure 8.

In view of the large amount of test data on which the 
formula is based, the author recommends its use as a checking 
formula in the design of important pressure vessels. In some 
instances, however, the formula will give the design values 
greater than that permissible in the present A. S. M. E. Boiler 
Code, although the author believes they would be safe. 
However, the apparent lack of applicability to thin-walled 
vessels should be noted.

F atigue T ests on D rum s an d  Shells

The advent of high pressure in steam boilers has necessi­
tated the use of plate material of increased thickness for the 
shells. This has appreciably affected the design of boiler 
drums. For pressures ranging between 800 and 1500 pounds 
per square inch, forged drums, or welded seams are necessary 
in the heavy plates. Competent authorities feel tha t the 
ordinary static pressure test to destruction gives only a

limited amount of information. A series of experiments 
on drum shells of various types under repeated applications 
of pressure was described by Moore in 1929 (16). The tests 
were conducted on full-size boiler drums or shells of corre­
sponding size and with plates 2 inches thick. The pressure 
was varied from zero to 50 per cent above the design working 
stress. The results of these tests led Moore to draw the 
following conclusions:

(1) Welded joints in test drum shells have been made which 
do not weaken the fatigue strength of the shell as much as does 
the tapping of a hole for a gage connection.

(2) Welded joints in test drum shells have been made which 
withstood cycles of stress varying from zero to a value 50 per cent 
above the allowable working stress for more than 400,000 cycles. 
This is at least 50 times as many cycles as would be developed 
in the normal life of a boiler.

(3) The strength of a welded seam under repeated cycles 
of pressure is greatly affected by variation of welding practice. 
I t  is evident that, if it is expected to obtain welded joints at 
all resistant to repeated stress, it is very necessary to develop 
and maintain good, uniform welding practice, and carefully 
inspect the welding.

The one welded tank wliich failed at a low stress was made 
by hand using ordinary bare wire welding. After 5530 
cycles of pressure a fracture developed in the welded seam at 
the junction of the base and weld metal. The other vessels, 
which were made by special technic using a flux-covered 
electrode, fractured a t cycles varying from 417,000 to 565,000, 
the fracture occurring at the taphole in the gages and not 
in the weld. This undoubtedly led Moore to conclusion (3).

D uctility  of W elded Jo in ts

The importance of ductility of the welded joints in the 
construction of pressure vessels has already been emphasized. 
The question of ductility is also, in a measure, tied up with 
“locked-up stresses.’' A number of important and practical 
methods have been developed to secure greater ductility 
where this seems to be desirable. Several of the larger com­
panies tha t are welding vessels for the oil and chemical in­
dustries regard their processes as more or less secret. How­
ever, the generally recognized procedures for obtaining in­
creased ductility are outlined below.

Courtesy General Electric Co.
S p e c ia l C o n d e n s e r  B o ile r S h e ll .  A ll S e a m s  E le c tr ic  A rc  W elded

A r c  W e l d i n g —This method is applicable with automatic 
or hand operations. A flux-covered wire which has a suit­
able covering to protect it from the oxygen of the air is 
generally employed. High current values are generally 
used. The metal is kept in a molten or puddled state as
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long as possible, but in this condition the molten metal is 
protected by a slag coating furnished by the covering on 
the electrode. The welding material is deposited in a large 
number of layers, each layer not exceeding 3/ ie inch in thick­
ness. Each layer is carefully cleaned before depositing the 
succeeding layer. I t  can be seen, therefore, tha t in the 
welding of 2-inch steel ten or twelve layers would be neces­
sary. With the high currents employed, and especially for 
automatic machinery using a relatively large electrode, 
control of the arc is also utilized. Although fairly good re­
sults can be obtained with bare wire using a high current and

a large number of layers, nevertheless, for the best results a 
flux coating on the wire which affords protection from oxida­
tion is necessary.

G a s  W e l d i n g — A  v e s s e l c o n s t r u c t e d  u n d e r  

r i g i d  p r o c e d u r e  s p e c i f ic a t io n s  b y  t h e  g a s - w e ld in g  

m e th o d  w i l l  b e  e n t i r e l y  s a fe  a n d  t h e  w e ld  m e ta l  

p osse sse s  e x c e l le n t  d u c t i l i t y  a n d  te n s i le  s t r e n g th .

Special wires may be used to obtain greater 
strength or ductility of the welded metal deposit 
where this is desirable.

E l e c t r ic  T o r n a d o  W e l d in g —This m e th o d  
is used to designate the automatic carbon-arc 
process, where the arc is magnetically controlled 
and confined, the electrode given a rotary motion, 
and the arc surrounded by a reducing atmosphere.
The metal is also kept puddled for a somewhat 
greater length of time. The filler material is 
added by placing the rod or strip on or between 
the edges to be joined. Excellent physical prop­
erties of the welded joint have been obtained 
by this process.

A t o m ic  H y d r o g e n  a n d  S h i e l d e d  A r c  M e t h o d s  

—Ductility of the welded joints in either of these 
methods is dependent on the exclusion of oxygen by 
a surrounding atmosphere of hydrogen gas, al­
though in the shielded arc other gases have been 
used successfully. Keeping the metal in a molten 
or puddled condition while a t the same time excluding the 
oxygen of the air has also been found helpful.

S t r a i n  R e l i e f —Almost all the important heavy-plate 
vessels of which the author has knowledge have been given 
a stress-relief annealing treatment and he recommends such 
treatm ent for all vessels with plates of 1 inch or more in 
thickness. The vessels should be brought up to a t least 
1200° F. maintained a t this temperature for a certain length 
of time dependent upon the thickness, and then slowly cooled. 
The time that the vessel is left to “soak” at the above tem­

perature may vary from 4 to 5 hours for the thicker vessels 
to 1 hour for vessels of 1 inch in thickness.

W elding of D rum s or Shells of Power Boilers

The Boiler Code Committee is now considering suggestions 
for proposed specifications for fusion welding of drums or 
shells of power boilers. This is a result of the inadequacy 
of both riveted and forge-welded construction for such 
drums or shells for boilers to operate a t from 900 to 1500 
pounds, unless the diameters are kept down to impracticable 

limits. On the other hand, recent refinements in 
the application of fusion welding have made 
practical the welding of drums and shells of plate 
thicknesses up to 3 inches or more, and vessels 
constructed in this manner have been success­
fully used in large numbers in connection with 
petroleum refinery equipment.

Proposed specifications issued as a basis for 
discussion (S) called for stress relieving and 
sample test specimens from which tension, im­
pact, and bend tests may be made, as well as 
macroscopic and microscopic e x a m in a tio n s . 
Chemical analyses are required as well as non­
destructive tests of the vessels. A modified 
fatigue test of the vessel is proposed in that 
the annealed vessels are required to be subject to 
10,000 cycles of pressure, each cycle varying from 
zero to one and one-half times the working pres­
sure. Welding vessels for such severe service 
conditions will require more careful selection of 

material and perhaps steel of different composition than that 
ordinarily used and careful rolling of the plates and prepara­
tion for welding as well as testing of the finished product.

Bibliography on Pressure Vessels

(1) A m erican B ureau  of W elding, "In v es tig a tio n  on W elding Pressure
Vessels,”  Bull. 5; J . A m . W elding Soc., 2, N o. 5, 11-162 (1923).

(2) A m erican Society of M echanical Engineers, Code for U nfired Pressure
Vessels.

(3) A m erican W elding Society, " T e n ta tiv e  R ules for C onstruction  of
Pow er D rum s an d  Shells,”  J .  A m . W elding Soc., 9, N o. 3, 57-60 
(1930).

(4) B u rk h a rt, L. H ., "Shell and  T u b e  T y p e  A m m onia Condensers, Design
and  M ethod  of C o n struction ,”  Refrigerating Eng., 11 (1925).

(5) G reene, "S tresses in  a  L arge T a n k  Subjected  to  R epea ted  T est Pres-

O x y a ce ty le n e  W eld ed  T a n k ,  7 X  50 F e e t ,  D e s ig n e d  fo r  200 P o u n d s  
W o rk in g  P re s s u re

W ■ WIDTH = NO T LESS THA N 3 t

F ig u re  8— M a k in g  B en d  T e s t  to  D e te r m in e  D u c t i l i ty  o f W eld ed  J o in t s



226 IN D U ST R IA L  A N D  ENGINEERING CHEM ISTRY Vol. 23, No. 2

sures,” Mech. Eng., 49, 124 (1927); J . A m . W elding Soc., 6, No. 3, 
84-7  (1927).

(6) Hodge, J . C ., "A pplication  of Fusion W elding to  Pressure Vessels,"
Ib id ., 9, No. 10, 93-116 (1930).

(7) Jasper, T . M .f "P ressu re  Vessel W elding ," Ib id ., 8, No. 6, 12-27
(1929).

(8) Joys, "P ressu re  Vessels— D estruction  T e s t on G asoline C racking
S till,"  Ib id ., 4, No. 10, 65-70 (1925).

(9) K inscl, A. B., "D esign  of D ished and  F langed H eads,"  Ibid., 6, No. 5,
33-4  (1927).

(10) M iller, S. W .t "E xam ina tion  of R u p tu red  H ead of E thy lene  T a n k ,”
Mech. Eng., 49, 117-23 (1927); J . A m . Welding Soc., 6, No. 3, 73-84 
(1927).

(11) M iller, S. W ., "Fusion-W elded Pressure Vessels,” Ibid., 5, No. 2, 23-40
(1926).

(12) M iller, S. W ., " In spection  of W elds in Pressure Vessels," Ib id ., 4,
No. 6, 41-5  (1925).

(13) M iller, S. W ., "M ax im um  Allowable W orking F ib e r Stresses in P res­
sure Vessels,”  Ib id ., 7, No. 9, 21-7  (1928).

(14) M iller, S. W ., "R atio n a le  of Safe W elding in Pressure Vessels,”  Ibid.,
4, No. 7, 34-45 (1925).

(15) M iller, W . B ., "W elding in Enam eled  L ined T an k  In d u s try ,”  Ib id .,
4, No. 9, 23-7  (1925).

(16) M oore, "F a tig u e  T ests  of Pressure Vessels,” Ib id ., 8, No. 10, 42-52
(19^9).

(17) R ockefeller, H . E ., "O xy-A cetylene W elded C onstruction  of a  Large
H igh Pressure Storage T a n k ,” Ib id ., 6, N o. 5, 16-32 (1927).

(18) R ockefeller, H . E ., "P ro ced u re  C ontro l in Pressure  Vessel W elding ,”
Ib id ., 7, No. 3, 23-38 (1928).

(19) Schuster, L. E ., Ib id ., 9, No. 5, 18-64 (1930).

Studies in the Painting of W ood
I—Influence of Wood Structure on Paint Behavior1

J. H. H aslam  and  S. W erthan

TjiE New Jersey Zinc Company. Pai.merton, Pa.

THE paint industry, in 
its effort to im p ro v e  
p ro te c tiv e  coatings, 

has made considerable prog­
ress in paint technology. At 
the sam e tim e  institutions 
such as the Forest Products 
Laboratory and universities 
have carried out many inves­
tigations of wood structure.
The proper c o r re la tio n  of 
these data and correct in­
terpretation of the findings 
should lead to a better under­
standing of the relationships 
between paint and wood.

A study of the literature in­
dicates that, although some 
in v e s tig a tio n s  have been 
carried out abroad, there is little published information dealing 
with the relationships that exist between applied coatings and 
wood surfaces (2, 4). In this article an attem pt has been made 
to show the importance of a correlated study of wood structure 
and the applied film. This work involved microscopical ex­
amination of the wood structure; study of the penetration of 
this structure by the vehicle of the protective coating; deter­
mination of the changes that take place in the paint film and 
wood surface during aging and exposure; and investigation of 
the effect of these changes on adherence, porosity, and paint 
durability.

In general it has been assumed that the life of a protective 
coating depends on the paint composition, and it is only 
recently that the microstructure of wood has been considered 
an important factor in paint durability. Unquestionably, 
long life depends on proper formulation, but proper formula­
tion should provide a well-adhering film of the best pigment- 
binder combination after the paint has been applied to the 
wood and the vehicle adsorption by the wood satisfied.

One method suggested in the literature for the stud}' of 
paint films and their behavior on wood is the use of dyed 
vehicles in the paints to be examined. There are, however,

1 R eceived Sep tem ber 19, 1930. P resented  before th e  Division of 
P a in t and  V arnish C hem istry  a t  the  8 0 th  M eeting  of th e  A m erican Chem ical 
Society, C incinnati, Ohio, Septem ber 8 to  12, 1930.

several objections to this pro­
cedure. The dye is often ad­
sorbed by the dense wood 
structure or upon the surface 
of the pigment, rendering it 
useless in the study of oil 
penetration. Also, the pres­
ence of the dye may cause a 
retardation of the oxidation of 
the oil, altering the period of 
penetration. Observation of 
the penetration of a dyed oil 
under low magnification has 
shown a layer of clear liquid 
just in advance of the colored 
oil, suggesting that a measure 
of the p e n e tr a t io n  of the 
color is not a measure of the 
total p e n e tr a t io n . These 

objections have been overcome in the development of a new 
technic in which the specimens are stained after being cut.

A pparatus and  T echnic

For the preparation of the mounts, a Minot automatic 
precision microtome with modification in the form of a 
freezing attachment is used. Figure 1 illustrates the appara­
tus, showing the adaptable freezing unit and carbon dioxide 
gas tank. The dyes used for staining the sections have been 
chosen for their ability selectively to stain wood and oil. 
I t  has been found tha t brilliant green,2 a water- or alcohol- 
soluble stain, is entirely satisfactory for staining wood and 
that Soudan II I  or IV3 and scarlet R 4 are quite effective in 
the oil. This gives a green and red contrast which is more 
satisfactory for microscopic examination than if other pref­
erential stains for wood, such as hematoxylin or safranin, 
are used.

5 A, 1 per cen t aqueous so lu tion  of b rillian t green, a  su lfa te  o r double 
zinc chloride of te trae th y ld iam in o trip h en y l carbinol, also known as em erald 
green, m alachite green, o r e thy l green.

5 Soudan I I I  is benzeneazobenzene-azo-<3-naphthol, an  oil soluble s ta in  
th a t  is m ade up  in 1 per cen t s tren g th  in alcohol and d ilu ted  w ith 50 per 
cen t w ater.

* Scarle t R  is th e  sodium  sa lt of xylen-azo-fl-naphthol disulfonic acid, 
an  oil-soluble s ta in , a  deeper red th an  Soudan I I I .  T h is  s ta in  is also p re ­
pared by dissolving 1 per cent in alcohol and  d ilu ting  50 per cent w ith  w ater.

A new m ethod  for study ing  th e  s tru c tu re  of wood 
w ith  re la tion  to  p a in t film s is presen ted . T he m ethod  
involves a m icroscopic exam ination  of sections sta ined  
by selective dyes.

A brief descrip tion  of th e  wood s tru c tu re  is followed 
by a d iscussion  of th e  effect of wood upon  th e  protective 
coating , includ ing  d a ta  on th e  changes occurring  in  
sp rin g  and  su m m er wood u n d er th e  influence of m ois­
tu re .

P ho tog raphs and  in fo rm atio n  are given, show ing 
th a t  th e  s tru c tu re  of th e  wood surface an d  n a tu re  of 
th e  vehicle con tro l th e  degree an d  u n ifo rm ity  of pene­
tra t io n . T he s tu d y  ind icates th a t  a  sligh t un ifo rm  
pen e tra tio n  of th e  vehicle of th e  p a in t in to  th e  wood 
is m ore desirable th a n  deep irregu la r pen e tra tio n .

In  conclusion, th e  a u th o rs  d iscuss th e  several re la ­
tionsh ip s existing between th e  factors stud ied  and 
p a in t du rab ility .
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Structure of Wood

The sections are cut from a specimen about 1/ i inch 
(1.3 cm.) square of the panel under examination. I t  is not 
necessary to freeze the specimens if the paint is on wood and 
is to be examined for penetration of the oil. A drop of water 
on the end of the block or edge of the knife of the microtome 
facilitates the cutting, giving a more uniform section. For 
most purposes sections 10 to 15 microns in thickness are 
satisfactory. I t  is, however, necessary to use sections 1 to 2

successfully cut with a cold knife. Cold toluene is used to 
remove the beeswax and rosin and has so far shown no indica­
tion of affecting the film. The sectioned films if not stained 
may be mounted in balsam.

Figure 2 illustrates the type of sections that may be secyred 
by this method and that are used in the study of pigment 
concentrations in the film. Figure 3 is a highly magnified 
(1500X) section of the upper surface of a paint film. I t  is 
possible to observe the distribution of the pigment tliroughout 
the film. In investigations of this sort great care must be 
exercised in choosing representative sections, as the area 
actually photographed is indeed quite small in comparison 
with the total paint surface. These sections nevertheless 
offer a means of studying changes that take place in the film 
during aging and failure. Preliminary investigation shows 
that there is a vast amount of information that can be de­
rived from this source.

F ig u re  1— M in o t A u to m a tic  M ic ro to m e  w ith  C O 2 F re e z in g  
A t ta c h m e n t  U sed to  O b ta in  M ic ro se c tio n s

microns thick for the study of film structure, and approxi­
mately 5 microns for observations of pigment concentrations. 
The sections are placed on slides which have previously been 
cleaned and covered with a film of egg albumin, which, when
dry, serves to attach the specimens to the slide. If the
sections are of freshly applied paint, they are allowed to 
oxidize for 8 to 10 hours.

The slide bearing a section is then placed in 
the solution of brilliant green for 1 to 2 minutes, 
which stains only the wood fibers. If the wood 
is too deeply stained, it may be decolorized with 
dilute alcohol and then washed in water. The 
slide is then placed for 2 minutes in the solu­
tion of Soudan III or IV or scarlet It, which
stains the oil red. Passing the specimen through 
hydrochloric acid fumes and then washing clear 
with water tends to intensify the red color.6 
For permanent preservation the specimen may 
be mounted in Allen’s medium6 and protected 
with a cover glass. B alsam  w as found  to 
be unsatisfactory. The Euscope as described 
by Exton (3), has proved to be a valuable in­
strument in observing and photographing the 
sections.

When it  is desirable to prepare sections of paint films 
for a study of the structure of the film, a somewhat different 
technic must be used. These films may be soft and contain 
unoxidized oil and when sectioned smear or become greatly 
distorted. To avoid this and keep the film intact it is im­
bedded in a combination of beeswax and rosin (2:1) and the 
entire block frozen to the point a t winch the wax can no longer 
be dented with the finger nail. The specimens can then be

6 In  th e  p resen ta tion  of th e  paper autochrom e p la tes were used which 
canno t be reproduced in th e  w ritten  paper.

6 A llen’s m edium  consists of a  s tra ined  so lution of gum  arab ic  of th e  
consistency of glycerol, to  which l/a  volum e of glycerol and  1/to  volum e 
of form aldehyde has been g radually  incorporated . T h is  m edium  sets 
hard .

F ig u re  2—C ro ss  S e c tio n  o f a  T w o -C o a t 
P a in t  F ilm  S h o w in g  P ig m e n t  C o n c e n ­
t r a t io n s .  40 X

F ig u re  3— C ro ss  S e c tio n  o f F ilm  S h o w ­
in g  P ig m e n t  D is t r ib u t io n  a t  U p p e r  S u r ­
fa c e . 1500X

varieties. The two large classes may readily be identified by 
microscopic examination, but it  is sometimes difficult to 
differentiate between species.

Oak, a typical representative of the hardwoods, as seen 
in Figure 6, exhibits a very complicated structure of the 
wood elements and a complex system of tissue which serves 
very often as a means of identification. Hardwoods have not 
been considered in this work because they are not generally 
used in outside construction.

The woods used in the exterior of buildings are generally 
the softwoods, and it has been necessary to limit this in­
vestigation to the more common of these. The cells of the 
softwoods bear a more or less simple relationship to one

By selectively staining sections of painted blocks of wood, 
it has been possible to get an insight into the complex struc­
ture of wood and obtain some explanations for certain paint 
failures. Although two pieces of different woods having re­
ceived the same treatment may appear uniform and equally 
satisfactory for painting, the same paint applied on the two 
pieces often behaves quite differently. Figure 4 shows actual- 
size photographs of flat-grain surfaces of white pine, redwood, 
fir, and cypress. These surfaces were all prepared in the 
same manner and appear quite uniform for painting. Figure 
5 is a portion of the same white pine, redwood, fir, and cypress 
surfaces magnified 50X. Each surface is quite different 
structurally and these fundamental differences exert an 
effect upon the life of the paint film applied to them and often 
cause variations in failure of the same paint.

For convenience, wood is grouped into two general classifi­
cations known as hardwoods and softwoods. These two 
main classes are again subdivided into many species and
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two groups of fibers. I t  will be noted tha t the 
transition from summer wood to spring wood in 
white pine is very abrupt, but as shown in Fig­
ure IChthe change from spring wood to summer 

BpjBL wood is a gradual one. This characteristic va- 
- ries tremendously with different woods. Figure 11 

shows representative sections of fir, redwood, and 
cypress. These variations or changes from one 
type of wood to another coupled with the varia- 

p jp ?  tions in thickness of the fiber walls have been a 
*3Br source of trouble to the paint trade, as will be 

pointed out later.
Among the outstanding features of these fibers 

are the pits, and they are so important in paint 
technology tha t it is desirable to give a detailed 
account of their structure and function. The 

^  work done by Scarth (9) shows clearly the strue- 
ture and the general arrangement of these pits 
(Figure 12). At intervals along the cell wall there 
will be found bulges toward the inside of the fiber, 

ggvjjj and directly opposite in the adjoining fiber there 
188^89 is a corresponding bulge so that these structures 

resemble saucers, one inverted upon the other. 
At the apex of these convex surfaces there is a 
small orifice. Thus far the structure is quite 
simple and would remain so were it not for a 
membrane which is stretched laterally across the 
center. This membrane is a continuation of the 
lignin matrix, which serves to cement the fibers to­
gether. However, according to Bailey (1) this 
membrane is so constructed that it allows the 
passage of liquids and gases. The center portion, 

or torus, of this membrane is solid, but around it, radiating 
as the spokes of a wheel, there are narrow slits through which 
very fine colloidal material may pass. The diffusion of 
gases may take place quite readily provided the torus of these

F ig u re  4— A c tu a l S ize , F la t - G r a in  S u r fa c e s  S h o w in g  A p p a re n t  U n ifo r m ity  fo r
P a in t in g

A— w hite pine; B— redwood; C— fir; D —cypress

another and lack entirely the complexity and specialized 
character exhibited by the hardwoods. The structure of the 
softwoods has been thoroughly covered by botanists. There 
are three types of cells th a t are of major interest to the 
paint industry—the tracheids, the medullary raj’s, 
and the resin ducts. The resin ducts are not 
found in all the softwoods, and therefore can­
not be classed as a characteristic property of 
these woods. However, their presence cannot be 
ignored because they play an important part in 
the woods in which they occur.

T r a c h e i d s —According to Jeffrey (5) and Pen- 
hallow (8), the tissue of softwoods consists chiefly 
of tracheids or fibers. This primary tissue may 
be divided into two groups on a basis of their 
formation in growth. The spring wood, formed 
during the rapidly growing period in the life of 
the tree, is made up of large, elongated, tapering 
elements with bordered pits. These elements are 
dovetailed together a t their tapering ends and 
their arrangement may be seen in Figure 7.
These spring-wood fibers have thin walls, the 
radial walls being covered with bordered pits.

The other group of fibers makes up the summer- 
wood tissue, which is formed during the more or 
less quiet period in the life of the tree. These 
fibers are also tapered and are dovetailed together, 
but their walls are considerably thicker and the 
bordered pits are confined to the tangential wall.
Figure 8 pictures the summer-wood fibers, show­
ing the absence of pits on the radial surface of 
the fiber. Figure 9 is a cross section of white 
pine a t the point of transition from the summer 
wood to spring wood. There it is easy to see the 
location of the pits, the difference in thickness of 
the cell wall, and the relative void space in the

g jjjE

F ig u r e  5— M a g n if ie d  S u r fa c e  (53 X ) o f F la t - G r a in  W ood S h o w in g  I r r e g u la r i t i e s  
a n d  V a r ia t io n  in  S u r fa c e  to  Be P a in te d  

A— w hite pine; B— redwood; C —fir; D —cypress
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F ig u re  6 —C ro ss  S e c tio n  o f  O a k  S h o w in g  
I r r e g u la r i ty  o f S t r u c t u r e  T y p ic a l  o f th e  
H a rd w o o d s . 50 X

membranes remains free from either wall of the pit. If gas is 
applied suddenly under pressure, these membranes will be 
pushed to one side of the pit, the small orifice closed, and flow 
stopped. Also, if a liquid is flowing 
through these pits from one cell to an­
other, the membrane is operative, but by 
a different force. Wherever there is an 
air-liquid interface the surface tension 
forces are great enough to pull the mem­
brane closed, stopping further flow. The 
natural function of these pits in the life of 
the tree is to prevent too rapid evapora­
tion of the water a t an injury or too 
rapid diffusion of solutions from one cell 
to another. I t  is interesting to note that 
in nature as the tree ages and forms 
heartwood the pits are closed and firmly 
sealed in these fibers. Studies in wood 
preservation show that great difficulty is 
encountered when heartwood has to be 
impregnated, because the pits of the 
fibers are closed against the penetrating 
liquid. In fact, deeper penetration is ob­
tained in all types of cells by slow infiltration rather than 
by using high pressures.

The same forces are a t work when vehicles of paints pene­
trate wood and depth of penetration might be controlled by con­
trolling various physical properties of the vehicles. The higher 
the surface tension of the vehicle the less deeply will it  pene­
trate, but invariably the penetration will be more uniform.6

M e d u l l a r y  R a y s — The individual elements of the medul­
lary rays are short, cylindrical cells with blunt ends, which lie 
end on end from the center of the tree to the periphery. The 
adjoining end walls have what is called a simple pit, so that 
flow of gases or liquids can be retarded but not stopped, as 
is the case with the bordered pits. In reality, then, the med­
ullary rays are continuous tubes radiating from the center 
of the tree and consequently must play some part in the life 
of the paint film. The position of flat- and edge-grained 
boards in the log may be seen in Figure 13 which would indi­
cate tha t the two surfaces are quite different. In the fiat- 
grained board the medullary rays are a t right angles to the 
surface and occupy approximately 20 per cent of the total 
surface. In the edge-grained board the rays are parallel to 
the surface and the area occupied varies considerably. From 
this arrangement of the cells it seems apparent tha t the fiat- 
grained board offers a greater opportunity for deep and ir­
regular penetration of liquids, although true edge-grained and 
flat-grained boards are not so common as a mixture of the 
two types.6 This condition is entirely lacking in true edge- 
grained lumber.

The medullary rays have a peculiar pit structure where 
the ray cells and tracheids are in communication. These 
pits are simple on the ray side but are bordered on the tra- 
cheid side. This makes them capable of acting as one-way 
valves; tha t is, gases and liquids may pass readily from the 
tracheids into the ray cells, but flow in the other direction is 
hindered. In this way there is the possibility of building up 
pressure that may be exerted against the paint film, as these

F ig u re  7— R a d ia l  S e c tio n  o f  W h ite  P in e  F ig u re  8—R a d ia l  S e c tio n  o f W h ite  P in e
S h o w in g  E lo n g a te d  T a p e re d  F ib e rs ,  w ith  S h o w in g  th e  A b sen ce  o f P i t s  on  th e  N a r-
B o rd e re d  P its  D o v e ta iled  T o g e th e r .  50X  ro w e r S u m m e r-W o o d  F ib e rs .  50 X a p p ro x .
a p p ro x .

F ig u re  9—C ro ss  S e c tio n  o f W h ite  P in e  a t  
t h e  P o in t  o f T r a n s i t io n  f r o m  S p r in g  to  
S u m m e r  W ood (P en h a llo w )

F ig u r e  10—C ro ss  S e c t io n  o f W h ite  P in e  
S h o w in g  G ra d u a l  C h a n g e  i n  S ize  o f C ells  f r o m  
S p r in g  to  S u m m e r  W ood a n d  A b ru p t  C h a n g e  
f ro m  S u m m e r  W ood  to  S p r in g  W ood
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F ig u re  11—C ro ss  S e c tio n s  S h o w in g  C h a n g e s  in  S ize  o f C ells  o f S p r in g  a n d  S u m m e r  W ood. 50 X a p p ro x .
A— fir; B —redwood; C—cypress

F ig u re  14— C ro ss  S e c tio n  o f  W h ite  P in e  S h o w in g  
S ize  o f a  L o n g i tu d in a l  R e s in  C a n a l w ith  R e s p e c t to  
S u r r o u n d in g  C e ils . 270 X

F ig u re  12— F ib e rs  a n d  P i t  S t r u c t u r e  a s  F o u n d  in  
S p ru c e  (S c a rth )

I jT A N G E N T I A L

ató«»«)

RADIAL

MEDULLARY RAYS

F ig u re  13-—C ro ss  S e c tio n  o f a  L og  S h o w in g  P o s i­
t io n  o f F la t - G r a in e d  a n d  E d g e -G ra in e d  B o ard s  
w ith  R e s p e c t to  M e d u lla ry  R ay s

medullary ray cells are in direct communication with a 
great many tracheids. These medullary rays are important 
in still another way, serving as the easiest and quickest means 
■of transferring gas through a board. Any pressure set up in a 
board exerts itself along the medullary rays and these, in

F ig u re  15— L o n g i tu d in a l  S e c tio n  o f W h ite  P in e  S h o w ­
in g  a  R a d ia l  R e s in  C a n a l.  60 X

flat-grained lumber, terminate a t the paint-wood interface. 
Studies now in progress indicate that these structures are 
directly related to failure by blistering.

R e s i n  D u c t s —The last group of cells of importance i n  

softwoods are the resin ducts. Very often, in some species
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F ig u re  16— A c tu a l S ize  S u r fa c e  o f Y ellow  P in e  S h o w in g  a  L o n g i tu d in a l  R es in  C a n a l T h a t  
H a s  E x u d ed  R es in  u p o n  th e  S u r fa c e

of wood, the resin is responsible for unsightly paint failures, 
such as small globules of resin exuding through the film, and 
dark brown streaks formed as the resin decomposes or as 
peeling of the film from exposed resin canals in which the 
resin has become hard and brittle by oxidation. These resin 
canals are considerably larger than the surrounding cells, 
as may be seen in Figure 14, which shows the longitudinal resin 
canals of white pine. The lateral resin ducts (Figure 15) are 
smaller and often are in communication with resin pockets. 
These canals are in communication with adjacent fibers and 
tissue. Solvents or heat make the resinous material of such 
a consistency that it will flow from the resin canals to the 
surrounding tissue and to the surface of the board. The 
radial ducts terminate a t the surface of flat-grained lumber, 
while the longitudinal tubes may be exposed for many inches, 
as shown in Figure 16, which is a tangential (flat grained) 
surface of yellow pine. Both the radial and longitudinal 
canals are responsible for some of the irregular penetration 
of oils, as the resin is soluble in the oils and thus aids in pene­
tration of the oils from the paint down into the wood. Quite 
contrary to the general opinion, resinous woods are readily 
penetrated by oils. For example, yellow pine, a very resinous 
wood, showed the greatest ease of penetration. The pene­
tration was greatest radially, and passed through the resin­
ous bands of the summer wood more rapidly than in any 
of the other woods used.

less trouble for the paint industry to over­
come.

An extended study covering the expan­
sion of wood when it becomes wet and its 
shrinkage when it dries out again shows 
that the over-all expansion and contrac­
tion are a p p re c ia b le  (Table I). The 
swelling of wood caused by the adsorption 
of water is greatest in a tangential direc­
tion, averaging approximately twice that 
of the radial ex p an sio n  and p e rh a p s  

fifty times that of the longitudinal expansion. This condition 
is explained by the wood structure. From the general as­
semblage of the cells in wood the small elongation in a longi­
tudinal direction is perhaps due to the fact that the fibers 
may slip past each other and their increase in length not result 
in a direct elongation of the wood. The greatest increase 
is in a tangential direction because in this direction the fibers 
have the greatest degree of freedom. In the radial direction 
the fibers are firmly attached to the medullary rays so that 
the resultant change is more restricted than the tangential 
expansion. The swelling of an individual fiber free from 
restraint will be the same radially and tangentially, and it is 
the arrangement of the cells that accounts for the variations 
in the degree of swelling in the different dimensions of a piece 
of wood.

T a b le  I— O ver-A ll E x p a n s io n  o f Y ellow  P in e
(1) (2) (3) (4) (5) (6)

M m . M m . M m . M  m. M m . M m .
E X P A N S IO N  I N  R A D IA L  D IR E C T IO N

O ver-all wet 76.7 80 .0 80 .0 80 .6 7 9 .8 7 7 .5
O ver-all dry 7 3 .6 7 6 .0 75 .6 7 8 .0 76 .0 74 .6
Difference 3 .0 4 .0 4 .4 2 .6 3 .9 2 .9
Increase, % 4 .07 5 .26 5 .82 3 .34 5 .15 3 .9
A verage expansion 4 .5 9  %

E X P A N S IO N  I N  T A N G E N T IA L  D IR E C T IO N

Over-all w et 88 .0 87 .6 9 0 .0 90 .7 89.9 89 .8
O ver-all dry 82 .0 81 .5 81 .6 82 .5 82 .5 82 .4
Difference 6 .0 6 .1 8 .4 8 .2 7 .4 7 .4
Increase, % 7 .33 7 .4 8 10.3 9 .94 8 .97 8 .99
Average expansion .8.83 %

F ig u re  17— F a ilu r e  o f P a in t  over S u m m e r  W ood a s  S h o w n  by  B eveled  Edfte o f P a n e l A fo r  E d g e -G ra in e d  S u r fa c e  a n d
P a n e l B fo r  F la t - G r a in e d  S u r fa c e

Swelling of Wood and  Effect on P a in t Coatings

Having covered the three main groups of cells found in 
softwoods, it is now necessary to show how these cells exert 
an influence upon the protective coatings applied to them. 
As the tracheids make up the largest amount of surface 
directly in contact with the paint film, they are perhaps the 
most important and should be discussed first. Reference 
was made earlier to the relative thickness of the cell walls of 
the spring and summer wood. Were these cells of uniform 
size and thickness of wall, there would undoubtedly be one

A detailed study of the expansion of wood has placed a 
different aspect upon the behavior of wood under conditions 
of swelling. I t  was found by two methods that the expansion 
of the summer wood is often greater than the over-all ex­
pansion of the wood. The methods involved were a direct 
microscopic measurement of the dry and wet wood and the 
measurements of enlarged photographs of the dry and wet 
wood.

When direct measurements were made, samples of wood 
with carefully prepared surfaces on which the bands of spring 
and summer wood were plainly visible were used. With a



microcomparator accurate measurements could be made and 
satisfactory checks could be obtained. The alternating 
bands of spring and summer wood were measured in several 
places across the face of the specimen. Table I I  gives the
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F ig u re  18—S a m p le s  o f Y ellow  P in e , W h ite  P in e , F ir ,  R edw ood ,
a n d  C y p re ss  w ith  E d g e - a n d  F la t - G r a in e d  S u r fa c e s , S h o w in g
R e la tiv e  E ase  o f P e n e t r a t io n  in  R a d ia l  T a n g e n t ia l  D ire c tio n s .
A rrow s I n d ic a te  S u r fa c e  M o s t R e a d ily  P e n e t r a te d

data secured by measuring the different bands of spring and 
summer wood, dry and wet, of a piece of yellow pine.

This table represents the data obtained by measuring 
numerous specimens of various species of wood, although it 
has been found that the variation in expansion and contraction 
is quite appreciable so tha t even in the same sample of wood 
the results obtained are not identical. In woods such as 
white pine difficulty in measuring is encountered owing to the 
gradual change in the size of the cells 
and lack of definite boundary lines be­
tween spring and summer wood, but 
when the change is abrupt it  is very 
easy to obtain accurate measurements.
Yellow pine, which has very heavy dark- 
colored summer-wood fibers, offers an 
excellent wood from w-hich to secure 
measurements.

The data indicate that the summer 
wood expands considerably, in fact so 
much tha t the forces exerted are greater 
than those of the swelling spring wood, 
with a result that the spring wood is of­
ten compressed. This must set up un­
even stresses and strains throughout the 
wood, which in turn affect the film of the 
protective coating. I t  is quite inter­
esting to picture a paint film on a flat- 
grained board and investigate the forces 
at work as the paint-wood swells. Con­
sidering first the film on the summer- 
wood areas, where there may be 12 to 
15 per cent expansion, the paint film 
when fresh acco rd in g  to stress-strain 
data (6 , 7) is capable of being stretched 
more than this amount without break­
ing. H ow ever, as the film ages this 
distensibility diminishes so that films 8 
months to a year old have only 4 or 
5 per cent elongation. Therefore, in the early stages of 
the life of the paint film it is soft and elastic enough to take 
care of the swelling of the wood, but later it becomes hard 
and brittle and can no longer adjust itself to the changes that 
take place.

T a b le  I I — M e a s u re m e n ts  o f S p r in g  a n d  S u m m e r  W ood of 
Y ellow  P in e

Vol. 23, No. 2

-Summer Wood--------------s /----------------Sprinq Wood-
>ry w o o d W et w o o d Diff. D ry  w o o d  W et w o o d Diff.

M m . M m . M m . M m . M m . M  in.
R A D IA L  M E A S U R E M E N T S

9 .2 9 .6 + 0 .4 12.1 11 .0 - 1 . 1
7 .6 8 .5 + 0 .9 12.0 11.4 “ 0 .6
7 .5 8 .0 + 0 .5 12.0 11.6 - 0 . 4
9 .3 10.3 +  1 .0 11.0 10 .5 - 0 . 5
9 .6 10.3 + 0 .9 12.1 11.6 - 0 . 5
7 .4 8 .3 + 0 . 9 11 .6  . 11.4 - 0 . 2
9 .6 10.5 +  0 .9 12.1 11 .8 - 0 . 3
8 .0 9 .0 +  1 .0 11.8 11.2 - 0 . 6
9 .5 10.3 +  0 .8 12.0 11.8 - 0 . 2
9 .5 10.4 + 0 .9 14.1 13 .5 - 0 . 6

87.2 95 .4 + 8 .2 120.8 115.8 - 5 . 0
9.4 % i n c r e a s e 4.14 %  d e c r e a s e

T A N G E N T IA L  M E A S U R E M E N T S

11.1 13.3 + 2 .2 12.8 12.3 - 0 . 5
11.6 12.8 +  1.2 15.4 15.4 0 .0
12.0 13.1 +  1.1 17.4 18.4 +  1 ,0
11.3 12.8 +  1 .5 10.3 9 .6 - 0 . 7
14.2 15.4 +  1.2 9 .3 9 .6 +  0 .3
12.3 13.9 +  1 .6 13.2 12.7 - 0 . 5
11.8 13.1 +  1 .3 14.1 13 .8 - 0 . 3
12.5 13.5 +  1 .0 11.8 11 .0 - 0 . 8
13.1 14.9 +  1 .8 10.6 10 .0 - 0 . 6
11.6 13.5 +  1 .9 12.6 12.2 - 0 . 4

121.5 136.3 +  14.8 127.5 125.0 - 2 . 5
12.2 % i n c r e a s e 1.96 %  d e c r e a s e

In the paint film over spring wood entirely different condi­
tions exist. There is no evidence in the literature tha t any 
work has been done on the compressibility of paint films. 
Therefore, it is difficult to state the conditions set up a t the 
paint-wood interface when the spring wood is compressed. 
All th a t is known is tha t the paint very seldom chips and 
flakes from spring wood, indicating tha t the paint film can 
adjust itself to the smaller compression changes. This leaves 
but one other point of interest in the paint-wood interface, 
and that is the point a t which spring and summer wood meet.

This point is the most important as it is a t this interface that 
paint films invariably become loosened and begin to lift over 
the summer wood. Figure 17 illustrates the sharp line of 
failure of paints a t the transition of summer wood to spring 
wood, accompanied by the characteristic flaking of the
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F ig u re  19— C ro ss  S e c tio n s  o f W ood  a n d  T h r e e  C o a ts  o f 60-30-10 (L e a d -Z in c - In e r t)  P a in t ,  
S h o w in g  P e n e t r a t io n  a n d  S u r fa c e  F ilm  

A —w hite pine; B —redwood; C —fir; D —cypress
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paint over summer wood. Apparently the greatest stresses 
and strains are set up a t tins point, or the resultant of the 
forces of expansion and compression is most effective a t the 
union of summer and spring wood. An analysis has been 
offered by J. B. Reynolds, of the Mathematics Department of 
Lehigh University, as far as the data will permit of the mathe­
matics and mechanics of the relationship of paint to wood 
under conditions of swelling of the wood. This analysis 
will be refined as data are accumulated and when it is com­
plete will be published.

Effect of Wood S tru c tu re  on  P en e tra tio n  of P a in t

Having considered some of the physical changes tha t take 
place in wood, it is advisable to see what effect the wood 
structure has on the penetration of the liquid of protective 
coatings. Microscopic examination gives no evidence that 
penetration occurs directly through the fiber wall, although 
there is the possibility of adsorption on the cell wall exposed 
on the surface to be painted. However, examination shows 
that penetration occurs through thé pits located on the cell 
wall or by a cut fiber. If the fibers are parallel to the surface, 
there is little danger of excessive penetration by means of 
cut fibers and penetration is then controlled by the bordered 
pits. If a true flat-grained surface is painted, excessive 
penetration can take place a t the medullary rays6 (Figure 
6). In this way large amounts of oil in proportion to the 
amount available may be withdrawn irregularly from the 
surface film. This irregular and excessive penetration must 
leave the film on the surface with areas depleted of oil. Since 
the entire surface of a paint film is subject to the same oxidiz­
ing atmosphere, areas with less oil will in a given time be 
oxidized more than areas high in oil. This non-uniform 
oxidation will result in localized “dry spots” or a heterogeneous 
film. As the porosity of the film is partially dependent on the 
amount of oil present, the area of the film depleted of oil would 
also become more porous than the surrounding film and at 
these points the natural elements could enter the film, pro­
ducing premature failure. The logical assumption is that 
the more uniform the retention of sufficient oil and the more 
homogeneous the oxidation and structure of the film, the 
longer will be the life of the paint.

Each species of wood seems to have its own peculiar method 
and degree of ease of penetration. Figure 18 shows five sam­
ples of wood with their flat- and edge-grained surfaces ex­
posed. Dyed oil placed in the center and allowed to pene­
trate showed tha t yellow pine, which has always been con­
sidered a hard wood to penetrate and that extra turpentine is 
required for good penetration, was penetrated through the 
alternating bands of spring and summer wood more readily 
than any of the other specimens. Liquids will penetrate 
more readily radially in white and yellow7 pine but more 
readily in a tangential direction in fir, redwood, and cypress. 
The ease of penetration of yellow and white pine is due 
to the large medullary rays and radial resin canals through 
which the oil flowrs quite readily.

The addition of turpentine to clear vehicles does increase 
the depth and irregularity of penetration by decreasing 
the viscosity of the vehicle. The actual amount of oil 
penetrated, however, does not vary as the supply of vehicle 
in a paint is limited so that large amounts of turpentine wall 
tend to make the penetration less uniform, which probably 
is not as desirable as it may seem. By close examination of 
films on wood it  has been noted that if penetration is uniform, 
although only one or two cells deep, the surface film is more 
homogeneous. There is no apparent reason for any advantage 
in deep penetration except in so far as the vehicle tends to 
preserve the wood, as the structure of the wood is such that 
if the two or three surface layers of wood cells are impregnated

with oil additional penetration should have no beneficial 
effect on the adherence of the film. Observations of the deep 
and irregular penetration of raw oil, the somewhat more 
uniform and not so deep penetration of bodied oils5 and the 
very little but very uniform penetration of a varnish, indicate 
that more thought should be given to this property in paint- 
vehicle formulation.

Six typical outside paints and numerous clear vehicles 
on four or five common w'oods have been investigated. There 
is very little difference in the average depth of penetration of 
one paint on several woods, but there is a decided difference in 
the uniformity of penetration. Figure 19 show's that wrhere 
the penetration is uniform and not very deep the surface 
film is heavier and more regular, and that the average depth 
of penetration is about the same but the uniformity of pene­
tration varies.

Conclusion

The results of this investigation indicate that the method 
presented can be successfully employed in studying the 
problems of penetration, adherence, and wood-paint inter­
facial relationships; that the microstructure of wood, a here­
tofore ignored component of paint failures, is w'orthy of 
detailed study in the endeavor to overcome the failures char­
acteristic of protective coatings. Work of this nature has 
opened a field for future investigation and studies along this 
line have been started with the idea of obtaining fundamental 
knowledge to aid in a better understanding and correction 
of the failures of protective coatings.
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R esistan ce  of C h rom iu m -P la ted  P lug G ages 
to  W ear

Plug gages used for measuring internal diameters are often 
plated with chromium, because chromium wears a t a  lower rate 
than most steels which are used for this purpose. Several types 
of chromium plate are produced by variations in the control of 
the electroplating bath, and are designated in the industry as 
"bright,” "milky,” and "frosty,” according to the appearance 
of the deposits. In a laboratory study made a t the Bureau of 
Standards, milky and frosty deposits showed better performance 
than bright deposits, excepting bright deposits which had been 
heated to 300° C. .Lapped chromium plate was more resistant 
to wear than unlapped plate. In the process of the electro­
deposition of chromium, hydrogen is evolved which to some ex­
tent is absorbed by the chromium plate. Heating the chromium 
deposit to about 300° C. was found to improve the quality, prob­
ably by driving out the hydrogen. When a thin coating of 
copper was deposited prior to plating with chromium, the plate 
exhibited greater resistance to wear than a similar deposit of 
chromium applied without the copper.
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Notes on H ydrogen Sulfide Poisoning1
Lewis B. AUyn

Westfield Testing and R esearch  Lahokatories, 102 Elm St.. Westfield, Mass.

SEPTEM BER 26, 1930, was hot and sultry. Shortly 
after 5 p . m., Walter Swiatek, a boy about fourteen 
years of age, began to explore a rubbish dump situated 

about 300 feet north of his home in Chicopee, Mass. This 
dump occupies a portion of a deep ravine with precipitous 
sides about 65 feet in height. At the bottom runs a small 
stream or brook. The location, known as the Lemicux 

■ dump, is used exclusively by a large manufacturing firm for 
rubbish disposal. No regular caretaker is employed a t the 
ravine.

Young Swiatek in the course of his exploration came upon 
a discarded steel cylinder about 46 inches long and bl/ i 
inches outside diameter, fitted with a brass valve a t one end. 
I t  was doubtless his intention to remove the valve and sell 
it as junk. Since he could not unscrew it, he apparently 
broke it off with a large stone. The compressed gas rushed 
out with a loud hiss and, judging from the relative position 
of the body to the tank, immediately killed him.

A second boy who happened along the bank looked down 
and saw Swiatek’s body lying across the tank. He immedi­
ately notified the father, Joseph Swiatek, who at once started 
up the ravine to rescue his son. The elder Swiatek suc­
ceeded in reaching the body, picked it up, then he himself 
dropped dead.

The police quickly appeared on the scene and later with 
great difficulty carried the bodies up the bank. The officers 
were all more or less nauseated and suffered severely from 
vertigo. The medical examiner himself was partially over­
come by the fumes.

The tank was plugged and sent to these laboratories for 
examination. Since the residual gas in the tank was not 
under pressure, an L-shaped piece of glass tubing was ce­
mented into the vent left by the broken valve, gentle heat 
was applied to the opposite end, and sufficient gas collected 
for a systematic analysis. I t  proved to be hydrogen sulfide. 
In  a dilution of 1 to 400 it killed in 40 seconds a normal 
albino rat weighing 164 grams.

The physical setting for the tragedy was ideal; a sultry, 
still day, a deep ravine about 40 feet across a t the bottom, 
with steep, wooded sides, well sheltered from air currents. 
The contours formed a pocket or reservoir from which the 
gas could only slowly escape.

Both bodies were deeply cyanosed and reeked with the 
offensive smell of the gas.

The tank, said to have had a small crack in one side, was a 
discarded one originally for use in the manufacturing plant 
previously mentioned. The company has for some time 
stored in its factory hydrogen sulfide which it purchases 
in heavy steel cylinders. I t  is unknown whether the gas 
is used exclusively in its laboratory' or in some manufacturing 
process.

An excerpt from the coroner’s report is of interest:

While it is customary to return these tanks to the manufac­
turer, this tank appeared so badly corroded that it was felt it 
would be useless to try to return it. A company officer ordered 
it to be loaded onto a truck, and it was taken to the dump and 
unloaded. Even though some of the officials should a t  some 
time have known tha t this tank contained a dangerous gas, in 
view of the fact tha t the official immediately responsible for 
its transportation to the dump saw this crack and detected

1 R eceived N ovem ber 4, 1930.

some sort of an odor in the vicinity, I am not convinced that 
a t this particular time he should have known that there was 
any danger in sending it to the dump along with other worthless 
junk. Upon all the evidence, I am of the opinon tha t there was 
no criminal act upon the part of any person.

Medical Examiner Samuel E. Fletcher states:

On arriving I found the bodies lying face down on the ground 
with physicians and police applying artificial respiration and 
friction to the surface of the bodies.

Both bodies were cyanotic and cold and showed no signs of 
life when the stethoscope was applied to the chests.

The atmosphere for a distance of a t least two hundred yards 
from the spot where the bodies were found was heavily charged 
with an offensive odor something like sulfurctted hydrogen.

This tragedy again emphasizes the poisonous qualities 
of hydrogen sulfide, especially when the concentration is 
high enough.

Lehmann (2) says th a t :

Hydrogen sulfide kills rabbits and cats within ten minutes in 
an atmosphere containing as little as one to three parts of 
hydrogen sulfide per thousand parts of air. Death follows from 
an inflammatory oedema of the lung, preceded by convulsions; 
there is also a paralysis of the nerve centers.

The following excerpt from “Noxious Gases” by Henderson 
and Haggard (I) is of interest:

Death in acute hydrogen sulfide poisoning results from failure 
of respiration and the consequent asphyxia. This respiratory 
failure is occasioned through two separate processes depending 
upon the concentration of the gas inhaled. Concentrations 
higher than 2000 parts per million cause almost immediate 
cessation of breathing by paralyzing the respiratory center. 
Concentrations between 600 and 2000 parts per million cause, 
hyperpnea through stimulation of the-respiratory center. The 
excessive breathing lowers the carbon dioxide content of the 
blood, the apnea vera results.

The action of hydrogen sulfide upon the nervous system is 
exerted only during the time the free hydrogen sulfide is in 
the blood and to a degree depending upon the concentration 
present. The symptoms of acute poisoning develop immediately 
on the inhalation of the gas; but because of its rapid oxidation 
in the blood they pass off when the inhalation ceases. Death 
in acute poisoning is as rapid as in poisoning by cyanides; a 
man inhaling a high concentration drops dead. Hydrogen sul­
fide is in a high degree a non-cumulative poison; thus if the 
victim is revived there are no systemic sequelae. In less severe 
poisoning, convulsions and dyspnea are marked symptoms. In 
subacute or chronic poisoning the main symptoms are those of 
irritation, particularly of the eyes, and to a less degree of 
action of the respiratory tract. In some cases the depressing 
action of the gas is also evidenced in a mild degree of malaise. 
The limit of danger for prolonged exposure is said to be a con­
centration of 50 parts per million, or possibly lower.

The treatm ent of acute hydrogen sulfide poisoning consists 
in restoring breathing by means of manual artificial respiration, 
combined with inhalation of oxygen mixed with 5 per'cent of 
carbon dioxide.
P h y s io lo g ic a l R e s p o n s e  to  V a rio u s  C o n c e n tr a t io n s  o f H y drogen .

S u lf id e
Hydrogen Sulfide 

P. P. m.
Slight sym ptom s a fte r several hours 100 to  150
M axim um  am ount th a t  can be inhaled for 1 hour

w ithou t serious d istu rbance 200 to  300
D angerous in 30 m inutes to  1 hour 500 to  700
R ap id ly  fa ta l 1000 to  3000
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PERKIN MEDAL AW ARD

The Perkin Medal for 1931 was presented to Arthur D. 
Little, president of Arthur D. Little, Inc., Cambridge, Mass., 
on January 9, at the joint meeting of the American Section of 
the Society of Chemical Industry, the A m e r i c a n  C h e m i c a l  
S o c i e t y , the Société de Chimie Industrielle, and the American 
Electrochemical Society in New York City.

Frederick G. Keyes, of Massachusetts Institute of Tech­
nology, gave an account of the “developments, projects, 
processes, and enterprises” with which Doctor Little has 
been identified, which was followed by the presentation of 
the medal by D. D. Jackson, chairman of the American 
Section, and the address by the medalist himself.

The Perkin Medal may be awarded annually by the 
American Section of the Society of Chemical Industry for

the most valuable work in applied chemistry. The award 
may be made to any chemist residing in the United States 
of America for work which he has done at any time during 
his career, whether this work proved successful at the time 
of execution or publication, or whether it became valuable 
in subsequent development of the industry. The medalist 
is chosen by a committee representing this society, the 
A m e r i c a n  C h e m i c a l  S o c i e t y , the American Electrochemical 
Society, the American Institute of Chemical Engineers, and 
the Société de Chimie Industrielle. I t  was founded in 190C 
at the time of the semi-centennial celebration of the discovery 
of mauve by Sir William H. Perkin, the first medal being 
presented to Sir William himself.

Perkin  M edal Awards
Date Awarded to

1906 S ir W illiam H. Perkin 
1908 J. B. F . Ilcrreshoflf

1909 Arno Bchr

1910 E . G. Achcson

1911 Charles M . Hall

1912 H erm an Frasch

1913

1914

1915

1916

1917

1918

1919

Jam es G ayley 

John  W . H y a tt 

E dw ard  W eston

Leo H . B aekeland 

E rn st Twitchcll

Auguste J. Rossi 

F . G. C ottrell

1920 Charles F . C handler

1921 Willis R . W hitney

Principal Achievements 

Pioneer work in syn thetic  dye industry  
Im provem ents in cham ber process for 

sulfuric acid; developm ent of th e  con­
tac t process for sulfuric acid, a roas t­
ing furnace for pyrites fines, a  copper 
sm elting furnace, and electrolytic re ­
fining of copper 

W ork in field of corn products, including 
grape sugar, crystallized dextrose, mill 
s tarch ; and utilization of various b y ­
products

D evelopm ent of C arborundum , artificial 
graphite, graphitized electrodes, soft 
graphite, deflocculated graphite, Siloxi- 
con, A quadag, and  Oildag 

D evelopm ent of process for m anufacture 
of alum inum  by electrolysis of alum ina 
in fused cryolite ba th  

C ontributions to  refining of C anadian 
and  Ohio petroleum s and  his m ethod 
of mining sulfur 

Invention  of d ry  a ir b last for m anufacture 
of iron

Discovery of celluloid and developm ent 
of its  m anufacture 

Achievements in electrodeposition of 
metals, electrolytic refining of copper, 
construction of electric generators and 
motors, arc and incandescent illum i­
nation, electric m easuring instrum ents, 
and the  W eston stan d ard  cell 

D iscovery of Velox paper, B akclite, and 
of o ther synthetic  resins 

Discovery and  developm ent of use of 
organic sulfo acids as catalysts  in 
hydrolysis of oils and  fa ts  for p ro­
duction of fa tty  acids and  glycerol 

Achievements in field of titan ium  steel 
and o ther titan ium  alloys 

Recovery of helium from natural-gas 
wells and electrical precipitation of sus­
pended particles 

W ork as educato r an d  expert in field of 
industria l chem istry, as pioneer in 
field of san itary  chem istry, and  for 
invention of system  of assay weights 

Achievem ents as research d irector of 
General Electric Com pany, in develop­
m ent of m etallized incandescent fila­
m ents of Gem lamps, tungsten  lam ps, 
gas-filled lam ps, insulating m aterials,

Date

1922

1923

Awarded to

W illiam M. B urton 

M ilton C. W hitaker

1924 Frederick M . Becket

1925 H ugh K. M oore

1926

1927

R. B. M oore 

John E . Teeplc

1928 Irving Langm uir

1929 E . C. Sullivan

1930 H erbert H. Dow

1931 A rthur D. L ittle

Principal Achievements 

alloys, and  new ap p ara tu s  and elec­
tric  equipm ent 

H igh-tem pernture process of cracking pe­
troleum  under pressure 

Achievem ents in m anufacture  of alcohol, 
ethyl aceta te , acetone, o th e r solvents, 
and  the  utilization  of by-products 

Processes for extraction  of rare m etals 
from  ores, m anufacture of calcium  ca r­
bide, and  reduction of rare  m etals and  
alloys

D evelopm ent of e lectrolytic processes 
for chlorine and  caustic  soda and  re ­
covery and  u tilization of by-products in 
pulp and paper industry  

A chievem ents in field of helium  and ra ­
dioactive elem ents 

A chievem ent in m anufacture  of acids, a l­
kalies, chlorine, perm anganate , special 
chem icals; design of p lan ts  for sam e, 
distillation  of hardw oods; utilization  
of pine oil; and chiefly for recovery of 
potash and  borax a t Scarles Lake, Calif, 

Accom plishm ents in field of low pressures; 
conduction, convection, an d  rad iation  
of h eat; vapor pressure of m etals; 
new vacuum  pum ps and  vacuum  gages; 
atom ic and  crysta l s tru c tu re ; elec­
tronic and ionic curren ts; high-pow er 
vacuum  tubes; theories of absorption , 
evaporation , and passiv ity ; first to  
apply  argon and nitrogen in tungsten  
lam ps; a tom ic hydrogen flame for 
welding; and conception of space 
charge in therm ionic tubes 

D evelopm ent of special glasses for heat 
resistance, for transm ission of certa in  
light rays, and  for o th e r purposes 

D evelopm ents in brom ine and  electrolytic  
production  of chlorine and  alkali; in 
m anufacture  of m etallic  m agnesium  
and  its  salts; and  in in troduction  of 
novel processes for phenol, aniline, and 
o th e r organic chem icals 

W ork as a  pioneer in th e  application  of 
research to  industry  and  developm ent 
of processes for chrom e-tanned leather, 
ch lo rate  of potash , cellulose ace ta te , 
smoke filters, new sprin t from sou thern  
woods, recovery of naval stores from 
lum bering wastes, and  vapor-pliase 
cracking of petroleum .
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Accom plishm ents of the M edalist
(Abstract)

Frederick  G. Keyes

THOSE of us who have had the privilege of a long and inti­
mate acquaintance with Doctor Little's accomplishments, 
and have worked with him, either as colleague or collabora­

tor, sharing the joys and tribulations characteristic of the paths 
leading from the naked idea to the perfected and productive 
process, know tha t he is a man in whom fine character, sound 
judgment, intelligent optimism, and abundant humor are com­
bined with scientific imagination in a remarkably agreeable and 
effective manner.

The young man entered upon his career a t 
a moment when the rapid social and indus­
trial changes following the Civil War had 
begun to reach a steady state. I t  was, 
indeed, about the very beginning of the 
rational application of scientific methods to 
industry in this country, a period tha t at 
first developed very slowly but which be­
came immensely active during and since the 
last war.

After leaving the Massachusetts Institute 
of Technology, our colleague became the 
chemist and later superintendent of the first 
sulfite wood pulp mill in the United States, 
th a t of the Richmond Paper Company.
This was a  10-ton plant a t Rumford, R. I., 
installed in 1884 a t a time when organized 
knowledge of chemical engineering was non­
existent. Imagine a digester, with a tissue 
lining of 5-pound lead crawling away from 
its shell, cracking, buckling, and adding, for 
digester repairs, S15 per ton to the cost of 
the product, and you will see good reason 
for the chemist’s initial loss of embonpoint 
a t the rate of 4 pounds per week. The 
process was inherently right, but the young 
superintendent’s task was to make right the 
engineering, inherently and completely all 
wrong. The disabilities of the original di­
gester design inspired, incidentally, A. D.
Little’s first patent.

The period beginning with 1890 saw the introduction into the 
United States of many new industrial processes. Artificial silk 
produced by Count Chardonnet from nitrocellulose became 
known a t the Paris exhibition of 1889. The process of Cross, 
Bevan, and Beadle for artificial silk, now known as the viscose, 
process, was communicated to Doctor Little in 1893. He at 
once saw the range and importance of the manifold applications 
of the cellulose thiocarbonates and derived products, and in 1894 
reported an extraordinary amount of investigative work resulting 
in such products as a cellulose glue, dense masses of cellulose, 
films and various admixtures of the viscose solution with un­
treated fibers and mineral substances, besides many other applica­
tions. “Educated money” was immensely difficult to find thirty- 
five years ago, and is still sufficiently difficult to find for the de­
velopment of a new process. Not until about 1900, after ex­
tended development abroad, was an American company formed 
for the exploitation of viscose. By 1927, however, the world’s 
production of artificial silk from viscose was somewhat in excess 
of 200 million pounds.

About the same period we find Doctor Little demonstrating the 
revolutionizing chrome-tanning process of Schultz, and a patent 
was issued on the process in 1893. The studies with viscose 
cellulose acetate and like products appeared to be progressing 
simultaneously, for I  find, among others, a patent for carbon 
filaments from cellulose issued in 1895. Paper-making problems 
and manufacturing improvements continued to hold a large 
measure of attention. Patents for waterproofed and waxed papers 
bear the date 1902. Wood-waste utilization, alcohol production, 
casein products, electrolytic production of chlorine and soda, hy­
pochlorites, and chlorates constituted the pioneering work for the 
most part, but a t the same time a prodigious amount of thought 
and effort was expended in carrying on the work of the industrial 
chemist in checking waste, increasing plant efficiency, and or­
ganizing and directing capital along the lines of new enterprises.

Something over twenty years ago about the only company- 
owned industrial research laboratory was th a t of the General Elec­
tric Company, then but recently organized by Willis R. Whitney.

The industrial leader or business executive a t tha t time who 
could grasp the significance of persistent research effort over a 
long period of time was a remarkable rarity. I t  is easy to imagine 
tha t the firm of Griffin and Little, organized in 1886 for indus­
trial research and control, must have somehow found the means 
of endowing itself with a wonderful self-renewing quality of faith 
and optimism. The firm prospered, was reorganized in 1900 
under the name of Little and Walker, and the scope of its activi­

ties enlarged.
At about this period, perhaps much earlier, 

A. D. Little must have been turning over in 
his mind the problem of meeting the need 
in industry for well-educated and thoroughly 
trained men. He evidently foresaw with 
clearness the period of rapid acceleration in 
the application of scientific principles to in­
dustry, which was well under way in the 
United States when the cataclysm of 1914 
punctured the peace of the world. The in­
auguration of the Research Laboratory of 
Applied Chemistry a t M. I. T. took place 
in 1905 and Doctor Little’s partner, William 
H. Walker, assumed the professorship of in­
dustrial chemistry.

Doctor Little’s industrial contacts and ac­
tivities were expanding steadily in the period 
from 1900 to 1914. By 1909 there had been 
brought into existence an organization con­
sisting of a number of departments manned 
by specialists whose activities were corre­
lated and brought to bear on a wide variety 
of industrial problems. By 1911 the busi­
ness was eight times what it had been in 
1904. In  1914 the present model industrial 
research laboratory on Charles River Road 
in  C a m b rid g e , “Dedicated to Industrial 
Progress," was built and placed in full opera­
tion. I t  was an opportune moment, for the 
enormous expansion of American industry 
caused by the huge demands for supplies of 

all sorts by England and France immediately emphasized the 
importance of research and scientific control of operations.

Doctor Little’s effort after the American participation in the 
war, in its immediate and tangible aspects, centered around the 
development of airplane dopes, acetone production, and smoke 
filters. I believe his process of setting the smoke-filter fiber on 
the gas-mask canisters is now the approved process.

T hat all these very practical results were important may be 
readily admitted. There was other even more important work 
to be done, and th a t of a kind few chemists do well. Some one 
has remarked tha t the man of science is the only one in the world 
with anything really important to say and he doesn’t  know how to 
say it. Our colleague is, however, the conspicuous exception, 
for he always has something important to say and he certainly 
knows how to say it. I wonder, then, if his greatest contribution 
from 1915 on, has not lain in the stimulus, impetus, and direction 
given to industrial research through his well-composed addresses, 
papers, and essays. The beginning of the war was a moment 
when, German imports being cut off, the United States was ham ­
strung for dyestuffs, scientific apparatus, synthetic drugs, and 
many other necessary products dependent for their production 
on highly organized and scientifically controlled processes. Cer­
tainly the brilliant series of papers during this period constitutes a 
wonderfully clear statement of the problems to be solved, the 
useful kinds of organizations to be developed, and the importance 
of cooperation, not only between the different branches of science, 
but between the exact sciences and economics and government. 
The subject of the conservation of natural resources of the 
country was studied and the facts correlated in an exceptionally 
clear, logical, and forceful form of expository literary style. The 
range of topics touches almost every practical problem of the 
complicated pattern of our industrial and social life. I t  was the 
most important kind of service, and needed, to awaken the 
consciousness of the discerning public to the importance of in­
telligent, immediate, and concerted action.

I t  is interesting to observe that, besides being a skilled expositor 
of the scientific, A. D. Little perceives and presents, with ad­

A. D . L i t t l e
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mirable forcefulness, the dangers of allowing applied science to 
march out of step with social development.

Interest in educational matters a t M. I. T. did not lag during 
the hectic years of the war. As chairman of the visiting com­
mittee of the Department of Chemistry and Chemical Engineer­
ing, Doctor Little was the active force tha t finally induced the 
adoption of the Chemical Engineering Practice School.

The war, besides bequeathing us life without much joy, gave us 
a complex variety of evil changes and distressing disasters un­
paralleled in the aftermath of other wars. An intelligent man of 
sensitive and acute perceptions must have very uncommon in­
ternal sources for the nourishment of the soul to emerge from the 
experiences attending the conduct and prosecution of a modern 
war with unimpaired optimism and faith in the future of his 
civilization. Here we see a man with calm intelligence surveying 
the post-war problems in a world which still resembles nothing 
as much as a pot of spiders trying to devour one another. During 
the period from 1918 to the present A. D. Little found time for 
some sixty papers and addresses. The stimulus to thought and 
action in all directions resulting from these admirable essays can 
probably never be quite fully measured. The sane and objective 
presentations of fact, the voluminous statistical information, the 
constructive criticisms of worn-out points of view and procedure, 
the clear indication of the danger signals with respect to our long 
misused but dwindling natural resources is a monument to con­
structive and sane intelligence. A volume containing some 
twelve essays has recently appeared under the title "The Hand­
writing on the Wall.” I t  is to be hoped that the remaining essays 
will ultimately be collected and published in book form.

After 1918 industrial research, new processes, technical in­
vestigations and matters pertaining thereto came under the a t­
tention of Doctor Little and his organization to an extent which 
would have been expected in view of the part the industries of the 
United States were destined to play in world commercial com­

petition. I t  seems that the vapor-phase cracking of petroleum 
worked out by A. D. Little and his organization marks an im­
portant step in petroleum chemistry. The subsequent small- 
scale commercial operation of the process a t Tiverton, R. I„  gave, 
without carbon deposition, besides high-quality antiknock gaso­
line, tertiary butyl alcohol and secondary alcohols, propylene, 
and other unsaturated olefins. I t  seems clear tha t the further 
development of this process and its offshoots may usher in an era 
of industrial development in which the aliphatic compounds 
derivable from petroleum may prove as interesting and important 
as the aromatic compounds from coal tar.

A. D. Little served the A m e r ic a n  C h e m ic a l  S o c ie t y  as presi­
dent for two years (1912—1914). He was president of the Insti­
tu te of Chemical Engineers in 1919, and president of the Society 
of Chemical Industry in 1928. The University of Pittsburgh 
conferred upon him the degree of doctor of chemistry in 1918. 
The University of Manchester gave evidence of its appreciation 
in the form of an honorary doctor of science degree in 1929, 
while the College of Technology of Manchester have him as their 
honorary associate. He has served as chairman of the Com­
mission on the Economy of Fuel and Raw Materials of the 
American Section of the International Chamber of Commerce, as 
vice chairman of the Engineering Foundation Board, as a member 
of the Division of Engineering and Industrial Research of the 
National Research Council, besides other national committees. 
A very important work was th a t of organizing the National Re­
sources Survey for the Canadian Pacific Railway in 1916 and 
1917. He is a life member of the M. I. T. Corporation and has 
served the Harvard Department of Chemistry as a member of its 
visiting committee, as well as the Departments of Chemistry and 
Chemical Engineering a t his own Alma Mater. Doctor Little 
is a member of more scientific and technical societies than any one 
I have ever known and, what is more remarkable, he finds time.to 
contribute to all of them pretty regularly and effectively.

The Evaluation of Chemical Projects
A rth u r D. L ittle

Arthur D . Littlb, Inc., Cambridge, Mass.

W HEN we search for the fundamental basis upon 
which our whole industrial structure has been 
reared, we find, in the last analysis, tha t it rests 

upon a bed rock of chemical processes. We practice agri­
culture only because the growing plant, under the influence 
of sunlight, transforms by subtile chemical processes its raw 
materials in soil and air into the starch and sugar and oils 
and proteins required for our purposes. We have a lumber 
industry because the tree, by a chemistry which far transcends 
our own, converts water and carbon dioxide into the cellu­
lose which is the physical basis of its structure. The coal 
and oil and gas upon which our civilization is so definitely 
founded are themselves the products of chemical processes 
operating in ages long since past, and neither coal, nor oil, 
nor gas would be of interest or value to us except for the 
typically chemical process of combustion. The ores we mine 
are what they are because of a long succession of chemical 
changes which had their remote beginnings even before the 
earth was formed. We obtain them by the aid of chemical 
explosives and we win their values by methods which are 
largely chemical. In short, we go back to chemistry for 
all our basic raw materials.

Chemistry similarly pervades that second line of in­
dustry in which these raw materials are converted into 
things of higher value and more immediate usefulness. I t  
would be difficult indeed to find a manufacture which is 
without some chemical aspect. Many, like the smelting of 
iron and the making of steel, are as chemical as a sulfuric 
acid plant, although not commonly so regarded.

Impossible though it may be to draw any strict line of 
demarcation, there is a large and highly important group of 
manufacturing activities which constitutes what are generally 
accepted as the chemical industries. I t  includes those con­

cerned with the making of acids, alkalies, and salts, dyes and 
synthetic products, solvents, explosives, and the multitude of 
compounds utilized by others for producing chemical effects. 
I t  may, although with less general acceptance, be extended to 
include many specific industries w here'the product, like 
celluloid or cellophane or rayon, is the result of processes 
which are predominantly chemical. Sulfur, although ob­
tained by methods in which chemistry is not involved, is so 
vitally essential to the chemical industries that the companies 
producing it are naturally associated with the group.

Taken as a whole, the chemical industry presents char­
acteristics which, from the point of view of the investor, 
differentiate its members from industry in general, and which 
invite and well repay his serious study.

F inancial C onsiderations

The importance of the chemical industries, both in the 
financial sense and from the investor’s standpoint, may be 
gaged from the brief summary of significant items which 
follows.

At the end of 1928 the total tangible assets of fifty Ameri­
can chemical companies were in the neighborhood of $1,800,- 
000,000. About 40 per cent of this must be credited to 
three companies—Allied Chemical and Dye, Union Carbide, 
and du Pont when the du Pont investment in General Motors 
is excluded, as it was from the grand total. The remainder 
is distributed among the forty-seven remaining companies 
in proportions ranging from 5 per cent down.

I t  is particularly noteworthy tha t these smaller companies 
are by no means throttled by the giants. They often show 
a higher percentage of profit than any of the three, while 
offering promise of a greater percentage of future expansion.
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The average turnover of sales in the chemical industry is 
about once a year on capital investment, although it varies 
in some cases from twice a year to once in three years, de­
pending on the type of products made.

During the five-year period from January 1, 1924, to 
December 31,1928, the average percentage of net earnings on 
the net worth of 1929 was as follows in case of the representa­
tive non-chemical companies named below:

% %
Bethlehem  Steel C orpora­ S tan d ard  Oil C om pany of

tion 3 .7 5 New Jersey 7 .8 5
U nited S ta tes Steel C or­ New Y ork C entra l R ailroad 8 .02

poration 5.06 American C an Com pany 8 .93
Southern  Pacific Railw ay 5.96 American Telephone & Tele­
Pennsylvania R ailroad 6 .42 graph Com pany 9.34
In te rna tiona l H a r v e s t e r G eneral E lectric  Com pany 10.8

Com pany 6 .4 8 Sears, Roebuck & C om pany 12.3
Atchison, T opeka & S an ta N ational B iscuit C om pany 13.43

F é  Railw ay C om pany 6.96 F . W . W oolw orth C om pany 18.2
Consolidated Gas Com pany

of New Y ork 7 .7 8

For purposes of comparison the corresponding percentage 
figures are given for ten representative companies in the 
chemical field:

%
Union C arbide and  Carbon

C orporation 9 .66
Allied Chem ical and  Dye

C orporation 9 .87
M athieson Alkali Com pany 10.41
E astm an  K odak Com pany 14.6
In te rn a tio n a l Nickel Com ­

pany 15 .8°
« 1929 only. 
b M ay  31, 1928, to  M ay  31, 1930.

Viewing the situation from another angle, we find that 
during the five-year period beginning January 1, 1925, the 
total assets of five chemical companies (Allied Chemical, 
Union Carbide, Texas Gulf Sulphur, Vanadium, Commercial 
Solvents) increased from 5582,835,000 to S814,338,000 and 
real earnings rose from 541,902,000 to 587,397,000. Whereas 
in most businesses the percentage of earnings falls as the in­
vestment increases, we find here tha t the group as a whole 
has not yet reached the point -where the law of diminishirg 
returns becomes effective, since an increase of about 40 per 
cent in assets resulted in an increase of 108 per cent in earn­
ings. The ratio is less striking in case of Commercial Sol­
vents, which, nevertheless, shows the very satisfactory in­
crease of 251 per cent in earnings when assets increased 
241 per cent.

Again, the market values of half a dozen leading chemical 
companies a t the 1930 lows are still three or four times the 
market values of the same companies a t the 1924 lows, wherer s 
many other leading industrials are now a t the same low 
market value reached in 1924. The stock market appraisal 
is an indication both of actual increases in value in the chemi­
cal stocks during this period and of their future possibilities 
for growth, whereas the others have taken a roller-coaster 
ride and are now' back where they were.

According to Standard Statistics it also appears that the 
total profits of thirteen leading chemical companies, excluding 
du Pont, declined during the first nine months of 1930 by 18.7 
per cent from the peak level of the corresponding 1929 
period, whereas the decline of aggregate corporate earnings 
in industry as a w'hole was 35 per cent. The resilience in­
herent in the chemical industry is indicated by the fact that 
whereas the profits of eight leading chemical companies 
in 1921 declined almost 67 per cent from the profits of 1920, 
the earnings of these companies so quickly recovered that 
the final returns for 1922 were only 18 per cent below the 
record level of 1920, and by the end of 1923 a new profits 
peak had been established.

I t  is also interesting to note that, whereas the total net 
income of the du Pont Company during the first six months 
of 1930 shov'ed a decline of 26 per cent from that of the first 
six months of 1929, when the return from General Motors is 
excluded the decline was only 9.7 per cent.

I t  -would be easy to cite many examples in the chemical 
industry of remarkably rapid increase in volume of sales 
and of phenomenal profits. In the five years from 1922 to 
1927, for instance, the production of ethylene glycol by the 
Union Carbide and Carbon Corporation rose from 10,000 
pounds to 12,000,000 pounds, while in the first half of 1926 
the production of pyroxylin lacquers exceeded 10,000,000 
gallons as against less than a million and a half gallons pro­
duced during the first half of 1924.

One large chemical company, which turns its capital over 
once every two and a half years, has shown net profits on 
sales as high as 80 per cent. The most spectacular example, 
however, of what is possible in the industry is that given 
by Courtaulds, Limited, which, in addition to its plants in 
other countries making rayon, controls The Viscose Company 
in America. There is reason to believe that about 1902 
Courtaulds appropriated £100,000 for developing the viscose 
rayon process. This development proved so successful that 
not only was further plant expansion paid for out of profits, 
but the investment of 510,000,000 in the American Viscose 
Company was also made from the profits of the English rayon 
plant. In 1928 the reported net income of Courtaulds was 
£5,172,000, and it has been estimated tha t in some years, 
when undivided profits of subsidiaries are included, the total 
profit has exceeded S50,000,000. From this original moder­
ate investment, supplemented by huge annual profits, 
Courtaulds has built up in thirty  years total asset values 
close to one-half a billion dollars.

In te re s t of Investor

Many factors have contributed in recent years to develop 
among individual investors, banking houses, and invest­
ment trusts an active interest in chemical companies and 
projects. The initial impulse undoubtedly came from the 
spectacular development of our chemical industry to meet the 
exigencies of the war. The publicity given to this develop­
ment revealed the existence of the industry to the multitude 
who had never heard of it before, and the demands for new' 
capital in vast amounts forced the industry upon the attention 
of bankers.

As time went on the inherent stability of the stronger com­
panies in the field became apparent, and their demonstrated 
and exceptional earning power and capacity for growth not 
only made them favorites on the stock exchange, but fostered 
the promotion of many other projects which sometimes 
failed to justify the confidence they aroused. There is thus 
a definite need for the investor to realize that, as a basis for 
decision, he requires a competent appraisal which takes into 
account both the risks peculiar to the chemical industry and 
the exceptional opportunities it offers.

The term “investor” in this context includes not only 
the individual seeking a safe and profitable employment for 
his money, but also the investment trust considering changes 
in its portfolio, the private banking house invited to float an 
issue of securities or carry through a reorganization, the 
national bank from which loans are requested, and finally, 
the management of going chemical concerns upon whom 
devolves the consideration of new projects, plant expansion, 
a suggested merger, or the grant of an appropriation for a 
major research program. We may with equal propriety in­
clude the director of the research laboratory who requests 
the appropriation, for he is staking his reputation and per­
haps ultimately his salary.

%
Air R eduction  C om pany 18.2
Dow Chem ical C om pany 1 9 .3b
Com m ercial Solvents C or­

poration  28 .03
A lum inum  C om pany of

America 38 .1
Texas G ulf Su lphur Com ­

pany  55 .15
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Before launching an expensive research program one should 
clearly visualize the results to be expected from its successful 
outcome. What will you do with the thing when you get it, 
and is it worth getting? To answer these questions may 
require consideration of most of the factors mentioned in 
this paper.

Since earning power implies operation on the commercial 
scale, an essential qualification of the person making the type 
of study under consideration is a sufficient acquaintance 
with the industry to enable him to formulate the project as 
a going concern and to foresee the problems that would nor­
mally arrive were the project at that stage.

Every investment made in revenue-producing property, 
whether real estate, securities, or a business enterprise, is 
essentially a capitalization of earning power. That is, the 
earning power in dollars per year is multiplied by some factor. 
The factor used depends both on the risk involved and on 
the credence given to the prospect that earnings will increase. 
I t  was this latter element which led to the acceptance of the 
absurdly high factors generally in use a year and a half ago.

If the industry is unstable, as, for example, that of wood 
distillation; if the enterprise is new, like the production of 
alcohols from petroleum; if obsolescence is rapid, as in the 
early days of the sulfite pulp manufacture, the risk is high 
and the factor low. The general rule is clearly illustrated 
in case of bonds. Where there is no doubt of the security 
of the principal, the factor is high, and conversely, as with 
United States Government bonds, the yield is low. ' Doubt 
lowers the factor and increases the yield required to attract, 
as with bonds of companies in precarious or waning indus­
tries. The evaluation of a chemical project, therefore, re­
quires, first, an authoritative estimate of its earning power, 
and second, a comparison of the risks involved with the risks 
of any -other investment promising equal returns.

This evaluation is subject to the same type of analysis 
that good business men apply to the evaluation of other 
manufacturing industries. There must be the same considera­
tion of raw material supply, location, capital requirements, 
cost of manufacture, transportation, markets, and so on. 
The chemical project presents, however, a distinctive differ­
ence in that the layman is rarely capable of rating the tech­
nical soundness of the process itself or of accurately visualizing 
the present and prospective competitive position of its prod­
uct in the market. To do this requires a rather broad 
acquaintance with chemical industry as a whole and a keen 
sense of the trend of impending developments which may 
either restrict or expand the market.

The future of a company is, from the investor’s standpoint, 
always of greater importance than its past. Although Pat­
rick Henry, in his famous speech, said, “I know of no way of 
judging the future but by the past,” balance sheets and rec­
ords of past earnings are not the only, and not always the 
safest basis for a forecast of the future of a chemical enter­
prise, or in fact of any other that is likely to be affected by 
the advance in science. Nor do the products of one period 
always prefigure those of the next. The two tin cans con­
nected by a string and called in my boyhood a lover’s tele­
phone did not suggest the Bell system, nor did the zoetrope 
of my youth suggest the modern motion-picture industry.

Nevertheless, the best possible outline of what is coming 
is essential to any industrial evaluation, and one may usually be 
drawn with reasonable accuracy by those who are sufficiently 
familiar with the industry to enable them to sense trends 
and who are alive to incipient developments. Since, there­
fore, one may be called upon to appraise a chemical project 
a t any stage of its development from the initial inspiration 
or idea to a plant in operation for a long period, the closer 
the project is to being a going concern the more one has of 
past history upon which to base his judgment. The same

questions arise a t every stage, but guesswork decreases as 
the basis for opinion broadens.

When the concern has been in operation for a considerable 
number of years, the record of the company will be available 
as an aid to judgment. From this record the weaknesses 
and the strong characteristics of the business can be picked 
out, the general trend of the company’s affairs determined, 
and an estimate formed of the ability of the management. 
Whether, during the period, profits have expanded, con­
tracted, or remained stationary will be apparent.

Peculiarities of Chemical Industries

Although chemical industry is necessarily governed by 
the same sound business principles which apply to industry 
in general, it nevertheless presents certain peculiarities which 
require special consideration, and which may modify or 
extend the usual application of these principles. The follow­
ing, therefore, deserve attention as factors which tend, in 
greater or less degree, to differentiate a given chemical proj­
ect from the more usual types of manufacturing operations.

Whereas many of our most conspicuous industries owe their 
success to the persistence with which they devote themselves 
to the making of products of a single general type, perhaps 
the most significant and distinctive characteristic of chemical 
industry is its extraordinary power of treelike growth by 
branching from an original main trunk. A company may 
undertake the manufacture of a single chemical product re­
quiring two or three other chemicals as raw materials. As 
the volume of production rises a point is reached where it is 
cheaper to make these raw materials than to buy them. So 
their manufacture is begun and usually 011 a scale beyond the 
process requirements of the company, which thus has the 
excess for sale. This new manufacture requires other raw 
m aterials.. The cycle is repeated, and again the company’s 
list of offerings grows. Meanwhile, by-products appear and 
are commercialized. Still other products are developed by 
processes in which the basic, initial product of the company is 
utilized as raw material, and so on until the original trunk 
has become a spreading industrial tree with boughs, branches, 
and twigs of ramified production.

The history of the Dow Chemical Company affords a 
familiar and typical example of this capacity for growth, and 
its present plant, making over 150 products in 310 buildings 
covering 250 acres gridironed with 18 miles of standard 
railroad track, stands as a monument to the genius of Herbert 
H. Dow, the Perkin Medalist of 1930. This development is 
so instructive and so directly to the point that one may be 
permitted to recall a few of the facts brought out in connec­
tion with the award.

Following a careful study of the Michigan brines, which 
proved them to contain the chlorides of sodium, calcium, 
and magnesium, with less than 0.2 per cent of bromine in the 
form of bromides, Doctor Dow began, in 1889, the production 
of ferric bromide by a process involving the use of bleaching 
powder. There were near-by sawmills, and from the ashes of 
their wood waste potash could be extracted. This was done 
and more bromine was utilized in making potassium bromide. 
Soon the bleaching powder for the bromine process was made 
in the plant and bromine itself was sold. In  1900 bleaching 
powder from an enlarged plant was put upon the market. 
Other enlargements followed in 1902 and 1904 to provide 
further supplies of chlorine, which permitted the manufacture 
of sulfur chloride from which, with carbon disulfide, carbon 
tetrachloride began to be made.

We hear much of the unearned increment in connection 
with real estate. To the chemical manufacturer who has 
placed himself in a position to receive it a similar increment of 
business and profit often comes from developments in other
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lines of industry for which he is not responsible. I t  was so 
with Doctor Dow, but the significant thing is that he was 
ready.

The demand for carbon tetrachloride was greatly stimu­
lated by its use in fire-extinguishing apparatus and as a non- 
inflammable cleansing agent. His production of the chlo­
ride was increased to meet the new demand and to a point 
which led him to install a plant for making carbon disulfide. 
He was thus in position to profit by the great demand for this 
latter commodity which followed the introduction of viscose 
rayon.

By 1914 the popularity of magnesium oxychloride cements 
and the call for calcium chloride for refrigeration purposes 
and for laying dust on roads led the company to separate 
these salts from its brines, and some years later the pro­
duction of Epsom salts (magnesium sulfate) naturally followed 
and soon rose to 100 tons a day.

During the war much of the chlorine produced by the 
company was employed by it in making various organic 
compounds essential to the Allies, and the dearth of dyes in 
our own country stimulated the management to undertake, 
in 1916, the manufacture of indigo and further to utilize its 
bromine in the production of brominated indigos of superior 
fastness and brilliance.

The rapidly expanding demand for synthetic resins de­
rived from phenol, which was a war product of the company, 
led to the resumption of its manufacture by an improved proc­
ess in a plant which has since become the largest in the 
world. From phenol the step to salicylic acid and pharma­
ceuticals was obvious and short.

Presently, also, a new use for the old product, sulfur chlo­
ride, was developed in a process for making acetic anhydride, 
a basic raw material for cellulose acetate, and here again a 
great new market was opened by the application of cellulose 
acetate to the production of non-inflammable movie films 
and a special type of rayon.

Now we have come to the navigation of the air, with its 
demand for light metals for the construction of planes and 
airships. And again the Dow Company has met the situa­
tion by producing metallic magnesium from its brines.

My only justification for referring a t such length to the 
development of a single company lies in the fact tha t it so 
typically illustrates the possibilities for growth inherent in 
chemical industry in general. We have seen the company 
expand its operations, step by step, by the logical, progressive 
development of the resources latent in a single raw material— 
the Michigan brines. Other companies have similarly grown, 
as the du Pont Company from black powder to nitrocellulose 
with its many applications and near relatives, or Union Car­
bide and Carbon Corporation from calcium carbide and 
acetylene. I t  is the habit of the industry.

Less distinctive, perhaps, but nevertheless important, is 
the fact that a chemical plant is commonly engaged in making 
products which are raw materials for industry in general. 
I ts  sales are thus, in most cases, to manufacturing consumers 
rather than to the consuming public, and this, of course, de­
termines its sales organization and policy and its arrange­
ments for distribution. The business rarely lends itself to 
emotional advertising. Sulfuric acid and liquid chlorine 
make small appeal to the general public. Intensive adver­
tising may, indeed, create a broad demand for toothpastes, 
cigarettes, and many other articles of popular consumption, 
but chemical products, by and large, must be sold on their 
intrinsic value. They are commonly bought on specification, 
or a t least on a definite presumption of quality, and they go 
to purchasers equipped to check quality by analysis.

Whereas vast sums may be legitimately spent in advertising 
many products which go directly to the ultimate consumer, 
the chemical industry can to greater advantage devote such

appropriations to research directed toward the lowering of 
costs, the raising of quality, and the development of new and 
more profitable lines.

One finds also tha t the individual chemical industry is 
apt to be highly specialized. I t  commonly involves greater 
risk and, when successful, returns greater profit, than in­
dustry as a whole. I t  is peculiarly dependent upon rigid 
scientific control; highly sensitive to changes in its situation 
resulting from research by others; and must largely rely, 
for the continuance of its prosperity, upon the effectiveness 
of its own research. I t  is, however, little subject to changes 
in styles and fashions, though more dependent than many 
other industries upon patent protection.

There is also in chemical industry a greater gap than in 
most others between paper work and practice. One cannot 
go out and rent a building and lease machines and begin manu­
facture as one can start making shoes.

While it is frequently possible to use standard equipment, 
chemical processes often require tha t which is specially de­
signed and which, if the process is a new one, must be de­
veloped, sometimes a t great expense, as was the case with the 
high-pressure cracking processes and the ammonia syn­
thesis. Moreover, in the initial stages of process develop­
ment so many undetermined factors are invariably present 
that the development must, of necessity, proceed by steps. 
Even under the most favorable circumstances the bringing 
into operation of a chemical plant is a much slower and far 
more complicated matter than tha t of starting up a cotton 
mill or a paper mill or a shoe factory, where the performance 
and capacity of every machine is already known. In a 
chemical plant, even though it be one in which standard 
equipment is used throughout, one must still reckon with 
many variables, as time, temperature, pressure, and the dis­
concerting idiosyncrasies of the reacting materials. •

Important as the yield of a process is for the estimation 
of its economic value, high yields are sometimes secured at 
disproportionate cost. A German technician once visited 
an American electrochemical plant and, during his inspection, 
asked what the current efficiency of the process was. When 
told it was only 47 per cent he foresaw bankruptcy for the 
company and said, “We get 85 per cent in Germany and are 
still losing money.” “Of course you are,” the manager 
replied, “you have wiped out your profits by adding too 
many refinements.”

Many chemical industries are distinguished by the number 
and importance of their by-products, others by the necessity 
they are under of making collateral products, as when the 
electrolysis of salt for chlorine involves a proportionate pro­
duction of caustic soda. I t  is as though a cotton mill to 
make 35 yards of cloth was forced also to turn out forty 
shoes. The demands for cloth and shoes may not always 
be in this proportion, and there may also be some difficulty 
in satisfactorily allocating costs between them.

After a chemical product is made its distribution often in­
volves special problems, or costs which are out of line with 
those of other industries. Certain types of chemical prod­
ucts—as chlorine, acetylene, and other compressed or lique­
fied gases, volatile liquids, and corrosive acids—require es­
pecially expensive containers in which much capital may be 
tied up. This is obviously true in case of pressure cylinders, 
rubbed-lined tank cars, or aluminum drums, but sheet steel 
for making drums may be the heaviest item of raw material 
expense in some large plants.

Development of a Project

Turning now to the study of the proposition itself, we 
find tha t the consideration of any chemical project must 
proceed in stages. There is first an examination of the ob­
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vious facts in the situation, and these are often sufficient to 
cause the immediate rejection of the proposition. One 
would not undertake the manufacture of alcohol from waste 
sulfite liquor when molasses could be had for 4 cents a gallon, 
nor that of synthetic rubber with plantation rubber selling 
a t 8 cents a pound.

Thus the relation of a process to contemporaneous develop­
ments is of the first importance in estimating its value. In 
1851 Charles W att described, in a remarkably comprehensive 
British patent, methods for the production of hypochlorites, 
chlorine, and alkali, and chlorates by the electrolysis of 
common salt. Had this patent appeared thirty years later 
it would have had great value. In  1851 it was of no indus­
trial interest because the only current then available was 
that from expensive primary batteries.

If the preliminary review fails to disclose anything seri­
ously adverse to its prospects, one may make the tentative 
assumption tha t the project is sound and proceed directly to 
the study of the economics of the situation. This will either 
reveal such unfavorable conditions as to make further con­
sideration unnecessary or it will indicate that there is a real 
place for the enterprise if the process concerned is sound in 
fact. Not until then need one undertake the final rigid exami­
nation of the process itself.

In  case, then, that the process appears attractive upon 
its face, one of the first things to be considered is, of course, 
its relation to the state of the art. This can only be deter­
mined, and even then not always conclusively, by a thorough 
literature and patent search. By way of example, it will be 
recalled that the apparently impregnable patents of Willson 
for crystalline calcium carbide were finally found to have 
been anticipated by a patent in the seemingly remote art of 
incandescent lighting—namely, the Bohm patent for a fila­
ment of calcium carbide.

Where the product itself is new, the protection afforded 
by the patent covering it may greatly enhance the value of 
the opportunity created by the manufacturing process, since 
it prevents others from marketing the product, even though 
they should discover an alternative process for making it. 
By way of illustration one may cite celluloid, vulcanized 
rubber, and many synthetic dyes.

Provided the search has reasonably established the novelty 
of the process and indicated that adequate patent protection 
may be expected, one has still to consider its relative import­
ance in the art: Is it so fundamentally new that it promises 
to ensure a broad monopoly, as was the case with the viscose 
process of Cross, Bevan, and Beadle, or is it supplementary 
to an existing process, as the Frank process for converting 
the already patented calcium carbide into calcium cyanamide? 
In  the latter event the value of the process is obviously in­
determinate until one has reached an understanding with the 
owners of the patent controlling the raw material.

S upp lem en ta ry  Process May C ontrol P rim ary  Process

A supplementary process may indeed sometimes have a 
large measure of control over an important primary process. 
In the early days of Tilghman’s sulfite process for wood pulp 
the lead linings of the digesters were a source of endless trouble 
and delay, so that digester repairs alone were fifteen dollars 
per ton of product. Russell’s method of lining the digesters 
with Portland cement and brick brought this down to a negli­
gible amount and permitted a great expansion of the industry.

The Bessemer process, in its original form, would never 
have come into broad general use, because the steel produced 
was so contaminated with dissolved iron oxide as to be un­
suitable for many purposes. Furthermore, the process could 
not be applied successfully to the treatment of iron rich in 
phosphorus. The importance and field of the process were,

however, soon vastly extended by two supplementary in­
ventions. Robert Mushet eliminated the iron oxide by 
adding manganese, as spiegeleisen, a t the end of the blow, 
while S. G. Thomas, by demonstrating that phosphorus could 
readily be removed in the presence of a slag rich in lime, 
made the process, as thus modified, available for the treat­
ment of the high-phosphorus iron from the vast ore deposits 
of Lorraine, which thus became the basis of the German iron 
and steel industry.

The process of mercerizing cotton yarns and fabrics greatly 
increased their strength and their capacity for taking dyes. 
Unfortunately, it involved a 20 per cent shrinkage, and as a 
result its initial popularity soon waned. The process wras 
practically forgotten until, years afterward, Thomas and 
Provost devised means of preventing this shrinkage and 
found to their surprise that they had thereby conferred upon 
the yam  a brilliant silky luster, which led to its widely ex­
tended use.

Secret Processes

Secret processes should rarely have a place even in a specu­
lator’s program, and never unless those who sponsor them 
permit thorough investigation by competent and hard- 
boiled experts. Like Jernegan’s sea-water gold, the Hickman 
sugar process, the Lamoine diamond swindle, and many others, 
they are too often the device of charlatans. Moreover, the 
secrecy can seldom be long maintained, even in case of an 
honestly promoted and thoroughly sound process. Neverthe­
less, Sir Henry Bessemer, who was a prolific inventor, operated 
secretly for years the process for making bronze powder 
which brought him his initial fortune, and we ourselves 
similarly operated on the large scale for more than a decade 
a process of exceptionally high efficiency for the production 
of chlorate of potash. In each instance, however, the course 
was justified and possible only because of the extreme sim­
plicity of the essential feature of the process, this being, in 
our own case, merely the suppression of reduction a t the 
cathode by the addition of one per cent of calcium chloride 
to the bath of muriate of potash.

W hat Is a Chem ical P roject?

Since, strictly speaking, any industrial activity in which 
the ultimate nature and composition of the materials, rather 
than their mere form, is changed, is a chemical project, the 
making of iron and steel, Portland cement, leather, glass, 
paper, and many other things is actually a chemical manu­
facture, although in popular estimation not so regarded.

Although, when any of these industries is considered as 
a whole, the mechanical operations involved may so over­
shadow its strictly chemical aspect as to place the industry 
outside the scope of this paper, there nevertheless constantly 
appear specific processes directly related to the industry and 
so definitely chemical in character as to require consideration 
from that angle. Such, for example, are the Aston process 
for wrought iron and those for slag cement, chrome tanning, 
Pyrex glass, and sulfite wood pulp. Such developments are, 
however, rarely regarded as chemical either by their manage­
ment or by investors, and there is, therefore, in such cases 
an increased danger tha t the strictly chemical character of 
these supplementary processes may be overlooked.

E valuation  D ependent on S tage of D evelopm ent

In  evaluating a new process nothing is more important 
than the stage of development in which it is presented. If 
still in the laboratory stage it  is in effect a liability rather 
than an asset, for much time, effort, and money must be spent 
before a return from earnings can be expected. At best the
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process is no more than an opportunity to develop presumably 
potential values, and for that development technical skill, 
a long purse, courage, and staying power are essential. The 
price of a process a t this stage should seldom be other than 
a reasonable proportion of the equity and the underwriting 
of the estimated expense of carrying the development through 
the semi-works stage. All the parties a t interest are speculat­
ing, not investing.

When the semi-works stage has been reached by several 
successive steps and operation has continued for several 
months, both the possibilities and the limitations of the proc­
ess should be fairly well defined, and the speculative feature 
correspondingly reduced. The character and balance of 
equipment have been determined, conditions for control 
established, yields and costs approximately ascertained, and 
markets tested. Although still speculative, the process has 
now become a project which may be evaluated provisionally 
on the basis of the showing made. The controlling factors 
in this evaluation may now well be the estimated time and cost 
of further development, the cost of the commercial plant, 
the estimated annual earnings, and their capitalized value.

When, however, a process has been in operation in a com­
mercial plant for a reasonable length of time, which may be 
a year or more, we have to deal with a going concern, the 
evaluation of which will be governed by the considerations 
involved in the appraisal of any manufacturing business, ex­
cept as these may be modified or extended to meet the spe­
cialized requirements of the chemical industry.

O ther C onsiderations Involved in  A ppraisal of P ro ject

The relation of a chemical process to its raw material supply 
is often of even more vital consequence than a t first sight 
appears. The raw' material selected by Baeyer for his initial 
synthesis of indigo w7as toluene, but when the process was 
perfected it was found that toluene was not procurable in 
amount sufficient to make possible the displacement of natural 
indigo. Baeyer and his associates were thus forced to travel 
the long road again, starting from the cheaper and abundant 
naphthalene, but when they finally arrived Germany con­
trolled the indigo market of the world.

If beryl were as common as bauxite, the beautiful metal 
beryllium w’ould undoubtedly usurp much of the market for 
aluminum. Fortunately, the supply of the basic raw mate­
rials for chemical industry—salt, sulfur, the atmosphere, coal, 
oil, natural gas, lime, and cellulose—are available in amounts 
altogether adequate for any possible development.

Energy is a raw7 material in a very definite sense, and its 
form value is often important, as shown by the advantages 
of natural gas for firing boilers or for heating the tanks of glass 
W'orks. In the electrochemical industries the cost of pow'er 
may determine success or failure.

I t  is always perilous when a chemical company depends 
solely for its raw material upon another enterprise over 
w'hich it exercises no control. I recall the case of the Stand­
ard Alcohol Company, which built a 5000-gallon plant to 
make grain alcohol from w7ood W'aste. I t  did this by a process 
which yielded 10.5 gallons of Cologne spirit pier ton of waste. 
Elihu Thomson said lie was not surprised, the alcohol ob­
viously coming from the grain of the w7ood. Unfortunately 
the company, wrhich had a choice of sites where the waste 
from many sawmills was available, chose one where it de­
pended upon a single mill, the w7aste from which w7as just 
sufficient to permit the plant to operate a t capacity. Un­
fortunately, when the plant was ready to begin operations 
the price of yellow7 pine lumber had so declined that the saw7- 
mill operated a t only about one-quarter capacity, with the 
inevitable consequence that the alcohol company went into 
liquidation.

Another instance comes to mind in which the unfortunate 
selection of a site, coupled in this case with a flagrant dis­
regard of ordinary precaution, resulted still more disastrously. 
The White Mountain Paper Company built a t Portsmouth, 
N. H., w7hat was to be the largest newsprint mill in the w7orld. 
In the process they proposed to use sea water from the harbor. 
When the mill was built and the machinery installed, the 
president, during an interview with me, inquired casually 
if I thought the salt water w7ould involve them in any diffi­
culties. I told him he would never be able to make paper 
with it. He never was, and the idle plant stood for years a 
monument to ignorance of the first principles of evaluation 
of a chemical project.

The possibility that a chemical process may create a nui­
sance must always be kept in mind and has an important 
bearing on the selection of a location. There are processes 
w7hich operate with a minimum of friction “far from the 
madding crow7d.” Damage suits, and injunctions which are 
sometimes permanent, play havoc with dividends.

In proportion to volume and value of output, chemical 
industries commonly require much less labor than most 
others. Moreover, such interest and sense of responsibility 
are developed in the w7orkers tha t labor troubles are practi­
cally unknown. There was, indeed, a strike within fifteen 
minutes of my appointment as superintendent of the first 
plant entrusted to my care, but that was merely because 
my husky associates resented the suggestion that “a little 
child shall lead them.” Even then w7e quickly reached so 
perfect an understanding that I was soon referred to as “the 
old man.”

Chemical industry is, likewise, noticeably free from many 
of the operating risks common to other manufactures, as 
there is usually far less moving machinery in the chemical 
plant. I t  has, however, its owrn special hazards which are 
inherent in the nature of its materials and processes, but these 
are so wrell recognized and so carefully guarded against that 
even the manufacture of explosives is conducted with a re­
markably high degree of safety.

There are other risks, in addition to those involved in opera­
tion, which should be carefully weighed in considering a 
chemical proposition. There is, for example, great danger 
of underestimating the time and capital required for reducing 
a laboratory process to commercial practice. One does not 
ahvays go “from test tube to tank car in three years.” Many 
have lost great opportunities in chemical industry simply 
through lack of staying pow7er, and, as Doctor Baekeland 
said in his own Perkin Medal address, “remember that starting 
a chemical enterprise with insufficient capital is one of the 
most effective ways of ensuring failure.”

Generous allowance must also be made for the rapid ob­
solescence of many types of chemical equipment. Further­
more, management must be of a quality competent to  make 
the rapid adjustments necessitated by the frequency with 
which new processes and products appear. Doctor Haber 
attributes the success of German chemical industry to the 
fact that, from its commencement, the Germans realized 
the need for close cooperation of the chemist, the technician, 
and the selling department. I t  is easier and more profitable 
to adjust sales to the developments of one’s own research 
department than to those resulting from the research of a 
competitor.

Major changes in the industry are apt to cast their shadow 
far ahead and thus to give more time to meet them than the 
style changes in some other industries allow7. There is, never­
theless, always the possibility that the process in use may be 
displaced by a new one, as occurred when viscose rayon 
usurped the place of Chardonnet artificial silk. The en­
croachment of chlorine upon bleaching powder, the substitu­
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tion of butanol for amyl alcohol, and of synthetic ammonia 
for Chile nitrate are examples of the similar replacement of 
established products.

A corresponding curtailment of market may be brought 
about by changes in other industries. Shingle stains are 
not needed for asbestos shingles; stainless steel competes 
with chromium plating; and the incandescent lamp replaced 
acetylene in automobile headlights.

Fortunately, the converse is even more often true. A 
great new market for chromium compounds was created by 
the shift to chrome tanning. Mercerized cotton increased 
the demand for caustic soda, and it was further increased by 
the viscose process, which also opened a great new outlet for 
carbon disulfide. A change in the method of finishing auto­
mobiles brought spectacular prosperity to a company loaded 
down with by-product butanol.

Adverse laws, tariff changes, the uncertainties of patent 
litigation, and the prospect of domestic and foreign competi­
tion must all be reckoned with. The Volstead Act imposed 
great burdens on the distillers of grain alcohol, but benefited 
methanol. The Pure Food Law restricts the use of sac­
charin. At the moment British chemical manufacturers 
are deeply and properly concerned over the repeal, effective 
January 15, of the British Dyestuffs Act.1

All these considerations emphasize the great advantage of 
diversification of products as an assurance of stability, and 
add much weight to the importance of the capacity for tree­
like expansion inherent in the chemical industries.

The relation of a proposed product to the established dis­
tribution system of the company is a m atter of primary im­
portance. The sale of a household disinfectant would involve 
altogether disproportionate expense to a company which had 
previously sold its customary products only to the textile 
industry. I t  is similarly important to ascertain whether 
the product is one for which a broad market already exists 
or one for which, however promising, the market must be 
created. Either possibility obviously calls for a careful 
market survey.

The final criterion of the value of any chemical enterprise 
is, of course, its earning power, but the full significance of the 
item of net earnings is not disclosed in its sum total on the 
balance sheet. I t  is especially important that this total be 
broken down into its major constituents and that the pro­
portion contributed by each of them be considered not only 
as to its amount in dollars, but more particularly as to the 
probability of maintaining or increasing this proportion in 
the future. There is an obsolescence of products as there 
is of machines and, again, the company making a reasonably 
diversified line has the larger factor of safety.

There is in every new project, whether chemical or other­
wise, a final element of uncertainty against which provision 
can rarely be made. We were once called upon to develop, 
from sulfite pulp, a paper binder-twine for use in harvesting 
machines. We found that the pulp as then made would 
not make a paper of sufficient strength. By spending some 
time a t the mill we were at last enabled to produce a pulp 
which gave a paper of the required tensile test. The twine 
was made, but it was found necessary to waterproof it, so a 
method of doing that was worked out. Then it was dis­
covered that, in spite of its strength, the twine broke in the 
knotter of the machine. The trouble proved to be due to 
the too sharp curvature of the usual knotter, so a new one 
was designed. Finally, our client got into production. The 
twine worked perfectly and every one was happy until the 
sheaves began to fall apart because the crickets ate the twine.

The story should, of course, end here, but there is another 
chapter. We added an entomologist to our staff and, aided by

1 Since th is was w ritten  th e  life of the  a c t has been extended for one
year.

his knowledge of the dietary aversions of crickets, we finally 
were enabled to treat the twine so that it went off their menu.

While giving due weight to all the foregoing, one must not 
forget that, however promising a chemical industry may seem 
to be, its conduct is, after all, only a form of human activity 
and its success or failure will finally be determined by the 
human element. The quality and character of the manage­
ment, its business ability and experience, its attitude toward 
research, and the strength of its financial connections are 
primary and often decisive factors in the evaluation of a chemi­
cal project. This was summarized by one large investor in 
the phrase, “I put my money on men.”

Chem ical In d u stries  an d  P resent In d u str ia l S itu a tio n

Now that we have given such consideration as the time 
allowed to the study of the factors involved in the evaluation 
of chemical projects, we may properly conclude our study by 
a brief reference to the relation of the chemical industries to 
our present industrial situation.

Prominent among the factors contributing to the excep­
tional prosperity which our country, until recently, enjoyed 
was the development of certain new industries, which fur­
nished employment to millions of men, and to hundreds of 
millions of dollars. Some of these, like the automobile in­
dustry, have probably passed the peak of their demand for 
men and money alike. Industries age like human beings. 
They have the hazards and diseases of childhood, the capacity 
for development in vigorous youth, the stability and strength 
of maturity, and the conservatism and atrophy of age. The 
railroads are old, the automobile is approaching middle age, 
but our chemical industries are still in their energetic and 
elastic youth, with their great development still before them. 
They have had the vitality to withstand the present depres­
sion better than most others. While steel production has 
shrunk to 40 per cent of capacity, the chemical industries 
have brought out cellophane, new plastics, synthetic am­
monia, methanol, and many other products to compensate 
for shrinkage in other lines. They have developed new cata­
lysts, high-pressure processes and equipment, and have gone 
to new extremes of temperature both up and down the scale.

Since advances in chemistry react on every industry, while, 
conversely, every progressive trend in other industries makes 
new demands on chemistry', we may look with confidence to 
the chemical industries for contributions which should go 
far toward supplying the stimulus essential to the revival of 
our prosperity, and which the stationary or obsolescent in­
dustries can no longer furnish.

We may expect, for instance, a phenomenal development in 
the plastics industry, and in materials of construction adapted 
to the mass production of dwelling houses. New chemical 
agents are beginning to replace water in heating and power 
equipment, new products from water gas and from the waste 
gases of oil refineries are in sight, and even new foods are in 
prospect. Meanwhile sulfuric acid, chlorine, and soda re­
main as basic commodities as steel.

There is nothing mysterious about chemical industry. The 
appraisal of its projects involves consideration of some factors 
peculiar to itself, but proceeds upon the same sound lines 
as that of any others, and gives an equally dependable basis 
for opinion and decision. Therefore, quite aside from its 
cogent and well-established claim upon the community for 
its present conspicuous contributions to human welfare and 
national defense, chemical industry deserves, and will doubt­
less receive, the increasing interest and support of financiers 
and the investing public.

To a record of already great achievement it adds the vi­
tality and promise of vigorous youth. Chemistry is a crea­
tive science, and the first chapter of its Book of Genesis is 
not yet written.
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AM ERICAN CONTEM PORARIES

W alter Louis Jennings
“ T T T H E  proper study of mankind is man.” Thus Alexander 

I  Pope illuminated the goal of all succeeding biographers.
Those properly studious who are privileged to study Walter 

Louis Jennings will never forget their most interesting subject. 
Some of us who have been close to him for many years find here 
a  rare gem of personality, revealing each year new facets, of 
original brightness and hue. Here is the cloistered scholar and 
gentleman of the world, combined.

As the late Edwin E. Slosson pointed out, 
th e  A m erican  Contemporaries series is 
chiefly valuable because of the personal 
intimacy of its expression. As biographer 
of Professor Jennings I  should, therefore, 
report my first impressions.

Surrounded by shivering freshmen col­
leagues, following the purposeful crash of 
apparatus in the laboratory of general chem­
istry a t Worcester Polytechnic Institute, I 
beheld the stem, striking visage of the 
white-haired director. He peered motion­
less through the glass panel of the door— 
a l l- se e in g , unmoved or immovable. He 
spoke not—presently was gone. Not for a 
month did I behold him again, but I have 
never forgotten the first impressive moment 
w hen som e one breathlessly remarked,
"T hat’s Doctor Jennings, head of the De­
partment of Chemistry."

My subsequent contact was to run a wide 
gamut from classroom to laboratory, from 
the ballroom to tennis club—from the viewpoint of student to 
tha t of colleague. Yea, eventually I  was to enjoy visits to the 
stately home where Doctor Jennings, assisted by his inimitable 
helpmate and three charming daughters, entertain with the ele­
vating hospitality of New England, and the savoir vivre of the 
world. These same daughters—and yet so distinctive is the 
personality of each, there is no sameness—are Ruth, Frances, 
and Alice. There are no middle names and I presume their father, 
used to the nice simplicity of organic nomenclature, ruled them 
out. In  this respect they do not take after their mother who, as 
Alice Emily Page, was bom in Epsom, England.

As in the case of many an interesting family, it would be 
fascinating to be a biographer of these other members of the 
Jennings household. But now I  shall shift the scenes rapidly 
to the stem and rockbound coast of Maine, and then proceed up 
the Penobscot River to locate Professor Jennings in the setting 
of Bangor, Maine, wherein he first began, November, 15, 1866, 
to  see the light, and whence he migrated eventually to Harvard. 
An undergraduate, a t Harvard, but taking a summer course in 
chemistry, Jennings was assigned the problem of preparing malic 
acid from berries of the mountain ash. In Hoboken, “After 
Dark” is thought to be a play, but in Cambridge in the late 80’s 
it was a  propitious setting in which Jennings could decimate 
the mountain ash trees in the Boston parkways, to get his first 
laboratory material. To young people there is characteristi­
cally a fascination in separating, and crystallizing, and classify­
ing chemical products from the materials of nature. This 
natural fascination led Jennings to devote his life to the study 
of organic chemistry.

Receiving from Harvard, in 1889, the degree of A.B., he be-

camc, successively, an assistant instructor in organic chemistry 
and quantitative analysis. The master of arts degree followed in 
1890, and in 1892 the degree of Ph.D. The next two years 
brought Jennings to Europe. Having received the doctorate in 
the United States, and as winner of the Parker Fellowship, he 
was able to choose courses with some freedom when he began 
his “post-post-graduate” work in Germany. Accordingly he 

attended not only lectures on chemistry, 
but also those devoted to philosophy and 
philology. In Germany Jennings studied 
under Victor Meyer in Heidelberg, and un­
der Emil Fischer in Berlin. If you will 
consult the Berichte of 1893, and 1894, you 
will find two interesting papers. No. 253 
is entitled, “Emil Fischer und Walter L. 
J e n n in g s :  Ueber die Verbindungen der 
Zucker mit den melirwerthigen Phenolen,” 
w hile  N o. 425 has the caption: “Emil 
Fischer und Walter L. Jennings: Ueber die 
Constitution des Hydrocyanrosanilins und 
des Fuchsins. ’ ’ So favorably impressed was 
the great Emil Fischer with the work of the 
youthful Jennings, tha t he invited him to 
become an assistant in his private labora­
tory. This was a rare privilege. There 
were several locational milestones in the 
career of Fischer, but the high point of his 
career was in Berlin. I t  was a t the begin­
ning of his Berlin period tha t Jennings began 
his association. To a student of both men 

there can be no doubt that Jennings derived, and incorporated 
as part of his own nature, many attributes of the master. There 
was broad research vision, coupled with a high degree of manipu­
lative skill, also seemingly inexhaustible energy and power of 
application. There was sympathetic recognition of all phases 
of a work, but when criticism was to be administered there was 
no attitude of apology. Clarity of criticism was achieved through 
no mincing of words.

Emil Fischer was profound and commanding. His labora­
tory manner was conducive to meticulous professional care in 
the handling of materials, and his assistants became imbued with 
the value of order and cleanliness as allies of analytical accuracy. 
Fischer was careful with advice, but unalterably definite in the 
pointing of errors or in the administration of reproof. He toler­
ated no evasion. One day Emil Fischer had gone to lunch and 
Jennings was working in the private laboratory. A flask of 
benzol caught fire and deposited flaky soot ubiquitously on the 
innumerable items of chemical glassware. Foreboding the 
return of the master, and frantic a t this catastrophe in pro­
fessionalism, Jennings clambered about and cleaned every piece 
of apparatus in the room. When Fischer returned all was in 
order and tranquility.

In  Berlin, and in Heidelberg, it was not a case of all work 
and no play. Every man should have a hobby, and apparently 
the initials W. L. J. have been on tennis rackets, or prize loving 
cups, ever since student days of the champion a t Harvard. In 
Germany he played tennis again; attended the famous con­
certs. In short, his life there was well rounded, although not 
battle-scarred, inasmuch as he was not a dueling member of a 
corps. In Heidelberg he met the lady who was to  become Mrs.

Courtesy P lant Studio  
W a l te r  L o u is  J e n n in g s
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Jennings. They met a t one of the garden concerts in the court­
yard of the old and famous castle. Here was a splendid setting 
to which the youth of the day migrated from all parts of the 
world. This mecca of literary lore and scientific emanation 
still was laden with the same free air that Goethe breathed. 
Castle courtyards were resonant to the presence of the greatest 
scholars and scientists of the golden age of Germany.

Completing his studies in Germany, Jennings was presently in 
London, and one day, as he ascended the steps of the Bodlein 
Library, whom should he meet coming down but Leonard P. 
Kinnicutt, famous for his studies in municipal sanitation, and 
then director of the Department of Chemistry at Worcester Tech.

Said Kinnicutt, “W hat are you doing?” Said Jennings, 
“ I have just finished my work in Germany, and am going back 
to the United States to look for a job.” Said Kinnicutt, "M y 
professor of organic chemistry, George D. Moore, is just now 
resigning. How would you like to take his place?” “I t  sounds 
good!” said Jennings. Thus a bargain was struck which has en­
dured to date since 1893.

Following the death of Doctor Kinnicutt, Professor Jennings 
succeeded him as director of the department. Although specialist 
in a different field of chemistry, Doctor Jennings, like his prede­
cessor, had a taste for administration. We who have worked 
with him know that he excels in this capacity, a t the same time 
not letting it interfere, in the slightest degree, with his thorough­
ness as teacher. He has builded the department to a command­
ing place as one of the four major departments a t the institute. 
Many graduates occuying positions of usefulness and leader­
ship in chemical industry owe their professional bearing and 
scientific method to days spent in the lecture rooms, and meticu­
lous laboratories, under exacting but kindly leadership. The 
department now embraces, in addition to a complete curriculum 
of chemistry courses, a  chemical engineering division which adds 
engineering poignancy to the earlier semesters of industrial 
chemistry.

That select circle in Worcester known as “The Bohemians” 
establishes for each member a beautiful, painted plaque in the 
nature of a coat of arms. The heraldic shield of our subject 
bears a tennis net tau t against a background of cerulean blue. 
Pedaling across the top of the net, on a winged unicycle, is a 
stately professorial figure, with head in the form of an alembic. 
The tennis racket in hand provides a nice balance. The subject 
of this rare illustration is probably entitled to be ranked as the 
dean of American tennis tournament players. He has been 
playing hard tennis for forty-five years, ever since he was a 
freshman a t Harvard. There is every reason to believe that 
again he will give several good men a hard battle in the tourna­
ment of 1931. In younger days he could be found at Center

Harbor, N. H., where then the best players gathered each 
summer; also at Longwood, and in the national championships 
a t Newport. He has won many times, and is still winning. He 
is one of those very rare men who play their top game with a mini­
mum of dashing around the court. Foot work is of the highest 
class. To Worcester folk Doctor Jennings’ tennis is inseparable 
from his bicycle. There you can still observe a white-haired 
gentleman pedaling leisurely from his home to the temiis club, 
his racket before him, clamped to the bicycle handle.

Professor Jennings has, of course, all the usual affiliations. 
He is a fellow of the American Academy of Arts and Sciences 
and a member of innumerable learned societies. For many 
years he has been chairman, or member, of the Worcester Medical 
Milk Commission. He has been chairman of the Northeastern 
Section of the American Chemical Society; many times a  coun­
cillor. His fraternal affiliations include the Bohemian, Cosmo­
politan, Worcester Tennis, and Worcester Harvard clubs, also 
the Sigma Xi fraternity. During the war the Institute labora­
tories constituted one of the field stations in which research on 
government problems of chemical warfare was conducted. The 
most important contribution of Doctor Jennings was the prepara­
tion of cyanogen chloride by an improved method which he devel­
oped. In association with W. B. Scott, his report of this work 
appears in the Journal of the American Chemical Society in 1919. 
The statement, “Published by permission of the Director of 
Chemical Warfare Service,” is but one clue to the intensive 
organic research which kept the “home fires” burning in Salis­
bury Laboratories, a t any hour that you might choose to look.

I t  is the aim of the American Contemporaries series to sketch 
with fewest strokes, a series of human-intcrest pictures. Thus, 
even the younger men may see in more complete perspective a 
fellow-worker, whom their elders have been able to evaluate 
more gradually. Major characteristics indicate the mold and 
character; innumerable details reflect the personality, and give 
to the picture its distinctive name.

Above all, Doctor Jennings is a teacher. His best achieve­
ment is multiplied in the work of other men whom he has led. 
His students know tha t they will never meet one more sternly 
methodical, more penetrating, or more intolerant of evasion. One 
too will go far to meet a man who is more thoroughly the gentle­
man, more genuinely affable and entertaining. Even when a 
disciple of Professor Jennings attempts biography he must take 
care tha t the analysis is carried to complete qualitative and 
quantitative conclusion; also that the interpretation of results 
is correct. Yet here I pause, confident that, while corroborative 
analyses will be made, they will surely check with the present 
determination.

L eon  V. Q u ig le y

BOOK REVIEW S

Bibliography of Organic Sulfur Compounds (1871-1929). B y  
P. B o r g s t r o m , R. W. B o s t , a n d  D. F. B r o w n . 187 pages. 
American Petroleum Institute, 250 Park Ave., New York, 
1930. Price. 84.00.

This is a bibliography of organic sulfur compounds covering 
those “which may occur in petroleum products as well as their 
properties, uses, and methods of removal from petroleum prod­
ucts.” I t  comprises 130 double-columned pages of references to 
the literature, and 30 double-columned pages of patent references. 
The literature references have been classified in 34 groups; some 
of these are rather short, some very long. In  a few cases it is 
doubtful whether these group classifications are significant. For 
instance, it seems questionable to consider mercaptides separately 
from mercaptans, particularly since the former are covered by a 
few citations.

The basis for selection of articles has evidently been a broad one, 
and this is to be praised, since we have a t present scant means of 
predicting what sulfur compounds may or may not occur in pe­
troleum. While the work is strong from the academic side, it 
appears a trifle weak in covering the references to the more strictly 
technical and industrial studies. The section on the solvent action 
of liquid sulfur dioxide appears incomplete; there is no section 
on the doctor reaction, which has the beginnings of a respectable 
literature of its own; the papers of Wood, Lowy, and Faragher, 
and of Wendt and Diggs, which in 1924 first elucidated the 
chemistry of the doctor test, have apparently been omitted. The 
reviewer has noted in a brief search occasional other omissions of 
papers believed to be of marked interest to petroleum chemists. 
The impression is easily gained th a t the recent literature has been 
much better covered than that of earlier years; this is undoubtedly 
attributable to the change in the completeness of the abstract 
literature.
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The classifying of papers in the different groups might occasion­
ally be criticized. The group on mercaptans contains a fair amount 
of material which seems to belong in the general group. The 
cross references a t the ends of the groups do not remedy this situa­
tion entirely. I t is questionable whether space should have been 
devoted to laboratory directions for preparing compounds, as is 
done in some cases. The reader would almost certainly wish to 
look up an abstract or the original before undertaking a prepara­
tion.

The above criticisms are, after all, very minor ones; the reviewer 
feels that this bibliography will be of great value and tha t the 
compilers have performed an admirable service, not only for 
petroleum chemists, but for all organic chemists as well.—W. A. 
G ru se

Industrial Microbiology. B y H e n r y  F ie ld  Sm yth and  W a lt e r  
L ord  O bold . 1st edition. 313 pages. The Williams & 
Wilkins Company, Baltimore, Md., 1930.

The authors stress the need for guide to teachers and beginners 
in the investigation of microbiological processes applied to in­
dustry. For this purpose discussion of specific microorganisms 
and their application to a representative series of industrial prob­
lems has been brought together from the experience of the senior 
author’s industrial practice and their joint graduate teaching. 
The reader is carefully warned tha t some of the applications of 
microbiology as described are protected by patents although their 
practices are already well known.

The material is arranged in 12 sections with chapters numbered 
1-37. The section topics are as follows: I-—General Introduc­
tion; II—The Production of Carboxylic Acids, Production of 
Alcohols and Ketones (alcohols, glycerine, and acetone); III— 
The Complex Nitrogenous Materials (glue, gelatine, leather, and 
tanning); IV—The Carbohydrate Materials (cellulose, wood, 
textile fibers, ensilage, xylose, and sucrose); V—The Fats and 
Oils; VI—Miscellaneous (fertilizers, garbage, gas production, 
sewage, etc.); VII—Microbial Thermogenesis; V III—Microbial 
Food Preparation (vitamins, beverages, milk and cheese, meat, 
eggs, and refrigeration); IX—-The Hydrocarbons (coal, petroleum, 
phenols, and rubber latex); X—Commercial Enzyme Production; 
X I—Biological Processes in Industry with Special Reference to 
the Application of Patent Laws; X II—Bacteriological Survey 
(tabulation of the names of organisms and the processes in which 
they are utilized).

The discussions of many of the topics are very brief, some of 
them giving the barest outline of present information and little 
guidance for further work. In the main, the purpose of guiding 
the student to the present literature and suggesting intelligent 
lines for further development is carried out. The bibliography 
of each topic is found a t the end of the chapter and arranged in 
numerical order to text references. This is very convenient sub­
ject by subject, but failure to index these references by authors 
makes the references to particular workers inaccessible unless the 
subject m atter is remembered.

To one familiar with only a few of the industrial projects which 
involve microorganisms, the wide range of topics included will 
open a surprising series of developments and possibilities. The 
book will therefore be useful to the teacher who wishes to cover 
more and more of the field, and serve as a reference book to pres­
ent information and to the literature for the student who desires 
to go further in the fermentation field.—C h a r le s  Thom

A. S. T. M. Standards (Issued Triennially), 1930. Part I— 
Metals. 1000 pages. Part II—Non-Metallic Materials. 
1214 pages. American Society for Testing Materials, Phila­
delphia, Pa., 1930. Parts I and II, each, cloth, $7.50; half- 
leatlier, $9.00; both parts, cloth, $14.00; half-leather, $17.00.

Of the 179 standards on metals published in Part I, 105 cover 
the ferrous metals, steel, cast iron, wrought iron, alloy steel, and 
ferro-alloys, and 67 relate to the nonferrous metals, nickel, 
copper, aluminum, etc., and many alloys, while 7 are of general 
interest.

The standards in Part I, assembled in a sequence determined by 
the specific materials or products to  which they apply, cover  
steel rails and accessories; wheels and tires; structural and boiler 
steels; steel for welding; concrete reenforcement stee l; bar steels; 
spring steel and springs; steel castings, chain, forgings, and 
axles; steel tubes and pipe; tool steel, steel for high-temperature 
service; zinc-coated wire and wire products; WTOUght-iron bars, 
castings, plates, and pipe; pig iron; cast iron and finished cast­
ings; malleable castings; and ferro-alloys.

The specifications in the nonferrous group cover ingot copper, 
zinc, lead, nickel, aluminum and aluminum alloys, copper wire and

cable, brasses and bronzes, solder metal, white metal-bearing 
alloys, copper and brass plates and tubes. Methods are also in­
cluded for Brinell hardness tests, metallographic testing, prepara­
tion of micrographs for metals and alloys, and a recommended 
practice for radiographic testing of metal castings. Definitions of 
terms relating to wrought iron, to methods of testing, to metallog­
raphy, and to specific gravity are also included. New standard 
specifications have been adopted this year for steel tie plates, iron 
and steel chain, gray-iron castings for valves, seamless copper tub­
ing, and bronze and hard-drawn copper trolley wire, and several 
for galvanized wire and wire products and for zinc (hot-galvan­
ized) coatings on structural steel shapes and plates. In addition 
to these specifications, there are new standard methods of sam­
pling rolled and forged steel products for check analysis, test 
methods for galvanized wire and wire products, and a test for the 
change of resistance with temperature of electrical heating ma­
terials. Standard specifications for open-hearth steel rails, con­
crete reenforcement bars, steel pipe and boiler tubes, hot-rolled 
bar steels and cold-finished shafting, malleable castings and 
wrought iron bars, plates and pipe, that were revised during 
the year, have also been included.

The 251 standards in Part II cover the following miscellaneous 
groups of nonmetallic materials and products: cement; lime; 
gypsum; concrete and concrete aggregates; brick and refractories; 
pipe and drain tile; hollow building tile; paints; pigments; shellacs; 
varnishes; petroleum products and lubricants; bituminous and 
nonbituminous road materials; coal and coke; timber and timber 
preservatives; waterproofing and roofing materials; insulating 
materials and rubber products; textile materials; and thermome­
ters for general use.

Included in this volume are new standards adopted this year 
comprising specifications for paving and building brick; sand- 
lime brick; wall, floor, and partition hollow clay tile; Keene’s 
cement and gypsum plasters; gravel for bituminous concrete; 
several specifications for tar cements for road application; toler­
ances for cord tire fabrics and fabrics other than tire cord; 
methods of testing concrete aggregates; gypsum and gypsum 
products; analysis for color of paints; tests for sulfur in gasoline; 
melting point of petrolatum; test for autogenous ignition tem­
peratures of petroleum products; mechanical analysis of coal; 
and test methods for electrical porcelain. The specifications for 
Portland cement, revised to include higher tensile strength re­
quirements and the methods of testing cement changed by the 
inclusion of tolerances on weights and dimensions of apparatus, 
are also included. Of particular interest are the revised standard 
specifications for structural wood, joists and planks, beams and 
stringers, posts and timbers.—R. E. H ess

The United Kingdom. An Industrial, Commercial and Financial
Handbook. B y H u gh  B u t l e r ,  American Trade Com­
missioner, and Officers of the Department of Commerce and
States. 953 pages. Bureau of Foreign and Domestic Com­
merce, U. S. Department of Commerce, Washington, D. C.,
1930. Price, SI.75.

The chemical manufacturer, importer, and exporter should find 
this book of great interest and aid in the understanding of their 
competitors or markets. This publication is the first complete 
official analysis in one volume of the economic position of Eng­
land, Scotland, Wales, and Northern Ireland.

According to the handbook, the United Kingdom is the second 
largest market for American chemicals, although it is also the 
third largest chemical producer. The chemical industry is well 
organized, in both the manufacturing and trading branches, 
through financial amalgamations and by means of associations, 
trade conventions, etc. Hundreds of separate manufacturing 
firms are included in the industry as a whole, but a large propor­
tion of these firms have been amalgamated in a few’ large groups, 
the outstanding one of which is Imperial Chemical Industries, 
which controls the major part of the British production of alkalies, 
explosives, and heavy chemicals generally, has a leading share of 
the production of dyestuffs and nonferrous metals, and has many 
ramifications in other branches of the chemical and allied indus­
tries in Great Britain and throughout the world. Another large 
amalgamation is Lever Bros. (Ltd.), which controls most of the 
British production of soaps and glycerol and has a large interest 
in vegetable oils and oil products.

Practically all branches of the chemical industries cooperate 
closely through associations. The leading manufacturers’ or­
ganization is the Association of British Chemical Manufacturers, 
affiliated with which are about a dozen smaller associations. 
Close relations are also maintained with other technical and 
commercial organizations. Price-fixing associations are common. 
Employees are well organized through trade unions and there are
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in most branches corresponding employers federations to deal 
with questions of wages and employment.

Great Britain is a net exporter of chemical products, total ex­
ports in 1928 showing an increase of 24 per cent in the favorable 
balance of trade as compared with 1927 and 45 per cent as com­
pared with 1913. British imports of chemical manufacturers in 
1928 were about 15 per cent in value above those immediately be­
fore the war. Considerable amounts of imported chemicals are 
reexported.

The chapter on chemicals and allied products forms only a 
small portion, of this tome but other chemical data are given in 
other chapters, especially that on Coal, Coke, and Petroleum.

The Microbiology of Starch and Sugars. By A. C. T h a y sen  
and L. D. G a llo w a y . 336 pages. Oxford University Press, 
London, 1930. Price, $8.50.

In the preface the authors state, "The volume has been written 
from the point of view of the research worker, and in addition to 
compiling existing knowledge it endeavors to point out paths 
which might be followed by workers who desire to extend their 
knowledge of the action of microorganisms on starch and sugar.” 

The book is divided into five parts dealing, respectively, with 
starch, glycogen, inulin, tetra-, tri-, and di-saccharides and gluco- 
sides, monoses, synthetic activities of microorganisms, the micro­
biology of cereals and cereal products, and the microbiology of the 
sugar industry. The parts are subdivided into appropriate chap­
ters. Author and subject indexes are appended and literature 
citations are grouped at the end of each chapter. The bibliography 
is quite representative and fairly extensive.

The field laid out by the authors is wide and diversified and 
anyone acquainted with the subject realizes the tremendous 
amount of work involved in attempting to review the literature 
which has accumulated within the past quarter-century. The 
authors state that more than three thousand original papers were 
examined, and the thorough manner in which most of the subject 
m atter is discussed testifies to their industry. The omissions 
noted were, for the most part, of minor importance.

This volume is quite timely, appearing as it does a t a period 
when there is a widespread renewal of interest in fermentation 
processes from both the theoretical and practical viewpoints. I t 
offers a summary of the evidence a t hand concerning the mecha­
nisms of various fermentations and points out the problems yet 
to be solved. I t  should prove to be one of the most valuable 
monographs available in English to the research worker entering 
the field of fermentation chemistry and a useful addition to the 
library of anyone interested in the activities of microorganisms.— 
O. E . M a y

The Engineer’s Vest Pocket Book. B y W. A. Thom as. First 
edition. 151 pages. W. A. Thomas Co., 4554 Broadway, 
Chicago, 111., 1930. Price, S3.00.
This little book contains a wide variety of formulas, tables, and 

curves in compact form suitable for use as a finger-tip reference 
for the busy engineer. Data on the following divisions of engi­
neering are included: mathematics, statics and dynamics, 
strength of materials, building construction, mechanical design, 
heat hydraulics, chemistry and physics, electrics, transportation, 
surveying, costs, and general information. A classified directory 
of the manufacturers, concerns, and individuals serving the 
engineering trade is appended.

Électrothermie appliquée. I—-Les calculs électrothermiques— 
les pertes de chaleur dans les fours—le carbone en électro- 
thermie—les électrodes en charbon et en graphite. B y G eo r g es  
F lu s in . Published as a part of Encyclopédie de chimie In­
dustrielle, edited by M. Matignon. 380 pages. J. B. Bail- 
lière et Fils, Paris, 1930. Price, bound, 85 fr. ; paper, 70 fr.

This volume is a very peculiar arrangement of facts. The first 
chapter deals with the calculation and uses of heat values such as 
specific heat, heat of fusion, vaporization, transformation, forma­
tion, combination, reaction, etc. Chapter 2 takes up the forma­
tion of slags giving some phase diagrams and thermal values. 
Chapter 3 discusses the calculation of the charges for operation 
with or without slag formation; chapter 4, the input and output 
of an electric furnace expressed in energy terms; and chapter 5, 
heat losses in an electric furnace. In the second part of the vol­
ume, from page 135, there is a discussion of the forms of carbon 
both native and synthetic in four chapters covering 38 pages. 
Chapter 10 is given to a discussion of carbon electrodes, their

manufacture and uses, in 91 pages; then in chapter 11 is a dis­
cussion of graphite covering 100 pages.

I t was rather astonishing to the reviewer to find a volume en­
titled “Applied Electrochemistry” giving a treatment of the ele­
mentary principles of thermochemistry, slags, and charge calcu­
lations, with the second part dealing entirely with the study of 
carbon as related to electric furnaces, not only as a tool but as a 
product. However, the reviewer believes from reading the ad­
vertising notes, and from the title of this volume tha t other 
volumes dealing with the remaining phases of electrochemistry 
and furnaces are to follow. Hence the peculiar combination of 
information included in the volume.

The work is very readable and the problems which are noted 
are-well explained and discussed. Much information has been 
collected in the pages on carbon and graphite electrodes, and it 
has been well organized. I t  is a larger and more technical treat­
ment of the subject than is given in Mantell’s "Industrial Car­
bon.” But one must remember that these two volumes are not 
meant for the same group of readers and so should not cover the 
same ground in the same manner.—C. J. B rockm an

Die Industrie des Kalziumkarbides—Monographien fiber ange-
wandte Elektrochemie—Band LI. B y R u d o lf  T au ssig .
519 pages. 194 illustrations—22 plates. Wilhelm Knapp,
Halle, 1930. Price, paper, 60 marks; bound, 64 marks.

In an industry which has developed as rapidly as carbide, the 
specialist has a wonderful field for presenting to the public an in­
teresting picture, and Doctor Taussig certainly has made ex­
cellent use of such opportunity. His history of carbide produc­
tion, while referring to the early American attempts and illustrat­
ing, by Patent Office drawings, certain of the peculiar early 
American furnaces, deals essentially with the early European 
developments.

The author has made wide search of technical literature on the 
theory of carbide production and the physical and chemical prop­
erties of the product, and has assembled in convenient and con­
cise form practically all of the important literature.

That portion of the treatise devoted to the electric furnace is 
richly illustrated and admirably written, dealing only with the 
more modern and largest of the European carbide plants and 
their details. I t  is possible, through the photographs and dimen­
sioned drawings, for the reader to familiarize himself thoroughly 
with the latest European practice in single-phase and multi-phase 
carbide furnaces. The latest development in carbide production 
abroad, the single-phase Miguet furnace, is treated a t consider­
able length and with numerous excellent illustrations of the 
largest installation in Europe and some records of performance.

Manufacturers of auxiliary equipment, electrodes, regulators, 
and insulating material have been drawn upon freely for com­
plete data on their products, many of which are arranged in tabular 
form for easy comparison.

An extensive chapter on the preparation of raw materials de­
scribes European equipment and goes into considerable detail on 
the behavior of the several materials available for carbide manu­
facture. The dust problem is touched upon, but some of the 
apparatus described lias not been entirely successful in certain 
European installations, an experience which seems to have been 
omitted when discussing the equipment.

A very complete chapter on the chemical control of the car­
bide plant, both as to raw materials and finished products, de­
scribes not only the apparatus of the laboratory' but the standard 
methods of analysis. From the technical standpoint the author 
devotes attention to the utilization of carbide and of acetylene.

The author has gone extensively into the commercial and 
economical side of the industry, an unusual procedure in a work of 
this nature. The development of the industry itself internally 
as to efficiencies and outputs, and externally as to marketing and 
earning capacity, is touched upon. The decreasing power con­
sumption per unit of product and the more efficient utilization of 
raw materials and electrodes over the years are strikingly brought 
out in a number of tables.

The final chapter introduces the difficulties which the carbide 
industry experienced in its early days from overproduction and 
excessive price cutting, and the various attem pts to build up a 
carbide syndicate in Europe which could exercise some control 
over the industry. The carbide developments of the various 
countries, with statistics of production, import, and export, have 
been assembled in concise form. Unfortunately very little space 
is given to American and Canadian developments in comparison 
with their importance, and Doctor Taussig has not taken the 
pains to check the accuracy of this American information.

The volume closes with a detailed history of the European 
carbide syndicates, the specifications of the German Acetylene 
Union for carbide, a bibliography of the German patents, and a



248 IN D U S T R IA L  A N D  ENGINEERING C H E M ISTR Y Vol. 23, No. 2

reference list of carbide literature. The pleasant impression of 
this interesting work, with its beautiful illustrations and drawings, 
is somewhat offset a t the end of the book by almost a full page of 
typographical corrections to the text.

Nothing that has yet appeared on the carbide industry ap­
proaches to any degree the completeness of Doctor Taussig’s 
work which has brought to us the practice of a  surprisingly late 
date. Not only is the book recommended to the specialist in 
carbide, but its treatment of the complicated problems involved 
in the construction of transformers, connections, and electrodes 
for carrying very heavy currents should be of interest to every­
one in the electric furnace field.—W . S. L a n d i s

Enzyclopadie der technischen Chemie. B y  F r i t z  U l l m a n n .  
2nd revised edition. Band VI—Gold bis Kiihler. 844 pages. 
Urban & Schwarzenberg, Berlin, 1930. Price, paper, 45 
marks; bound, 54 marks.

Volume VI of this valuable work is quite up to the standard of 
the first five volumes, all of which have been briefly reviewed 
in previous issues [ I n d .  E n g .  C iie m .,  2 1 , 393 (1929); 2 1 , 89 
(1929); 2 2 , 200(1930); 2 2 , 1024 (1930)]. The present volume 
includes quite valuable and complete treatises in German by 
well-known authors on such important subjects as wood and its 
products, indigo and indigoids, iodine and its compounds, coffee 
and cocoa, potassium and the potash industry, refrigeration, war 
gases, catalysis, rubber (by E. A. Hauser), cobalt and cobalt 
colors and compounds, carbon in its various forms, coke ovens, 
reducer gas, crystallization, and condensing apparatus. An in­
dex to this volume is again inserted separately, together with a 
table of contents showing the author of each subject treated. 
The work is a monumental one, well collated and well written, 
and in the reviewer’s opinion should be on the shelves of all im­
portant reference libraries.—C h a r l e s  L. P a r s o n s

Zement. Technische Fortschrittsberichte, Fortschritte der 
chemische Technologie in Einzeldarstelungen—Band XXV. 
B y I . F .  W e c k e ,  translated by B . R a s s o w .  96pages. Theodor 
Steinkopff, Germany, 1930. Price, paper, 4.80 marks; bound, 
6 marks.

This is one of a series of technical reports reviewing the progress 
and more recent developments in the field of applied chemistry. 
The purpose of this particular volume is to outline the evolution 
of cement and the development of the technology of its manu­
facture since the beginning of the twentieth century.

Following a short historical introduction, the general subject 
Portland cement is taken up. Under this subject are discussed 
the raw materials, preparation and calculation of the raw mix­
ture, technology of manufacture, clinker cooling and constitution, 
admixtures, properties, testing and specifications, and methods of 
study of raw materials and cements. The greater portion of the 
book is occupied with the technology of manufacture of Portland 
cement and is illustrated with flow sheets, and diagrams and 
photographs of machines, kilns, and instruments necessary in 
the manufacture of cement. The remainder of the book deals 
with super cements, slag, alumina, and other special cements 
which are on the market today. The closing section contains a 
few statistics on production and costs.

All sections of the book, except possibly the one treating on the 
technology of manufacture, are too brief to do justice to the sub­
jects discussed. Practically all references are to German develop­
ments, and most of the non-German references are to develop­
ments made prior to the war, so tha t in this respect the book is 
out of date. Very little attention is paid to the progress of the 
industry in other countries, so th a t a t best one can only hope to 
obtain an idea of German methods and German theories.—L. T. 
B r o w n m i l l e r

Jahresbericht VIII der chemisch-technischen Reichsanstalt. 
viii +  236 pages. Verlag Chemie, G. m. b. H., Berlin, 1930. 
Price, paper, 18 marks.

Biologists manifest great interest in the geographical distribu-. 
tion of plants and animals, most of which are restricted in their 
range by the major barriers—terrestrial organisms by the seas 
and marine forms by the continents. Few are the species of 
land creatures that have even an approximately world-wide dis­
tribution. One tha t has a  range limited entirely to civilized 
countries is Homo director, a being characterized unmistakably 
by his confirmed habit of writing annual reports. These, to 
paraphrase Ovid, are "not all alike, nor yet unlike, but as annual

reports should be.” They differ in details, but their general plan 
is the same whoever writes them.

The interest lies in the details, but no one reader of the present 
day can claim to be so multiscient that he fully appreciates all of 
the details of such an annual report as this "Jahresbericht.” At 
most he will be able to realize tha t it deals with investigations on 
a variety of subjects, yet the variety is not so great as “chemisch- 
technisch” might lead him to expect, for 151 pages, or about five- 
eighths of the book, are given up to explosives, the combustibility 
of magnesium alloys, and closely related subjects. These are 
scattered throughout the book from the first page to the 226th. 
The 45-page chapter on metal chemistry and metal protection de­
scribes the institute’s work on corrosion, methods of testing 
paints, metallographic investigations, and a few other items. 
This leaves but 34 pages for the discussion of cellulose and nitro- 
celltdose, leather, printing ink for playing cards, miscellaneous 
testing, and participation in the preparation of specifications. 
On the whole the report is interesting, but from its nature is not 
readily susceptible of satisfactory condensation.—C. E. W a t e r s

Chemiker-Kalendar, 1931. Ein Hilfsbuch für Chemiker, 
Physiker, Mineralogen, Industrielle, Pharmazeuten, Hütten­
männer, u.s.w. Founded by R u d o l f  B i e d e r m a n n ,  continued 
by W. A. R o t i i ,  edited by I. K o p p e l .  In three parts.
I—Taschenbuch, n —Dichten, Löslichkeiten, Analyse, i n — 
Theoretischer Teil. Julius Springer, Berlin, 1931. Price, 
20 marks.

This well-known reference book is in its fifty-second year. 
The arrangement is much like tha t of former years: a small
pocket book (Part I) containing a combined calendar and diary, 
a few pages of cross-section paper, and 103 pages of tables useful 
to the analytical chemist; and Parts I I  and I II  combined in one 
volume of 1322 pages, which, through the use of thinner paper, 
is not unduly bulky.

P art I has one new table for the reduction of gas volumes to 
normal. P art I I  has new sections on analytical chemistry; 
ceramics; the manufacture and analysis of glass; fats, waxes, 
gums, and bitumens; dyeing and textile finishing; rubber, gutta­
percha, and balata. P art I II  (theoretical) has new sections on 
parachor; viscosity; catalysis in organic chemical technology; 
band and Raman spectra; the chemical industry of Italy; the 
chemical industry of Germany in comparison with th a t of the 
world.

In  P art II  articles on various subjects, such as air, foundations, 
mortar and cement, explosives, ethereal oils and perfumes, and 
paper, cellulose, and artificial silk, which appeared in earlier 
editions of this work, are not repeated, reference merely being 
made to  the earlier edition in which the article appears.—F. C. 
Z e i s b e r g

Neuere Torfchemie. B y  G. S t a d n i k o f f .  167 pages. Theo­
dor Steinkopff, Dresden and Leipzig, 1930. Price, 12 marks.

This book, though small, presents practically all of value that 
is known about peat today. Its contents are indicated by the 
following chapter headings: 1—Properties of the Moisture in 
Peat; 2—The Dehydration of Peat; 3—Properties of the Dry 
Residues; 4—The Bitumens in Peat; 5—The Huminic Acids in 
Peat; 6—Peat Tar.

While Chapters 3 to 6 present concisely the subject m atter to 
be expected under their headings, brought up to date with the 
discrimination of an experienced student in this field, yet it is 
more particularly Chapters 1 and 2, or the first half of the book, 
that appear to the reviewer to be specially valuable, because they 
present one of the greatest and most recent industrial triumphs 
of colloid chemistry—the solution of the problem of the eco­
nomic dehydration of peat. In other words, the first seventy 
pages comprise a clear, comprehensive, modest recital of a great 
technical triumph destined to play a prominent part in the life of 
northern Europe.—E. P. S c h o c h

Glas—Seine Herstellung und Verwendung. B y  F .  H .  Z s c h a c k b .  
Technische Fortschrittsberichte, Band XXIV. xiv +  220 pages, 
23 figures. 15.5 X 22 cm. Theodor Steinkopff, Dresden and 
Leipzig, 1930. Price, paper, 72 marks; bound, 73.50 marks.

As stated in the introduction by F. Eckert, this is a com­
prehensive and uncritical summary of the literature appearing 
during and since the World War, dealing with both the scientific 
and the technical aspects of the manufacture and properties of 
glass.—G e o r g e  W. M o r e y
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M ARKET R EPO R T—JANUARY, 1931

THESE PRICES, UNLESS OTHERWISE SPECIFIED, ARE THOSE PREVAILING IN THE NEW YORK MARKET, JANUARY 15, FOR COMMERCIAL
GRADES IN CARLOAD QUANTITIES

N ew er C h em ic a ls

Acetaldehyde, drum s, lc-1., wks.. .lb.
Acetaldol, 50-gal. d ru m s................... lb.
A cetylene te trachloride , see T e tra- 

chloroethane
Amyl furoate, 1-lb. tin s    .lb .
A roclors................................................... lb.
B u ty l carbitol, see Diethylene 

glycol m onobutyl ether 
Cellosolve, see E thy lene  glycol 

m onobutyl e ther 
F uroate , tech ., 50-gal. drum s., .lb . 

C arbito l, see D iethylene glycol 
m onoethyl ether 

Cellosolve, see E thy lene  glycol 
m onoethyl ether 

A cetate, see E thy lene  glycol 
m onoethyl e ther ace ta te  

C rotonaldehyde, 50-gal. d ru m s . . .lb . 
D icbloroethyl ether, 50-gal. drum s lb.
D iethylene glycol, d ru m s................. lb.

M onobutyl ether, drum s.............. lb.
M onoethyl e ther, d ru m s.............. lb.

D iethylene oxide, 50-gal. d rum s, .lb . 
Dioxan, see D iethylene oxide
D iphenyl..................................................lh.
E th y l acetoaceta te , 60-gal.

d ru m s ..............................................lb.
C arbonate, 90% , 60-gal.

d ru m s............................................gal.
Chlorocarbonate, carboys............lb.
E ther, absolute, 50-gal. d rum s. . lb.
Furoate , 1-lb. tin s ...........................lb.

E thy lene  chlorhydrin, 40% , 10-
gal. cby9........................................ lb.

D ichloride, 60-gal. d ru m s lb.
Glycol, 60-gal. d ru m s.................... lb.

M onobutyl e ther, drum s,
wks........................   lb.

M onoethy ether, drum s, wlcs.
............................................. . . . . l b .

M onoethyl e ther aceta te ,
drum s, w ks............................... lb.

M onom ethyl e ther, d ru m s .. .lb .
Oxide, cyl...................................... lb.

Furfu ram ide (tech.), 100-lb.drum s.lb.
F urfury l ace ta te , 1-lb. t in s ...............lb.

Alcohol, tech., 100-lb. d ru m s .. .lb . 
Furoic acid (tech.), 100-lb. drum s.lb.
Isopropyl ether, d ru m s......................lb.
¡Lead d ith iofuroate, 100-lb. drum s..lb. 
M agnesium  peroxide, 100-lb. cs... .lb .
M ethy l ace ta te , d ru m s....................gal.

Cellosolve, see E thy lene  glycol 
m onom ethyl e ther 

F u roate , tech., 50-gal. d ru m s .. .lb . 
P araldehyde, 110-65 gal. d rum s, .lb . 
Phosphorus oxychloride, 175 cy l...lb .
P ropyl furoate , 1-lb. t in s ................... lb.
S tron tium  peroxide, 100-lb. drum s.lb. 
Sulfuryl chloride, 600-lb. drum s,

crude ..............  lb.
D istilled .............................................. lb.

T etrach loroethane, 60-gal. d rum s.lb . 
T richloroethylene, 50-gal. d rum s.lb . 
T rie thanolam ine, 50-gal. d ru m s .. .lb .
V inyl chloride, 16-lb. cyl...................lb.
Zinc d ith io fu roate, 100-lb. d ru m s.lb .

P erborate , 100-lb. d ru m s lb.
Peroxide, 100-lb. d ru m s................ lb.

C h e m ic a ls  P re v io u s ly  Q u o te d

A cetanilide, U . S. P . pow ., b b ls .. .lb . 
Acetic anhydride, 92-95% , cbys.. .lb.
Acetone, C. P ., drum s, wks.............. lb.
A cetphenetidin, bbls........................... lb.
A dd , acetic, 28% , c/1., bb ls.. 100 lbs. 

56% , c/1., bbls 100 lbs.

.18^

.27

5 .00
.40

.50

.32

.06

.14

.24

.15

.60

.30

.65

1.85
.30
.50

5 .00

.75

.05

.25

.24

.17

A W
.21

2 .00 
.30

5 .00 
.50  
.50 
.10

1.00 
1 .15  
1 .20

.50

.20H

.20
5 .00
1.25

.10

.35

.09

.10

.40
1.00 
1.00
1.25
1.25

.24

.21

.10
1.25
2 .60
4 .8 5

Glacial, c/1., bb ls.............. 100 lbs. 9 .23
G ladal, U . S. P ., c/1., carboys

....................................... 100 lbs. 9 .7 3
Acetylsalicylic, b b ls ..    lb. .85
A nthranilic, 99-100% , drum s., ,1b. .85
Benzoic, tech ., bbls..........................lb. .40
Boric, bbls...........................................lb. .0 6 K
B utyric, 100%  basis, cb y s ........... lb. .80
Chloroacetic, mono-, bbls., wks.lb. . 18

Di-, cbys lb. 1 .00
Tri-, bbls........................................ lb. 2 .50

Chlorosulfonic, drum s, wks...........lb. .0 4 H
Chromic, 99% , d ru m s.................... lb. . 15H
Cinnam ic, b o ttle s ........................... lb. 3 .25
Citric, U. S. P ., kegs, bbls............. lb. .40
Cresylic, pale, d ru m s.................... gal. . 58
Formic, 90% , cbys., N . Y ............. lb. .1 0 J i
Gallic, U .S . P ., b b ls . . .................... lb. .74
Glycerophosphoric, 25% , 1-lb.

bo t...............................................  .lb . 1 .40
H, bbls., wks lb. .65
Hydriodic, 10% , U. S. P ., 5-lb.

bo t......................................................lb. .67
H ydrobrom ic, 48% , cbys., wks..lb. .45
Hydrochloric, 20°, tanks, wks.

................................................ 100 lbs. 1 .35
H ydrofluoric, 30% , bbls., w ks..lb . .06

60% , bbls., wks lb. .13
Hydrofluosilicic, 35% , bbls.,

wks.................................................... lb. .11
H ypophosphorus, 30% , U. S. P.,

5-gal. dem is.................................... lb. .85
Lactic, 22% , dark , bbls.................. lb. .04

48% , light, bbls.. wks.................lb. .11
M ixed, tanks, wks N  u n it .07

S un it . 08
M olybdic, 85% , kegs...................... lb. 1 .25
N aphthionic, tech., bbls lb. nom.
N itric, C. P ., cbys lb. .11
N itric, 36°, c/1., cbys., wks.

................................................ 100 lbs. 5 .00
Oxalic, bbls., wks..............................lb. .11
Phosphoric, 50% , U. S. P ............. lb. .14
Picram ic, bbls.................................... lb. .65
Picric, bbls., c/1................................ lb. .30
Pyrogallic ............................................ lb. 1 .50
Salicylic, tech., bbls.........................lb. .33
Stearic, d. p., bbls., c /1  lb. A 3 )4
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
T artaric , U. S. P ., c ryst., bbls.. .lb . .3 lM
T ungstic, kegs................................... lb. 1.40
Valeric, C. P ., 10-lb. b o t................lb. 2 .50

Alcohol, U. S. P ., 190 proof, bbls.
 gal. 2 .62

Amyl, Im p. d ru m s.........................gal. 1.75
B utyl, drum s, c/1., wks lb. . 1 5 ^
Cologne sp irit, bb ls........................gal. 2 .69
D enatured , No. 5, comp, denat.,

c/1., d rum s gal. . 39
No. 1, comp, denat., d ru m s.g a l. .41

Isoam yl, d ru m s...............................gal. 4 .00
Isobuty l, ref., d ru m s.......................lb. 1.00
Isopropyl, ref., d ru m s .................. gal. .60
Propyl, ref., d ru m s..........................lb. 1.00
Wood, see M ethanol

Alpha-naphthol, bbls...........................lb. .73
A lpha-naphthylam ine, bbls................lb. .32
Alum, am m onia, lum p, bbls., wks.

................................................ 100 lbs. 3 .3 0
Chrome, casks, wks.............. 100 lbs. 5 .00
Potash, lum p, bbls., wks.. . 100 lbs. 3 .3 5
Soda, bbls., wks..................... 100 lbs. 3 .45

Aluminum, m etal, N . Y  .lb . .233
Aluminum chloride, anhyd ., com­

mercial, wks., drum s extra, c /l.lb . .05
Aluminum stearate , 100-lb. b b l. . . lb .  .19

Alum inum  sulfate, comm'l, bags.
wks........................................ 100 lbs. 1 .25

Iron-free, bags, wks............. 100 lbs. 1 .90
Aminoazobenzene, 100-lb. k eg s., .lb . 1 .15
Ammonia, anhydrous, cyl., wks.. .lb . .15}*

50,000-lb. tanks, wks . . . . , . : . . l b .05625
Ammonia, aqua, 26°, tanks , wkà.

contained N H j .................. . . . . . l b . •05 M
Ammonium acetate , k e g s .. . ......... lb. .33

Bifluoride, bbls.................... .21
Brom ide, 50-lb. boxes. . .  . ......... lb. .43
C arbonate, tech ., c a sk s ... .10}*
Chloride, gray, bbls............. 100 lbs. 5 .4 0

Lum p, casks..................... .10}*
Iodide, 25-lb. ja r s ............... ......... lb. 5 .20
N itra te , tech., cry st., bbls. .........lb. .08}*
Oxalate, kegs....................... .22
Persulfate, cases.................. .20
Phosphate, dibasic, tech., 1bbls.. lb. .11}*
Sulfate, bulk, wks................. 100 lbs. 1 .75
Thiocyanate, tech., k e g s .. ......... lb. .36

Amyl aceta te , tech., d ru m s .. ......... lb. .22
Aniline oil, d ru m s................... ......... lb. .15
A nthracene, 80-85% , casks, wks..lb. .60
A nthraquinone, subl., b b ls .. . ......... lb. .60
Antim ony, m e ta l..................... ......... lb. .07}*
A ntim ony chloride, drum s .. ......... lb. .13

Oxide, bbls............................ .09}*
Salt, dom ., bbls................... .22
Sulfide, crim son, bbls........ .25

Golden, bbls..................... .16
Vermilion, bbls................ .38

T artro lac ta te , bbls............. .45
Argols, red powder, bbls........ .07}*
Arsenic, m etal, kegs............... ......... lb. .30

R ed, kegs, cases.................. ......... lb. .09 %
W hite, c/1., kegs................. .04

Asbestine, bulk, c /I ................. 16.00
Barium  carbonate, bbls., bags,

w ks.................. .................... 58.00
Chloride, bbls., wks............ 63.00
Dioxide, drs., wks............... .12
H ydroxide, bbls................... .04 H
N itra te , casks...................... ......... Ib. .07  H

B arium  th iocyanate , 400-lb. bbls..lb. .27
B arytes, floated, 350-lb. bbls., wks................................................,. . .  . ton 23.00
Benzaldehyde, tech., drum s. .80

F. F . C ., cbys....................... ......... lb. 1 .40
U. S. P., cbys....................... ......... lb. 1.15

Benzene, pure, tanks, m ill9 .. .25
Benzidine base, bbls............... .65
Benzoyl chloride, cbys.......... ......... lb. 1 .00
Benzyl aceta te , F . F . C ., bo ttles , .lb . .75

Alcohol, 5-liter b o t............. ..........lb. 1 20
Chloride, tech ., d ru m s . . . . .30

B eta-naphthol, bbls................ .22
B eta-naphthylam ine, b b ls ... .58
B ism uth, m etal, cases........... ......... lb. 1 .25
B ism uth, n itra te , 25-lb. ja rs . ......... lb. 1 .25

Oxychloride, boxes............. ......... lb. 2 .95
S ubn itra te , U. S. P ., 25-lb. ja rs .lb . 1 .35

Blanc fixe, dry , bbls.........................ton 70 .00
Bleaching powder, drum s, wks.

.100 lbs. 2 .00
Bone ash, kegs......................... .06
Bone black, bbls............... ..... .08}*
Borax, bag9............................... ......... lb. .02}*
Bordeaux m ixture, bbls......... ......... lb. .11}*
B ritish  gum, com., c/1.......... . 100 lbs. 4 .37
Bromine, b o t............................. ..........lb. .45
Brom obenzene, d ru m s........... ......... lb. .50
Bromoform, ja r s ..................... 1 .80
B u ty iaceta te , drum s, c /1 .. . . ..........lb. .17
C adm ium  brom ide, 50-lb. j a r s . . .  .lb . 1 .40
C adm ium , m etal, cases.....................lb. .70
C adm ium  sulfide, b o x e s .. . . ..........lb. .90
Caffeine, U. S. P ., 5-lb. cans. ..........lb. 2 .4 0
Calcium ace ta te , bags.......... . 100 lbs. 2 .00

Arsenate, bbls...................... ........... lb. .07
Carbide, d ru m s................... .05}*
Chloride, drum s, wks....... 20.00
C yanide. IOO-lb. d ru m s.. ........... lb. .30
L acta te , U. S. P ., bbls . . . .37
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N itra te , bbls................................. 40.00
Phosphate, m onobas., bbls.. . . .lb . .08

T ribas., bbls.............................. .lb . .11
Calcium  carbonate, tech., bgs.,

............................................... 100 lbs. 1.00
U. S. P ., p red p ., 175-lb. b b l . . . . .lb . .06%

C am phor, Jap ., cases...................... .55
C am phor, m onobrom ., cs.............. .lb . 1 .85
Caram el, bbls.....................................• gal. .63
C arbazole, bbls.................................. .75
Carbon, activated , drum s. .Ib. .08
C arbon bisulfide, d ru m s ................ .05%
C arbon black, cases......................... .lb. .12
C arbon dioxide, liq. cyl.................. .lb . .06
C arbon te trachloride , d rum s........ .lb. .0 6 «
Casein, s tand , gr., bbls................... .09%
Cellulose aceta te , b b l s .................. .80
Cerium  oxalate, kegs...................... .32
Charcoal, willow, powd., bbls.. . . .lb. .06
C hina clay, b u lk .............................. .to n 8 .00
Chloral hydra te , d ru m s ................. .70
Chloram inę, U. S. P ., 5-lb. b o t . . . .lb . 1 .50
Chlorine, liq., c/1., cyl.................... .lb. .04
Chlorobenzene, mono-, d rum s. . . .lb . .10
Chloroform , tech., d ru m s.............. .lb . .15
Chrom ium  ace ta te , 20° soln., bbls.lb. .05
Coal ta r, bbls., w ks.......................... gal. . 10
C obalt, m etal, kegs......................... .lb . 2 .50
C obalt oxide, bbls............................ .lb. 2 .10
Cod-liver oil, bb ls ............................. bbl. 30.00
Collodion, d ru m s.............................. .15
C opperas, c/1., b u lk ....................... . ton 13.00
C opper, m etal, elec.................. 100 lbs. 10.00
C opper carbonate, bbls.................. .0 8 %

Chloride, bbls................................ .22
Cyanide, d ru m s............ .............. .lb . .41
Oxide, red, bbls............................ .lb. .15%
Sulfate, c/1., bbls..................100 lbs. 4 .00

C otton , soluble, bb ls ....................... .40
C ream  ta r ta r , bbls........................... .24%
Cyanam ide, bulk, N . Y.

...................................N itrogen unit 1.39
D iam inophenol, kegs...................... .lb. 3 .80
Dianisidine, bbls .............................. .lb . 2 .3 5
D ib u ty lp h tb a la te , drum s, w ks... .lb . .24%
D iethylaniline, d ru m s.................... .lb . .55
D iethylene glycol, d ru m s........... .Ib. .14
D iethyl p h tha la te , d ru m s............. .23
D iethyl sulfate, tech ., d ru m s----- .30
D im ethylaniline, d rum s................. .lb. .26
D im ethylsu lfate, d ru m s................. .45
D initrobenzene, d ru m s................... .lb .15%
Dinitrochlorobenzene, bbls........... .Ib .13
D initronaphthalene, bbls............... .lb. .34
D initrophenol, bbls.......................... .Ib, .29
D iphenylam ine, bbls....................... .lb . .37
D iphenylguanidine, bbls................ .lb .30
Epsom  salt, tech ., bbls., c /l .,  N . Y.

............................................... 100 lbs. 1.70
E ther, n itrous, b o t........................... .lb . .80
E ther, U. S. P ., d ru m s................... .Ib, .13
E th y l ace ta te , d rum s, c /1............. .lb . .098

Brom ide, d ru m s........................... .lb, .50
C hloride, d ru m s........................... .Ib. .22
M ethyl ketone, d ru m s............... .Ib. .30

E thyibenzylaniline, 300-lb. drum s.lb . .88
E thylene dichloride.......................... .Ib. .05

C hlorohydrin, anhyd ., d ru m s .. .lb .75
Glycol, c/1.,wks............................ .25

Feldspar, b u lk ..................................... ton 15.00
Ferric chloride, tech ., bbls............. .Ib. .05
Ferrous chloride, cryst., bbls......... .Ib. .06
Ferrous sulfide, bb ls ................100 lbs. 2 .50
F luorspar, 98% , bags ...................... ton 41.00
Form aldehyde, bbls......................... .Ib .06
Form aniline, d ru m s . ....................... .lb. .37%
F uller’s earth , bags, c/1., m ines. . ton 15.00
Furfural, drum s, tech., contract,

w orks........................................... .10
G lauber's salt, bb ls................... 100 lbs. 1 .00
Glucose, 70°, bags, d ry ............100 lbs. 3.14
Glycerine, C. P., d ru m s ................ .14
G  salt, b b ls ........................................ .lb . .42
H exam ethylenetetram ine, tech..

d ru m s .......................................... lb .46
H ydrogen peroxide, 25 vol., bbls ..lb. .05%
H ydroqulnone, kegs........................ .lb. 1 .20
Indigo, 20% , paste, bbls............... .lb. .12
Iodine, crude, 200-lb. kgs............. .lb . 4 .20
Iodine, resubl., ja r s ......................... .lb 4 .65
Iodoform , b o t.................................... 6 .00
Irid ium , m e ta l.................. .. ............ oz. 280.00

Kieselguhr, bags ............................. 60.00
Lead, m e ta l.................................100 lbs. 4 .75
Lead ace ta te , bbls., w h ite ............ .12

A rsenate, bbls............................... .13
Oxide, litharge, bbls................... .Ih. .08  X
Peroxide, d ru m s........................... .lb . .20
Red, bbls......................................... .Ib. .103
Sulfate, bbls................................... .lb. .0 6 %
W hite, basic carb., bbls............. • 07%

Lime, hyd ra ted , bbls...............100 lbs. .85
Lime, live, chem ical, bbls., wks.

............................................... 100 lbs. 1 .05
Lim estone, ground, bags, w k s .. . .to n 4 .50
L ithium  carbonate, 100-lb. k g s . . . .lb . 1 .35
Lithopone, bbls................................. .04%
M agnesite, c ru d e ............................ .to n 36.00

Calcined, 500-lb. bbls., w ks... .to n 50.00
M agnesium , m etal sticks, wks. . . . lb. .85
M agnesium  carbonate, bags......... .lb . .06

Chloride, d ru m s.......................... .to n 36.00
Fluosilicate, cryst., bbls............ .10
Oxide, U. S. P ., light, bbls....... .lb . .42

M anganese chloride, casks........... .Ib. .07%
Dioxide, 80% , bbls.................... . ton 80.00
Sulfate, casks................................ .07

M ercury bichloride, cryst., 25 lb s .. lb. 1 .63
M ercury, flasks, 75 lbs................. flask 106.00
M eta-nitroaniline, bbls.................. .Ib. .67
M eta-phenylenediam ine, bbls___ .80
M eta-toluylenediam ine, bbls....... .lb . .67
M ethanol, pure, syn thetic, drum s,

wks.............................................. .gal. .42
T anks, w ks.................................... gal. .40

M ethyl acetone, d ru m s.................. gal. .57
Salicylate, cases............................ .42

M ethyl chloride, cy linders............ .45
M ichler's ketone, bbls.................... 3 .00
N aphtha, solvent, ta n k s ................ gal. .35
N aphthalene, flake, bbls................ .lb. .04%
Nickel, m eta l..................................... .35
Nickel salt, single, bbls.................. .lb . .10%

Double, bbls.................................. .lb . .10%
N ite r cake, b u lk ................................. ton 12.00
Nitrobenzene, d ru m s...................... .09
Oil, castor, No. 1 .............................. .11%

C hina wood, bbls......................... .08
C oconut, Ceylon, ta n k s ............ • 04%
Cod, N . F ., ta n k s ........................ gal. .44
Corn, crude, tanks, mills.......... .lb . . 0 7 #
C ottonseed, crude, ta n k s .......... .05%
L ard, edible, bbls ......................... .13
Linseed, bbls............................. .lb . .094
M enhaden, crude, ta n k s ............ gal. .22
N e a t’s-foot, pure, bbls............... .lb . .1 1 %
Oleo, No. 1, bbls.......................... .08%
Olive oil, denat., bbls................. gal. .70

Foots, bbls................................. .06%
Palm , Lagos, casks..................... .0 5 %
Peanut, crude, bbls.....................
Perilla, bbls................................ .10
Rapeseed, bbls., English ........... gal. .74
Red, bbls......................................... .08%
Soy bean, crude, bbls................. .07
Sperm , 38°, bbls........................... gal. .84
W hale, bbls., na tu ra l, w inter. . gal. .72

O rtho-am inophenol, kegs............... 2 .15
O rtho-anisidine. d ru m s.................. 2 50
Ortho-dichlorobenzene, drum s.. . • lb. -.08O rtho-nitrochlorobenzene, drum s

.28
O rtho nitrophenol, bbls................. .Ib .85
O rtho-nitrotoluene, d ru m s........... .Ib .16
O rtho-toluidine, bbls....................... .Ih .27
Palladium , m e ta l............................. 22 .00
Para-am inophenol, kegs................ .84
Para-dichlorobenzene..................... .17
Para-form aldehyde, cases............. .38
Paraldehyde, tech., d ru m s........... .lb. .20%
Para-nitroaniline, d ru m s ............... .Ib, .48
Para-nitrocblorobenzene, drum s

. .. ............................... .lb . .25
P ara-nitrophenol, bbls.................... .lb . .45
Para-n itrosodim ethylaniline, bbls.

.92
P ara-nitrotoluene, bb ’s ................. .lb . .29
Para-phenylenediam ine, bbls....... .lb . 1.15
Para-toluidine. bb ls ......................... .lb . .44
Paris Green, 250-lb. kegs.............. lb. .25
Phenol, drum s ............................... lb. • 14%
Phenolphthale in , d ru m s................ 1 .10
Phenylethyl alcohol, i-Ib. bo t.. . . .lb . 7 .00
Phosphorus, red. cases ................ .Ib. .42
Phosphorus trichloride, c y l........... .35
P hthalic  anhydride , b b ls . . ............ .Ib. .1 5

P la tinum , m e ta l............................... 36 .00
Potash , caustic, d ru m s................... .Ib. .0 6 «
Potassium  ace ta te , kegs................ .28

B icarbonate, casks...................... .0 9 «
B ichrom ate, casks....................... .09
Binoxalate, bbls............................ .Ib. .14
B róm ate, cs.................................... .lb . .35
C arbonate, 80-85% , calc., casks.lb. . 0 5 «
C hlorate, kegs............................... .lb . .08
C hloride......................................... .., ton 34.55
Cyanide, cases.............................. .65
M eta-bisulfite, bbls..................... .11
Perm anganate, d ru m s ................ .16
Prussiate, red, casks................... .lb . .38

Yellow, casks............................ .Ib. .1 8 «
T itan ium  oxalate, bbls.............. .lb . .21

Pyridine, d ru m s................................ gal. 1.50
Quinine bisulfate, 100 oz............... .40

Sulfate, 100-oz. cans .................. .40
R esordnol, tech ., kegs................... .90
Rochelle salt, bbls., U. S. P ......... .lb . .19
R salt, bb ls......................................... .42
Saccharin, cans ................................. .Ib. 1.70
Salt cake, b u lk ................................... ton 18.00
Saltpeter, gran ., bbls...................... . 0 6 «
Silica, ref., bags................................. , ton 22.00
Silver n itra te , 16-oz. b o t............... .oz. .2 4 «
Soda ash , 58% , light, bags, con­

trac t, wks........................... 100 lbs. 1.15
Soda, caustic, 76% , solid, drum s,

con tract, wks.....................100 lbs. 2 .15
Sodium ace ta te , bbls ....................... .lb . .0 4 «

Benzoate, bbls............................... .Ib. .42
B icarbonate, bbls................. 100 lbs. 2 .0 0
B ichrom ate, casks....................... .07
Bisulfite, bbls................................ .04
Bromide, bbls., U . S. P ............. .lb . .37
C hlorate, kegs............................... . 0 5 «
Chloride, bags ................................ ton 12.00
C yanide, cases.............................. . 1 5 «
Fluoride, bbls................................ .lb. .08
M etallic, drum s, 12% -lb. bricks

.1 9 «
N aphth iona te , bbls ..................... .lb . 52
N itra te , crude, bags, N . Y.

............................................... 100 lbs. 2 .05
N itrite , bbls................................... .0 7 «
Perborate , bbls............................. .lb . .18
Peroxide, cases.............................. .lb . .21
Phosphate, trisod ium ......... 100 lbs. 3 .4 0
P icram ate, kegs............................ • Ib. .69
Prussiate, bbls............................... .Ib. . 1 1 «
Silicate, drum s, tanks, 40

............................................... 100 lbs. .75
Silicofluoride, bbls....................... .Ib. .04
S tannate , d ru m s-----'................... .lb . .21
Sulfate, anhyd ., bbls................... .lb . .02
Sulfide, cry st., bbls...................... .lb . . 0 2 «

Solid, 60 % ................................. .0 3 «
Sulfocyanide, bbls........................ .lb. .28
T hiosulfate, reg., c ryst., b b ls . . .lb . . 0 2 «
T ungsta te , kegs............................ .81

S tron tium  carbonate, tech ., bbls. .lb . . 0 7 «
N itra te , bbls .................................. .lb . .09

S trychn ine alkaloid, 100 oz.,
pow der........................................ .56

Sulfate, pow der.............. .. .46
Sulfur, bulk, mines, wks.................. ton 18.00
Sulfur chloride, red, d rum s.......... .lb . .05

Yellow, d ru m s............................... .lb . .0 3 «
Sulfur dioxide, commercial, c y l.. . .lb . .07
Sulfuryl chloride, d ru m s ................ .lb . . 10
Thiocarbanilid , bb ls ......................... 2 6 «
T in , Amer., s tan d ............................. .Ih. . 1 8 «
Tin te trachloride , b b ls ................... . 1 4 «

Oxide, bbls..................................... .lb . . 2 5 «
T itan ium  dioxide, bbls., wks. . . . .Ib. .21
Toluene, ta n k s ................................... gal. .29
Tribrom ophenol, cases................... 1.10
Triphenylguanidine, d rum s.......... .lb . .58
Triphenyl phosphate, bbls............ .Ib. .60
T u n g sten ...................................Wo* unit 15.50
Urea, pure, cases.............................. .lb. .15
W hiting, bags ............................ 100 lbs. 1 .00
X ylene, 10°, tanks, w ks................ gal. .28
X ylidine, d ru m s................................ .36
Zinc, m etal, N . Y ..................... 100 lbs. 4 .3 5
Zinc am m onium  chloride, bbls. . .lb . . 0 5 «

Chloride, g ranu lated , d ru m s.. .lb . . 0 5 «
Oxide, A m er., bbls.................... .lb . . 0 6 «
S teara te , bbls................................ .2 0

Zinc d u s t, bbls., c / l ......................... .06
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A c c u r a t e  
V o l u m e t r i c  
S o l u t i o n s

w ithout those 
tiresom e prelim inaries

VJt/HHO wants preliminaries, when the main bout can be staged 
* * a t  once? And who wants to spend 2 to 5 hours preparing 

his own volumetric solution, when he can have it in ju s t  5 
minutes?
FIX A N A L  Preparations are analytical chemicals, correctly 
weighed and standardized for use in volumetric analysis.
They  come in sealed glass capsules— 1/10 N. equivalent; also in 
bottles— 1/1 N. equivalent— and are guaranteed accurate within 
two parts  per thousand.
“ Movie” at left shows how easy it is to have your volumetric 
solution in five minutes.
F IX A N A L  is convenient, accurate—and saves you money as 
well.
I f  your distributor cannot supply you, order direct from us.

W rite  for full in fo rm a tio n  and  com plete  ca ta log  o f  D e  H a e n 's  
C . P . and  R e ag en t C hem icals, K o lth o ff’s Buffer T a b le ts , W ulff 
p H  T e s te r , S a rto riu s  B alances— and o th e r  la b o ra to ry  supplies.

P f a l t z  &  B a u e r ,  I n c . ,  300 Pe ar l  St.,  N e w  Y o r k ,  N .  Y .

a M easuring  Flask 
b R ubber R ing 
c B reaking Funnel 
d P o in t for Piercing 
e Lower C av ity  (after breaking, con­

ten ts  run  through this) 
f T ube  w ith F ixanal substance 
g C onten ts  of T ube (solid or liquid) 
h U pper C av ity  of T u b e  (for w ash­

ing out)

D IR E C T IO N S
(1) Place funnel in volum etric  flask
(2) Slide one breaking  thorn  in to  funnel
(3) Slide capsule in to  funnel. T horn

punctu res capsule and  con ten ts  
fall in to  volum etric  flask

(4) Pierce side of capsule a t  indented
point, using second thorn  
T h en —fill volum etric  flask to 
lOOOcc m ark w ith distilled w ater.

Special F IX A N A L  
Normalities

for Sugar Refineries 
Oil and F a t  Testing 
Iron and Steel Tests 
Benzol Tests— and for 
Pathologica’ Work
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If we bent all our efforts 
to make gasoline to suit the 
automobile engine instead of 
people’s whims and notions, 
everybody would be better off

The engine is always right 
— people’s whims and notions 
are often wrong

That’s the way it is with 
color in gasoline It is people 
who do all the kicking You 
never hear the engine com­
plain about it

Color certainly makes no 
difference to the engine, yet


